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Pollen analysis of a 752-cm core from Mono Lake, Mono
ounty, California indicates generally high lake levels 11,600–
000 14C yr B.P., moderate lake levels until ca. 4000 14C yr B.P.,
nd fluctuating levels to the present. Drying events, with lake
evels near or below the historic minimum are dated ca. 8800,
000, 2400, and 1100 14C yr B.P. Chronologic control is provided
y six radiocarbon dates and six volcanic ashes. The rate of upland
egetation change is greatest 11,000, 4000, and 1130 14C yr B.P.
uniperus and Sequoaidendron pollen declines 11,000 yr B.P.,
arking the transition from late-glacial juniper woodland to Ho-

ocene steppe. High values (5–20%) of Sequoaidendron pollen are
nique to this study and may indicate the presence of these trees
ast of the Sierra crest. The pollen-based reconstructions of cli-
ate are generally cooler and wetter than today, with relatively

ry but cool climate during the early Holocene. The contrast
etween higher lake levels and more arid vegetation during the
arly Holocene can be explained by insolation-driven seasonality.
reater summer insolation produced summer drought, but lower
inter insolation led to greater snowpack, greater spring runoff,
nd higher lake levels. Increased Artemisia and other Compositae
ollen percentages mark the establishment of modern vegetation
a. 2000 14C yr B.P. During the late Holocene, the pollen-based
econstructions of climate generally match the Mono Lake fluctu-
tions proposed by Stine (1990), but fewer fluctuations are re-
orded. © 1999 University of Washington.

Key Words: Quaternary; vegetation; California; palynology;
limate change; biogeography.

INTRODUCTION

Mono lake is a large (150 km2) hypersaline lake (Maso
967) at the heart of a closed basin in eastern California
estern Nevada (Fig. 1). The region is characterized by

opographic relief (3980–1950 m) and geologic heterogen
he Sierra Nevada to the west is comprised of granitic
etamorphic rocks, but most of the basin is covered
olocene volcanic deposits, alluvium, Pleistocene lake de

ts, and glacial outwash and till.
In historic time, lake level has fluctuated from 1960

942 m, and generally has been falling during the last 7
ean water depth is 19 m and the maximum depth is 5

outhwest of Paoha Island (Schollet al., 1967). A pycnocline
243
nd
at
y.
d
h
s-

r.
m

evelops at ca. 13 m depth in open water; salinity incre
rom 82 g l21 to 92 g l21 at that depth. Sodium is the ma
ation (28 g l21), and chlorine (17.5 g l21), carbonate (15.75

21), sulfate (9.8 g l21), and potassium (1.4 g l21), are the othe
ajor ions.
The chief aquatic animals are brine shrimp (Artemia monica)

nd brine flies (Ephydra hians), which live on green alga
Nannochloris, Ctenocladus cricinnatus), diatoms (Nitzschia
rustulum), and cyanobacteria (Mono Basin Ecosystem S
ommittee, 1987). Fish and cladocera presently do not li

he lake.

eteorology and Hydrology

Three-fourths of the annual precipitation falls as snow in
estern Mono Basin, but the proportion of summer rain

ncreases eastward (Vorster, 1985). Total annual precipit
anges from 127 cm at the Sierra Crest to less than 16 cm
f Mono Lake. Near the lake, soil moisture is below the wilt
oint (moisture deficit) from April to October (Kruse, 199
ean monthly temperature on the valley floor ranges from

n January to 20°C in July.
Surface runoff originates almost entirely in the Sierra

ada during spring snow melt. But flow is year round in sev
f the streams entering the west side of the lake (Fig
urface flow from other watersheds may contribute m
roundwater recharge to the lake (Kruse, 1990).

aleoenvironmental Studies

Mono Lake has been the topic of paleoenvironmental in
igation since I.C. Russell (1889) described its Pleisto
horelines and glacial moraines. Detailed reconstruction
ate-Quaternary and Holocene lake levels have been ma
utnam (1950), Lajoie (1968), and Stine (1990). The Ple
ene shoreline at 2134 m (Fig. 1) formed while the l
verflowed into the Owens River system through an outlet
f the lake.
Lajoie (1968) concludes that Mono Lake last overflow

3,000 14C yr B.P., with rapid desiccation interrupted ab
1,000 14C yr B.P. The high-stand is approximately conte
oraneous with the final (Tioga 4) Sierra Nevada glacial
0033-5894/99 $30.00
Copyright © 1999 by the University of Washington.
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ance (Phillipset al., 1996). Stine (1990) proposes an int
ediate lake level (1980 m) ca. 3800 ca. yr B.P. w

owstands ca. 1800, 1000, 720, 550, 380, and 190 ca. yr
he 1800 and 1000 ca. yr B.P. minima are below the his

owstand (1942 m; Stine, 1990).
Reconstruction of late-Pleistocene climate and veget

or the region include palynological studies of Black La
Batchelder, 1970; Fig. 1), Walker Lake (Bradburyet al.,
989), and Owens Lake (Woolfenden, 1996; Litwinet al.,
997). The most complete Black Lake core (Batchelder, 1
ates to 11,35014C yr B.P., and contains five volcanic ash
he pollen assemblage is dominated byPinus (pine) and
yperaceae (sedge). Peak percentages ofAmbrosia and
henopodiaceae-Amaranthusindicate low effective moistur
uring the early Holocene (11,350–523014C yr B.P.), with
aximum aridity 6000–700014C yr B.P. A similar chronolog
f early Holocene aridity (10,000–450014C yr B.P.) is docu
ented by Anderson and Smith (1994) for high-elevation l
nd meadows of the Sierra Nevada.
Early-Holocene aridity resulted in the desiccation of Wa

FIG. 1. Map showing location
.P.
ic

n

0)
.

s

r

nd Owens lakes. The sediments of Walker Lake (Fig
rovide a detailed record of climatic change from 30,00
5,00014C yr B.P., but the lake, which is now 35-m-deep, dr

rom ca. 15,000–465014C yr B.P. After the lake’s refilling, a
nterval of low lake level 2500–210014C yr B.P. is recorded b
he pollen and seeds of halophyticRuppia and radiocarbon
ated tufa deposits. However, the climatic interpretation o

ake-level record is complicated by diversions of the Wa
iver into and out of the lake basin (Bradburyet al., 1989).
Pollen analysis of Owens Lake core OL-92 likewise

runcated by early Holocene lake desiccation (Woolfen
996; Litwin et al., 1997). The late-glacial pollen spectru

s dominated byJuniperus(20–60%), and the early Hol
ene spectrum by increasingAmbrosia, Artemisia, and
henopodiaceae-Amaranthus.Packrat midden analysis pr
ides a similar vegetation chronology. Middens from the A
ama Hills (Koehler and Anderson, 1995), just north of Ow
ake (Fig. 1), record the demise of juniper woodland (Juni-
erus utahensis) and the establishment of Holocene taxa s
s wolfberry (Lycium andersoni) 11,000–800014C yr B.P.

ono Lake and the 1986 core site.
of M
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POST-GLACIAL CORE FROM MONO LAKE 245
ollen frequencies in the middens are similar to thos
wens and Black lakes, with juniper pollen dominating du

he full- and late-glacial time, and the Holocene assemb
ominated by Chenopodiaceae-Amaranthus, Ambrosia, Art
isia,and other Compositae.

METHODS

The sediment core was taken in 280-cm water depth o
estern margin of Mono Lake (Fig. 1) on August 31 a
eptember 1, 1986, when the water surface elevation
945 m, 3 m above the historic minimum. The coring loca
as selected on the delta of Post Office Creek to ensure
edimentation and to provide terrestrial plant macrofossil
adiocarbon dating.

Volcanic ashes were analyzed by Andrei Sarna-Wojc
nd Jill Onken, and radiocarbon samples were sent to
nalytic and the University of Arizona NSF accelerator fa

ty. Because the carbon cycle of Mono Lake is not in equ
ium with the atmosphere, bulk sediment, which contains
emains of aquatic organisms, cannot be used for radioca
ating. Sufficient wood was present at 60–70 cm for datin
tandard methods, but accelerator-dating samples were
icked terrestrial macrofossils.
Routine pollen extraction, including the addition of trac

cid digestion, and acetolysis, produced abundant,
reserved pollen (Davis and Kailey, 1990). The identifica
f Sequoiadendronpollen is based on the presence of a pap
lthough this morphological character also appears onSequoia
ndTaxodiumpollen, the presence of these taxa in the Si
evada during the late Pleistocene is not plausible. Cu
aceae pollen probably is mostlyJuniperuspollen, butCalo-
edruspollen might also be present.
Dates used for the lake core are interpolated14C dates, base

n the radiocarbon analyses presented in Table 1.

RESULTS AND INTERPRETATIONS

The 752-cm core consists of finely laminated gyttja (l
ud), sands, and volcanic ashes (Table 1, Fig. 2). The e

ore was black and emitted a strong odor of hydrogen su
hen first taken. The core slowly oxidized to dark yellow
rown (10YR 3/4). Distinct laminations from 230 to 594
Table 1) are currently under study. The sediment stratigr
f the core is similar to that of cores taken by Stine (1990)
ewton (1994), except that it is longer and more comp
ewton (1994, Fig. 11) presents an illustration for the core
oes not match the description in Table 1. In particular, I
o evidence that the thinolite crystals at 611–666 cm
edeposited. I see no erosional surface at the base o
hinolite unit, and the basal layer of sand (748–752 cm) is
s not cross-bedded, and is not a volcanic ash.

Six radiocarbon dates and six volcanic ashes provide
ologic control for the core (Table 1, Fig. 2). Three radio
f
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on dates are not used in calculating sedimentation rates
ore. The wood sample at 60–70 cm contains only 0.4 g C
ts date of 195014C yr B.P. (Table 1) is older than th
nderlying tephra and radiocarbon dates. The date of 46014C
r B.P. is rejected in favor of the date on pollen (AA 68
able 1; Longet al., 1992). The date of 12,26014C yr B.P. a
65–375 cm is clearly wrong and illustrates the pote
azard of dating small plant remains or charcoal from
ediment.
Eight volcanic ashes are present in the core (Table 1).

f these are identified by Sarna-Wojcicki as Mono Cra
shes, which are differentiated based on stratigraphic co
rations and hydration rind thickness (Onken, 1991). Tw

he ashes are from Mount Mazama (6700 and 699014C yr B.P.,
able 1). Mono Lake is the southernmost reported occurr
f these ashes. The ash at 200 cm (ca. 373014C yr B.P., Table
) was overlooked during preliminary description of the c
nd it has not been studied. The ash at 445 cm is a M
raters ash that has not previously been reported or dat
The resultant age model (Fig. 2) for the Mono Lake c

hows only one apparent gap in sedimentation of greater
few centuries duration, between 60 and 70 cm depth (

200 14C yr B.P.), bracketed by the North Panum and M
ephra 2 ashes (Table 1). In general sedimentation is s
0.52 mm/yr) after 700014C yr B.P. than before (0.94 mm/y
ig. 2).
The various sand layers in the core (Table 1) may result

owstands, flood deposits, avalanche debris, or un-recog
olcanic tephra. Sand layers at 1, 62–69, 160, 217–225,
07 cm (Table 1) probably represent lowstands. The su
and layer is correlated with the historic lowstand when
ake surface was near the elevation of the sediment surfa
he coring site. The sandy units, including the surface
enerally match hot–dry intervals discussed below. The
andy layers below 666 cm (955014C yr B.P.) may record lak
rying, but they could result from floods or avalanche de
The dense layer of thinolite tufa from 661–666 cm indic

ntensely cold water. Shearmanet al. (1989) have analyzed th
evelopment of thinolite in Great Basin lakes. The thino
rystals diagenetically replace ikaite, which forms ca. 0°C.
kaite to form in the sediment, the entire water column m
ave been near freezing. The thinolite zone (611–666
9000–9520 yr B.P.), Table 1) matches a cold period in
limate reconstruction (discussed below).
The pollen diagram (Fig. 3) is dominated byPinus (up to

0%) andArtemisia(sagebrush, 10–20%). Arboreal types (
ressaceae,Tsuga mertensiana, Quercus,andSequoiadendro
giant sequoia)) are relatively abundant, and non-arboreal
re generally scarce. The pollen concentration is higher (
ge 60,600 grains/cm3) before 70014C yr B.P., and lowe
average 24,500 grains/cm3) from 7000–200014C yr B.P. The
igher sedimentation rate during the earlier period (0.94
r, Fig. 2) yields a much higher pollen accumulation
efore 700014C yr B.P. (5700 grains/cm2/yr vs. 1270 grains
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OWEN K. DAVIS246
m2/yr). Given the relatively minor changes in pollen perce
ges ca. 700014C yr B.P., it is unlikely that the differen
ccumulation rates result from vegetation change. Rathe
hanges in sedimentation and accumulation rates probab
ue to changes in pollen transport to the lake, i.e., gr
ischarge of the streams flowing into the western margin o

ake (Fig. 1) prior to 700014C yr B.P. The increased polle
oncentration after 200014C yr B.P. can be given a simil
nterpretation, high stream discharge carrying pollen and
ic sediment into the lake.

The major features of the pollen diagram (Fig. 3) incl
odest increases (5%) of Chenopodiaceae-Amaranthusand
arcobatuspollen 9000–500014C yr B.P. and establishment
odern pollen frequencies after 200014C yr B.P. These fea

ures are consistent with other pollen diagrams of the area
; Black Lake (Batchelder, 1970); Alabama Hills (Kohler a
nderson, 1995)) that call for early-Holocene aridity. Li
ise, the higher (.10%) Cupressaceae values prior to 11,

14C yr B.P. and the increasedArtemisiaand Chenopodiacea
maranthusafter 200014C yr B.P. are consistent with the
tudies. However, the abundant (5–20%)Sequoiadendronpol-

en is a unique feature of this diagram (Fig. 3). The frequen
re,1% after 10,70014C yr B.P., and the latest occurrence

TAB
Mono Lake Core Sediment Stratigraphy

ediment
depth
(cm) Sediment description

14C date
depth
(cm)

La
num

1–62 Gyttja, silty, laminated from 37–59 cm,
sand 0–1 cm

62–69 Sand, wood fragments (cf.Populus)
common

60–70 Beta

69–130 Gyttja, silty, laminated from 147–154 cm
130–230 Sand and silt, dense sand units at 160, 140–150

217–225 cm, volcanic ash at 135 and 200–205 A
200 cm, ostracods present below 200 cm 200–205 A-62

230–594 Gyttja, finely laminated ca. 10 laminations 365–375 A
per cm, volcanic ashes at 349, 363, 450–460 A
405, and 445 cm

594–597 Sand (ca. 8880 yr B.P.)
597–611 Gyttja, very finely laminated ca. 13

laminations per cm
600–610 AA-2

611–666 Large thinolite tufa crystals, upright and
penetrating sediment layers

655–660 AA-5

666–752 Gyttja, coarsely laminated ca. 2
laminations per cm, thin sand layers
present at 684–686, 704–705, 707–708,
713–715, 717–718, 720–721, 723–725,
731–732, 741–742, and 748–752 cm

710–720 AA-4

a Onken (1991).
b 14C data not used in age model.
c Mehringeret al. (1977).
d Davis (1978).
e Identification by A. Sarna-Wojcicki.
-

he
are
er
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ig.
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s

a. 7800 14C yr B.P. In surface sample studies, Ander
1990) found thatSequoiadendronpollen drops to backgroun
alues (,5%) within 1 km of big tree (Sequoiadendron)
roves.Sequoiadendronappears to have occurred east of
ierra Crest, near Mono Lake, during the early Holocene
ithout macrofossil confirmation, an alternative explanatio
trong transport of pollen from the western Sierra Nev
annot be eliminated.
Coenobia and zygospores of freshwater algae (Botryococ-

us, Pediastrum,and Spirogyra) are common below 620 c
925014C yr B.P.). These microfossils indicate low salinity,
heir presence in the thinolite unit (Table 1) suggests
ccupied a freshwater epilimnion above saline hypolimn
hich implies a deep lake. Today a chemocline develop
3 m depth in open water (Mason, 1967), but the surface w

s usually hypersaline, so water depth 40 m above the thin
nit (Table 1) is not unreasonable (i.e., lake surface ca. 198
f. 1980 m for 3800 ca. yr B.P. maximum (Stine, 1990)
134 m for pluvial maximum (Putnam, 1950)).
Low percentages ofBotryococcus, Pediastrum,and Spiro-

yra from 670 to 720 cm (10,000–10,80014C yr B.P.) are
racketed by peak values of these types and for charcoal
). Also, Sequoiadendronand Cupressaceae percentages

1
adiocarbon Dates, and Volcanic Ashes

r

14C age
(14C yr B.P.)

Volcanic
ash depth

(cm)
Volcanic ash
identification

Reported
ash age

(14C yr B.P.)

65 North Panuma 5606 20

36 19506 110b

72 Tephra 2a 12006 40
-2517 20606 75 135 Tephra 3a 17306 30
873 37306 60 200 Unidentified (37306 60)

46056 60b

518 12,2606 120b 349 Mazamb 67006 100c

519 74856 120 363 Tsoyowatab 69906 300d

405 Mono Craters ? (7200)
445 Crooked Mdw. A1e 72706 80

89906 105

94506 95

10,7656 105
LE
, R

b
be

-210

AA
A-6
67
A-2
A-2

520

802

692
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POST-GLACIAL CORE FROM MONO LAKE 247
uring this “low algae” interval (Fig. 3). The dates match th
f the Younger Dryas, so environmental change coinci
ith this event is recorded; however, the climate recons

FIG. 2. Sedimentation age model for the Mono Lake core. Ave
edimentation rates shown for after and before 7000 yr B.P. Small numb
adiocarbon ages of sediment, dates (squares), or volcanic ashes (tria
1” symbols are positions of pollen samples. Numbers in parentheses a
sed in age model. Sediment composition shown at left. Nine narrow (les
cm) sand layers between 685 and 742 cm are not shown.

FIG. 3. Summary pollen diagram for the Mono Lake 1986 core. Pos
or the sediment. Lines to the right of filled curves are 103 exaggerations. Al
re recorded as percentages of the pollen sum.
e
nt
c-

ions for the interval are similar to the rest of the early Ho
ene (Fig. 4).
Figure 4 illustrates the calculation of vegetation cha

nd climate based on Mono Lake pollen stratigraphy. V
tation change is computed as the squared chord dis
etween adjacent samples (Jacobson and Grimm, 1986
alculations are based on 17 upland pollen types with
bundances greater than 2%. These analyses show va

ty in the early and late Holocene, and peak values of ch
1,000, 4000, 2400, and 113014C yr B.P. The 11,00014C yr
.P. peak marks the decline of Cupressaceae andSequoia
endronand the increase ofPinuspollen (Fig. 3). The 4000
400, and 113014C yr B.P. events coincide with sand lay

n the core (Table 1) and likely reflect major upland ve
ation change coinciding with Mono Lake lowstands. S
larly, the frequent peaks of vegetation change (Fig. 4)
he numerous sand layers (Table 1) may indicate near d
f the lake during the early Holocene. One of the col
vents in the record (9400 –920014C yr B.P. (654 – 640 cm
ig. 4) coincides with the thinolite unit in the core (Fig.
ut no thinolite is present at 520 cm (814014C yr B.P.), an
ven colder event in Figure 4.
The climate reconstructions (Fig. 4) are based on com

on of each fossil sample with a database of 1400 conte
ary surface samples (Davis, 1995). Annual precipitation
emperature are calculated as the average of the precipi

e
are
les);
not
an

s of age controls are shown on left. “A” is volcanic ash. “C” is a radioca
and charcoal (far right) are not included in the pollen sum, but their abu
ition
gae
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nd temperature values of the modern analogs. Note that
les older than 11,00014C yr B.P. (with highSequoiadendro
alues) do not have analogs (Fig. 4), so no climate value
alculated. The temperature in modern giant sequoia g
10–15°C; Harveyet al., 1980) is higher than the earl
olocene values shown in Figure 4.
The climate reconstructions show considerable variab

uring the early and late Holocene, corresponding to freq
ulses of vegetation change (Fig. 4). Compared to the
lacial, the average climate (smooth curve in Fig. 4) is r

ively dry and cool—ca. 100 mm less and 0.5°C below
lacial values. Note that the uppermost values (modern
rier and hotter than nearly all of the preceding values (Fig
his is consistent with LaMarcheet al.’s (1984) anomalousl

arge historic tree-ring widths for the White Mountains, but
ith Graumlich’s (1993) tree-ring reconstructions of clim

or the western Sierra Nevada.
Sharp temperature peaks precede the 4000 and 113014C yr

.P. vegetation-change maxima (Fig. 4). The coincidenc
hese peaks with vegetation-change maxima and sand
Table 1) indicate that high temperatures led to lake lowst
nd vegetation change. However, the lowstands appa
roduced gaps in the sediment record so that detailed r
truction of lake history is not possible. For example, the
ayer from 62–69 cm is bracketed by volcanic ashes dated
nd 120014C yr B.P. (Table 1). The vegetation change ca

ated for this interval is the second greatest in the core
tine (1990) records two lake-level fluctuations during

ime period, indicating a gap in the sedimentary record. Hi
ercentages of deteriorated pollen during the last 300014C yr

FIG. 4. Reconstruction of vegetation change and climate for the M
ake 1986 pollen core. Vegetation change calculations are squared
istances between adjacent samples, corrected for sedimentation b
ated horizons. Climate reconstructions are averages for best analogs (s
hord distances,0.14) in a 1400-sample database of modern samples.
s Dechambeau Ranch highstand. M is Marina lowstand.
m-

re
es

y
nt
te
-

e
re
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t

of
ers
ds
tly
n-
d

60
-
ut
s
r

Fig. 3) probably result from oxidation during lowstands
eworking during subsequent highstands.

CONCLUSIONS

ate-Glacial and Early Holocene: 11,600–700014C yr B.P.

Lake levels were high but fluctuating based on sedime
ion rates, pollen concentration, moderate percentages of
ater algae, and sand layers. Before 900014C yr B.P., the lake
as deep (surface elevation ca. 1980 m (Stine, 1990))
hemically stratified, based on the coincidence of thinolite
saline hypolimnion) and freshwater algae (fresh epilimni
he high sedimentation rates and high pollen concentr

ndicate that stream discharge from the adjacent Sierra Ne
ange was sufficient to maintain relatively high lake lev
owever, the 880014C yr B.P. (594–597 cm) sand layer (Ta
, Fig. 2) may record a drying event. If so, it was of m
horter duration than the desiccation of other lakes in
egion (Bradburyet al., 1989; Litwin et al., 1997).

The transition from late-glacial to Holocene vegetatio
arked by reduced Cupressaceae andSequoiadendro
ercentages—took place 11,00014C yr B.P., accompanied b
igh vegetation-change rates. The high (20%)Sequoiadendro
alues are a unique feature of the Mono Lake pollen st
iant sequoia may have lived east of the Sierra crest.
000 14C yr B.P., precipitation was lower, but lower tempe

ure and, therefore, lower evaporation kept lake levels
ively high. Low temperatures are suggested by the presen
hinolite tufa 9520–900014C yr B.P. and the low temperatu
ecorded 9400–920014C yr B.P. (654–640 cm, Fig. 4), an
ow precipitation is suggested by the elevated value
henopodiaceae-AmarantusandSarcobatuspollen, which in-
icate development of halophytic vegetation.

iddle Holocene: 7000–400014C yr B.P.

This period is characterized by lake levels more cons
han during the preceding interval, based on preserved
edimentary structure and the absence of sand layers
resence of ostracods (Table 1) implies water less saline
uring the subsequent late-Holocene, so lake-levels wer

ermediate (1980–1950 m (Stine, 1990)). Charcoal percen
nd reconstructed temperatures generally were raised d

he period, suggesting climatic control of fire.

ate Holocene: 400014C yr B.P.–Present

The last 400014C yr are characterized by fluctuating la
evels. Three intervals of peak vegetation change coincide
owstands ca. 4000, 2400, and 110014C yr B.P., when the lak
urface was near or below the historic minimum of 1942
hese events coincide with reconstructed low precipitatio
igh temperature (Fig. 4) and gaps in sedimentation (Tab
ollowing the 400014C yr B.P. drought,Pinus percentage
xceed 80%, the highest values in the core (Fig. 3),
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econstructed precipitation reaches maximum values (Fig
his interval is marked “DR” in Figure 4, indicating corre

ion with Stine’s (1990) Dechambeau Ranch highstand.
ubsequent low-precipitation interval 2400 is labeled “
orresponding to Stine’s (1990) Marina lowstand. Further
elations with Stine’s detailed chronology of lake fluctuati
re not possible, due to apparent gaps in the sedime
ecord.

The percentages of low elevation shrubs (Artemisia, Eriogo
um,other Compositae, and Chenopodiaceae-Amaranthus) are
igher after 200014C yr B.P., as the modern vegetation
ono Basin developed. High charcoal percentages ind

res were common in the developing sagebrush steppe.
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