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DISSERTATION ABSTRACT
Chantel Victoria Saban
Doctor ofPhilosophyin Geography

Title: Holocene Vegetation, Drougtaind Fire Variabilityin the Northern Great Basin, Oregon

The Northern Great Basin of soutkntral Oregon is ecologically diverse along elevational
gradients. Generally, the area consists of sagebrush steppes and dry playas at the lowest
elevations, mixed conifedry forestsat mid-elevations, and more mesic mixed forests to
subalpine vegetation at high elevations. Ecosystems at all elevations have experienced significant
climatic changes over the course of the Holocene, resulting at times in vegetational relocations. It
hasbeen unclear which environmental lieri$ have resulted in fire and ecological changes, and
whether these controls differ among elevations and ecotones.

To reconstruct this environmental variability since the early Holocene, three sites located
within 40 km of one another were selected to study environments located at different elevations
over the Holocene. Two sites, Dog Lake and White Pine Marsh, pcbseatément cores, and
the third, Paisley Caves, used sediments and coprolites to reconstruct and contrast the low
elevation environment adjacent to the caves. Together these three sites graitearonew of
environmental conditions over the last 1@Q@ars.

During the early Holocene, the area west of the Paisley Caves on slopes of Winter Rim
saw significanfAbiesexpansion, giving way eventually Binus ponderosasAbiesretreated
upslope to the top of Winter Rim, indicative of little fire at lower elevations in the Paisley Caves
region. Pollen assemblages of the coprolites differed from adjacent cave sediment, consistent

with the selective ingestion of pollen by mammals.



The midelevation Dog Lake became so warm and arid during the early Holocene that fuel
availability likely limited fire occurrence, and fire was very episodic through the remainder of
the Holocene. Higielevation mixed forest site

White Pine Marsh experienced frequent and gradually increasing fires during the early
Holocene. However, after the eruption of Mount Mazama in 7640 cal yr BP, 25 cm of lapilli
tephra deposition there was greatly reduced fire for the remainder of the oteEspite
abundant fuels. Together, these records add to the understanding of the variability of drought,
fire, and the forest/steppe lawdpes of the Northern Great Basin.

Chapter 2 includes contributions from Daniel Gavin, Erin Herring, and Dennis Jenkins. At
the time of writing the paper isHporessat Quaternary Research. Erin Herring processed the
coprolitesandprovidedanalysisdescriptions. Dennis Jenkirsthe senior archaeological
researcher at Paisley Caawxiprovidedsite expertis¢o this paperDaniel Gavinrand Chantel
Saban conceptualized the study and devised the methodology of argdpsis analyzed the
sedimentary pollen, while both Gavin and Saban analyzed the sedimentary lithological
components. Saban wrote t he othdamplyssalnd manuscr i
visualization of the data. Gavin also reviewed, edited, and contributed to the final manuscript.

In chapter 3Saban and Gavin conceptualized the stardyanalyzed sediments, while Saban
analyzedhepollen and charcoaRnalysis andlatavisualizatiors weresignificantly aided by
Gavin whileSaban wrote the original manuscri@avinfurtherreviewed, edited, and
contributed to the final manuscript. In chapter 4 Saban and Gavin conceptualized the study and
devised the research methodology as well as analyzed the sediments, while Saban processed and
analyzed pollen and charco8kabanwrote the originemanuscript, an@Gavinreviewed, edited,

and contributed to the final manuscript.
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CHAPTER |

INTRODUCTION

The Northern Great Basin of Oregon is an area of diverse ecologies organized along
elevational gradients and variable water sources. At the lowest elevatidhe r@mnants of
Pleistocene pluvial lakesow deflated alkaline playaSagebrushArtemisia tridentatasteppe
dominates the regigand aywhere there is water at or very near the surface, marshes are
present. At higher elevations open -fioyest systems begin appearing, composed primarily of
Pinus ponderosdut also includind?inus contorteandJuniperus occidentalis?opulus
tremuloidess also found irgreaterabundance at these matevationareasHigh-elevation sites
often hosimixed conifer forests, subalpine forests, and some alpine congitvghsvhite-bark
pine Pinus albicaulisfound atsome of the highest peak3uring the Rtistocene atmospheric
conditionswerecooler than present dagndevapotranspiration was much lower, resulting in the
formation of large lakeS here werealso daciers present in some places, as well as locations too
cold and dry to form glaciers.

Climatic conditions began changing rapidly beginning ca. 12,000 yea(§/afpoinger
1987; Wigand 1987Maximuminsolationcontinuedwarming the planeandpeakedby 11,000
years ago most of the continental ice sheetevapidly retreating whilenontaneglaciers in the
NGB had already retreaté®sborn and Beavis, 200y 9000 years agmaximum air
temperatures and increased aridity resulted in the Northern Great Basin pluvial lakes desiccating
and many vegetation communities shifting upward in elemaBuch climate changes would
also cause fire event frequency to also change during this time, resulting in conditions and

disturbance timings very different than the current day.



Towards the end of the early Holocene the catastrophic eruption of Mount Mazama in ca.
7640 cal yr BP(Egan, 2015)vould again alter vegetation communities and fire events to varying
degrees depending on locations relative to the main eruption blasDaspite periodic
droughts timatic conditionsn the NGB haveyenerallycooled through the late Holocemeth
vegetation communities again respondif@enson et al., 1997; Makley et al., 2007Marsicek
et al, 2018.

With an emphasis on the Holocenaggtiors behind this dissertatiomeredriven by
asking 1)oy how muchdid vegetation communities chamin the Northern Great Basin
responding tehanges in climate and fir@) which taxachanged the least, which the most, and
was it climak or fire that dove those changes3) by how much is it possible to observe regional
or local drought severityand 4) by how much and when did climatic timing in the Northern
Great Basin differ from Central and Southern Great Bagjions, if at al? To address #se
broad questiongree locationsvere identified as good study sites. These three locations are
within 40 km of each other but at different elevatiddgfering elevations were sought for the
purpose of attempting tetermine what the rate of ecological change was for each location.

There are few records showing continuous ecological and fire records at different
elevations in the NGB from the early Holocene through to today, but of the records that do
remaina rich history of variable timing for fire histories and ecological community struciuees
sharply delineated and preser@&tuell, 1995; Minckley et al., 200.7

Environmental conditions were reconstructed using traditional and novel methods for
three sites identified as ideal for contributing ecological perspectives that would overlap in time.
To reconstruct ecological settings, pollen was the primary data douméthree sites. Pollen

assemblages provide a view of the climatic conditions at a given point in time, but in some cases
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may not reflect the full contextf conditionsas other variables such as tephral@rcoaimay

alter interpretationdin the case ofoprolitepollen afalse sense of what vegetation is present on
the landscape and in what abundarc@@soccurWhen available, carbcend nitrogen
concentratioa showhow climate affected lake productivity, and charcoal provides insights on
the fireadapted landscape and how vegetation responded to changing arid conditions and fire
events over time.

Chapter2 examines the late Pleistocene through early Holocene environmental
conditions at a lovelevation site by contrasting the regional pollen signal preserved in the
sediments of Paisley Caves to the more focused and-togagmpollen found in chronologically
contemporaneous coprolites produced by medium to-Eirgel mammals as they moved across
their ancient landscapeBhe results showeveral consistent differences in pollen assemblage
composition in the coprolites compared to the sediments, consistent with the coprolite producers
favoring certain environments prior to depositing coprolites in a cave.

Chapter3 examines the history of a rare matevation freshwater lake in the NGB. Dog
Lake is a landslidéormed lakewhose lake level fluctuates annually, bemnained very low
duringthe early Holocendpllowed by a period of low lake productivity and lower vegetation
cover between 8700 and 8200 cal yr BP, then deepened to a point it resembled depths seen
today. Using pollen, C and N concentrations, plant macrofossils, and charcoal, we found when
lake praluctivity was low resulting from increased anydih the early Holocene, there was also
fewer fire episodes than expected from climate, likely due to low fuel availability and probably
fewer ignition events. Fire frequencies increased with cooling temperatures and increased

effective moisture during thmiddle Holocene.
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Chapter4 describes the fire and hydrological history of White Pine Marsh (WPMA), a
high-elevation site located in a small cirque valley at the northern terminus of the Warner
Mountains. Tle siteis in amesic, mixed conifer forestith the perennial mardmavingformed
afterthe Mazama eruption and subsequent deposition of tephra in the basin. Sedisoshtsv
the fire history was also altered by the tephra. Charcoal showed fires were more frequent and
increased in intensity during the early Holocereuptly changing to lower intensity and longer
fire intervals posMazama. Pollen showed mixed conifer conditions since 9500 cal yr BP with
Pinus ponderosalways dominat with variable presence éfbies

This dissertation includes published and unpublisheautbored materialAt the time of
writing Chapter ds in press aQuaternary Review. Cauthors include Daniel Gavin, Erin
Herring, and Dennis Jenkinderring processed the coprolites and provided analysis
descriptions. Jenkins provided site expertise to this paper. Gavin and Saban conceptualized the
study and devised the methodology of analysis. Both Gavin and Saban analyzed the sedimentary
lithological components. Saban wrote the original manuscripyi t h Gavi nés hel p i
and visualization of the data. Gavin also reviewed, edited, and contributed to the final
manuscript.

In chapter Saban and Gavin conceptualized the study and analyzed sediments. Saban
analyzed the pollen and charcoal. Analysis and data visualizations were significantly aided by
Gavin while Saban wrote the original manuscript. Gavin further reviewed, edited, and
contiibuted to the final manuscrigh chapter 4 Saban and Gavin conceptualized the study and
devised the research methodology as well as analyzed the sediments, while Saban processed and
analyzed pollen and charcoal. Saban wrote the origaya¢, and Gavin reviewed, edited, and

contributed to the final manuscript.
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CHAPTER Il

LATE GLACIAL THROUGH EARLY HOLOCENE ENVIRONMENTS
INFERRED USING POLLEN FROM COPROLITES AND SEDIMENTS
RECOVERED FROM PAISLEY CAVES, OREGON

Published as Sabanh@ntelV., Erin M. Herring, DennisL. Jenkins, and BnielG. Gavin.In
press. Late Glacidlhrough Early HolocenEnvironmentd nferredUsing Pollen from

Coprolites andsedimentsRecovered from Paisley Caves, Oregon. Quaternary Research.

SabamndDanielGavinconceptualized the study and devised the methodo&sjyan wrote the
original manuscript, and Gavin reviewed, edited, and contributed to the final manuserrpig
processed and analyzed the coprolites, as well as wrote descriptions of fiddimgss
contributedsite expertise and commentayabaracquired the funding while curation, analysis,

and visualization of the data were done with the helpasfin.

1. INTRODUCTION

The posiglacial vegetation history of the Northern Great Basin (NGB) has been strongly
affected by the balance of moisture from the Pacific Ocean and continental dry and warm air
masses moving north from tikentral Great Basin (Wigand and Rhode, 2002; Minckley et al.,
2007). Although large lakes persisted in the basins of the NGB through the late Pleistocene,
decreased effective moisture and increased evapotranspiration since 11,000 cal yr BP have
resulted irthe desiccation of these pluvial lakes andssgjoient deflation of Pleistocene
sediments, generally precluding the use of these larger basins as reliable archiveglatiabst

climate change (Allison, 1982; Cohen et al., 2000). Understandingyfaasal environments and
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reconstructing the heterogeneity of this landscape has implications for understanding the
environments experienced by humans and other animals, which is especially important as the
NGB has evidence of some of the oldest human activity in North Am(@itizert et al., 2008;
Jenkins et al., 2012; McDonough, 2019), as well as extinct and extant megafauna remains
(McDonough et al.,2012; Jenkins et al., 2013).

Many postglacial pollen records recovered from within the NGB have been studied at
mid-to highelevation sites, as lowlevation sites containing undisturbed sedimentary sequences
that span the Holocene are uncommon (Cohen et al., 2000). The fesleldion pollen
records that do exist reveal the ubiquitous presence of xeric-stapibe vegetation since the
Last Glacial Maximum (LGM) (Mehringer, 1987; Wigand, 1987; Wigand and Rhode, 2002;
Mensing et al., 2013; Beck et al., 2018; Kennedy, 2018; McDoneugh, 2022). However,
wetlands are embedded within this xeric landscape. In various places, drainages from mountains
feed into seasonal or persistent wetlands, resulting in a sharp contrast between wet and xeric
plant communities as hydrophytic planéspond rapidly to changes in water availability
(Kovalchik and Chitwood, 1990; Nowak et al., 1994)

Terrestrial caves often serve as natural subaerial sediment traps and can preserve organic
materials for thousands of yedW¥hite, 2007). Archaeological investigations of caves and rock
shelters occasionally yield preserved mammalian coprolites, offering opportunities to gain
information about the diet and health of animals, and to make inferences about past climates and
enviornments (Bryant, 1974; Hofreiter et al., 2000; Carrién et al., 2001; Gilbert et al., 2008;

Riley, 2008; Shillito et al., 2011; Woahd Wilmshurst, 2012, 2016; Beck et al., 2018, 2020;
Blong et al., 2020). Coprolite studies have been an important component of Great Basin

archaeological research since the earfy &@ntury (Loud and Harrington, 1929; Heizer, 1969;
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Heizer et al., 1970; Kelso, 1971; Thomas et al., 1983), and have since greatly expanded our
understanding of past human behaviors and health (Jenkins et al., 2012; Jenkins et al., 2013;
Dexter and Saban, 2014; Beck et al., 2018; Kennedy, 2018; McDondigh,EBlong et al.,

2020; McDonough et al., 2022).
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Figure 1. Location of 5Mile Point Butte and Paisley Caves in the Chewaucan Basin of-seathal Oregon. Blac
line shows the maximum highater extent of pluvial lakes during the late Pleistocene. B. Looking eastite
Point Butte with the cave&. Winter Rim looking west as seen from Cave 5, Paisley Caves

Located in soutttentral Oregon within the NGB, the Paislejiie Point archaeological
site (Paisley CavegFig. 1A) produced a material assemblage that includes abundant coprolites,
providing opportunities for expanding the interpretation of pollen records from cave sediments.
Over 2800 mammalian coprolites were excavated from Paisley Caves between 2002 and 2011
(Jenkins et al., 2012013) and each represents a point in time during the last >14,300 years. In
this study, we assess the environmental conditions present during periods of wetland expansion

and subsequent lake retreat in the Summer Lake basin between 14,000 acal §08®by
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comparing pollen assemblages of coprolites and their associated sediments. With this approach,
pollen recovered from sediments represents rdeltiadal periods of sedimentation while

coprolite pollen offers a different view of environmental conditionstdweshort (severalay)
"sampling” period. The Paisley Caves are situated in close proximity to three ecotones:
lacustrinewetland, sagebrush steppe, and conifer forest (Cronquist et al., 1972; Franklin and
Dyrness, 1988; Anderson et al., 1998). Contngstiollen assemblages of sediments and

coprolites may help clarify the paleovegetation history, which is still not well understood- at low

elevation NGB sites.
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Figure 2. Cave 2 showing location of Unit 6 relative to datum and roof f
boulder at west end of the entrance. Map image redrawn from Jenkins
2012.

Five previous studies of pollen and macrobotanical assemblages were conducted at
Paisley Caves. First, Saban (2015) produced a pollen record from the same sampling unit (Cave

2, Unit 6B) as this study and is succeeded by the present study. Second, 8e(2048)
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produced a pollen record from the same cave as this study (Chuddated one meter north

of our sampled profile at a site with a different chronology and potentially different taphonomic
processes (e.g., exposure to wirldig(2). Third, Kennedy (2018) identified macrobotanical
remains from Cave 2 and developed a detailed description of local vegetation and cultural foods
and plant resources. Fourth, Beck et al. (2020) at the same profile as Beck et al. (2018),
comparedNeotomaspp. (wood rat) coprité pollen assemblages to sediment pollen

assemblages. Due to the small mad¥exftomacoprolites, Beck et al. (2020) merged 57

coprolites into single samples resulting in a total of fifteen 0.25 g samples of packrat coprolites.
Pollen assemblages BEeotomacoprolites were statistically very similar to those in associated
sediments, but coprolite pollen assemblages were more variable than those from sediments
possibly due to meal choice (Beck et al., 2020). Finally, Blong et al. (2020) examined cdntents o
nine coprolites identified as originating from humans from the Younger Dryas through the Early
Holocene for the purpose of reconstructing prehistoric human diets. That study found seeds,
bones of small mammal and fish, and beetle remains in the coprslifgporting foraging in

marshes. Blong et al. (2020) also conducted limited pollen analyses, which found elevated
percentages of insepbllenated taxa and pollen aggregates, suggesting direct consumption of
pollen.

DNA analysis of other coprolites from Paisley Caves have revealed coprolites associated
with Homo sapiensCamelidael.ynx Ovis andPanthera(Jenkins et al., 2012). In addition to
identifying the oldest human coprolites in North America, the Paisley Caves boast an extensive
assortment of organic artifacts and materials that offer invaluable insights into the activities of
humans and fauna froover 14,000 years ago. However, our comprehension of how humans

and large mammals traversed the ancient landsazpgbe NGB remains limited. Given the
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limited past analyses of mammalian coprolite pollen at Paisley Caves (Blong et al., 2020), there
remains a potential for this approach to provide us with a better understanding of how large
mammals roamed the local environment and left behind evidenbeiofrtovements at the

caves.

Traditionally, mammalian coprolite analysis from archaeological sites in North America
has been used to reconstruct diet, health (Bryant and Holloway, 1983; Bryant and Reinhard,
2012; Blong et al., 2020), and human activities at a site (Gilbert et a8; 2800kins et al., 2012;
McDonough, 2019; Shillito et al., 2020). This study uses coprolite pollen solely as an
environmental proxy to reconstruct conditions at and beyond the caves. Pollen found in
coprolites represent short periods of time, approximdi@{$7 hours (Kelso and Solomon,

2006), and is derived from various sources: pollen in drinking water, airborne pollen that entered
nasal and esophageal mucus, pollen adhered to any food item, pollen in ingested flowers or
pollen cones, or pollen in theoshach content of prey (Carrién et al., 2001; Chame, 2003). Thus,
coprolite pollen represents a brief period that can potentially reveal different information than
sediment pollenThis study is unique in using coprolites as distinct pollen samples fat dire
statistical comparison to contemporaneous sediments and considering all taphonomic pathways
(not only diet) behind the formation of the coprolite pollen assemblage (Shillito et al., 2020).

Interpretation of pollen assemblages from cave sediments can be limited for several
reasons. Caves often contain both aeolian and-slagh sediment, filtered from the
environment via the single depositional entry of the cave opening. Also, within the NGB
redeposition of sediments blown off dry lakebeds may contribute pollen from prior climatic
periods (Anderson, 1955). The location of the sediment samples relative to the layout of the cave

may affect pollen assemblages due to, for example, pollen dagradat to temperature

27



exposure or physical degradation within a drip zone. Lastly, bioturbation of sediments by faunal
or human activities can disturb or erase the chronological integrity of sedimentary sequences,
resulting in timeaveraged pollen assemblages.

We hypothesize that differences in the pollen assemblages between cave sediment and
coprolites emerge primarily due to the unigue "sampling” of the environment by a mammal. We
therefore predict that 1) pollen assemblages will differ more between copanlitessociated
sediments than between samples within either group, 2) pollen assemblage turnover (i.e. rate of
change) will be greater for coprolites than in sediments due to the potentially stochastic
processes that determine the coprolite pollen assgiapband 3) pollen taxonomic diversity will
be greater in sediments than in coprolites, as sediments sample a larger spatial and temporal

window of pollen deposition than do coprolites.

2. 9TE DESCRIPTION
2.1.Geologic setting
Summer Lake basin is located within the larger Chewaucan Basishapéd graben
delineated by steep fault scarps and subdivided into-Basibs: Summer Lake lies in the
nort hwest portion of the AVO, with tarehesibasi n
the south, and Lake Abert in the northe&sg.(1). The Chewaucan Basin graben dips northwest
with the Summer Lake basin floor averaging 1275 m, Upper and Lower Chewaucan Marshes
averaging 1314 m, and the Lake Abert basin averaging 1299 m.
The Paisley Caves are located ohlfie Point Butte, a scoriaceous basalt fault block
butte located in the southeastern part of Summer Lake basin incamithl Oregon. This site is

approximatelyl8 km east of the current Summer Lake shoreline and 8 km north of the
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Chewaucan RiverHig. 1A). The caves are all on a southwest aspect, and their entrances are
located midway up the butte at an average elevation of 13ffore sea leveF(g. 1B). A
series of eight waveut caves and rock shelters formed as a result of energetic wave action by
Lake Chewaucan during periods of stable high lake stands (Allison, 1982; Friedel, 1993; Jenkins
et al., 2013). Subsequent rockfalls at cave entrancesshreeresulted in some of the deeper
caves developing into shallow rock shelters.
The current dry lakebed neaiMile Point Buttedips west at a 3.3° slope until the
lakebed abruptly ends at the base of Winter [ig. 1C). The topography of the area north of
5-Mile Point Butteis characterized by dry lake flats, deflated playas, lunettes, and dune systems,
with some small basalt fault block outcrops. East-bfile Point Butte the topography rises in
elevation above the lakebed floor and is less steep than the west side ofrSakerigasin. This
east side is of fault block featurestlincrease in elevation for 13 km up to approximately 1590
m after which the topography then slopes down 13 km east to Lake Abert. The Summer Lake
lakebed slopes little south ofNdile Point Butte, where the topography is interrupted by the
incised coursef a stream that resulted from the overflow of ZX Lake into Summer Lake during
the Younger Dryas (YD; Allison, 1982; Friedel, 1993; Hudson et al., 2021; Licciardi, 2001).
Pluvial Lake Chewaucatovered an area of 1243 kat its maximum extentyith a
surface elevation of 1381 m aadnaximum depth of ca. 118 m (Allison, 1982; Cohen et al.,
2000). The primary stream feeding Lake Chewaucan was the Chewaucan River, draining north
through a steep river valley into the Chewaucan Basin. During the late Pleistocene Bglling
Allergd (BA) perbd, 14,700 to 12,900 cal yr BP (Sowers and Bender, 1995) water levels in Lake
Chewaucan reached their last high stand by ca.14,500 cal yft&Ryhich levels declined and

Chewaucan River sediments formed the Paisley Fa&3m) at the south end of Summer Lake,
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resulting in Summer Lake hydrologically separating from the rest of the Chewaucan basin
(Allison, 1982; Licciardi, 2001). Basal sediments in this current study were dated to ca. 14,000
cal yr BP, at the time of the Chewaucan high stand.

The YD cold period (12,80011,600 cal yr BP) is characterized by a return to cooler
temperatures in the northern hemisphere (Mayewski et al., 1993; Rasmussen et al., 2014). At this
time Summer Lake began receding due to lower precipitation and increasstagion (Hudson
et al., 2019, 2021). The climate began to warm after the YD, eventually resulting in climatic
conditions being warmer during the earliest portions of the Holocene (1i1 9@ cal yr BP)
with evidence of a brief period of increased@pitation that resulted in a transgression of
Summer Lake to moderately high levels, although not as high as duriBgltimeg-Allerad
(Hudson et al., 2021). Conditions reached thermal and aridity maximum after 9000 cal yr BP,
after which climatic conditions began to cool but remained arid (Friedel, 1993; Bartlein et al.,
1998, 2011; Cohen et al., 2000; Benson et al., 2002; Mensing 20@4; Minckley et al., 2007;

Long et al., 2019; Hudson et al., 2021)

2.2. Climate and vegetation

The Summer Lake basin presently is located at a convergence zone of moist Pacific air
parcels moving inland from the southwest and continental climate characterized by a high
pressure system centered aboveQbetral Great Basin in Nevada to the southeast of the
Chewaucan Basin, which has varied over the Holocene (Reinemann et al., 2009; Carter et al.,
2017; Long et al., 2019). Geographically located in the rainshadow of the Cascade Range, the
NGB region currerty has warm summers and cold winters (mean July and January temperatures

are 17.7°C and 2.2°C, respectively). Average annual precipitation is 33.9 cm with most
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precipitation occurring from November through January and with afternoon thunderstorms
during summer seasons.

Vegetation gradients in the region are primarily determined by elevation and its effects
on orographic precipitation (Franklin and Dyrness, 1988; Kovalchik and Chitwood, 1990;
Osmond et al., 1990). Current Summer Lake basin vegetation is high deseitsppéd
dominated byArtemisia tridentataand saltolerant Amaranthacea€lienopodiunandAtriplex;
Franklin and Dyrness, 1988; St. Louis, 2021). Ahé&ridentatacommunity includes an
understory of the invasivBromus tectorumas well ag€lymussp.,Ericameria teretifolia
Sarcobatus vermiculatuand various other shrubs, forbs, and grasses adapted to sandy aeolian
sediments and highly alkaline aridisols. At the base il Point Butte, the lakebed sharply
transitions into a steep, rocky talus of basalt boulders with pockets of playa lagssiiating
between the boulder gaps. Vegetation on the talus slope is priddgipisiaand
Chrysothamnusp. with intermittent cespitoggriogonumsp. and hemiparasiticastilleja
angustifolia

The trees currently nearest to the caves are 8 km to the south at the town of Paisley,
where riparian vegetation extends along the Chewaucan River into Upper Chewaucan Marsh.
Modernday trees and shrubs incluBaus ponderosalnus incana, Betula occidentalis,
Juniperus occidentalis, Prunus virginiana, Sap¢,Populus tremuloides, Populus trichocarpa,
and nonnativePopulus albaA very small population dQuercus garryanaar. semotavas
reported on Gearhart Mountain at 1650htigds://oregonflora.ortpxa/index.php?taxon=143]18
Non-nativeMedicago sativas grown in centepivot irrigation fields within a few kilometers of
the caves. Marsh plants are present in both Upper and Lower Chewaucan Marshes, near the

Summer Lake Hot Springs ca. 8 km west dfiie Point Butte, along most of the 40 km base of
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Winter Rim, and at the north end of the Summer Lake basin at the Summer Lake Wildlife Area
24 km north of 8Mile Point Butte. The marsh communities include a range of Poaceae,
Juncaceae, Cyperace&bessp., Typhaceae, and Asteraceae. Trees present 20 km west of 5
Mile Point Butte on the steep scarp of Winter Rim (2200 m elevation) inBladelus
trichocarpaandP. alba, Prunus virginianat the baseRinus ponderosa, Salsp.,Juniperus
occidentalis Populus tremuloideat mid-elevation, andPinus conbrta andAbies concoloat the

Winter Rim summit.

2.3. Archaeological excavations at Paisley Caves

Sediments and coprolites used in this study were all collected during archaeological
research at Paisley Caves between 2009 and 2011. Archaeological research began in 1938 under
University of Oregon archaeologist Luther S. Cressman (Cressman, 1940; &takin2004),
who numbered the caves sequentially from south to north. From 2002 to 2011 University of
Oregon archaeologist Dennis L. Jenkins directed further excavations at the site. Materials
recovered ranged from artifacts such as lithic tools anidadg) bone, antler, and wood tools,
cordage, and grinding stones (manos and metates), as well as a rich array of organic materials
that included plant macrofossils, insects, the bones of fish, waterfowl, small mammals, extant
and extinct megafauna, regtl, and 2538oprolites othhuman and other mammalianigins.
Gilbert et al. (2008) reported on the DNA sequencing of three ca. 1%e@®0ld human
coprolites which at the time of publication were the oldest confirmed human remains in the
WesternHemisphere.

Materials dated to the YD period showed human activity was very high in Paisley Cave

2, with cultural material deposits becoming dense enough to create a cufnmakgd
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stratigraphic level referred to as the Botanical Lens (BL). BL deposits are composed primarily of
a 58 cm thick mat ofArtemisiatwigs and shredded bark and contained a hearth dated to the YD
(Jenkins et al., 2013). The BL is underlain by-&dm alluvial mud lens dated to ca. 12,930 cal
yr BP and capped by a secon@ tm mud lens dated to ca. 11,500 cal yr BP.

The coprolites and sediments used in this study were excavated from Cave 2, Unit 2/6
(Fig. 2). Materials from this unit were selected for this project due to the high number -of well
mapped, stratigraphically sequential, and large mammalian coprolites with associated sediments,
as well as for the minimal westward slope of the cave fligy. 8). Cave 2 is approximately 7 m
long, 6 m wide, and 3 m deep0.3 nt of sediment over 22 frhas been excavated frdiis
cave(Jenkins et al., 2013). The cave walls aomposed of fingrained basalts mixed with soft
volcanic tuffs and breccias. Summer Lake basin is a seismically activiBadger and Watters,
2004; Licciardi, 2001; Orr and Orr, 2012) resulting in radis being common in the caves.
Roof fall materials range from small pebbles to mitdti boulders, the most notable of which
was once the outer ceiling of Cave 2 which now blocks most of the entrance to the cave. The age
of the roof fall is ca. 2300 cal yr BP based on a radiocarbon date obtaineal fnaman
coprolite recovered from beneath a smaller boulder from the same event (Jenkins et aln 2013).
1939 Luther Cressman excavated a trench in Cave 2 but missed unit 2/6 due to the presence of
the rooffall boulders. Looters who later dug up the Cressman trench also missed the 2/6
sediments for the same reason. The larger boulder remains in plaites bonaller one was
removed in 2009Cave 2 was divided into seven 2 m x 2 m plots that were further subdivided
into 1 m x 1 m unitsKig. 2). By the @d of Cave 2 excavations in 2011 the cave had been

excavated in primarily 5 cm increments down to bedrock at a depth of ca. 308 cm.
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2.4. Sediment descriptions

Cave 2sediments are comprised of both biological and exogenetic materials (Jenkins et
al., 2012), and include varying amounts of aeolian deposits, rockfall, bat guano, rodent feces,
deposited cultural materials, and vegetation blown in or brought into thehelk&rdyNeotoma
sp. Areas under smaller rockfall boulders not excavated by Cressman in 1938 were bioturbated
by rodents or badgers or destroyed by looters in places, but overall the sediment matrices were
well preserved and in excellent sequential ofdenkins et al., 2012). This was largely due to
millennia of urine accumulation forming hydrophobic and waterproof indurated sediments
(Jenkins et al., 20)2A crosssection of the remaining 2/6 west sediment wiill (3) shows the
stratigraphy before excavatiordave 2 has an average sedimentation rate of approximately 50
years per centimeter, with the exception of the BL, which is primarily of anthropogenic origin,
and the 30 cm of Mazama tephra representing a single deakirfs et al., 2016

Lithostratigraphic units (LUs) are distinct sediment types that make up the matrices of
sedimentary units and defined by their sediment characte(&a&sche and Tunca, 1983; Stein,
1987) Seven LUs were identified in Cave 2, though only three are relevant here. LU1 overlays
basement rock in a portion of 2/6B that was not sampled for this projézis a dark brown,
poorly sorted gravelly sand approximately 30 cm thick overlying basement rock or LUL.

A distinct transition from LU2 to LU3 occurs at ca. 260 cm and has been dated to 12,500
cal yr BP. The transition is marked by a patchy occurrence of the BL (described above) and
includes a small hearth of charred organic material overlain by ashy/osgalmeent. LU3
extends up to the cataclysmic eruption of Mount Mazama ca. 7633 cal yr BP (Egan 2015). LU3
is a mix of fine aeolian deposited sediments, some smaller poorly sorted gravels mixed with

angular roof fall, and heavy organic components of plam¢mads and bat guano (Jenkins et al.,
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2012). LU3 sediments are firm to hard of polygenetic origins with abundant macrobotanical
content, amorphous organic matter, and high amoumieafomaandChiropterafeces (Jenkins
et al., 2012).

Weakly consolidated Mazama tephra (48D cm) was assigned as LUGuano pellets
from the base of the Mazama tephra were dated to @&@38 BP(Jenkins et al., 2013).
Laminations and fine ash capping and underlying the tephra suggests primary tephra deposition
at the west end of Unit 2/&ig. 3). The tephra in the 2/6 west wall ranges from fine ash to pale
yellow rhyolitic lapilli from 1Ii 1.5 mm in sizeThe topmost sediments for this unit are referred to

as LU5, and contained little to no Mazama tedleskins et al., 2012).

3. METHODS
3.1. Material collection during excavations

All coprolites foundn situduring excavations in Cave 2 from 2009 to 2011 were
collected following strict protocols to limit their exposure to moeta DNA contamination.
These collection protocols included Tyvek hazmat suits, sterile gloves, forceps, and specimen
cups. For mosof the sampled coprolites, a sediment sample was also taken directly below the
coprolite. Both samples were then sealed into sterile specimen cups and labeled. All coprolites
selected for the study had an associated samplelioheetary materials collected at the same
time. No effort was made to distinguish human coprolites from those of other large carnivorous
or omnivorous mammals. The coprolites were desiccated and ranged from very light tan to
medium brownFig. 4). Faunal fragment analysis resulted in 6 to 20 bone fragments per
coprolite sample, ranging from betwee 8m in size, and included mammalian and avian

bone fragments (Cromwell, R.P., personal communication, 2016).
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Figure 4. Photographs ad selection of the coprolites from Paisley Caves used in this study.

All the bones were fragmented except for one rodent left tarsal, several rodent molars, the
dentin sheath of a rodent incisor, and two rodent claws. Artifact and radiocarbon date positions
were changed from elevation (m) to cm below the modern cave floor (1368.3 m) for subsequent
analyses. All samples in this study are from unit B§.(2). In this portion of the cave,

undisturbed sediments were excavated at depths of 120 to 320 cm below the 1368.3 m elevation.

3.2. Lab processing: coprolites

Sampling and chemical processing of both coprolites and sediments were conducted at
the University of Oregon where strict sampling procedures were followed to protect the
remaining materials from modern DNA contamination. Coprolites were subsamplediéor pol
following methods outlined by Wood and Wilmshurst (2012, 2016), except for sectioning the
coprolites along a longitudinal axis rather than the center. An average dry weight of 1.6 g
(ranging 0.668 to 3.638 g) was sampled from the center of each t®fai 4). Coprolites

lighter than 0.50 g were not processed.
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The chemical process for pollen recovery from coprolites followed Pearsaf) (@d
Smith (1998) but was modified to protect materials including bone and plant fibers for possible
future radiocarbon dating. Chemical pollen extraction was performed inside a fume hood. Each
coprolite subsample was placed in a 50 mL tube and spikbdwnél_ycopodiumntablet to
determine pollen concentration. Samples were rehydrated with 50 ml warm 10% sodium
hexametaphosphate (§i@0Os)e]) for 48-72 hours. Samples were sgevat 180 um, and
macrofossils were collected. Samples were treated with a 10% potassium hydroxide (KOH) at
80°C for 10 minutes, acetolysis (9:1 acetic anhydride:sulfuric acid, heated for 3 minutes).
Samples were stained with Safranin and desiccated etigbalcohol and te#butyl alcohol.
Pollen was transferred intedtam glass vials with silicone oil used for suspension and

preservation of pollen (Faegri et al., 1989).

3.3. Lab processing: cave sediments

Pollen recovery from the Paisley sediments required some minor adjustments to the
chemical extraction process from Smith (1998) and Pearsdlb)2Bediments were weatieved
using a 125 &m me ¢of thaifimd fiadtion.cEach sample wasgadd2dto ec m
1000 mL Nalgene beaker (12 samples per lab session) and spiked wlitycopediuntablet to
measure pollen concentrations. Samples were soaked in warm H®MR]. Sediments were
agitated and allowed to settle for 8 hours, after which ditenwas partially decanted and
refilled with distilled water (no additional M&POs)s] added), agitated, and allowed to settle for
another 8 hours. This process was repeated for approximatéy déys until the water was
clear.10% KOH (80°C, 10 minutes) was used to remove remaining soluble organics followed by

a 10% hydrochloric acid (HCI) treatment to remove carbonate minerals. A cold hydrofluoric acid
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(HF) treatment for 24 hours reduced silicate content. Prior work on Cave 2 sediments showed
that a cold HF treatment was more effective at removing silicates thamadte hot HF

treatment (Saban, 2015). Following a second 10% HCI treatment, the saramamsed with
ultra-pure water.

Following the Smith (1998)rotocols for processing dry sediments, a heavy liquid
solution (1.92.0 specific gravity) of zinc bromide (ZnBmwas used to separate pollen from
heavier materials. Following centrifuging, pollen suspended on the heavy liquid was decanted
into 50 mL centrifuge tubes. ZnBneavy liquid suspension was repeated twice per sample. The
remaining sediments in their original centrifuge tubes were filled with-pltra water, capped,
and placed into storage boxes for possible futulempoecovery. The pollen fractions were
diluted with water and centrifuged to remove the remaining Ziidlen was then transferred
into 15 mL centrifuge tubes. Glacial acetic acid (GAA) was used to remove water, followed by
acetolysis (as for the coprolite samples) to remove the remaining cellulose. Samples were

stained, desiccated, and suspended irosilail as described for the coprolite pollen.

3.4. Identifications

Pollen from both coprolites and sediments were examined at 40X magnification. Pollen
was identified to the highest taxonomic resolution possible using published keys (Faegri et al.,
1989) and the modern pollen reference collection at the University ob@rBgth coprolite and
sediment slides were counted to a minimum of 350 grains per sample, with the exception of one

coprolite with low pollen abundance where only 175 pollen grains could be identified.
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3.5. Chronology

An agedepth model was constructed using the INTCALZ20 calibration curve and the
Bacon R package (Blaauw and Christen, 2011) (Reimer et al., 2020). The model is based on 16
radiocarbon dates available from unit 2/6 (Saban, 2015; Jenkins et al., 20163oWhktained a
new date on an unidentified plant macrofossil from a coprolite occurring above the Mazama
tephra A date of 7633 cal yr BP for the Moultazama eruption (Egan et al., 2015) was
included in the agdepth model. In the Bacon model, we speciffeelMazama tephra unit as an
instantaneous event and placed a hiatus at 296.5 cm, where an abrupt change in ages corresponds

roughly to the depth of the BL.

3.6. Statistical analyses

Raw pollen counts were transformed into percentages and diagramediligiBd.1
Pollenassemblage zones of the sediment pollen record were determined using stratigraphically
constrained cluster analysis. We used the rioja package in R statistical software to identify zones
based upon the chord distance, calculated as the Euclidean didtaquareroot-transformed
pollen proportions. The number of significant pollen zones was determined using the broken
stick method (Bennett 1996).

Non-metric multidimensional scaling (NMDS) gradient analysis was used to compare
sediment and coprolite assemblage relationships. NMDS is an indirect gradient ordination
analysis using a dissimilarity matrix that describes a pairwise difference betwaen tax
assemblages. Pollen assemblage dissimilarity was measured using the chord distance using the

vegdist and metaMDS functions in the vegan package in R (Oksanen et al., 2020). Both
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coprolites and sediments were included in the ordination, using the 29 taxa found in three or
more samples.

Chorddistance dissimilarity was summarized between coprolites and adjacent sediment
and between adjacent sediment and coprolite samples as a measure of stratigraphic turnover.
Pollen taxa richness of coprolite and sediment samples was estimated usaugioaréor a
sample of 175 pollen grains, using the rarefy function in vegan. The difference of rarefied pollen

richness between coprolites and corresponding sediment samples was tested using-tegaired t

4. RESULTS
4.1. Sediment agalepth model and pollen assemblage zones
Thirteen of the 17 radiocarbon ages occur in the lower 40 cm, surrounding the BL,

several of which were

out of stratigraphic
order. The Bacon age
depth model provides a
best estimate of ages
through periods of
overlapping radiocarbon
dates at the base of the
section as well as
interpolation between
ages at the top of the

section Fig. 5; Table 1).
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Table 1. Radiocarbon dates from Paisley Cave 2, unit 6. Depths are in relation to datum at

1367.70 m elevation.

Depth

Radiocarbon Ca l i

br

[

(cm) Material Lab number age age range Source

145 amorphous coprolite CAMS-176969 5305 + 30 61905950  This study
plant matter

152180 Mazama tephra - - 76827584  Egan et al. 2015
215 Artemisiawood UGAMS-14472 8740 + 20 989069560 Saban 2015
230 Artemisiawood UGAMS-14473 10,310+ ® 12,44011,940 Saban 2015
240 Artemisiawood UGAMS-14474 9630 + 20 11,17610,800 Saban 2015
282 Artemisiacharcoal UCIAMS-98931 10,020 +30 11,71011,320 Jenkins eal.2016
290 Artemisiacharcoal D-AMS 1217410 9774 + 46 11,26011,110 Jenkins eal. 2016
290 Atriplex bark cordage UCIAMS-85337 9995 £ 25 11,68011,280 Jenkins etl. 2016
290 Atriplex bark cordage UCIAMS-87420 10,920+£35 12,89012,760 Jenkins etl.2016
290 Artemisiacharcoal UCIAMS-90577 11,005+ 30 13,06012,830 Jenkins eal.2016
295 bone Artiodactyl UCIAMS-103089 10,290 +30 12,44611,830 Jenkins eal.2016
295 Artemisiawood UCIAMS-103086 10,365+30 12,47G12,000 Jenkins eal.2016
296 boneCamelopsarpal UCIAMS-103085 11,980 +35 14,02013,780 Jenkins etl.2016
298 Artemisiacharcoal UCIAMS-102110 11,055+35 13,09012,850 Jenkins eal.2016
298 Artemisiacharcoal D-AMS-1217406 11,098 +45 13,10012,900 Jenkins eal.2016
299 boneEquussp. Maxilla  UCIAMS-86251 11,740 £25  13,74013,500 Jenkins eal. 2016
305 bone unknown mammal UCIAMS-90593 11,930+25 14,01613,610 Jenkins eal.2016
308 bone Leproid humerus D-AMS-024767 12,008 £35 14,02613,800 Jenkins eal. 2016

43



The basal age at 308 cm was modeled to 13;809r BP. Very slow accumulation
occurred from 300 to 296 cm (encompassing 700 years). Furthermore, a hiatus was required to
fit the age model to a step change in the radiocarbon dates at 296.5 cm (12,700 to&al 3200
BP), which corresponds to the BL between units LU2 and LU3. This hiatus does not appear to be
present in other portions of Paisley Cave 2 (Beck et al. 2018). Instead of containing sediments,
the BL is composed of organic materials including artifacts, mataokrals, and coprolites.

There were corolites available from the BL, but as there were no corresponding sediments they
were not used in this study. Above this hiatus, fewer ages constrain tdegmodel,but

they show a generally fast sedimentation rate (20 yr/cm) which declined upward to the Mazama
tephra (70 yr/cm).

Overall, pollen preservation was very good, with <2% being indeterminable. There were
no pollen aggregates identified within the coprolites, which have been used to support direct
consumption of pollen (e.g., Blong et al., 2020). The stratigraphicallyreored cluster
analysis identified three zones in the sediment record, with breaks at 252 cm ¢Hl JiOBP
and 172 cm (within the Mazanremnriched sediment). The break at 252 cm corresponds roughly
with the LU2/LU3 boundary. Pollen concentrations wair#icient for pollen analysis in the

Mazamaenriched zone (LU4, 18052 cm).
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4.2. Sediment pollen record
4.2.1. P1: Late Pleistocene Bglli#dlergd to early Holocene

Period P1 covers a 27g@ar timespan from 13,900 cal yr BBring the BgllingAllergd
(B-A) warm period, and following a sediment hiatus, to the early Holocene (11,100 cal yr BP). A
total of 20 taxa were identifiedrig. 6A). Common pollen types during P1 includ@dussubg.
Pinus(increasing from 25% to 45% then returning to 30P&ussubg.Strobus(1-2%), Abies
(3-6%), Pseudotsugél-2%), Acer (1-2%), Betulaceae (1%%alix(4-10%), Grossulariaceae
(1%), Rhamnaceae (19%Artemisia(15-28%), Ambrosiatype (11% decreasing to 1%),
Asteroideadype (1%),Amaranthacea€s% increasing to 30%), Fabaceaeb@d), Polygonaceae
(3%), Onagraceae (1%), Typhaceael{8), Alismastaceae (1%), and Poaceae (4%). Pollen
concentrations declined from 120,000 grains/onthe sample before the hiatto 50,000

grains/cni after the hiatus, then increased to 80,000 grairfs/cm

4.2.2. P2a: Early Holocene to the Mazama tephra

P2a ranges from the early Holocene at 11,100 cal yr BP to the Mazama tephra at 7633 cal
yr BP. Thirty taxa were identified\biesincreased sharply from 7% to 21% at the start of P2a
and remained at approximately 20% until the Mazama tephra. During thidtiemisia
declined from 24% to 109%inussubg.Pinuspollen remained consistently betweenZ®%,
andPinussubg.Strobusdeclines to below 1%. Conifers also incliRieea(0-4%) and
Pseudotsugél%). Other taxa include Taxaceae2®), Cupressaceae-gPb), Betulaceae (1
5%), Alnusundiff. (1-2%), Salix (1-5%), Populusundiff. (1-3%), Aceraceae (3%), Celestraceae
(1%), Artemisia(9-20%), Asteroideatype (£:5%), Ambrosiatype (:4%), Amaranthaceaés-

23%), Brassicaceae-{1%), Fabaceae {2%), Onagraceae {2%), Solanaceae (1%), Typhaceae



(1-4%), Cyperaceae {8%) and Poaceae {2%). Pollen concentrations were generally high
(>90,000 grains/cf) before the Mazama unit and were lower (21;60000 grains/cf) within

the Mazama unit.

4.2.3. P2b: Mazama tephra to middle Holocene

P2b ranges from 7633 to 5800 cal yr BP. This pollen period included samples within the
upper portion of the Mazama unit and three samples above it. Only 15 taxa were identified in
P2b. At the start of this zonBjnussubg.Pinusincreased abruptly from 38% to 87%#inus
subg.Strobusremained below 1%andAbiesdeclined to 88%. Other taxa included
Cupressaceae{4%), Betulaceae (5%), Salix(2-12%),Populusundiff. (2%), Grossulariaceae
(1%), Artemisia(1-8%), Ambrosiatype (26%), Amaranthaceaé4-12%), Brassicacea@%),
Solanaceae (1%), Typhaceae {0%), and Poaceae-@%). Only trace amounts &seudotsuga
andFabaceagvere present. Pollen concentrations were low within the Mazama unit (21,000

grains/cm) but increased to 36,000 grainsfcabove the unit.

4.2.4. Modern pollen

The modern pollen included 14 taxa, includiigussubg.Pinus(19%), Pinussubg.
Strobug(<1%) Cupressaceae (9%)opulusundiff. (2%), Quercus(2%), Artemisia(31%),
Ambrosiatype (6%),Amaranthaceaél8%), Boraginaceae (1%), Fabaceae (5%), Linaceae
(2%), Plantaginaceae (1%), Typhaceae (1%), and Poaceae (3%). The modern assemblage
differed from the préMazama zones primarily due to the dominancArtémisiasp., far lower
Pinussubg.Pinus,higher Fabaceae (presumaMgdicago;alfalfa), and the occurmnee of

Quercus.
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4.3. Coprolite pollen

The coprolite pollen assemblages were more variable and less gjetidsn the
sediment pollen sampleBi¢. 6B). We describe the coprolite pollen following the same zones
identified for the sediment pollen record. All coprolites analyzed gats the hiatus in the age

depth model.

4.3.1. P1: postrounger Dryas to Holocene

Seventeen pollen taxa were identified in the five analyzed coprolites from P2. These
coprolites were dominated Binussubg.Pinus(30-70%) andArtemisia(14-51%) pollen. Other
common pollen taxa were Poaceae (7%), Cyperaceae Abiayanthaceaét%), Ambrosia

type (2%), andAInus(1%). Pollen concentrations ranged from 21,000 to 70,000 grains/g.

4.3.2. P2a: Early Holocene to Mazama tephra

Nineteen pollen taxa were identified in the 14 analyzed coprolites from P2a. These
coprolites are dominated IBinussubg.Pinus(declining from a high of 80% to 41%) and
Artemisia(7-28%). Cupressaceae (likely representlngiperu$ increased from trace levels to
7%. Other common pollen taxa were Poaceae (6%), Cyperaceadd(B&tanthaceaéd %),
Ambrosiatype (3%), andAlnus(1%). Abiesis notably rare (<1%), and Typhaceae were overall
rare but was abundant (10%) in the uppermost coprolite of this Rolien concentrations were
generally ca. 50,000 grains/g, but two samples (200 and 235 cm) have very high concentrations

(570,000 and 110,000 grains/g, respectively).
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4.3.3. P2b: Mazama tephra to middle Holocene

Twenty-onepollen taxa were identified in the five analyzed coprolites from the second
half of P2b. These coprolites were also dominateRibyssubg.Pinus(21-60%) andArtemisia
(14-26%). Other common pollen taxa weé&maranthaceaél4%), Poaceae (6%), Cupressaceae
(6%), Ambrosiatype (4%), and Asteroidedgpe (1%). Only trace amounts Abies

Cyperaceae, anéinuswere present.
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Figure 7. Non-metric multidimensional scaling (NMDS) of the combined coprolite (brown circles) and sediment
(green line) pollen assemblage data set. Sample depths (cm below cave floor) are shown for both coprolite and
sediment samples. Green line connects sedin@l#npsamples in stratigraphic order. Gray dashed lines connect
coprolite and adjacent sediment samples. The species scores of the 29 pollen taxa are shown by magenta crosses.
Abi=Abies, Aln=Alnus, Chend=Chenopodiurtype, Amb.t=Ambrosigype, Art=Artenisia, Astdae=Asteroideae,
Bet=Betula, Braecae=Brassicaceae, Cryeae=Caryophyllaceae, Cup=Cupressaceae, Cypeae=Cyperaceae,
Fabaeae=Fabaceae, MI=Pteridophyta (monolete), Ongeae=Onagraceae, Pic=Picea, Pin=Pinus, Poaeae=Poaceae,
Poleae=Polemoniaceae, Pop=PopuRsi=Pseudotsuga, Raneae=Ranunculaceae, Rhaeae=Rhamnaceae,
Roseae=Rosaceae, Sapeae=Sapindaceae, SIx=Salix, Soleae=Solanaceae, Spa.t=Sypejdraneae=Taxaceae,
Typ=Typha. 90% of the variation in differences in pollen assemblages (defined by ttelistance) is explained

by the two dimensions of the NMDS ordinatidmrger fgure also in Appendi®8.
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4.4. Statistical analysis

In the joint ordination of the pollen assemblages from the sedimentopralites, the
two groups do not overlap in ordination spa€gy (7). The ordination space occupied by the
sediment samples is larger than that occupied by coprolite samples, indicating greater taxonomic
turnover among the sediment samples. The coprolite and sediment samples fell into distinct
groups along NMDS axis With coprolite samples located closer to the taxa scordgiriolg
Poaceae, Cupressaceae, and Cyperaceae. In contrast, the sediment samples start in the upper
right and, for periods P1 afR, decreased on NMDS axis 2 as influenced by a variety of
herbaceous taxa arrayed along that axis. Sediment samples moved close to coprolite samples
after the large increase Rinusin the sample at 170 cm.

Examination of pollerassemblage turnover shows the degree of change of pollen
assemblages between adjacent samples for coprolites and sediments and contrasts these changes
with differences between coprolites and associated sedinftegt8). We found that the
dissimilarity of pollen assemblages between coprolites and associated sediments (chord distance
ca. 0.6) was greater than the serial dissimilarity (turnover of pollen assemblages between
stratigraphically adjacent samples) withirheit group (chordlistances ca. 0-:@.4), supporting
our first hypothesis. However, we did not find that serial dissimilarity was greater for coprolites
than for sediments. Rather, the opposite pattern emerged for most of the P2 zone, thus not
supporting the second hypoties

Pollen taxonomic richness, estimated by rarefaction to ayiaib count, was greater in
the sediment samples€ 11.3) than in the coprolite samples<10.2). While richness was

greater in the sediment than adjacent coprolites for 20 of the 24 analyzed coprolites, a paired t
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testshowed only marginal significancext1.8, p= 0.08;Fig. 9), thus not fully supporting the

third hypothesis.
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Figure 8. Chord distance analysis over time. The combination of sedioogmblite pollen isstructurally closer to
the sediment assemblage than to the coprolite pollen assemblage, but distances between sediment and coprolite
pollen show some overlap.
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5. DISCUSSION
5.1. Sediment pollen assemblage

Pollen assemblages at Paisley Caves are influenced by the proximal sagebrush steppe, the
wetlands of the Chewaucan Basin and lake edge, and the conifers of the forested uplands west of
the cavesAdjacent to Paisley Caves, Summer Lake changed in size and salinity throughout the
Holocene. Thus, the pollen record should also have been influenced by the changing riparian,
lake shore, and wetland vegetation through time. Surrounding these wetlanxisf steppe
vegetation, common to the lower elevationshef NGB, graded into juniper woodlands and
forest, with sharp community changes occurring within a few hundred meters of elevation,
particularly in wetter areas or on nofficing aspects (Wigand and Rhode, 2002; Grayson,

2011).

The sedimentary pollen analyzed in this study represents over 7000 years of deposits that
may reflect | ocal c¢climate, hydrology, and Sum
shorelines. Our pollen record from cave sediments is similar to the adjacedtdeeeloped by
Beck et al. (2018) with the exception of much highbiesandSalixpollen percentages in our
profile. In contrast, our mammalian coprolite pollen record differs substantially from the adjacent
Neotomecoprolite pollen record developed by Beck et al. (2020). Below we discuss the causes
of these differences and examine the environmental drivers of the changes in the sediment pollen

record in the context of prior studies in the NGB.

5.1.1. P1: Late Pleistocene Bglli#dlerad to Holocene
Hudson et al(2019, 2021haracterize conditions in the Chewaucan Basin during the

terminal BA (ca. 13,000 cal yr BP) as warming with high effective moisture and a deeper lake
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than immediately prior, with the shoreline only 17 m below and within 200 m horizontally of the
base of Bmile Point Butte. This time period is poorly represented in the unit 2/6 record with a
modeled hiatusHig. 6A). As no hiatus exists in other portions of the cave, this hiatus may be
due to a localized impact such as high faffic. Our single pollen sample from this time

contains a good representation of the riparian anddhkee taxa ofalixand Typhaceae. In
contrast, the high abundancefstemisiaandAmbrosiatype pollen in this zone suggests arid
steppe conditions. As is the case today near riparian settings, riparian and arid steppe taxa are
closely juxtaposed; our results are consistent with geological evidence for freshwater being much
closer to the cavdban it is today. Our findings correspond well with results from other pluvial
lake basins near the Chewaucan Basin, including pollen and highwater stand timings from
Warner Valley to the eagtVriston and Smith, 2014nd pollen, macroltanical analysis, and
highwater stand timings from Fort Rock Basin to the n(ftiedel, 1993; Egger et al., 2021;
McDonough et al., 2022)

The YDis well represented archaeologically through a rich cultural assemblage (Jenkins
et. al., 2013, 2016), but based upon the sediment chronology, there was little sediment material
from this time in our sampled Unit 6. This contrasts with Unit 4, wBexk et al. (2018)
inferred a continuous record through the YD. It is possible that cave habitation and hearths
eroded and consumed this layer in UniTBe YD is generally described as cool and dry in
western North Americ@Mitchell, 1976; Allison, 1982Licciardi, 2001; Vacco et al., 2005;

Carlson, 2013; Jenkins et al., 201Bhe YD is characterized in the Summer Lake basin as a
period of cooler conditions and increased aridity, ultimately resulting in Summer Lake receding
(Cohen et al., 2000; Hudson et al., 2019, 20&fter the YD, there was warming and increased

effective moisture in conjunction with increasing insolation during northern hemisphere
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summergKutzbach et al., 1998While the YD shorelines are poorly constrained at Summer
Lake, it appears likely that Summer Lake levels rose at the start of the Holocene (Hudson et al.,
2021), as has been suggested for nearby Warner(M&kston and Smith, 2017)

Although truncated by a hiatus, the remainder of zone P1, from 12,100 to 11,100 cal yr
BP appears consistent with the YD having been in a period of high afAidigmisiaand
Amaranthaceae pollen increase &idussubg.PinusdecreasesComparing the relative
amounts of the two Asteraceae subgrodpsbrosiaspp. (ragweed) can at times be indicative of
high arid conditiongThompson, 1996; DenniseBudak, 2010), while thAsteroideadypes can
be indicative of wetter or cooler conditioftdeusser et al., 1995; Thompson, 199Gidie et al.,
2007) PostYD Ambrosiatype asters are in high abundance until ca. 11¢A09r BPR, indicative
of continuing aridity and increasing temperatures.

Pinussubg.Pinus(representing’inus ponderosandPinus contortd remained fairly
low (ca. 2630%) through P1Rinusspecies are highly prolific pollen producers, contributing
significantly to the regional pollen signal (Minckley et al., 2008). WRileuspercentages
werehigher than the surface samplgg 6A), they were like that of other surface pollen
assemblages from Paisley Caves (Beck et al., 2018) and much lowBirthapercentages at
sites closer to currefinuspopulation (Beck et al., 281 2020), supporting the conclusion of
Beck et al. (2020) that pines were not substantially closer than present to Paisley Caves during
this period.

Highly notable is the presence of pollen frémussubg.Strobus(<2%) in the P1 pollen
assemblage. In the NGB this pollen type repredemiss albicauligwhite-bark pine) andPinus
monticola(western white pine). Both species are indicative of higher moisture and lower

summer temperatures than those occurring at basin floor todayabscaulisis found at
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elevations at or above 2100 m, @&dmonticolagrows between 1700 and 2000 ifhe presence
of Pinussubg.Strobusin P1 indicates lower aridity and cooler temperatures at lower elevations
during the terminal Pleistocene relative to later periods.

Also notable is the absence of Cupressacéagferus occidental)gpollen in P1
samples, indicating either low abundance of Cupressaceae in the basin during P1, or poor pollen
preservation within 2/6 sediments. That Cupressaceae was present in the Summer lzke area
this time has been establishad,Juniperus occidentaliseeds were recovered from unit 2/6
from both preand postYD depositdKennedy, 2018) and a trace of Cupressaceae pollen during
P1 was reported by Beck et al. (2018) in a different area of CaleZXeeds were recovered
primarily from hearth deposits and showed signs of chafdiegkins et al., 2013; Kennedy,
2018).The presence afuniperusmacrobotanicals within P1 and P2 deposits was likely due to
human seed transport to the caves from distances further than what is traveled by rodents and is
consistat with what is known about human foraging habits at the {Brayson, 1993;

Kennedy, 2018; Longland and Ostoja, 2013)

5.1.2. P2a: Early Holocene to Mazama tephra

P2a covers the period from 11,100 to 7633 cal yr BP. Summer Lake levels were
moderately high during the early Holocgkhtudson et al., 2019, 2021ut after 9000 cal yr BP
lake levelgeceded rapidlyPollerbased climate reconstruction from other regional sites show
that temperature and aridity peaked at ca. 9000 cal yM&Rringer, 1987; Minckley et al.,
2007) However, the Paisley pollen record for P2a shows increased and sustaingdiéggh

pollen (ca. 20%from 11,000 to 800@al yr BP) and periodsf elevatedPiceaand Cyperaceae
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pollen (>3%), while more ariddapted taxa (Amaranthaceae amtbmisig remain steady at ca.
20%.

Abies grandis< concolor(white fir) is currently present on Winter Rim between 1700
and 2000 m. A decrease in temperature and fire episodes would facilitate the expafbies of
below 1700 mAbiesgrandisx concoloris a shad¢olerant species when young and can remain
in the understory for many years until a disturbance opens the tree canopy, after which rapid
growth can ensue (Lanner, 1984; Howard and Aleksoff, 2000; Arno, 2007). Reduced fire
frequency would alscafvor Abiesrelative toPinus

An alternative explanation for the increasé\lmies a pollen grain that is poorly
dispersed due to its thick exine (Bagnall 1975), is increased westerly flow during the pollen
producing season. Increased westerly flow, due to a deepening low pressure over the NGB, may
have more effectively transportédbiespollen the >20 km from its nearest populations located at
higher elevations. Changing strength in westerlies has been invoked to explain an increasing
occurrence of coastal western hemlock pollen teriar British Columbia between 9000 and
8200cal yr BP(Spooner et al., 2003).

Piceapeaks at 9000al yr BPduring the P2a period. Beck et al. (2018) reported very low
AbiesandPiceapollen percentages from the unit 2/4, &deawas also reported from higher
elevation sites such as Deadhorse Lake (2200 m elevation) on Gearhart Mountain (2440 m
elevation) 30 km south of Paisley (Minckley et al., 2007). It is probable thRiceapollen at
Paisley Caves originated from Gearhart Mountain.

Typhaceae species are associated with marshy, perennially wet areas. Typhaceae counts
decreased throughout P2 and remained low after the Mazama eruption. Waning Typhaceae

concentrations in the sediments is a clear indicator of Summer Lake recession manghy
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areas further away from the cavégpha latifoliaandT. angustifoliaare both currently present

in the Summer Lake basin, blt latifolia is at a far higher abundance. The geBparganium

has recently been added to the Typhaceae family,Spiginganium euricarpurpresent in

Summer Lake Marsh. Whilgparganiunpollen is distinct fronTypha we merged it into
Typhaceae as it was only present in the lowermost two samples. Both genera occupy similar
wetland habitats, althoudbparganiunrequires deeper watéhanTyphasp. (Dennis and Halse,

2008).

5.1.3. P2b: Mazama tephra to middle Holocene

P2b (7633 5800 cal yr BP) includes sediments from the Mazama tephra unit. The
presence of sedimentary pollen and the occurrence of coprolites within the Mazama tephra unit
suggest downward percolation of pollen and/or multiple tephra deposition evesits. |
sediments other than the Mazama unit, the cave sediment is dense and cemidetadrog
fecal pellets. However, the Mazama tephra is coarse (>1 mm grain size) and loosely consolidated
with no cementationThis would suggest the pollen stratigraphyhin the ca. 26 cm deep tephra
units is mixed. However, we also found an abrupt increaBeakwithin the tephra layer,
perhaps attributable to Mazama deposition occurring in at least two jBas&kand et al.,
2020) In a study of pollen concentration of the Mazama tephra, Mehringer(£93ar)
interpreted an increase Mnuspollen from 10% to 60% as an initial, rapidly deposited tephra
layer followed by a second event during Biauspollen season. The pattern of pollen in the
Paisley Cave Mazraa unit is consistent with multiple ash depositions in different seasons
(Mehringer, 1987; Egan et a2015) However, the coprolite assemblages do not show a similar

increase irPinusas would be expected if the tephra affected the regional vegetation.
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The remainder of P2b shows an increase in Cupressaceae, likely indicating an increase in
juniper woodland in the middle Holocene, as well as an increassiés Some herbaceous
plant types, such as Brassicaceae and Fabaceae, thrived in response to the tephra deposition.
Such plants have adaptations to disturbance, including, in the case of Fabaceae, the ability to fix

nitrogen from the atmosphere.

5.2. Coprolite pollen assemblage

The amount of pollen present within a coprolite reflects seasonality and the natural
pollertrain, various dispersal forms including anemophily (witispersed), entomophily
(insectdispersed), and zoophily (anirdispersed), the types of plants contribgtto ambient
pollen, and the amount of pollen output by different plant species (Shillito et al., 2020). Intake
into an organi smés mucus system occurs either
ingestion occurs through respiration, drinkimgter with pollen present, eating plant materials
with pollen present on the plant surfaces (Wood et al., 2012; Shillito et al., 2020), or through the
predation and consumption of the digestive organs oflamsuming prey (Carrién et al.,
2001). Pollerhas also been intentionally ingested as a food source by Native American people
throughout North America, with examples includihgphaandPopuluspollen used as food
seasoning and thickeners, as well as used in cultural customs and rites (\Ahléamad
Bryant, 1975; Euler, 1986).

Our hypotheses regarding the pollen assemblages of coprolite versus sediment samples
were largely supported. First, the dissimilarity between sediment and coprolite pollen
assemblages (chord distance between coprolite and associated sediments) wasaten¢hagre

the serial dissimilarity (chord distance between stratigraphically adjacent samples) within
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sediments or coprolitg§ig. 8). This pattern is expected because the sediment pollen assemblage
represents a larger area over a longer time, thus capturing regional pollen more consistently. The
coprolite assemblage represents a brief temporal window while the sediment assemblage
integrates a decade or more of pollen deposition. Second, the serial turnover among coprolites
was not greater than that among sediments. We hypothesized that the "sampling” of pollen by a
foraging human or another large mammal would result in a stochastimgatta feces
"spiked" with variable amounts of pollen in the gut that were inhaled and ingested, while cave
sediment pollen represents a much greater spatial and temporal smoothing. However, the
turnover in coprolite assemblages was often less thanfteatimment samples. Such a pattern
might result from a selection of certain pollen types from the environment based on foraging or
hunting behaviors. Third, pollen taxonomic diversity was slightly lower in the coprolites than in
the sediment samples. Thésconsistent with sediment samples representing many years of
pollen accumulation from a broad regional source, while the coprolite pollen "samples” only a
portion of the landscape and over a brief period of time.

Compared to sediment pollen assemblages, the coprolite pakemgher abundances of
lighter pollen typesRinus Cupressaceae, and in P1 and P2temisig and wetland pollen
types (Cyperaceae and in P2b, Typhaceae) and lower abundances of heavy pollen types,
including Abies Pseudotsugaand Amaranthacea&he higher occurrence of lighter pollen types
(e.g.,Pinusrelative toAbieg in the coprolites than in the sediments is consistent with pollen
being inhaled, then moved into the gut by mucus tramspollen which remains airborne for
longer periods would be more likely to be inhaled. Seasonality may also play a role in the
coprolite pollen assemblages. For example, the high abundaAcewiisiain some coprolites

may be due to seasonal use of the caves timed with theula@er flowering oArtemisia As
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the production oPinusand the other regional conifers all occur in the late spring months (Burns
and Honkala, 1990; Osmond et al., 1990), we can surmise that there were two seasonal
occupational periods of the caves. Further, all of the coprolites examined for this studyeconta
pollen, suggesting no winter occupation of Cave 2.

The higher abundances of wetland taxa, such as Cyperaceae, in coprolites than in
sediments is best explained by people and other animals traveling to marsh areas and ingesting
pollen in water. The fact that this difference between coprolites and sedinaentbserved for
all time periods suggests that the phenomenon occurred regardless of the distance of the wetlands
from the cavesTyphapollen has a similar abundance (~2%) in sediment and coprolites, with
the exception of one coprolite with 10Pgphapollen. This particularly high abundance of
Typhamay be attributable to the intentional consumptiofmygfhapollen, as was practiced by
the Native people of the region (Euler, 1986).

Cupressaceadiniperu$ pollen percentages are higher in coprolites than in sediments
throughout zones P2a and PZhis could indicate intentional human or other large mammal
interaction withJuniperuswoodlands some distance to the caves. This is consistent with human
activity at the time, aguniperuswas an important dietary and medicinal reso(Exder, 1986;
Kennedy, 2018)This is also consistent with the seasonal timinBintispollination in late
spring, asluniperus occidentalialso begin prodcing cones in late spririliller and Rose,

1995; Adams, 2019An increase in Cupressaceae through the early Holocene has not been
described before in the NGB (Miller and Wigand, 1994). The increase may represent either an
expansion ofluniperuswoodlands, the increased use of juniper woodlands by humans or other

large mammals, or both.
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The Amaranthaceae pollen present in Cave 2 coprolites is likely derived from an
alkalinetolerantChenopodiumDuring P1 and P2a, this taxon has low abundance in the
coprolites, while in P2b there is an increased amount relative to the sediments. This change may
indicate a change from avoidance of saltbdsminated playa areas to increased travel through
such aeas as playas increased in extent through the early Holocene. The organism that ingested
the pollen would have done so in the early to-suchmer wenAtriplex pollen is produced
(Hitchcock and Cronquist, 1976).

The concentration of pollen in the coprolites varied, with the majority being relatively
low pollen concentration, indicative of passive pollen ingestion. There is a major spike in pollen
in a coprolite at 200 cm (88@&l yr BB, matching a spike in sediment pollen concentration at
the same depth. The coprolite spike was driven by aRiigisinflux while the sedimentary
spike was the result of highrtemisiaand Amaranthaceae pollen, perhaps reflecting a brief cold
period.Perhaps the coprolite produseas neaPinusstands, as such places may have provided
mesic conditions at a time when Summer Lake was all but desiccated (Cohen et al., 2000;

Friedel, 1993; Hudson et al., 2021, Licciardi, 2001)

6. CONCLUSIONS

The pollen record from Paisley Cave 2 in secgintral Oregon is consistent with prior
studies showing steppe conditions persisting throughout much of the Northern Great Basin
during the Pleistocene and into the Holocene (Mehringer, 1986). However,rdifera
climate, the presence of large freshwater lakes, and changes in insolation timing and intensity
mean that there are no analogous ecological conditions today for the rBgicantrasting the

degree of changes between adjacent pollen sample thjgestudy found that the dissimilarity

61



of pollen assemblages between coprolites and associated sediments was greater than the serial
dissimilarity between stratigraphically adjacent samples within either group. However, serial
dissimilarity within types was not greater for coprolites than sedis The coprolites showed
localized pollen assemblages related to mammalian survival strategies within-aldytpeXiod,
resulting in less taxonomic variability over time than sedimentary pollen.

Survival decisiormaking by the coprolite producers is suggested by the high percentage
of aquatic/wetland pollen in the coprolites. As large mammals need to drink water frequently, as
do potential prey animals, it is reasonable to assume the water seargdde in relatively
closer proximity to the cave®verall, the coprolite pollen shows a strong seasonal signal, with
late spring and late summer equally strong, but there are components of early spring and
midsummer as well. If the coprolite producessre present at Paisley Cave in late fall or winter,
we would expecho pollen in the coprolites, which was not the case for any of the coprolite
samples

Taphonomy and careful excavations at Paisley Caves provided the rare opportunity to
analyze two pollesourcedrom the same location. Rarer still was to have both preserved in a
long chronological sequence. Pollen from cave sediments can provide a regional environmental
reconstruction over tim@Vhite, 2007) but it is by contrasting sediment pollen with
chronologically related coprolite polleadditional angles of ecological interactions related to
changing climates and ecosystems can be determinededuies of these types of studies can
then be applied to questions regarding diet, health, mobility, and other topics relating to past
human or other mammalian behavias well as to other ecosystems in the reditimately
we contrast the Paisley results to a 10,000 year longehaigtion lake core from Dog Lake

south of Summer Lake, and found very different climatic effects between the two sites.
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CHAPTER 1l

RECONSTRUCTION OF HOLOCENE ARIDITY, FIRE, AND VEGETATION
PATTERNS USING LAKE SEDIMENTS FROM DOG LAKE,
SOUTH-CENTRAL OREGON

Co-authored bysaban, GantelV. and DanielG. Gavin.Reconstruction of Holocengridity,
Fire, andVegetatiorPatternsUsingLakeSediments from Dog Lake&outh-central Oregon. In

preparation for The Holocene.

Chante Sabeand Daniel Gaivn conceptualized the study and devised the methodo&ajyan
and Gavinanalyzed sedimentsaBanprocessed and analyzed pollen and charcoal. Curation,
analysis, and visualization of the data were done with the helpvohGsabanwrote the original

manuscript, and &vinreviewed, edited, and contributed to the final manuscript.

1. INTRODUCTION

Extended periods of heightened aridity over the last 10,000 years have been well
documented for most of western North America (Cook & Irwin, 1992; Benson et al., 1997;
Bartlein et al., 1998; Shinker, 2010; Herweijer et al., 2007; Cronin, 2009; Shumar2608at
Hermann et al., 2018; Cook et al., 2022). Much of our understanding of past arid periods east
(Mehringer, 1986; Mehringer, 1987; Wigand, 1987; Booth et al., 2005; Minckley et al., 2007,
Mensing et al., 2008; Reinemann et al., 2009; Walsh etdlQ; Z’hompson, 2012; Long et al.,
2019) and west of the Cascade Range (Sea & Whitlock, 1995; Worona & Whitlock, 1995; Long
et al., 1998; Grigg & Whitlock, 1998; Briles et al., 2005; Gavin et al., 2007; Walsh et al., 2008,

2010) comes from pollen, stabl®ispes, and lithological materials preserved in freshwater lake
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sediments. Lake water levels of closed lake basins are highly sensitive to changes in the balance
of precipitation and evaporation (Anderson et al., 1988). Similarly, pollen assemblages in arid
regions reflect regional changes in effective moisture (pitatign minus evaporation).

The Northern Great Basin (NGB) is an area that has experienced great variation in
Holocene aridity antemperature. Precipitation in the region is derived from winter Pacific
storm tracks moving inland (Lyle et al., 2008; Hudson et al., 2019). The NGB is generally arid
with an annual precipitation average of 40 mm over the last 100 years (PRISM), sudparting
perennial streams and fewer locations with natural surface water during the summer. Most
examples of fresh surface water are small springs or pools within marshes or small intermittent
streams and springs. Thus, few lakes with a-piedberved sedinmé record exist in the lower
elevations of the NGB, such that the Holocene history of fire and vegetation is poorly

understood.

-120.72 -120.71 -120.70

42.08

42.08

41
H
4207
L0°zy

/!

) il =
v )
iy |
RPN DOG LAKE )
\ AR /
/o 1em
{  ———
Y
/
3

40.5
1

Y

TR
» C

-129.72 -12?.71 -11‘0.70

42.08
90°zZY

40
1

Figure 10. A) Map of Northern Great Basin region with sites cited in paper marked. Hydrologic Great Basin
outlined as yellow dottelihe. Dog Lake (DL), Summer Lake (SL), Lake Abert (LA), Dead Horse Lake (DHL)
Diamond Pond (D), Fish Lake (FL), Lily LakePatterson Lake (PL), Pyramid Lake (PYB) Dog Lake
watershed with primary vegetation typ€3.Dog Lake bathymetry with marsh. Figure 2a shows the marsh in ¢
spring flooded, but for the majority of the year the marsh is not inundadegkr igure also in Appendi9.
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This study examines the vegetation, drought, and fire history of Dog Lake, a small
freshwater lake located on the western edge of the NGB located approximately 30 km west of
Lakeview, OregonKig. 1A). It is one of the lowest elevation (1580 m above sea level, masl)
perennial freshwater lakes in tNerthern Great Basin, situated near a lower treeline and thus at
a location suitable for recording a range of ecological and climatic variability. The lake is
naturally eutrophic and therefore should have ansediation rate that produces a sediment
record with high temporal resolution (i.e., <10 yr/cm).

While paleoclimatic and paleoecological research has been conducted in the NGB
(Mehringer and Wigand, 1986; Cohen et al., 2000; Mensing et al., 2004; Minckley et al., 2007,
Mensing et al., 2008; Reinemann et al., 2009; Hudson et al., 2019, 2021), thiedalyhion
sediment core can fill gaps in understanding the climatic variability of the NGB, particularly for
a midelevation site near lower treeline. In addition, near the lower treeline in ponderosa pine
woodland, fires are common and fuel loads \gmgatly over time and space; thus fire history is
likely to be dynamic over the Holocene.

Our primary goal is to document the evolution of a-eliglvation natural lake in the NGB
by reporting the history and magnitude of variable aridity during the early télol@tene by
using vegetation, fire history, and sediment composition analyses. tBevexaotonal position of
the study site, we hypothesized the effect of past climate on fire history was mediated by fuel
availability. The secondary goal was to identify the effect Mount Mazama tephra had on the
vegetation of Dog Lake Basin through the w$ a highresolution pollen analysis immediately
preceding and following the tephra layer. Given the importance for soil texture on plant
communities in this region (Hopkins, 1979), we hypothesized tephra addition would increase the

apparent aridity infeed from the pollen record.
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1.2. Sitedescription

Dog Lake (42.079859°N, 120.70005°W, 1585 m masl) is a landsideed, freshwater
lake (ca. 84 ha) within a 3890 ha catchment basin located in the Freéviterna National
Forest of soutttentral OregonKig. 10A) on the western periphery of the hydrologic Northern
Great Basin. The lake is managed by the USFS in cooperation with the Nature Conservancy. The
conditions are senrarid to mesic, with annual average precipitation varying between 290
mm per year (280-2020; PRISM), with the majority (73%)lfi]ag during winter months
(NovemberApril). Mean January and July temperatures-arg°C and 18.1°C, respectively
(OSU-PRISM).

Winter Pacific storm tracks from the west are the primary precipitation source for the
NGB (Hirschboek et al., 1991), and precipitation in the Dog Lake area of the NGB is ultimately
determined by the strengths of the North Pacific Subtropical High andiakidiow (Thompson
et al., 1993). In contrast, 60 km east the precipitation regime is more greatly influenced by
variations in theCentral Great Basin higpressure region (Mensing et al., 2019).

The lake is fed primarily by Green Creek and Dog Mountain Creek, both located on the
west side of the lake, and several unnamed annual springs andRgel3d). Dog Lake
outflows north as Dog Creek into Drews Reservoir. The lake level drops below the outlet each
summer. Maximum water depth in mgring is ca. 8 m and the maximum lake extent is ca. 200
ha (Johnson et al., 1985) but can drop by as much as Bate summer. The lake is stratified
during the summer, with neaero dissolved oxygen belddvm measured during site visits in
late August 2016 and 2017.

Dog Lake is naturally eutrophic resulting from high nutrient input from forested slopes

and the presence oft€ldspar basement rock of Miocene origin (DOGAMI, 2023), although
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cattle grazing in the adjacent wetlands likely also contribute to the negneiched water. Other
bedrock in the basin includes rhyolite, basalt, and welded tuffs ranging from Miocene to Pliocene
in age (Walker, 1963). The rhyolite is rich in silicagdsmn, and potassium. In lower areas of the
basin the igneous rocks are overlain by Quaternary sedimentary deposits.

Soils of the Dog Lake basin have not been thoroughly mapped, however, mapped soils of
adjacent areas show common soil types (USDA Web Soil Survey). Soils are primarily of the
suborder Xeroll, a temperate Mollisol found in areas of very dry summers andvimiess. The
Xerolls include the Winterim Series, a deep, vaedined, gravelly loam derived from basalt and
tuffs, the Lorella series, similar to Winterim but shallower in depth and typically on-fairtig
slopes, and the Booth series, a moderategpdweHldrained soil formed in colluvium derived
from tuff or basalt. All 3 series are located on slopes ranging from 0 to 65 percent. Mazama
tephra is also a major component of the soil.

Vegetation communities are vertically sharply stratified in the Great Basin, by elevation
as well as by soil texture and distance to streams (Dyrness 1973; Hopkins 1979; Grayson
1993,2011). Current vegetation in the Dog Lake water@rigd10B) consists oPinus
ponderosalry forest at lower elevations of the basin (<1600 mashiperus occidentalis
(juniper) trees are common on more wakidined soils. Tree cover becomes sparse near the
floors of the larger basins, below 1500 masl. At elevations al@d@ rh, vegetation changes to
more mesic, mixed conifer forest includiAdiesgrandisx concolor, Calocedrus decurrensnd
Pinuscontorta Hardwood trees and large shrubs inclBdgulustremuloides, Alnus incanand
Sambucusnexicana Scattered throughout the basin on coarse (sandy) soils are open dry grass

and sagebrush meadowtgctostaphylos patula fire-cleared areas at elevations above 1,600 m,
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with occasional wet meadows dominateddarexare also presentCercocarpudedifoliusis
present on rocky outcrops primarily at lower elevations between 1590 m and 1650 m.

Dog Lake has extensive wetlands of several
lands between terrestrial and aquatic where the water table is typically near the surface or the
land is covered in shallow water (<2500 m) (Cowardin et al. 1979,ddd2l305; Dennis and
Halse 2008). Dog Lake wetlands are in the category of lacustrine to littoral with classes
including emergent wetland, aquatic bed, and unconsolidated shore. Using Cowardin definitions,
Dog Lake wetland descriptions are further simpiifieto 3 classes: perennial submerged
substrates, annual emergent wetlands, and wet meadows.

Perennially submerged substrates support obligate \sapgrorted macrophytes
including Sagittariaspp.,Nupharspp. andCharaspp. Annual emergent wetlands support
emergent hydrophytes which include graminoids (Cyperaceae, Juncaceae, Poaceae), Sparganium
sp., andlyphasp. The south end of the basin is a combination of seasonally inundated grassy
meadow and an emergent wetland of ca. 24(Fltga 10B). A similar wetland is present at the
north terminus of the lake where Dog Creek flows north to Drews ReseNet meadows
flood annually, but typically dry by August through late September. Plants include graminoids,
Salixsp.,Ranunculusp.,Veronicasp.,Camassiasp.,Iris sp.,Ribessp., and others. Other
vegetation requiring a high wateble or nearby water sources incliRtgpulustremuloides
Salixsp.,Sambucusp.,Alnusincana andBetulasp. This type of wetland is common on the
west side of the lake, where alluvium slopes at a gentle angle eastward until abruptly deepening
toward the centefHjg. 10C). The deepest portions of the lake are flat and uniform in depth,
possibly a result of a previous stream channel and floodplain or terraces prior to the lake

formation.
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Fire was historically frequent in the Dog Lake basin, with burn intervals currently
ranging between-20 years (Crawford 2015). However, fire intensity during fire events has
likely been exacerbated over the last 100 years as a result of increasedegxpgpesion and
cheatgrassBromus tectoruminvasion (Hann et al. 1999; Miller and Rose 1999), resulting in a
more flammable forest understory (Pilliod et al., 2017). Over the last 20 years, fire events in
2014 and 2018 were particularly sevdrereasd grasss and fire severitgppear to support the
position thaanincreasen X

grass and\rtemisiawould

I

result in more continuous fire

(Fmm——n
e =

events as opposed to periods s
low grass, meaning the basin
fuel limited. Remains from a

recent high intensity fire can

be seen in panorama photo o
Dog Lake looking west March
2020 at an altitude of 1600 m |
shows trees burned in 2018

(Fig. 11A). Figure 11B shows

Figure 11 A) Dog Lake panoramshowing remains of a severe fire

looking southwest to northwest. Dog Mountain, the source of the lak

forming slide is visible in the top right of photo a. Tire burned in

2018. B) Dog Lake at floedtage looking south towards area that is w

southwet meadow. meadow most of the year. Photo taken in March 2@20ger igure also
in Appendix30.

late spring flooding ofhe
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2. METHODS
2.1. Fieldsampling

Two 12.8m sediment cores were collected from the deepest section (6 m) of Dog Lake in
late August 2016. The top 1 m of the surface was collected using a plastic tube surface sampler
and subsampled in the field at 1 cm intervals. The remaining 11.8 ncasasl using a
Livingston square rod piston corer. Sediments were extruded into plaapdined, halved PVC
pipes, measured and described, then covered with the other portion of the PVC, sealed, and
labeled. The core sections were refrigerated and sébrde University of Oregon until

subsampling could begin.

2.2. Sediment density from computed tomography (CT) scan

CT scans of radiodensity (expressed as Hounsfield Units, HU) were obtained on each
Livingstone core drive using a Toshiba Aquilion8Hce at the Oregon State University College
of Veterinary Medicine. The data files (two pemilcore drive) were proceskeasing SedCT
software (Reilly et al., 2017). SedCT trims out voids and outlier values to produce a mean down
core radiodensity at equal 0.25 mm depth intervals. The radiodensity series from the two parallel
Livingstone core drives were correlated anddag sets stitched together, resulting in a

continuous sediment sequence.

2.3. Agedepth model
Accelerator mass spectrometry (AMS) radiocarbon dates were obtained on plant
macrofossils (n = 5) and bulk sediment (n = 5). All samples were cleaned with warm 10% KOH

and 10% HCI rinses before submitting to the dating facility (NOSAMS, Woods Hole, MA;
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Direct AMS, Bothell, WA, or Center for Accelerator Mass Spectrometry, Livermore, CA). An
agedepth model was constructed using the CLAM model in R (Blaauw 2010), with the
INTCALZ20 calibration curve (Reimer et al., 2020) modified to use a monotonicallyasicig

spline curve fit (Schworer et al. 2017) to the 10 radiocarbon dates, the Mazama tephra (7633 +
25 cal yr BP; Egan 2015), and the core top. The Mazama tephra unit was specified as an

instantaneous event within the CLAM model.

2.4. Pollen

Pollen recovery followed protocols described by Smith (1998) and Pears).(20
Sediments (n = 56-&ém3 subsamples) were obtained roughly evsplgced dowitore
(averaging a sample every 300 yr), with the exception of 20 pollen samptemantervals
preceding and following the Mazama tephra. Samples were added to 15 nidésdbtyether
with one Lycopodium tablet per tube to measure pollen concentrations. Chemical pollen
extraction was performed inside a fume hood. 10% KOH was used to removemgrsalable
organics followed by a 10% HCL treatment to remove carbonate minerals. Hot hydrofluoric acid
(HF) treatment for 40 minutes reduced silicate content. A second 10% HCL treatment sample
was followed by glacial acetic acid (GAA), followed by acgsd to remove the remaining
cellulose. Samples were stained with safranin and desiccated using ethyl alcohol (ETOH) and
tert-Butyl alcohol (TBA). Pollen was transferred intalBam glass vials with Si oil used for
suspension and preservation of pollenldfowas examined at 400x magnification and identified
to the highest taxonomic resolution possible using published keys (Faegri et al., 1989) and the
modern pollen reference collection at the University of Oregon. Pollen was identified to a

minimum of 350grains per sample. Stratigraphically constrained cluster analysis (CONISS) was
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performed in Tilia 3.0.1 (Grimm 1987) to aid in pollen zonation. A cluster analysis of the

Mazamaperiod samples was conducted separately from other pollen samples.

2.5. Charcoal

Charcoal sampling followed protocols described by Rhodes 2016. 1 cm3 of sediments
were subsampled at 1 cm increments the length of the core (12.8 m). Each subsample was placed
into a 12 ml vial and soaked for 12 hours in 10% sodium hexametaphosphat®{@®a
Sediments were then gently rinsed with water using 250 pm and 125 pm 8 cm diameter mesh
sieves. All large identifiable charcoal pieces or macrobotanicals were saved, and the remaining
charcoal was placed back into 12 ml vials. The-226 um fraction vas soaked overnight in 7%
hydrogen peroxide (H202) to partially digest and bleach organic materials. Samples were then
rinsed using a 125 um mesh sieve. Charcoal particles were counted using a Bogorov counting
chamber under 10:25X magnification. Duringisving for charcoal analysis, aquatic
macrofossils were saved and identified using keys and online sources.

Charcoal data were analyzed using @ nalysis software (Higuera et al. 2008)
where the sedimentation rate obtained from thedsgeh model output was used to convert the
raw charcoal concentration into accumulation ra@sAnalysis then identified charcoal peaks
above Abackgroundo background charcoal accumu
a mean charcoal accumulation in a moving window, and interpreted as biomass burning in a
region near the lake (Marlon et al. 20Q®ng et al. 2019). Adackground window of 1000 years
produced a high sign#b-noise ratio (>3 throughout the core), suggesting peak identification

was statistically robust. CHAR peak events are punctuated charcoal accumulation events that
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likely represent one or more fires within, at the most, several kilometers of the lake (Higuera et

al., 2010).

2.6. Organic carbon and nitrogen and carbon mass accumulation rates

Concentrations of total organic carbon (TOC) and nitrogen (N) were obtained on 171
samples. Samples were acidsed (0.5N HCI) to remove carbonates, then drieddryesg oven
and ground into fine powder. Subsamples of 3 to 7 mg were then weighed to the nearest
microgram and packed in tin capsules. Percent C and N were measured at the Stable Isotope
Facility at the University of California Davis. Stable isotopes ah@ N were measured but are
not reported in this study.

Carbon mass accumulation rate (CMAR, mgigm) was calculated as the product of the
proportion TOC, the sedimentation rate from the-dggeth model, and the sediment bulk
density. The bulk density was estimated from the CT scan data, in which the measured bulk
density of 120 samples was stronghehlrly correlated with the corresponding radiodensity (r =

0.98).

3. RESULTS
3.1. Chronology and sediment descriptios

The 10 radiocarbon ages and the Mazama tephran(iliBick) occurred in stratigraphic
order Fig. 12; Table2). The chronology of the 127é&n, 9600 cal yr BP core revealed a high
average sedimentation rate (0.16 cm/yr or 6.25 yr/cm) but which varied greatly over the
Holocene (0.04 to 0.34 cm/y¥jg. 12). The base of the core below 1040 cm had the highest

sedimentation rates.
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Figure 12. Age-depth relationship for the Dog Lake sediment core, fit using a monotonic spl

Table 2: Radiocarbon dates for Dog Lake.

Depth Calibrated age

(cm) Material Lab number 1C age (+ 2 SD age range)
80 sediment organimaterial D-AMS 042762 371+21 463 (%X)
125  wood NOSAMS 169245 1580+20 1453
200 Sediment organic materic D-AMS 042763 2422123 2405
463  wood NOSAMS 169246 3690+70 4025
605  sediment organic materia D-AMS 042764 4285+27 4874
771 sediment organic materia NOSAMS-166894 5310+35 6080
920 Mazama tephra Egan et al. 2015 - 7633
960  sediment organic materia D-AMS 042765 7241+36 8016
1040 wood NOSAMS 163363 8020+40 8729
1158 Scirpusseed NOSAMS 163364 8290+40 9346
1262 conifer cone material CAMS 176970 8620+90 10,052
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Themajority of the core (200040 cm; 2308800 cal yr BPshowael a fairly constant
sedimentation rate (0.14 cm/yr). The upper 60 cm had a sedimentation of 0.2 cm/yr, but two
radiocarbon dates at 80 to 125 cm depth differed by more than 1000 yr, which resulted in the
lowest sedimentation rates in the core.

Sediment description$ig. 19) follow Schnurrenberger et al. (2003). Overall, the 1276
cm core is low in TOC (normally < 10%) and is generally high in diatom content with low
carbonates and silt content. Only a few fine laminations were visible in the core, mostly in the
period following the Mazama tephra. The lowest segment of the core, from 1276 to 1263 cm is a
sandy paleosol (with a distinct A horizon) that predates the landslide and inundation by Dog
Lake. The paleosol interpretation is supported by tgh charcoal counts (>1500 piecesicm
125 um mesh) recovered from the paleosol immediately underlying the lake sediments. The
radiocarbon date on a macrofossil at 1263 cm dates the landslide at 9600 cal ygiddRa(2
range of 989460 cal yr BP). The remainder of the core is describeduadithological units
related to sedimentation rates and sedinGdarateristics which are ascribed to lake level

history.Photographs of actual core sediments ataeppendix(Fig. 25).

3.1.1. Zone 1a (lake formation)

The Initial Lake Formation (ILF) period at the base of the core from 1263 to 1152 cm
(9600- 9300 cal yr BP) consists of sediments ranging from dark-tlige/n to dark brown and
light brown and with high CT density values (HU > 400 corresponding to >gfc&%3). The
carbon content is very low {2% TOC) but due to the high sedimentation rate, CMAR is

comparable to much of the Holocene (ca. 3 mghgmn C:N fluctuates around a value of 12.
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Lake organic matter that is primarily aquatic in origin have C:N values of >10 (Meyers and

Teranes, 2001).

3.1.2. Zone 1b (low lake period)

Sediment from 1152 to 1130 cm (9308700 cal yr BP), the Low Lake Period (LLP), is
marked by highly compacted charophyte matting consistifi¢hafavulgaris andC. globularis
The algae was well preserved and showed no signs of humification into peat. These mats resulted
in highly fluctuating TOC from 4 to 16% which caused CMAR to vary from 3 to 23 nffylcm
CT density was also lower (250 HU) with several sharp peaks to 700 HU. C:N values also

fluctuated greatly, from 11 to 14.

3.1.3. Zone 2a (early Holocene arid period)

Sediments from the early Holocene arid period 1030 to 920 cm (&7&1D cal yr BP)
consisted of dardbrown to olivebrown fine detrial sapropel. This period began with some of
the lowest TOC in the core (3%) increasing to 6%, also with low carbon accumulation (CMAR
<2 mg/cntlyr). No Charawas present at these depths. C:N was at the lowest value in the core
(20) until the Mazama eruption, and the CT density is high (350 HU). Smear slides of the
sediment from this unit indicate high amounts ofsited dicates. The C:N ratio, ca. 8.5, was
near the lowest of the record.

The Mazama tephra spans from 920 to 908 cd(Q(¢@l yr BP). The tephra has abrupt
contact with the lake sediment. In addition, the tephra showed firenfxlayering consistent
with multiple deposition events. Very thin laminations (<1 cm) were visible in the 4 cm of

organic sediment above the Mazatephra.
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3.1.4. Zone 2b (mdle tolate Holocene)

Sediments from the miithte-Holocene begin at 908 cm (7600 cal yr BP) gdazama
through the late Holocene (preseiaty) and consist of massively bedded (>100 cm) biogenic
sapropelic ooze. The sediments include irregular silt deposits but are otherwise uniform in light

brown color and texture. However, the sediments exhibit atiermg decrease in density
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Figure 12. Sediment lithology, organic content, and density. Lithology was primarily composed of organic s
From 908- 903 cm are laminations directly above the Mazama tephra (too fine to depict in the lithology dia¢
The Mazama tephra (92908 cm) was pceded by a narrow tephra band at-928 (also too fine to depict in the
diagram) likely from the Llao Rock eruption (Baig and Gavin 2023). The CT density is from a CT scan of th
and shown as Houndsfeld units (HUarger fgure also in Appendig2.

(Fig. 13). In the upper portion of the core, TOC remained between 6 and 10% while CMAR
tracked the sedimentation rate, decreasing to 0.77 mg/cm2/yr in treetbmentation rate
periods from 125 to 80 cm. C:N declined from a value of 12 to 10 within this pefodeiity

declined steadily from 300 to 150 HU.



3.2. Pollen

Two pollen zones were identified through sofrsquares analysis and correspond to the
zones described by sediment characteristics. Zone 1 extends from 9600 to 8700 cal yr BP, and
Zone 2 between 8700 cal yr BP to 150 cal yr Bi§.(14A). Taxa percentages are based on the
sum of terrestrial pollen per each level. The pollen diagram shows a diverse range of vegetation
consistent with wetlands surrounded by conifer woodlands. Ctategnibasin vegetation is

sharply divided between wetlaadd upland forest ggetation.

Pinus pollen in the assemblage was entirfélpussubg.Pinusor undifferentiatedPinus
(representind?. ponderosandP. contortg, although currently there Rinussubg.Strobus(P.
monticolg at elevations above >1600 masl. Cupressaceae pollen likely reptrsgapesus
occidentalis howeverCalocedrus decurrens occasionally present in the Dog Lake ba€in.
decurrens s most common in the Cascade Range ca.
include true grasses (Poaceae) as well as sedges&Cgae) and rushes (Juncaceae). The
relatively high and steady amounts of Rosaceae pollen strongly indicates the presence of

primarily anemophilou€ercocarpudedifolius, despite being rare near Dog Lake today.

3.2.1. Zone 1 (lake formation and ldake periods) 1263 977 cm (9.6 8700cal yr BP)

There were 23 taxa in this period. Pollen influx averaged 32,000 grafha/emd
declined over the perio®inuswas low relative to the rest of the record-@®B%), Cupressaceae
was steady (6%)Abiesincreased from 1 to 5% by 9300 cal yr BP then declined, Wufilus
remained steady around 6%.

Upland shrubs, particularly Rosaceae (lik€grcocarpuy increased from 7% to 10%,

and upland herbs increased from 40% to 58#temisiafluctuated between 5% to 18%, its
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highest level in the record. Other shrubs increased (Ericaceae: 0 to 3%) or deSalhs8¥(

to 2%;Alnus 4% to 1%; Grossulariaceae: 4% to 2%). Poaceae fluctuated between 9% and 15%,
Cyperaceae increased from 3% to 13% then abruptly declined to 4%. Aquatic vascular plants
remain steady overall, dominated Bypha(4%). Sparganiunappeared at the end of the LLP

(>1%).Nupharappeared at the end of the LLP (>1%).
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3.2.2. Zone 2 (8700 cal yr BP to present)

Twenty-five taxa were identified in this zone. Pollen influx, beginning at 21,000
grains/cn/yr, peaked at 90,000 grains/@gr at 4000 cal. yr BP then declined to a very lawte
(8000 grains/criyr) at 1000 cal. yr BP during a period of low sedimentation rate.

The zone is marked by a sharp increageimus 23% to 40%, beginning at 8700 cal yr BP and
remainng between 3810% for the remainder of the recohiesincreased to 10% up to the
Mazama tephra, declined to 3% until 5300 cal yr BP, then declined te 2% for the
remainder of the record. Cupressaceae remained low up to 5300 cal yr BP ranging &4m 5
but after 5300 cal yr BP Cupressaceae increstezdlily and averaged ca. 16% for the remainder
of the record.

Populuschanges little over the zone {12%) until declining to 4% at the core top.
Shrubs show some marked patterns over the last 8700 cal yr BP. Rosacea€dlitebarpu}
peaks at 8700 cal yr BP at 12%, then remains very steady at @% 6ntil 2800 cal yr BP when
Rosaceae declines to <2%. In contr8stljx (3 - 6%) andAlnus(1-2%) were consistent through
the zoneArtemisiaincreased from ca. 4% to 8% at 4300 cal yr Bémbucu$2%) was present
throughout the first part of the zone, but disappears from the assemblage after 4300 cal yr BP.

Upland herbs were low (15%) pkazama tephra but were around 25% for most of the
record. Most notablyChenopodiunrtypes increase from 2% to 8%, similar to Poaceae (12% to
19%) and Cyperaceae-{26). Graminoids as a whole increase from 14% to 26% between 4.9
and 4300 cal yr BP. Graminoids include Poaceae (11%) and Cyperaceae (2%) lower than
previous to 8700 cal yr BPAquatic vascular taxa includdupharandTyphaeae, which

reached their highest levels (5%) at ca. 3700 cal yr BP.



3.3. Pollen assemblages before and following the Mazama tephi@position

The 20 pollen samples below and above the Mazama tephra encompass the 100 years
before and following the tephra depositidig. 14B). Pollen influx increased from 30,000 to
56,000 grains/chfyr over fifty years, then declined to piephra levels. The cluster analysis
showed that there was no statistically significant pollen zonation within these samples. Pollen
percentages were consistent across the Mazama tephra for nearly all taxdpe8apbucus

which was consistently present before the tephraahednt after.

3.4. Firehistory

Background charcoal accumulation rate (CHAR) levels were stationary over the last 9600
yr, fluctuating around 1 particle/cm/yr, despite variable sedimentation rates. In contrast to
background CHAR, the variation in peak frequency and peak height varagty greer time
(Fig. 15A).

The Dog Lake fire history is divided into two zones, following the zone boundary
determined from pollen analysis: Zone 1 from 968300 cal yr BP, and Zone 2 from 8700
125 cal yr BP. The division also coincided with a major lithological transition @baramats
to deepeilake sediments with more dense and less organic sediment. The fire return interval
(FRI) for Zone 1 was 15 years, whereas the fire return interval for Zone 2 is &Figy/E5Q).
Zone 1 isCharecterized by frequent CHAR peaks thatmsase in magnitude over time. Zone 2
begins, between 87007900 cal yr BP, with very low CHAR levels and only one identified
peak. During the midHolocene fire frequency was highly variable with two periods of especially
high fire frequency from 5800 %200 cal yr BP and from 4800 to 4300 cal yr BP. After 2 cal yr

BP and until 0.4 cal yr BP the sedimentation rate was very low precluding inferences about the
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fire history. After 0.4 cal yr BP, the sedimentation rate increases, providing the resolution to

identify seven more peaks.
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Figure 15. A) Charcoal accumulation rate (CHAR) from Dog Lake, Oregon. Peak identification (red ci
were determined by CharAnalysis (Higuera et al.). The smoothed fire frequency (red line) is overlaid
CHAR data.Note that low sedimentation rate from 2040.4 ka precludes detection of many fire events.
B) Poaceae:Artemisia ratio from the Dog Lake pollen diagram (). Figures larger in Appendix 35.

4. DISCUSSION

The Dog Lake sediment record has a dynamic history reflecting fluctuating water level,
productivity, and vegetation and fire history. The eutrophic lake has a high sedimentation rate
due to the higinutrient input from forested slopes of the basin, nuttigh runoff from the
wetlands south of the lake, and perhaps due to pocketdadtigpar basement rock of Miocene
origin (DOGAMI). Thus, the 13n sediment core has the resolution to resolve a freduent
regime for most of the past 9600 yr, with thixeeption of a lonsedimentation period during the
last 2000 yr. The effect of temperatures and precipitation fluctuations seen elsewhere in the
Great Basin (Mensing et al , 20014, Rei nemann

coherent historyfdake level, vegetation change, and fire history.
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The fire history at Dog Lake is extremely dynamic with periods of short fire intervals (15
yr) and some mukcentennial periods with no fire. An inverse pattern is observed in which
Poaceae (gras#)temisia is positively correlated with more frequent fire evefRig.(15B). In
the NGB, grasses are indicative of a cooler or wetter spring climateAnt&misiaindicative of
warmer and drier climate. Grasses produced in the year of the fire, or in preceding years, provide
fuel for fire spread. In contrggkrtemesiashrublands may have barren ground and less
continuous fuels. HigPoacead\rtemisiamay also indicate grassy fuels under pine forest (a
similar result is obtained with a Poacd@iausratio). Thus, the pollen evidence suggests fuel
limitation for the fire regime at Dog Lake. During frequén¢ periods, there was likely
sufficient precipitation in the winter and early spring to produce grass cover, yet late summers
were quite dry, atiwing the lake level to drop to lower than it reaches to8agh fluctuating

conditions support frequent fire in grassland ecosystems (Brown et al. 2005).

4.1. Initial lake formation and low-lake periods

The initial lake formation (ILF) period from 12%2/9600 cal yr BP to 1152 cm/9300
cal yr BP occurred after a landslide blocked the northeastern flow of Dog Creek. The sharp
transition from soils to lake sedimertgpendixFig. 25) suggests that the lake outlet was high
enough after the landslide to support deep water. The C:N ratio of 10.5 indicates primarily
aquatic productivity, and the low organic matter (TOC < 4%) and higher sediment density
indicate high detrital mineral ntat. Erosion of the new lakeshore combined with a high fire
frequency and @stfire erosion contributed to the high sedimentation rate at this time.

The lowlake period (LLP) is between 1152 ¢cm/9300 cal yr BP and 1130 cm/8700 cal yr

BP. A dark and fibrou€haramat is present in the sediment core. This genus of algae
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proliferates in water as shallow as 5 cm to as deep as 6 m depending on water clarity. The
density ofCharastems combined with continued high input of inorganic matter (organic matter
did not reach more than 30% given the 14% peak % Y13 suggests that Dog Lake was
likely between ca. 1050 cm deep during the summer, much lower than the 6 m depths of Dog
Lake in recent year€haragrowth was likely promoted by intermittently very low late summer
water levels, resulting in the rapidly fluctuatinglwes in CMAR and TOCHg. 13). Lower
precipitation and a lower late summer water table could have dropped Dog Lake levels much
lower than the lowest levels reached in recent decades. The lower water level was due to a
reduction in precipitation causing reduced flow from the prinstngam sources of Green Creek
and Dog Mountain Creek§&ig. 10C). Pollen indicators of lower lake levels are from proximal
littoral species, such dyphaand Cyperaceae, that were closer to the core site at the time. In
additon, fire frequency declined during the ldake period, consistent with a fuel limitation

hypothesis for the fire regime control at this site.

4.2. Early Holocenearid period

The period from 8700 to 8200 cal yr BP, marked by fine lacustrian sapropel with silt, is
sharply delineated from the previoGkaramats. The lake may have had fewer extremely low
stands, precludinGharagrowth at the core site, but many other indicators point to this time as
very arid. There was lower lake productivity as seen in low TOC and CMA&RIG) and C:N
values were higher, indicating a higher proportion of terrestrial organic matter-demngity
values (HU) and an increase in silt depo&elly originated from the local watershed as well as
from the nowdry Goose Lake playa 20 km east of Dog Lake.-teddtrantChenopodium

common on the playa, is also more abundant at this time. This time period also saw very little
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fire, a result of less available herbaceous fuel (and the lowest upland herbaceous pollen
percentages in the record) on the landscape and perhaps also fewer ignition events if summer

thunderstorms were less frequent.

4.3 Vegetation pre and postMazamatephra deposition
Thehigh-resolutionsampling of pollen analysis (everycin or ca. 11 yr) before and after
the Mazama eruptiori-{g. 14B) showed little definitive plant response to the tephra deposition
with the exception c6ambucugelderberry), Rosaceae, and vascular aquatic vegetation
including Alismastaceae affidphaeae Sambucuslisappears from the record at the time of
tephra deposition. This would not be due to a change in soil chemiSandsucusolerates
alkaline and acidic soils (USDA). This selective losSambucuss thus difficult to determine.
Vascular aquatic vegetation (hydrophytes) increased slightly as a result of the tephra
deposition. The substrate of the lake shore may have been raised by several centimeters, creating
new substrates suitable for hydrophytic rooting. It is likely thastliglen slope wash of tephra
into the lake may have increased the littoral area, increasing area for hydrophytic propagation.
In addition, the increase in aquatic productivity, seen as a 1 cm section of laminations, was the
result of Sifertilization of datoms. In contrast to Dog Lake, tephra affected vegetation further
north and northeast of Mount Mazama in regions with thicker tephra fall (Long et al., 2014; Egan

et al., 2016; Baig and Gavin 2023)
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4.4.Vegetation mddle to late Holocene

The pollen record shows minor changes following the deposition of the Mazama tephra
despite large millennigdcale changes in fire frequency. Two millentsiehle patterns emerge
from the pollen record. First, Cupressaceae pollen increases through tHelotgdne from 5%
to >15%. The most prolific pollen producedisniperus occidentaljsa species easily killed by
moderateseverity fires. Cupressaceae pollen begins its increase at 5000 cal yr BP during a
minimum in fire activity. Second, Rosaceae poliieclines from 10% to <1% at ca. 3000 cal yr
BP. Rosaceae pollen likely represeiegscocarpusa windpollinated species that would be
represented in lake sediments to a much greater extent than othepoibeated Rosaceae.

The period of Rosaceae decline follows a long period of higher fire frequency from 4500
to 3000 cal yr BPCercocarpusncreases in abundance during long fire intervals, but in the
event of a moderate to severe disturbance it can take several dec&sdoarpudo re
establish as a result of a long sexual maturity period (Gruell et al., 1982, Gucker 2006) This
means if fire intervals were shorter than the timeeproductive maturity, then it could explain
the decline of this species in the watersiWgtly these two fireavoiding species respond
differently to the same fire regime changes is difficult to determine from our data, but differences
in drought tolerance during the decreasing summer insolation of the late Holocene may play a
role.

Populuspollen, likelyP. tremuloidesdue to altitudeis steady through the Holocene.
Populustremuloides today is around the Dog Lake lakeshore and there are also stands at higher
elevations. In the intermountain west of North AmeriRapulusoccurs as both seral stands
following fire or edaphically controlled sites in locations with higher water availability (DeByle

and Winokur, 1985; Shinneman et al., 2013). TP@tuluspollen does not track the fire regime
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suggests that edaphically supported populations, rather than seral stands, were supported in the

Dog Lake watershed through the Holocene.

4.5. Regional synthesis

Several other paleoenvironmental studies from eastern Oregon and the NGB provide
support for the record from Dog Lake. The arid periods of the early Holocene at Dog Lake fit
within the regional millennial scale period of increased aridity in the Paaiiithivest peaked at
ca. 11,000 cal yr BP, when sumnsgrason insolation was highest (Hermann et al., 2018) and
combined with warm, dry air from a strong and persistent Pacifitrepical highpressure
system, the combination of which intensified evap@paation rates inland (Hirschboeck, 1991;
Thomson et al., 19934inckley et al., 2007). In particular, the distinct lithological unit
encompassing 8700 to 8200 cal yr BP was an exceptionally dry period within the early
Holocene. Summer Lake/Lake Abert experienced peak heat and aridity between 8700 and 8200
cal yr BP (Cohen dl., 2001, Hudson et al., 2021), with the lake completely desiccating by the
mid-Holocene. At Skull Creek Dunes in Catlow Valley, this time period ofyegetation cover
resulting induneerosion Mehringerand Wigand, 1984).

In the eastern andentral Great Basin, the timing of maximum aridity was out of phase
with Dog Lake. Pyramid Lake shows high drought as a result of Lake Tahoe not overflowing to
feed the Truckee River in the middle Holocene (Benson et al. 2002; Mensing et al., 2004). The
Ruby Marshes, located southeast of Dog Lake near central Nevada also showed peak aridity
closer to the micHolocene. Overall, droughts occur earlier in the Holocene the further north the

site is located.
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Later in the Holocene, the sediment composition (and inferred lake levels) changed little
at Dog Lake, but the variable fire history suggests distinct millessoele variability Fig. 15).

The temporal resolution of the Dog Lake record is significantly higher resolution than previous
charcoalstratigraphic studies in the region and from a lower elevation. Podleed

precipitation and effective moisture reconstructions from nearby dulty Patterson lakes show
increased moisture developing from 7006880 cal yr BP (Minckley et al., 2007), a time

period when fire overall increased dramatically at Dog Lake. This is consistent with the fuel
limitation inference and the Poace@gémisiapollen ratio at Dog Lake. The highest annual
precipitation values were reported between 398000 cal yr BP at Lilly Lake. Further east,
decreased aridity values at Diamond Pond were reported from 2200 cal yr BP (Wigand
1987). Changes in regionalidity occur earlier in the NGB than further east or south in the
Great Basin. Changes in aridity at Steens Mountain are more synchronous \éntre Great
Basin than the northwest portion of the Great Basin where Dog Lake is located (Mensing et al.,
2008).

Regions east of the Warner Mountains show drier conditions during thidatodene
(Hermann et al., 2018). At Diamond Pond peak aridity was measured at ca. 5000 cal yr BP
(Mehringer, 1987; Wigand, 1987) with high amount®&\demisiaand Atriplex. Between 4000
3700 cal yr BRArtemisiaand Atriplex decreased rapidly and were replaced by grass, juniper,
and aquatic plant seeds, all indicators of a reduction in aridity. This trend continued from 3600
2200 cal yr BP, a perioB@haracterized as a higlvater griod at Diamond Pond (Wigand 1987).
The timing of these variations in effective moisture appears to be out of phase and slightly later

than at Dog Lake.
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In theCentral Great Basin south of Dog Lake, several periods of punctuated and
persistent aridity were documented, but a-iaocene dry period ca. 750%000 cal yr BP
was found at many sites (Lindstrém, 1990; Benson et al., 2002; Mensing et al., 2004, 2008;
Reinemann et al., 2009; Grayson, 2011). Portions of Lake Winnemucca was present frem 4300
3900 cal yr BP based on artifact ages (Long & Ripparteaitd), fish vertebrae, primarily tui
chubs Siphatelesp.) and western pond turtlesctinemys manoratg (Mensing et al., 2013)
(Hattori, 1982). Thompson (1992) reported that between 7600 and 5400 cal yr BP sedimentation
rates in the Ruby Marshes of wesintral Nevada decreased rapidly in response to increased
aridity. Grayson (2000) used a welated mammal sequence from Homestead Cave, Utah, to
show faunal species decrease from 9200 to 3500 cal yr BP in response to more xeric conditions.
Pika Ochotona princeps a genus incapable of tolerating temperatures abd\¥® Asappeared
from low-elevationGreat Basin sites ca. 7800 cal yr BP (Grayson, 2005).

Additionally, in the southern Great Basin, black mats formed by spring discharges into
wet meadows and shallow ponds were absent between 7200 to 2500 cal yr BP, indicating a
period of high aridity (Quade et al., 1998). Punctuated aridity at Owens Lakehaesterized
by T GPO satues whiich showed 7703200 cal yr BP as highly arid and a sediment
hiatus between 650900 cal yr BP suggests complete lake desiccation below coring site
elevation (Benson et al., 1997, 2002; Lund & Benson, 2021)eBeafrom Walker Lake,
Nevada shows evidence of complete desiccation at or before 5000 cal yr BP (Yuan et al., 2006).
On the east slope of the White Mountains of California, thelitneeslevation at Sheep
Mountain was relatively high between ca. 5700 4bd0 cal yr BP, falling 100 meters between
4100 and 3500 cal yr BP, indicating @ldecrease in warseason temps and another 70 m

around 900 cal. yr BP (La Marche 1973).
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5. CONCLUSIONS

The formation of Dog Lake coincided with a period of increased insolation, higher
temperatures, and lower annual precipitation. The first 400 years showed high mineral inclusions
followed by diatomaceous sapropelsisiiormation of the sapropelic sediments was interrupted
by a shallow lake period and the formation of debsaramats between 920700 cal yr BP.
At 8700 cal yr BP th€haramats abruptly disappear. Between 8700 and 8200 cal yr BP
conditions were so warm and dry that dust deposititmthe lake increased as a result of lower
vegetation cover and desiccatiregionallakes. TheCharamats indicatd low water levels at
the deepestart of the lake, perhaps less than a meter in depth. The lower organic productivity is
interpreted as being the result of reduced precipitation, high temperatures, and high evaporation
rates. After 8200 cal yr BP high organic saprepefurn, indicating a deeper water column. The
Mazamatephra deposition resulted in little vegetation changes in the Dog Lake basin. The
remaining core isharaterized by a steadhigh sedimentation rate throughtte currentday.

The high sedimentation rate offered the opportunity for a-tegblution CHAR analysis
in a high firefrequency setting. Fire intervals were far shorter during Zone 1 (9880 cal yr
BP) averaging 45-yearFRI. Fire intervals were very episodic over the last 8700 years. From
8700 to 8200 there was low fire activity in the basin. festama periods of more frequent fire
episodes were recorded during the 1Hinlocene from 57005400 and 4@0- 3700 cal yr BP,
periods of time coinciding with higher gimpollen percentages. Thus, increased early summer
moisture and increased grass productivity likely contributed to increased fire spread. We
conclude that this lowdreeline site iprecipitation or climatdimited (with respect to fine grass
fuels) onmillennial time scalesThis is in contrast to theore mesichigh-elevationsite of

White Pine Marshwhich was found to be fudimited over the same time periads
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CHAPTER IV

CONTRASTING THE HOLOCENE FIRE AND VEGETATION HISTORY OF LOW
AND HIGH -ELEVATION MIXED -CONIFER FORESTS IN
SOUTH-CENTRAL OREGON, USA
Co-authored researdly Saban, GantelV. and DanielG. Gavin. Contrasting thdoloceneFire

andVegetatiorHistory of Low andHigh-elevationMixed-conifer Forests inSouth-centralOregon,

USA. In preparation foPalaeogeography, Palaeoclimatology, Palaeoecology

Chantel Sabaand Daniel Gavin conceptualized the study and devised the methodo&ajyan
and Gavinanalyzed sedimentsaBanprocessed and analyz#ite pollen and charcoal. Curation,
analysis, and visualization of the data were done with the helpwh&abanwrote the original

manuscript, and &vinreviewed, edited, and contributed to the final manuscript.

1. INTRODUCTION

Studies using lake sediments recovered from various sites throughout the Northern Great
Basin (NGB) region have primarily focused on the timing of late Quaternary climate changes (
Mehringer, 1986Mehringer and Wigand, 1986; Cohen et al., 2000, Wigand, 1987; Minckley et
al. 2007; Reinemann et al., 2009). Research across the NGB has shown that there is a difference
in timing on when climatic changes affect the vegetation (Wigand and Rhode, 20G2nd/en
al., 2004; Minckley et al., 2007, 2008) versus whedffects hydrological systems, primarily the
largescale, lowelevation pluvial lakes, of the NGB (Allison 1984; Friedel 1994, Cohen et al.,

2001; Wriston and Smith, 2017; Adams and Rhodes, 2019; Hudson et al., 2019, 2021).
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Closely related to vegetation and climate changes are questions regarding possible
variability in the fire history of midand highelevation forests over the Holocene. There remains
an opportunity to contrast fire history across the range of foresteatielevin the NGB to better
understand the role of fuel vs climate limitation in Holocene fire history. For example, it is
widely postulated the fire history at lower treeline is flimited and fire is promoted by wet
periods that promote grassy fuel dipment, while higher elevation forests are limited by the
length of the fire seasofdlk et al, 2011) This is supported by Minckley et al. (2007) who
found Holocene fires in the NGB were more frequent in-el@vation forests and rare in high
elevation forests.

High-elevation mixed montane forests, located in areas of orographic precipitation, are
rare in the NGB\WWolf and Cooper, 2095The northern Warner Mountains receive

approximately 1200 1500 mm precipitation annually at elevations ranging between 22000

m (OSUPRISM).This research

J R
concentrates on materials recovered | s .

Pine Marsh with Dog Lake, a lower
elevation site closer to the lower
elevational limit of forests in the

NGB.

Figure 13. Location White Pine Marsh (outlined in blue), secgtntral Oregon
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White Pine Marsh is a highlevation wetland located within a small glacial cirque at a
mean elevation of 2053 meters above sea level (masl). This is a high biodiversity area sensitive
to changes in climate, with vegetation communities being precipitatioroisture limited rather
than temperaturbmited (North et al., 2016). Combined with the floristic variability not
common at lower elevations in the NGB, WPMA is an excellent location for identifying changes
in precipitation and ecological communitiegeo the course of the Holocene. While marshes and
wetland systems are common throughout the NGB atalhtions (Allison1982; Hattori, 1982;
SmithandStreetPerrott, 1984; Oetting, 1989; Thompson, 1992; Crowe & Clausnitzer, 1997;
Cohen et al., 2000; Wigand & Rhode, 2002; Adams et al., 2008), no research has been conducted
on determining the evolution of marsh development in a-bighation systems itihhe northern
Warner Mountains. Additionally, no research has been conducted on the Holocene history of
vegetation or fire in the highlevation mixed dnforest of the northern Warner Mountains,
although work has been done in the cer{tvihckley et al., 2007)and southern Warner
Mountains (Vale, 1977; Di Orio et al., 2005; Howard, 2018). The biodiversity of the northern
Warners is high given its location at the junction of the Great Basin and proximity to the Cascade
RangeThe position of multiple ecologically distinct biomes sharply delineated within
elevational meters instead of latitudinal kilometmekes this area of soutientral Oregon
worthy of further palesstudies.

This project seeks to address the dearth of paleoenvironmental data available for a high
elevation forest in the terminal northern Warner Mountains by 1) determining the vegetation and
wetland history of White Pine Marsh, and 2) determine limiting fa¢torBre at WPMA and 3)
contrast the Holocene fire history preserved in sedimentary chafcdélite Pine Marsh with a

fire history fromanearby midelevation mixed forest.
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2. METHODS
2.1. Site description

White Pine Marsh (hereafter WPMA; 42.400880°N, 120.213456°W) is located at the
northern terminus of the Warner Mountains within a small glacial cirque valley with a mean
elevation of 2053 masl (nffig. 17A and17C) within a shallow lake basif.he WPMA valley
is flanked by a small lateral moraine on the southeast side of the marsh and a small terminal
moraine at the north end of the marsh. The glacial head was located at 2198 m. The valley trends
southwest to northeast and is approximately 3dag southvest to northeast, and ca. 1.2 km
wide. The marsh itself covers an area of approximately 11P2383. The marsh is fed by
precipitation and groundwater, draining north into Little Honey Creek, which itself drains

northeast into Hart Lake in Warner Valley.
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Figure 17. White Pine Marsta) topography mapb) satellite image, and) shaded reliefYellow dot is coring site.
Larger fgure also in Appendig6.

The dominant bedrock is olivine basalt and andesites originating during the Paleogene
(Walker 1963). The soil of WPMA is perennially saturated, with a narrow margin of annually
saturated wet meadow around the perimeter. The marsh is perhaps better described as a basin

fen, a perennial wetland with alkaline, neutral, or slightly acidic peaEtyDodson 2005)Basin
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fens are common in the Warner Mountains and Sierra Nevadas Hie@en elevationas well
as areas west of WPMANolf and Cooper, 2005

The majority ofprecipitation in the north Warner Range comes from winter storm fronts
moving east from the Pacific Oceamth summer precipitation sourced from convection cells
resulting in thunderstorm3he average precipitation range is from 12520 mm(OSU-
PRISM), sharply contrasting to lower elevations surrounding the WPMA area,rsggiving <

500 mm annually.

2.2. Field Sampling

A combination of topographic maps and ground truthing resulted in the selection of a site
in the center of the marsh for coring. In July 2018 sediment cores were recovered usamg an 8
diameter Livingstone piston corer followed by-arh piston corer fodeepest coring depths. A
cable held by a tripod aided in the recovery of two staggered core sections totaling F&g cm (
18). Sediments were extruded into plastiap lined, halved PVC pipeFif. 19), measured and
described, then covered with the otpertion of the PVC, sealed, and label€be cores were

refrigerated at the University of Oregon until subsampling could begin.
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Figure 14. Portion of extracted core. Note tephra/lake sediment trangiétinand high
aridity period sediments (right of cenjer
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2.3. Agedepth model

Accelerator mass spectrometry (AMS) radiocarbon dates were obtained from amorphous
bulk organic matter (n = 4) (Tab8. All samples were pretreated with warm 10% KOH and
10% HCI rinses before submitting the dating facility. An agdepth model was constructed
using the CLAM model in R (Blaauw 2010), with the INTCALZ20 calibration curve (Reimer et
al., 2020) modified to use a monotonically increasing spline curve fit (Schworer et al. 2017) to
the four radiocarbon dates, the Mazama tephra (7640 + 25 cal yr BP; Egan 2015), and the core
top. The Mazama tephra unit was specified as an instantaneous event within the CLAM model

(Fig. 20).
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Figure 20. Age-depth relationship for White Pine Marsh core.
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Table 3. Radiocarbon dates from White Pine Marsh.
Lab

Depth (cm) Material 1C age Calibrated Source
number
0 amorphous pretreated surface ) ) i}
organic
40 amorphous pretreated D-AMS 3482 + 22 36607 3830 This study
organic 042766
54-80.5 Mazama tephra : : 76821 7584 ngg etal.
105 amorphous pretreated  D-AMS 7939 + 30 86421 8973 This study
organic 042767
158 amorphous pretreated D-AMS 9283 + 38 9128i 9420 This study
organic 042768
1825 ~ amorphouspretreated  DAMS - ggo5, 35 92381 9734 This study
organic 042769
2.4. Pollen

Pollen recovery followed protocols describedSith (1998) and Pearsall (PF).
Sediments (n = 11 1creubsamples) were obtained every 10 cm dowane (averaging a sample
approximately every 900 yr). Samples were added to 15 ml test tubes together with one
Lycopodiumtablet per tube to measure pollen concentrations. Chemical pollen extraction was
performed inside a fume hood. 10% KOH was used to remove remaining soluble organics
followed by a 10% HCL treatment to remove carbonate minerals. Hot hydrofluoric acid (HF)
treatment for 40 minutes reduced silicate content. A second 10% HCL treatment sample was
followed by glacial acetic acid (GAA), followed by acetolysis to remove the remaining cellulose.
Samples were stained with safranin and desiccated using ethyl alcohol (ETOH)-&udytert
alcohol (TBA). Pollen was transferred intalPam glass vials with il used for suspension and
preservation of pollen. Pollen was examined at 40X magnification and identified to the highest
taxonomic resolution possible using published keys (Faegri et al., 1989) and the modern pollen

reference collection at the Universa§ Oregon. Pollen was counted to a minimum of 350 grains
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per sampleln addition to graphing the pollen results a stratigraphically constrained cluster

analysis (CONISS) wasalculatedn Tilia 3.01 (Grimm 1987) to aid in pollen zonation.

2.5.Charcoal

Charcoal sampling followed protocols described by Rhodes 2988 of sediments
were subsampled at 0.5 cm increments the length of the core (182 cm) except for the segment of
Mazama tephra. Each subsample was placed into a 12 mL vial and soaked for 12 hours in 10%
sodium hexametaphosphate (N&IP). Sediments were thenrgly rinsed with water using a
250 um and 125 um 7.6 cm diameter mesh sieves. All large identifiable charcoal pieces or
macrobotanicals were saved, and the remaining charcoal was péateidto 12 mL vials. The
125250 um fraction was soaked overnight in 7% hydrogen peroxid®)(té partially digest
and bleach organic materials. Samples were then rinsed using a 125 um mesh sieve. Charcoal

particles were counted using a Bogorov counting chamber und&5kdxagnification.

“ White Pine Marsh

Charcoal counts were o5 F
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Figure 21 LOI, magnetic susceptibility, and charcoal. Dog Lake carbass

accumulation rate (CMAR) on right. Sediment descriptions in texger figure
also in Appendix 37.
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2.6. Loss on Ignition

To measur@rganic matter contenfyss on ignition (LOI) was conducted on 31 samples
for the purpose of measuring bulk density and organic naiteéent Fig. 21). Ceramic
crucibles (10 ml) were washed and dried in a drying oven at 95°C, then weighed. Wet 1 cm
samples were placed into the labeled crucibles and weighed again. Crucibles were then placed
back in the drying oven for eight hours to desiccate the sediments completely, after which
samples were once again weighed. Crucibles were then put iffla futnhace and sediments
were combusted at 550°C for 2 hours. Crucibles were cooled in a bell desiccator and then
weighed a final time. Testing with 10% HCI showed little to no carbonates, so no further

combustion at a higher temperature (950°C) was wcted.

2.7. Statistics

Raw pollen counts were transformed into percentages and diagrammed using Tilia 3.0.1.
Pollen assemblage zones of the sediment pollen record were determined using stratigraphically
constrained cluster analysis (CONISE)e WPMA results were then compared toglake

CHAR results

3. RESULTS
3.1. Chronology and sediment descriptions

A total of 182 cm of sediment were recovered from WPNIBe agedepth relationship
is shown inFigure20. Four radiocarbon ages and the Mazama tephrarf2&hick) age occurred
in chronological order. An abrupt change in sedimentation Fged0) occurred at the point of

Mazama tephrdeposition 7640 cal yrs BP. The sedimentation rate averaged 0.0946 cm/year or
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10.6 yrs/cm préMazama tephra deposition, slowing to 0.00916 cm/yr or 109.2 yrs/cm post
Mazama.The following £diment descriptions follo@chnurrenberger et al. (2003) and
divisionsareshown inFigure21.

Sediments show very different conditions present in the basin since the early Holocene.
Forested systems combined with reanstant water inputs have been constants in the marsh. It
is currently unknown what conditions were like immediately qogtetiation, although sediments
from 182160 cm/ 9500300 cal yr BP shows sediments consistent with open forest conditions
present at the current marsh site. These earlier sediments were reddish, slightly clayey with
rounded clasts throughout between 2 mm to lagmwyell as obsidian (<2 mm) and mica <1
mm).

From 166120 cm/ 93060000 sediments turned light brown, reflecting a dry, open
meadow or grassland. This transitioned into a light gray arithipel sediment from 12005
cm/ 90008800, a highly arid period in the NGB. This material showed little reaction to HCL,
meaning carbonates were low. The sediment does not appear to be saline like the playas located
in lower elevations and is likely silt deposits precipitated wrery shallow occasional lake
preserved as hardpan through desiccation. A similaphardediment structure was recovered in
2018 from Colvin Lake, a small body of water near the summit of Abert Rim and fed by
groundwater. and 5 km north of WPMAhe extremely hard 40 cm of sediment recovered from
Colvin (C. Saban, unpublished dats)a possible modern analog for the past condition at
WPMA: a body of water prone to frequent desiccation.

Above the desiccated lake section from-Blbcm/ 88088300 cal yr BP sediments turn
dark brown and consist of lealastic materials combined with sapropels. This form of sediment

is consistent with a highly organic, clayey, shallow |@kedson, 2005)This is a particularly
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arid period at lower elevations in the N@Bhapter 1ll) so it is slightly anomalous that a
shallow lake would appear at this time. However, WPMA is situated in a highly tectonically
active area, so it is likely that an earthquake resulted in increased groundwater flow into the
WPMA basin. Sediments turned yatark brown between 909 cm/ 83007640 cal yr BP. This
sediment is more sapropelic and with no clasts larger than silt. Sediments ffghrciiOare all
well-defined tephra originating from Mount Mamna, located 157 km northwest of WPMA. The
tephra consisted primarily of lapilli2 mm in size, with fine ash present at 79 cm.

Sediments from 54 cm are clayey marsh soils with roots throughout. Betwees#4tin
there are few to no modern roots, and the texture and color remain dark brown and a silty clay.
The upper 30 cm of the core is hydric silty clay, dark brown in colormatern grass and
sedge roots throughout. There was little odor to the upper 30 cm soil, indicating anaerobic
conditions with little or very slow decomposition, suggesting that the wetland soils remain wet

yearround.

3.2. Pollen

A sum of squares analysis divided the pollen assemblage intzotves Fig. 22) at ca.
3700 cal yr BP, although significant enough differences are evident at the eruption of Mount
Mazama at ca. 7640 cal yr BP that the eruption can be considered a division between the two
zones as well. Taxa percentages are based on terrestrial fuoths of each level. The overall
pollen diagram shows a highly diverse range of vegetation consistent with fen wetlands
surrounded by mixed conifer woodlands. Of the entirerabtage, onlyPseudotsugé not

found in the greater WPMA region today.
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Pinuspollen consisted primarily d?inussubg.Pinusor undifferentiatedPinus
(representind?. ponderosandP. contortg, with lesser amounts #finussubg.Strobus(P.
monticold and perhapP. albicaulis Abieswas low in preMazama samples (<5%), increasing
sharply posiMazama and remaining steady at near 10% through to currerRstaydotsuga
was present prMazama with values nearing 20% at times but declines sharpiMazstma
and disappears from the WPMA record at ca. 3000 cal yBlRyapollen also occurred briefly
preMazama ca. 8800 cal yr BP at <5%, later reappearing immediately following the Mazama
eruption until ca. 5000 cal yr BFsuga mertensiania currently present regionally, but
infrequent and further west and south relative to WPMA. Cupressaceae was present but remained
low (<5%) through the entire assemblage, with lowest values from ca. 200 cal yr BP up to
currentday. This is likelyJuniperus occidentaljhhoweverCalocedrus decurrens
occasionally present in the Dog Lake Ina#0 km east of WPMA so it is possible the species
was in the WPMA area. Hardwoods are well represented at WPMA through the Hollogrse.
appeared in the later Holocene, &@wtulawas present early through raitblocene Populus
remained steady through the assemblage, and is FkelgmuloidesasP. trichocarpais found
in the region but only below 1500 masl. Graminoids include true grasses (Poaceae) as well as

sedges (Cyperaceae).

3.2.1. Zone 1 (13@9 cm) 89007640 cal yr BP
There are 23 taxa identified during the 12@&@rlong preMazama period covering the
early Holocene. During Zone 1, upland herbs were relatively more common until ca. 8300 cal yr
BP, after which trees and shrubs surpassed upland herbs. During the Zoivel Pipusundiff.
has the highest pollen percent counts (27.itusbegan low (17%) at 8880 cal yr BP, nearly

doubling between 8800 (25%) and 8600 (27%). By 83B0sreached neamodern values at



45%.Pseudotsugaveraged 8%, beginning at 8880 cal yr BP (5.1%), reaching the highest
percent at 8700 cal yr BP (16%), and ending Zone 1 at 8330 cal yr BP attd2%hegan low

(0.8%), increasing to 1% beginning at 8700 cal yr BP and remaining there through the remainder
of Zone 1. Cupressaceae averages 1%, maxing out at 2% by 8600 cal yr BP then decreasing to
ca. 1% by 8330 cal yr BRbiesis low throughout Zone 1, beginning at 0.2% and ending at ca.

1%. Tsuga(x.= 0.3%) appears only once (1.4%) @08 cal yr BP.

Hardwood trees and shrubs include Rosace=e900), likely Cercocarpus ledifolius
which is currently found at lower elevations within a short distance of WPMA but not currently
in the WPMA basin itself. Rosaceaex{ 9%) began Zone 1 at 16%, decreasing to 5% by 8330
cal yr BP.Artemisia(x.= 6.7%) began at 7% and remains there until increasing to 8% at the end
of Zone 1.Populus tremuloideaveraged 5% during Zone 1, beginning at 5%, increasing slightly
to 7% and ending the zone at 3%&lix(x.= 3%) began at 4%, decreased to 1% by 8800 cal yr
BP then increased to 5% by 8700 cal yr BP, decreasing to ca. 3% by the end of Zone 1.
Remaining pollen types include Grossulariaceae (©.8%),Betula(x= 0.4%), andAInus(x=
0.1%)

Upland herbs are dominated by Poaceae at 19% during Zone 1. Poaceae begins at 20%,
increasing to 24% by 8800 cal yr BP, decreasing to 14% by 8700 cal yr BP and ending the zone
at 15%. Cyperaceae is second to Poaceae, but only averaging 4.5%. Cyperaueat 65%g
remaining there until 8330 cal yr BP where the percentage went down to 2%. Astetpmeae
(x= 3.5%) pollen began at 3%, increased to 5% then decreased to 3% by the end of Zone 1.
Chenopodiuntype (k= 2.4%) began low (1%), increased to 5307 cal yr BP, and ending

the zone at 1%. Averages for remaining herbaceous taxa include Campanulaceae (2.4%),
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Fabaceae (0.5%), Papaveraceae (0.4%), Apiaceae (AB#)osiatype (0.2%), and
Plantaginaceae (0.2%).

Aquatic species are not included in the statistical analysis, but they inform on the overall
environmental conditions within assemblages. Two hydrophytes were identified from WPMA:
NupharandTypha Camassiavas predicted to be potentially present, but it was not, a result of
perennially wet conditions of WPMA as opposed to andiahharappears once at 8900 cal yr

BP. Typha begins at 8% at 8900 cal yr BP, declining to <2% for the remainder of Zone 1.

3.2.2 Zone 2 (540 cm) 764G -60 cal yr BP
Zone 2 has 21 taxa identified and covers the pollen assemblage for the last 6900 years
postMazama eruption, although the sum of squares shows the primary division as being at 3700
cal yrBP. The pollen influx began higher at the start of Zone 2 than the previous Zone 1,
beginning with an influx of approximately S00 grains/cm/yr at 6800 cal yr BPgecreasing
beginning at 3700 cal yr BP to 880 grains/cn/yr through to ca. 900 cal yr BP, then sharply
increasing up to 12000 grains/cm/yr through current day. Higher pollen inflwasdriven by
trees and shrubs in the period immediately after the Mazama eruption@@6d@al yr BP).
From 6000 to 3700 cal yr BP upland herbs were most represented in pollen concentrations,
decreasing to be replaced by trees and shrubs as dominantO@aralyr BP to the current day.
Pinusduring Zone 2 once again have the highest pollen percentaget3fo), with
values beginning at 47% after Mazama and dropping to 29% by 3750 cal yr BP, then increased
to 52% in 670 cal yr BRRinuscurrentday values are 45%. Abies averages much higher than
Zone 1 at 4%Abiesbegan at 3% pog$¥lazama, increasing to 5% and remaining at ca. 5%

thorough currentlay. Pseudotsugaveraged 1%, beginning at 4% from pbkzama through
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3700 cal yr BP, then disappearing from the pollen record. Other conifers include Cupressaceae
(0.67%) which began low and remained low through to 670 cal yr BP (<1%) and no longer
present currendiay, andTsuga(3%) present only at 6844 cal yr BP and then gone from the
record.

Hardwood trees and shrubs include Rosaceae, averaging at 9%, beginning low at 6800
cal yr BP (1.3%), increasing by 3700 cal yr BP peaking at 2500 cal yr BP (9%). Current values
began at ca. 670 cal yr BP (6%), remaining at 6% through to cualagmrtemisiawas slightly
lower than seen in Zone 1 at 5%¢temisiabegins high at 9% po#flazama, then slowly
decreases resulting in curraddy values of 2% opulusaverages did not change from Zone 1
(5%), beginning at 3%, increased to 5% by 2500 cal yr BiPcarrentday Populusis at 7%.
Salix((x.= 3%) is at 2% postlazama, reaching 4% by 2500 cal yr BP, declining to 2% by 670
cal yr BP, and ending at 4.5% currelaty. Alnusaverages 1%, but does not appear until 2500
through 670 cal yr BP. There is Adnusin the currentday assemblage. Ericaceae is recorded
once (1%) at 6844 cal yr BP, and Betula is identified once (1%) at 3700 cal yr BP.

Upland herb percentages are dominated by Poagrsa&5%), with Cyperaceae.E 4%)

a distant second. Poaceae began at 11%, increasing to 23% by 3700 cal yr BP, 22% by 2500 cal
yr BP, then declined to 9% by 670 cal yr BP. Curaat Poaceae is at 13%yperaceae started

at 4%, then, with the exception of 0.5% at 2500 cal yr BP, remained steady at 5% through to
currentday.Chenopodiuntypes maintained a similar average (2.5%) as Zone 1, with

percentages ranging between 2% at 6844 cal yr BP, highe& atbyr BP (4%) and current

day at <1%.Asteroideadype &= 2.4%) pollen began at 3% and decreased to 2% by the end of
Zone 1. Averages for remaining herbaceous taxa include Urticaceae (1%), Apiaceae (0.95%),

Campanulaceae (0.10%), and Fabaceae%0).10
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Typhawas the only hydrophyte identified from Zone 2, with values of 1% at 6844 cal yr
BP and 0.60 at curreifay. Equisetaceae appears in both Zone 1 and 2, however, values are

higher for Zone 1 (5%) than for Zone 2 (3%).

3.3. Fire History

WPMA fire history is sharply divided into two distingeriods Fig. 23A). Raw charcoal
counts of WPMA were plotted by age and by concentrations, and by age and uninterpolated
accumulation rates. This approach preserves the features of the raw charcoal and accumulation
rates between the two different cores while providingsaalization of the data over the same
length of time (Long et al., 1998; Mohr et al., 2000). Average raw charcoal couda&7gpeces
cm®. Charcoal concentrations range from 1 to 630 piecésidtin an average of 85 piecesfem
Previous to the Mazama @tion charcoal concentrations at WPMA were variable and increased
between 9600 and 7640 cal yr BP. High concentrations and charcoal frequency previous to the
Mazama eruption abruptly decrease at or immediately after tephra deposition and remain low for
theremainder of the assemblage. Pidlstzama charcoal concentrationsre graphed separately
to better illustrate deposition patteriisg 23B). Pre and postMazama charcoal is primarily
wood, with some herbaceous charcoal present asTwmlonly time ths changeis from 2600
to 1900 cal yr BP when the charcoal record is dominated by herbaceous cl@zreoczdal

concentrations increased at 8800 cal yr BP and continued to increase up to the Mazama eruption,
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but the accumulation rate decreased during that same time. Charcoal concentrations post

Mazama appear smoothed between peaks andpi¢66s crit.
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Figure 23. A) Charcoalaccumulation ratefor White Pine MarshB) Enlargement ofhe
postMazama eruntiotephra core section

Both charcoal ancentrations and accumulation rates are higher at WPMA than Dog Lake

(Fig. 24), although postMazama fire intervals appear to be shorter at Dog Lake than WPMA.

The timing of larger concentration events appears to be offset between WPMA and Dog Lake,

with charcoal deposition at WPMA occurring previous to a large concentration ey at

Lake.
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Figure 24. Charcoal concentrations and accumulation rates for White Pine Marsh and Dogadragles fgure also

in Appendix38.

Tephra deposition at Dog Lake resulted in a decrease in charcoal concentrations and

accumulations, similar to WPMA. Between 5700 to 3000 cal yr BP fires intervals are very short

at DoglLake (ig. 24) in contrasto WPMA which sawoverall much lower charcoal values

4. DISCUSSION

The vegetative and sedimentation history of WPMA was heavily impacted by the

Mazama eruption. The sediment record shows the development of a perennial marsh post

Mazama as a result of tephra added to the WPMA basin and raising the marsh floor by 30 cm.

Sedments and vegetation covered the tephra, forming WPMA. Currently there is no evidence

that the marsh has ever desiccated since 7640 cal yr BP. The sedimentation rate rose sharply
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previous to 9000 cal yr BP to almost 0.0829 cm/yr, declining steeply until ca. 8300 cal yr BP
leveling off somewhat at 8000 cal yr BP, then dropping-ptestama and remaining very low at
ca. 0.0022 cm/yr until 3700 cal yr BP, after which the sedimentedterhas increased slowly
from 0.0030 to 0.0100 cm/yr curreddy.

The pollen record shows abrupt changes resulting from the Mazama eruption. Trees
increased slightly podtlazama, primarilyPinus,but alsoAbieswhich went from <5% of the
record to >6% for the remainder of the record. The conifer that fared poorly immediately
following the tephra waBseudotsugayhich persisted in the basin until ca. 2500 cal yr BP.
Tsugaincreased briefly immediately following the eruption but disappeared from the record by
ca. 4000 cal yr BPT'sugais still present in the region, occasally identified at lower elevations
further south near Dog Lake. Cupressaceae never went above 2Mgzasta, and even pre
Mazama Cupressaceae remained betwesbh Alnusis present in the earliest portion of the
record but established itself in the basin between 3500 and 220 cal JogiRus tremuloides
has been consistéptpresenin the WPMA basin for the entirety of the poll@a00yearlong
record. Mazama did not appear to affectremuloidesbetweer6800- 3300 cal yr BP a period
of short fire intervals. Rosaceae, probabBbrcocarpus ledifoliuswas interrupted by the tephra
down from 5% to <2% and recovering to >5% ca. 6000 cal yr BP. Poaceae thrived post
depasition, increasing up to >25% beginning at 6800 through to 2500 cal yr BP, after which it
declined to ca 10%. Cyperaceae increased immediatehdppssition, going from 5% up to
10% for the remainder of the record.

Charcoal concentrations and accumulation rates were higher for WPMA and Dog Lake
pre-Mazama eruption, with concentrations at WPMA higher than at Dog Lake, perhaps due to

the smaller basin area of WPMA.. Fire events were frequent at both WPMA and Doguicizke d
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the early Holocene, with charcoal concentrations increasing steadily from 8800 to 7640 cal yr BP
at WPMA, although Dog Lake went through a period where fires were less frequent or severe
between 8700 and 8200 cal yr BP.

When comparinghe synchrony of fire frequency peMazama between Dog Lake and
WPMA thetiming of higher charcoal concentratiomgpearstaggered in time by 26800 years,
with WPMA experiencing concentration peaks before Dog Lake. This may be due to elevational
climatic shifts, where the higher elevations see more rapid changes to vegetation and moisture
patterns before lower elevatiods.

An inverse pattern is clear in the early Holocene in that WPMA experienced long fire
intervals and higlintensity fires, whereas Dog Lake experienced shorter fire intervpkrioéps
more ofmedium to low intensitys a result of frequent fire§he difference may be due to the
types of fuel at the two sites. At WPMA, conifers are present at the marsh edge with seasonally
dry herbaceous fuel directly exposed to lightning and resulting in trees igniting easily. At Dog
Lake, the trees were moresthint to tie lake edge, which was surrounded by wetlands. However,
wider tree spacing at Dog Lake resulted in more herb and shrub vegetation than at WPMA, thus
supporting a more frequefite regime.

Both WPMA and Dog Lake showed larger charcoal peaks previous to the Mazama
tephra, with the contrast being peaks decreased after 8300 cal yr BP at Dog Lake while peaks
increased up to the Mazama eruption at WPMA.. Fire events were more frequent at Dog Lake,
but charcoal peaks were larger at WPMA when they did occur. In comparison, Lily Lake, a small
lake 47 km south of WPMA and at a similar elevation (2044 masl), has a charcoal record
(Minckley et al., 2007) showing continuous fire throughout the Holoceneg similar to Dog

Lake (1585 masl). Lily Lake receives slightly higher winter precipitation than WPMA {OSU
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PRISM), so it may be that although it istla¢ sameslevationas WPMA Lily Lake fires are
climatelimited more akin tanid-elevationDog Lake than fuelimited like WPMA.

The dominant tree type at WPMA is currerfliynus ponderosalthoughPinus contorta
is also present in far fewer numbers. This may indicate a fire history of infrequent medium
severity fires or mixed severitilixed stands from the southern Cascades useddaes to
determine fire frequency and severity over the last 400 yEargestel et al., 201 7yith results
showing mixed severity for mixed conifer forest types.

The continuous presencefdpulus tremuloideshay support this conclusion, as this is a
disturbancedependent species and the current population offsddéh tremuloide®n the south
slope of WPMA basin are all elven age (C. Saban, personal observation), indicating a possible
high severity fire resulting iR. ponderosanortality. The area has been logged, as well, so it may

also be that thB. tremuloide$as populated a previously clear area.

5. CONCLUSIONS

Several conclusions can be drawn from this research. First, fire regimens, vegetation
history, and marsh hydrology of WPMA were all altered by tephra deposition from the eruption
of Mount Mazama 7640 cal yr BP. The wetland became established at the tiraeeniption,
raising the marsh floor 25 cm in a single event. The charcoal, and pollen sequences all showed
some reaction to the tephra deposition, but in the case of pollen, there is a lag of approximately
100 years in reaction timing.

Vegetation at WPMA prdlazama showed low pollen concentrations that began with
high herbaceous counts and lower tree and shrub counts, shifting at ca. 8800 cal yr BP towards

higher tree and shrub counts and lower herbaceous. This pattern stayed steZ@yQoal yr
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BP.There is a divisiofin pollen assemblage compositiaithin Zone 1directly at 7640, but

sum of squares analysis shatlve primary division betweefione 1 & 2 at ca 3700 cal yr BP, a
period of increased mesic conditions in the NGB. Herbaceous plants, including Poaceae,
increased to their highest levels during the late Holocene between 2600 and 1700 cal yr BP.
During this time herbaceous charcoal autbered wood charcoal, the only period in the core
when this occurs.

Tephra may have had a profound effect on fire occurrence at WiPsphrawould have
reduedgrass and other herbaceous fuel availability resulted in longer fire intervals and higher
intensity firesWe found this to be the opposite at Dog Lake, where fire was more frequent and
of lower severity than at WPMA.

The inclusion of a firescar survey would help with late Holocene fire interpretations,
however, much of the olgrowthP. ponderosdnas been logged since the turn of the century, so
pollen and charcoal remain the best method for reconstructing past vegetation and fire patterns at

WPMA.
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CHAPTER IV

SUMMARY

ThePaisley Caveare the low elevation NGB site (1380 masl) for this dissertation. The
Paisley Cavestudyanalyzel and contrastd pollenrecovered frontoprolites androm
associatededimentd¢o examine vegetation history and assess whétleeoprolitepollencould
provideuniqueinformationwith respect to the coprolite produceuch asheuse of specific
habitas, foods, or water sourcéd/e found that the dissimilarity of pollen assemblages between
coprolites and associated sediments was greater than the semaildigy between
stratigraphically adjacent samples within either gr@&gpial dissimilarity within types was not
greater for coprolites than sedimerds would be expected if there were unique pollen
signatures derived from a short ingestion period-8fdays represented by each coprolite
Compared tahesediment pollen, the coprolgexhibitedhigher abundances of lighter pollen
typesand some individual samples were high in wetland taxa (particilgdiggd. The results
were consistent with coprivé pollenrepresenting short time periodsllected as a mammal
moves on the landscape, whereas sediment pollen reflects longer time periods and more regional
vegetation indicators.

Dog Lake is a perennial miglevation (1554 masl) freshwater lake located in south
central Oregon on the western periphery of the hydrologic Northern Great Basin. The 9600 year
old landslideformed lake has a current mean depth of approximately 6 m andainded by
extensive wetlands and is near the lower elevation limit of conifer forests 28Rectin long,

highly organic sediment coreas analyzed farC, CMAR,| N, pollen and charcoal for the
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purpose ofuinderstanding lake and fire history as well as detectingght during the Holocene
Periods of increaseatidity were determined using indicators of lake level (aquatic macrophytes
and sediment composition) and pollen assemblages. Lake levels betwg&emdeep persisted
between 9@0to 8700 cal yr BR supporting the development of 122 cm of a dense algal mat
Between 8700 to 8200 cal yr BP the core matesiaiftedto show very shallowvater and lower
C:N indicating greater relative aquatic productiyitydicating a sluggish stream as opposed to a
lake High detrital silt inputvas also presewfuelikely to increased dusesulting fromsevere
regionaldrought and reduced terrestrial productivity.

The mwllen assemblagescordwas synchronouwith lakelevel history(Hudson et al.,
2020)by showing vegetation trending toward drier conditions previous @0 82l yr BP
becomingmore mesic after &0 cal yr BR with periods ohigh aridity at 500 and 3D0 cal yr
BP. Fire activity was also low between@Yand 820 cal yr BR consistent witlieduced
herbaceous vegetation. Following(® cal yr BHake levels increaseahdsilt levels declined,
resulting inhigh planktonic productivitythat persistetb presertday. Fires increased during the
mid-Holocene between0®0and D00 cal yr BRa period coinciding with cooler conditioms
the NGBthan the early Holocene, supporting fuel limitation of the fire regime at this site.
Though low sedimentation rate after 2.0 ka greatly reduced the resolution of the charcoal record.
While our findings matched well with other regional paleodrotighings the timing of
extreme drought present in the Northern Great Basin occurred several millennia earlier than that
detected in eastern aentral Great Basin.

Charcoal was the primary material used to reconstruct the Holocene fire history-of high
elevation White Pine Margf2050 masljand to contrastVPMA fire historyto mid-elevation

Dog Lake fire historyResults found a reverse pattern of fire frequency betwedwthstes,
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with the period between 10,000%640cal yr BPseang increased biomass burn frequency at
WPMA and very low fire frequency &@og Lake during the same time periddhe period
following the eruption of Mount Mazama at4B6cal yr BP saw biomass burning significantly
reduced aWPMA compared tdog Lake which saw a significant increase in fire frequency.

Drought conditions were not clearly apparent through the sedimentary pdiben at
elevationPaisley Caves, and not at all in the coprolite pollenjfaueased arid conditions were
instead apparent through lake level studi&shen et al., 200Hudson et a).2020, orthrough
changes in human plant use as observable thnoalgloethnobotanical studi@sennedy 2018).
The fluctuations in vegetation types supported previous drought findiagability in species
composition and fire history were in response to changes in precipitation at the middle elevation
site of Dog Lake, while fuel availability was the primary fire limiter at high elevation site
WPMA. Dog Lake is considered fuel limited as theamol herbs in the basin respond to changes
in precipitation and increased fire frequencies were tied to increased precipitation (which
produced more fuel), particularly during the midtlelocene. White Pine Marsh, however, was
likely climatelimited previais to 7640 cal yr BRout becamduel-limited in response to post
Mazamatephra depositiorboth by altering the soil of the area andheformation of the marsh
In contrast, esults from Lily Lakg2044 masI}#0 km south of WPMAMinckley et al., 2007)
showedHolocenefire eventfrequency moraimilarto that of Dog Lake than WPMA. Lily Lake
experiencedess tephraepositionthan WPMA(Buckland et al., 2022)esuling in amore
climatelimited fire regimen.

Early Holocene high aridity at Ddgakeresulted in pland herbaceous vegetation
becomingmuch reducedndicating lowunderstory fuel availabilityThisperhaps in

combination with too little moistunesuling in no convection stormesulted irfire frequency
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and severity greatly reduced at Dog Lake between 8700 and 8200 calRjirdB&ents and

severity were opposite at higihevation White Pine Marsh, with fires increasing in frequency

and severity up to the Mazama eruptibtiddle Holocene conditions were generally cooler at all
sites, with increased precipitation, resulting in increased fire events -aien@tion sites, and

very probably at high elevation sites with less tephra. Finally, drought conditions are apparent
betveen 8700 to 8200 cal yr BP atdnand high elevation sites, with less severe drought

conditions at Dog Lake at 5100 and 3700 cal yr Bi#s sets drought conditions as occurring

earlier in the NGB than sites further south and east in the Great Basin. These changes could have
influenced faunal and cultural activities.

This research would benefiirtherby plotting cultural activities in the NGB to identified
drought timings. This study would also benefit by including more core sites within the NGB, as
well as applying diatom and chironomid studies, especially during the late Pleistocene lake
periods as postulate that lakeffect off of the pluvial lakes such as Lake Chewaucan, Warner
Lake, Alkalai Lake, Fort Rock Lake, and Goose Lake would have a measurable impact on local
vegetation relative to drier areas of the N&Bhat time. For the time being, locating suitable
coring sites remains a challenge, but discovery of more sites with high resolution stratigraphy
will improve the paleoenvironmental interpretations in the ecologically diverse Northern Great

Basin.
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APPENDIX

T3] Poorly Sorted angular gravelly sandy loam with abundant macrobotanical
=i wouunonCMOPf“sp and Neotoma sp. locos[LUT]

Friable to firm fine sediments with abundant b 1 and % ic ash
trace gravel il Gl o, A el g tie: | L2 o oy o
and amorphous organics [LU6) )

(53] Mozama tophea and topit [Lug) Sity sedimants
Firm to hard fine sediments with abundant macrobotanicals -memw
and trace to common gravel content, abundant to very abundant
m».wmwmmmm MUDLENSES
Poorly sorted angular gravelly sandy loam with trace to common @ KROTOVINA
macrobotanical content, common Chiroptera sp. and Neotoma sp. feces
and common amorphous organics [LU2)

Poorly sorted angular gravelly sand with trace organic content
1)

Figure 15. Paisley Caves west wall FigurarBtext
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Figure 26. Sediment pollen diagram, Figurd @ text.



Figure 27. Coprolite pollen diagram, Figure 6B in text.
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