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North American mammalian diversity and

Focene-Oligocene extinctions
Donald R. Prothero

Abstract,—Diversity and faunal turnover of North American land mammals are calibrated against the
magnertic polarity time scale for million-year intervals for the larest Eocene through late Oligocene. A
major, gradual Lace Eocene decline in diversity, caused mostly by an extended period of extincrion of
archaic forms, seems to be related to the worldwide crisis known as the “Terminal Eocene Event.” Along
with other evidence of gradual changes in deep-sea microfossils, this evidence argues against a catastrophic

. explanation for late Eocene extinctions.

Faunal subility characterized the resc of the Oligocene except for a wave of extinctions in the mid-
Oligocene (Chadronian-Orellan bounds.y, about 32.4 ma). This mid-Oligocene event is sudden and

severe, occurring in less than 200,000 yr, based on

from sedi ion rates calibrated from

magnetic polarity interval boundasies. The mid-Oligocene e

ent is found in many palcoclimatic records,

of the Circum-Antarctic Current and to

but not in all of them. It may be related to the completi
increased mid-Oligocene glaciation.
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Introduction

The Late Eocene and Oligocene were critical
periods in earth history. Duting these times there
were profound changes in vorld remperature
(Savin 1977), global oceanic circulation (Ken-
nett 1977, 1981), sea level (Vail er al. 1977),
the carbonate compensation depth (CCD) (Van
Andel 1975), marine biotas (Fischer and Archur
1977; Cavelier et al. 1981), and land floras
(Wolfe 1978). The Late Eocene—Oligocene was
the turning point of Tertiary climaric evolution
and sec the stage for the development of the
present-day oceans and climate.

This major change in world climate is also
teflected in land mammals. The changes in the
European faunas have recently been reviewed by
McKenna (1983), Brunet (1977, 1979), Cro-
chet et al. (1982), and Cavelier (1979). The
major event, the "'Grande Coupure’* of Stehlin
(1909), appears to take place near the Focene-
Oligocene boundary. Little derailed work has
been done on changes in the North American
mammalian faunas. Lillegraven (1972) dis-
cussed the diversity of Cenozoic mammals at the
ordinal and familial level, but the rime resolu-
tion of this study is only ar the level of subepoch
(“early,” *middle,” and “lace” Oligocene). Sav-
age and Russell (1983) have updated this com-

_changes in North American Oligocene land

piladion, but the time resolution remains on the
level of land mammal “ages,”” which average 3—
5 ma in length. Black and Dawson (1960) re-
viewed the Late Eocene mammalian faunas of |
North America bue did not discuss Oligocene
faunas in detail. Other authors (Gregory 1971;
Wilson 1972; Webb 1977) have discussed as-
pects of the Oligocene land mammal faunas in
a more qualitative sense. The attempt at a syn-
thesis by Clark et al. (1967) was also qualitative,
but is now badly out of date.

Recent paleomagnetic studies (Prothero 1982;
Prothero et al. 1983; Prothero 1985; Prothero,
in prep.) have made it possible to calibrate the

mammal faunas more precisely and to correlate
these changes with other changes in world cli-
mate. Fossil mammal collections with good
stratigraphic resolution (particularly those of the
Frick Collection of the American Museum of|
Narural History) have also made it possible to
document taxonomic ranges much more precise-
ly than in the past. It seems appropriate to re-
view our knowledge of Oligocene mammal fau-
nas and cheir temporal changes using this
information, since there is so much current in-;
terest in the Oligocene and the significance o
mid-Terdary faunal turnovers.

390 DONALD R. PROTHERO

J | 1
EPoC , TEXAS |NE.COLO SDAK|S W HDAK|S €. WYD. NG wy0. |[MON TMA
£ Lo .
<
ﬁ- Polasiide
g i
=z
= &
L
ol
w z
o ; < RON FM.
Olz z a
=3 o Crany
“ohason
- 3 .
o ’ «
o Py Ahsarn :
- "o o
0 -
-4
- -
a od Fi
3
@
=
&
w |
4
wl|z
<
kel B4
o|R
w|§
@
Ficure 1. Correlation of Late Eocene—Oligocene rocks and faunas with the magnetic polarity time scale. Correlations based

on Black and Dawson (1966), Wilson (1978, 1984), Prothero et al. (1983), Prothero (1982, 1985), and
(1986). The Oligocene record is now almost completely studied magnetostratigraphically, infl the pS::d:inn am:E nr:ynl:n:.
are much better than the Late Eocene, where relatively litle magnetosiratigraphy has been cartied our. Late Eocene
corrclations are thus more indirect, and this is reflected in the imprecision in faunal dating used in Figs. 2 and 3 and Table
1. (".Late Uintan™ = 45-42 ma; "Early Duchesnean’’ = 42-39 ma; "Late Duchesnean” = 39-38 ma). Furure work will
cermainly revise and refine Late Eocene correlations.

Abbreviations: ARIKAR, = Arikareean; CHATT. = Chartian; Lf. = local fauna; M, Mbr, = Member; NALMA =
ﬁ;lt;:)a\mericm land mammal “age”; WHITNEY. = Whitneyan. Epoch and Chron Correlations after Berggren et al.

Methods

The faunas used in this study, and their cor-
relacion wich the magnetic polarity time scale,
are shown in Fig. 1. Most of these faunas are
directly calibrated by paleomagnerics (Prothero
1982, 1985, in prep.; Prothero et al. 1982,
1983). For faunas from localities that have not
yet been sampled paleomagnetically buc can be
tied ro areas thac are (e.g., Rancho Gaitan local
fauna, McCarty's Mountain local fauna), I have
used the correlations of Emry et al. (1986). Some

faunas (e.g., Cypress Hills, Mink Creek, Pilgrim
Creek), which are not yet sampled paleomag-
netically, appear to span too much dme or are
too impredisely correlated to be useful to this
study (Emry et al., 1986). Their exclusion seems
to make no significant difference in the results.

The ranges of mammalian taxa are plotted
against their position on the magneric polarity
time scale in Fig. 2, based on the correlations
given above and the data in Prothero (1982).
In many cases, range dara are too poor to resolve
firse or last occurrences more precisely than with-




aydwBuens o jo wopy “Apwey Aq paueie arr wRUAD ew GE-Th = URURAPRQ Areg tews Zp—Cb = UEILIN 39V 3

PpuT | 's813 Ut s sHRWInYY Jwyy wRud pur wpwey vty V YoN jo voungusip ), T wndg
vodsomAyuy
vodsosen
4 uodrorerp = sdosAy
- unArousoy s sAwAQsesy
vodr0s8dsey - sdmnosrg
.| $19/DOOA NI sAwedses
wpue) sAmovospadsf
- soprepr0/S sdmovdpsy
- SISO OB, N
u vedsodes " copospundd
- N D
oy —— snBerovordn
=Y n snFerolpedd
DTN - snhsrorry
H 7 sninsdey
- enZvroersed
==
RN serserodedsvy 1 SIUIWOLIs04
-4 sAuosey - . *pruey
g esprpiucsen - anussIovey
et oopesetd — -
———— ] prsegowdy
ovopovesdy L o
- ordocooy
- sdaovoy - o108 TIN
sdwroys bt mpssoqron
- sagderordyy L. s2dDomg
27pe3 es1 eI MIvEpOY L snszsssorsoy
sAmneprIoNKy : 3 oLy
- : sdwneoy - snwopoesdg
- sdwnevosng L.l enigryson
snwy13098 -1 s1deing
sdwny nus smqsEoOnyy
24@asesovass u 20134 5010453
il 29134 20325¥
JoIsEI00OIIY - sdotpIsosd
eepLaone) -1 ovomddi
% sdmoevorsedif - -
sdwosdind —1— noospeyy
snwospey
snsnrIsoss snidmyap
- vor
sdwodAny el sdosonjosd
. omprAoodAtng et SoprosissIosd
19G100 = 2rro1044
oFpWRIS
eoprhmoshipry J . sdoess .y
— sdawoudysg -4 sdodsorpy
shmrsopog l=-f
sresen B snpoussdourty
—1 YA
= ox
“NUIM!M; = wnrrqIN2AN
- sAworemey =N
—~1— PilpeIon ’ 4
ewnopripy L snfrdoveas
- - o
(e 4
-1 domsq oo
L1 snorosf 1 oursartyers
et sdmesndosyrey — sdcwosedy
-1 sdwegsrys v dy
A 5072420870
L1 u:xun- - sor30p0dtes
-1 sawrdsy noed aes
ordoy ecpronde
) et soy30pRIng
sn. f anyseresed
n snavmrss pod.
- ARG d
@0 ACTRET KL K TITY ZERKEK S TN
30NVH  IVHOdP 3t vxvi JONVH  WHO4M3L vxvi
O¥IHIO¥d "¥ A1VNOQ z6¢

st anay, *Ausivarp Suiseanuy Ayrenpmag pue 3940

-wm Jo 9183 MO] ‘2UBISUCD ATE) © UM Lipqus
feungy jo pouad Guof © 51 KIUIAI ISP URMIY
“ex2 M3u Jo vopewBuo Joulw A[Uo A ‘suoh
-Jum Jo daem v Aprewnd st 3UdAd su08110
-prus 2y, “sdnoa8 U007 [ENPISs JO (U] PHOS)
UOIDUNX? JO IUNOUTE 35S ¥ YU (S3UL] PIYSEP)
suopemSuo Jo aaem ofre] € jo Apsow ssUED
30949 uBaUSAPN(] AT} YL (BW H'ZE moqe
‘Arepunoq UE[2I0-UBIUOIPEYD) UMD Iun0d
-O-pru 3y pue ‘Arepunoq suaofiQ-ucy
31 3103q (BW GE—LE) IUIAI UTUSIPRQ 1T
3P S[EAIANU] WD [DRID oM 10) 1daox> uels
-uo Aprey 51 233 saaoumy, “urned diseq sures
ap moys oI [efjruey pue dudwad ap yiog
-¢ 813 w1 s3uy| paysep pue prjos 4q paziBuILInS
ar¢ SUONBJIO[EY NP JO KNS Y], L '30u3 39A0
-t 3ip 51 g pue ‘Q jo Besae ay, ‘paureqo
are (‘g) ves vopounxe pue (‘) el vonsuifio
10) SInfeA ‘[EAJalUL AP JO uOREMP 3P Aq'g
pue 'Q Supiaip Ag “Ausiarp o) vey safuey
U112)-20YS 03 ANISUIS JI0W PMU S1 2B IUSY
-81S B S1 JIAOWITY [BUNBJ—— 4a80u4N] JOUNT]
-aprusufiews jo 33p1o 38y p jo e
wep [pwwew pue| 3wdeSQ A P 15288ns
01 Swads SHY], ‘UODENDNY [T A3 PIA ‘B3l
-3usy yinog jo Arensaf, Sip Inoydnosp ST
[ewww pue] G§ PUB €7 Umdq s0da Jreys
-Tepy “TejIuNS AJIA S SPRUAUIBW pUE] ULIWY
tpIop jo Anssarp feljg 31p (2 29 ‘1861
[eysTE) wpswy nog o1 paredwio)) Awn
-33] 3918} 3P Ul POYISIIAIP 0W yPRW e B
sofqrurey jo sIqusw dappurud ap e sdnos8
suan0fijO OW DU “DEYAIE JWOUOXE) B 3q
osfe pinod 3] *(LL61 IV pUB JPsy) sEolq
3w pue [EISILRN 1R0q W ASIAP A0] JO
sum ¢ Ajjesauss 5 3uofiQ atp DS ‘e 3q
Avw o3P SHYL “dl0zou) 18] AP 20 (6961)
qpm Aq pouodu enul usjpuwew UD
-tswy yuoN €11-Z8 Jo 38uw p ump Pmoj
ApyBys are saquimy ASIAp su008iO YL,
‘(1 ‘S1g) seare Aurw w0y SUONIYS STIORW
-ny Aq pasuasaidas pue azjdwod Apaneps s
p20321 3u0081j0 PuE 3UD0Y 1] 3P JO I AP
“12A3M0} 'S[PA9] 3uoSiQ Y0 UBR PAIj0d
[[P/ SSIj PUE PIAINSA oW e HPOI ueksu
-y 938 pue Ippru durs ‘Fuydwes sood jo
wejure ue 5q Asw ANSIAIp mof uskowiy 38|
sp Jo autog ‘UeAUSIPR(Y ApTEd 3 Jo 3B 0
sjqeredwod st YA ‘mo] uedampyy, ] € 0
VPSP SNONURUOD B 5} AR ‘(MOPq PISTOSIP)

16¢€

sis1) au0HO-plw P YV ‘eouafl 97 pue
sonwey £ J0 Yuad (uspuospey) e U080
-pur & 0) el ¢ pue SIPWE) CE JO MO
uzsusapn(g Apes Ue woy B Apeas © moys
SAa poq PYeaay), ‘Arepunoq ey e Lus
-1omp peipurgy ut dosp Sutpuodsaused ou S] AR
nq ‘wmuin) P Jo pud 3y 38 dosp Jjqednou
smoys ANSRAI JRUSD) “EAIUT P U] SLOMURX
J0 32QWNU 3P 51 ‘g PUB ‘JRAINT] AP UT (SOUA
.m0 151y Asevounjoad snid suoneiSiwusn)
suonemBuio Jo Pqwnu AP §1 'O ‘g [easanul ul
uxes umowy jo wins 3t 1's 3y ‘7/(F + '0)
— g = Wy B0} 3 Aq PIIE[rOJED s WY YL
393A0WM JO DIYD AP 10) suEsUIdWd Py
‘(gL61) 33drey jo (wy) vesw Fuuurs 3y jo
s g pareprOf ospe st Aussoarg ¢ "8 pus
1 3jqelL Ul ANSIaAtp [E10) JO SUIR) Ul pIzhTW
-wns 37U SEWILIBW PUE| UBNAWY YNON 3UD
-08jj0 put aud0j 8] 0§ WEP afues (z 813)
[epwey pue duaual Sy —isssatp (P10
sinsay

-suorsnpuod tofew 3y fuep ApumyiuBs
10U piroys IR sup ‘esauad awodyo Apeg
pUE UD0F ANT] LTT A0 paSesoas ‘19AIMOH
“Jeymawros sa8uma 3 pu 51| [eune) P Burp
Ajpaagropun jjs s03p9 dpydefovow pus suon
-gndiusw JNIOUOXB], “UAODY [[PM Apresopow
pue 3[qes Aprey §1 ssungy P JO Aurouoxed
[Pasp-Aptuey pue 213Ul ap ang “exw Jsow ioj
pasn 3q 01 umouy Apzood 0o [jus 3 Awouoxe
[PA3J-saDedg ap U33q JABY SUOISIAN fWOU
-oxw) Aressaxau a (e ey Ajdun 03 uesw 200
op | ‘exa asatp jo uonnquastp [esodusa 3 8u
-m31a21 &g g 813 v parsy] aue maep onydmBnuns
PUE JRUOUOX® JO SD.n0S YL oM pIYST
-qudun pue paysyqnd jo wrelipure ue Apfr)
st 5] pasn Awouoxw 3y, ‘sanSeayj0d Auww jo
oM 3P pUE UCHY[OD PR 3 WOy uops
-toju1 poystigndun pnw pasn aasy | ‘swd
1pes jo 28ues sydwSnens ap Sunuswsoop Uy

*QUIRADUI WD
euwi-] 02U S[EAINUL ISP IPIATP 03 Ispadust o
51 TEp S jO UONN|OSA) AP ‘UEIUSHPT(Y e
pue uriul) 218} 3 20 “S1B3A puESNOY PAIPUTY
m3j ® Jo voispad v 0) sfums I jo Avew
umop wid 03 papasu s 51 Spom dydeidpensolq
po[rop tprus ‘Ajpesazy] 003 suopeuyuisR) Buu
jo 38¢ 21njosqe 3y H[E 10U PNOYS KIPBA ‘03
-mop] -uorspardusy snp 3no 38urAT 03 Tl | JO
[easarus Surdures © pasn aaey | ‘snyj, W | ¥

ALISYAAIG NVITVRRVI 3N3D09Or0



OLIGOCENE MAMMALIAN DIVERSITY 393

TAXA TEMPORAL RANGE TAXA TEMPORAL RANGE
LUED. B Y BB WD N 0 39 €L ¥V uY oxe £ ]
Mmravides D 1
Qensctes Pe n
Neplopheneus fy rs T
Ruzmies —+ Aprecutus 1
Nimravus fmde Aytomeryz T
Dephoeaus 2 s -
Daphosasis Nesomerys 1
Depdoeaec, Tepochoerus H
oo Parsdyus -
Mustetayus J4 T
Carnivors iacertes redss| Lophohyus -
Hostctrs - Mlcrosus T
Parrcurs & =
Potsvogete B
yopssdontides 1 m
yepsedus =m Demerys m
Dlepheden - Aepinscoden | =11
Cotoden Bothrioden m
Iescioiophus - ad
) { Ap P
Pretaperus . s
Triplopedes — Batbrgenys
Ayracodan
Tripropus = LUmnetes
Tpuripropus - Mintochoerus
b Merycordodon
Zatzs, octen - Hadrofsptauchents u
y,‘.:‘,:::“ ] Preudocyciopidive m
Amynodentopsts - Aclistemycier =
Nesemynoden 1
&hinocerotides Protylepus u
o oy
Trigoesas arcaerys
Ampdiceencpus selyiop
" -
Qarno rhino — Carneidse
Posdroden m
Tezstterrum Postrotherivm
Eparippus L ;;mru:
Hoproippus = New geaut ]
Mesohippus
Mrobipp Poabromytus
ol Heteromerys
Manteocerss - Leopeotregutus -
Protstansiberium T Leptereodon =
Sthenodectes - Peoudoprotocerss
Duchssneodus =1 lr'rolaan: e
Menodus oromeryy ]
Dipiacodon s Hyperiraguiidse 1
tetodontsdee s
n yAyops Hypeortragulus
Dyscritochoerus 1 Parvitregutus
Leptechoorus Leptomerycides
Stsbsrus rE
Tayatsuidse Hendryeneryx
Perchoorus T

and caxonomic data in this study are derived from Macdonald (1963, 1970), Black and Dawsoa {1966), Emsy (1973),
Wilsen (1978, 1984, pers. comm.), Prothero (1982), and Emuy et al. (1986). In addition, the following sousces were
consuled: Neoplagisulacidse—Krishtaika ec o). (1982), Ostrander et al. (1979); Didelphidae—Setogouchi (1979), Green
and Mastin (1976), Ksishulks and Stucky (1983); Leptictidse—Novacek (pers. comm.); Aptemodontidse—McKenna
(pers. comm.); Micsoprernodontidee—Russell (1960); Adapisoticidae—Lillegraven et al. (1981), Setogouchi (1978); Eri-
naceidae—Bjotk (1975), Gawne (1968), Krishealka and Setogouchi (1977); Soricidse—Repenning (1967), Krishtalka and
Setogouchi (1977); Proscalopidae—Barnosky (1981); Pantolestidse—Cook (1934); Aparemyidae—Clemens (1964); Epoi-
cotheriidee—Rose (1978); Leporidse—Gawne (1978, pers. comm.); most Rodentia—Wood (1980); Cylindrodontidae—
Emay (1981); Eomyidae—Setogouchi (1978), Korth (1981a); Ischyromyidae—Prothero (1982); Cricetidae—Martin (1980),
Korth (1981b); Hy dontidze—Mellest (1977); Cami Galizno (pers. comm.); Amphicyonidee—Dawsoa (1980),
Emry and Hunt (1980), Hunt (pers. comem.); Mesonychidese—Emey (1981); Helaletidze and Tapiridee—Radinsky (1963);
=:' 1, s R ad:, ':&‘%7’; A y (1198-'1) Eqwu”nmde.L;L (l9:::;::d-s’“d, -J( Rad: l’ (l%7).
Prothero (in prep.); Brontotheriidse—Emry , Equidse—Emzy (1981), Prot in (in prep.); Lepcochoes-
idase—Edwards (1976); Entelodontidae—Emry (1981), Wilson (1971); Tayassuidse—Woodbume (pers. comm.); An-
thracotheriidse—Russcll (1978), Macdonald (1956); Agriochoerid (1981), Wikson (1977); Merycoidodontidae—
Scevens (pers. comm.); Camelidse and Ocomerycidae—Wikson (1974), Prothero (in prep.); Leptomerycidze—Black (1978),
Storer (1981); Hypertagulidae—Emry (1978); Protoceratidze—Emry and Srorer (1981), Patton and Taylor (1973).
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Ficuae 3. Summary of diversity data lisced in Fig. 2. §,
(open bars) = sum of known ¢axa in interval i; Rm (pat-
cerned bars) = ing mean (comp d for effects of
wmaver); E, (solid kinc) = extinction rate per million years;
O, (dashed line) = originstion rate per million years; L.U.
= Late Uintan (42-45 ms); E.D. = Easly Duchesnean (39-
42 ms).

also a short period of relative stability during che
late Orellan and Whitneyan, after che effects of
the mid-Oligocene event have receded.
Seatistical significance of these rumover peaks
was calculated using Raup and Marshall's (1980,
formula 2) method for estimating the chi-square
statistic. In the familial dara, only two extinction
peaks were statistically significant ac the 95%
confidence level (chi-square greater than 3.841
with 1 degree of freedom). These peaks occur
in the late Uinran and the Chadronian—Orellan
(32.4 ma). On the generic level, four extinction
peaks were significanely above background: the
late Uintan, eatly and late Duchesnean, and
Chadronian—Orellan. Originations show a slighely
different pattern. The early and late Duchesnean
generic peaks and the late Duchesnean familial
peak are the only ones significantly above nor-
mal. The seability of the Chadtonian faunas, and
of the late Orellan and Whitneyan faunas is
corroborated by the fact thac none of their E; or
O, values are significandy above the critical value
ac che 95% confidence level. Statistical analysis

thus supports the subjective assessment based on
visual inspection of Fig. 3. The late Uintan and
Dushesnean *‘ages” and the Chadronian-Orellan
boundary are periuds of significantly high ex-
tincion, and the only unusual increase in origi-
nations occur in the Duchesnean.

Discussion

The trends shown by the data above have
long been recognized by mammalian biestrarig-
raphers in a qualitative sense. Lillegraven (1972)
found a somewhar similar pattem in his quan-
ttative scudies on the ordinal and familial level.
Bur the higher temporal and taxenomic resolu-
don in the present data brings out two fearures
that have not been previously discussed:

1. The gradual development and severity of
the Terminal Eocene Event and che srability of
the Chadronian fauna;

2. The abrupt nature of the extinctions at the
end of the Chadronian.

The Eocene—Oligocene sransition.—Black and
Dawson (1966), Lillegeaven (1972)) Wilson
(1984), and Webb (1977) discussed the Eocene-
Oligocene transition in Nerth American land
mammal faunas. Several elements combine to
cause a drastic faunal change. The most impor-
cant is the wholesale extincrion of many archaic
groups (i.e., those thac are characeeristic and
dominant in the Paléocene and Eocene), These
include mixodectids, microsyopids, taeniodonts,
achaenodonts, uintathetes, nyctitheriids, anap-
tomorphine primates, sciuravid rodents, dicho-
bunid artiodactyls, limnocyonid and *‘miacid"
camivores, mesonychids, hyopsodonts, isectolo-
phid capiroids, and the ceratomorph Hyrachyus.
Black and Dawson (1966) have provided the
most thorough review of the changes in the fau-
na during this cransition. Other archaic groups,
such as the lophiodontid perissodactyls, cromer-
ydid artiodactyls, muldtuberculates, apatemyids,
epoicotheres, and pantolestids, become ex-
tremely rare and finally disappear in the Chad-
ronian, Dermopterans vanish from North Amer-
ica at the end of the Eocene, although there is
still an extant form, Cynocephalus, in Asia. These
archaic forms give way to a large number of taxa
with a more modem aspecr, labeled the *“White
River Chronofauna” by Emry (1981). The
White River Chronofauna appatently remained
quite stable until the Arikareean, excepr for the:
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DOUGLAS AREA, CONVERSE CO, WYO. _

LUSK AREA, NIOBRARA CO, WYO.

ORELLAN
M. oracilis

o L ovensi
Pk
Eumine

Laptauchenne

N P tatuatom

<hADRONIAN

|

g L

ORELLAN

L oversi
e
P witsord

N P latvetum

CHAORONIAN

Picuaz 4. Denils of the mid-Oligocene event (Chad:

Orellan ition). I faunal ranges, speciation events,

and dwarfing intervals are shown for two key sections in esstern Wyoming. PWL = Persistent White Layer. Sedimentation
rate for Chron Clr reversed magnerochron is 133 m/ma &t Douglas and 98 m/ma at Lusk. Using these rases, the time

represented berween the last spp of ycids and Yederimys, and the lase app

200,000 yr at Lusk, and 137.000 yr ax Douglas.

second wave of extnction at the end of the
Chadronian (discussed below). Many living fam-
ilies, including the leporids, canids, camelids,
heteromyids, sciurids, rhinocerotids, and soricids,
first appear duting this *“modermization™ (Lille-
graven 1972). There is also a peak of apparent
immigration of groups, particulacly from Asia
(Simpson 1947; Webb 1977) during the
Eocene—Oligocene transition.

Contrary to the popular image of the Ter-
minal Eocene Event as a single, shore, cata-
strophic event in the oceans (Ganapathy 1982;
Alvarez et al. 1982; Asaro et al. 1982), the
Oligocene diversity data for land mammals pre-
sented above suggest a more complicated, ex-
tended transition. The majority of archaic groups
were gone by the early Duchesnean (about 42
ma), well before the Eocene-Oligocene boundary
(according to Berggren et al. 1985). There is a
consequent diversity low during the early Du-
chesnean which is not replaced undl che late
Duchesnean. The actual Eocene-Oligocene
boundary in North America (the lace Duches-

e of B iidae is about

nean—earliest Chadronian) is marked more by
immigration of new taxe and diversification of
local groups, and only tv a lesser extent by a
second wave of extinction of archaic groups. This
hardly corresponds to the pattem of diversity
that would resule from a single asteroid coflision
(as suggested by Ganapathy 1982; Alvarez e
al. 1982; Asaro et al. 1982), where a large num-
ber of groups would be extinguished indiscrim-
inately. Instead, the diversity pattem strongly
suggests that the cumnover is due to faunal in-
terchange berween Asia and North America. The
Eocene-Oligocene transition matks the end of
endemism in European mammals as well (Cav-
elier et al. 1981; Brunet 1977, 1979). European
mammalian faunas show u gradual transition in
the Late Eocene leading to the Grande Coupure
(Crochet et al. 1982). J¢ is probably not coin-
cidence that the drying up of the Turgai Straits
across central Asia, which separated eastern and
western Asia in the Lace Eocene, is believed to
have occurred near the Eocene-Oligocene!
boundary (Heissig 1979; McKenna 1975,
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l983).sofuasdletimingof:hisevmtmnbc
resolved.

This picrure of Late Eocene—Early Oligocene
dererioracion, diversity low, and gradual replace-
ment also emerges from the studies of deep-sea
microfossils and benthic molluscs, Hansen (1984)
reports a coatinuous decline in Gulf Coast bi-
valve diversity through the Late Eocene, with a
much larger event at the Middle/Late Eocene
boundary than at che Terminal Eocene Event.
Accoeding to marine micropaleonologises (Haq
and Lohmann 1976; Codiss 1981; Keller 19833,
b; Codliss et al. 1984; Snyder et al. 1984), dhe
record of foraminiferans and calcareous nanno-
plankeon shows no cawastrophic change at the
Eocene-Oligocene boundary. Instead, dhere is a
pareern of gradual tumover and replacement

our over nearly 5 ma thac cannor be
explained by a single caraswophic evenc (Corliss
et al. 1984).

The Mid-Oligocens event.—In contrast with
the Eocene-Oligocene cransition, there has been
relatively little discussion of the Chadrenian—Or-
ellan cransition. In the past, the only raxon to
generate significant attention was the titanothe-
res, but recent work has shown thac many other
groups disappear at neacly che same dme. As
indicated in Fig. 4, che Chadronian—Orellan
mansition is dominated by a wave of excincrions,
particularly of archaic forms, which are charac-
ceristic of the Eocene and Early Oligocene. In
addition to the dranotheres, these include pan-
tolestids, epoicotheres, paramyid and cylindso-
dont rodents, and oromerycid artiodacryls. There
are also numerous generic and species-level
changes. The first appearance of leprauchenine
oreodonts and eumyine cricetid rodents (both
important in che later Oligocene) occurs during
this eransition, and rapid dwarfing took place in
the oreodont Miniochoerus (Lander 1977; Pro-
theto 1982). The genus then smabilized chrough
the rest of the Orellan.

In addition to the raw diversity dara, non-
quanticacive differences in the fauna are quite
revealing. Two groups of low-cowned foresc
browsers, the titanotheres and oromerycids, be-
come extinct. The mole-like epoicotheres also
vanish, although the proscalopine moles persist.
However, the Orellan faunas include very few
animals that show major ecological differences
from typical lare Chadronian faunas. The dom-
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Ficume 5. Comparison of North Americen chronology with
the European chsonology aad the i ity time

inant Orellan groups are the same as chose dom-

inant in the late Chadronian: oreodonts, lepto- |

merycid artiodactyls, rabbis, horses, camels, and
thinos such as Hyracodon and Subbyracoden. The
only noticeably high-crowned group to appear
in the Orellan is the leprauchenine oreodonts,
and they are scarce until the Whitneyan. The
paramyid-cylindrodone-dominated rodenc fauna
of the Chadronian is replaced by a eumyine cri-
cetid fauna of the Orellan, Whitmeyan, and Ari-
kareean. Alchough eumyine cricetids ase more
advanced in their jaw musculature chan para-
myids or cylindrodonts, they are not more
high-crowned. On the other hand, che abundant
ischyromyid rodents are unaffected by the
eransition. It appears that the rapid and severe
environmental swresses at the Chadronian-Orel-

lan boundary selectively affected only the archaic:
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Tame 2. Compari of ina} E and mid-Oligocene events.
Qimazx record Tn%—mm %‘“ Sousce
Tesrestrial records:
North Americen land Major extincrion 2nd Major extinction, dwarf-  This paper
mammals . mignations ing
North American land Drop in divessicy, de- Divensity low Huzchinsoa (1582)
tepeiles creased cemperature
colerance
European land mammals Graade Coupure (17 Sannoisian-Seampi Bruner (1977), McKenna
generic extincrions, event (7 generic ex- (1983)
20 originations, 23 dncrions, 6 origina-
. unaffecred) tions, 39 unsffecred)
North Ameriaan land Minor drop in tempera-  Major drop in tempers-  Wolfe (1978)
floras ture ture, decreased equa-
Europesn land fomas Major drop in cempera-  No yee recorded Cavelier et 2l. (1981)
nuce
North American palcosol Hormid ok L Subharmid i be Reailack (1983)
subhumid come subarid
Masine diversicy:
Marine benthic faunas Major decreasc in dives-  Incremsing diversicy Cavelicr et al. (1981)
- sy
Phytoplankeon diversity Major decrease in diver-  No vecorded change Fischer end Asthus (1977)
sity
Dinoflagetlate diversicy No change Small decresse Fischer and Arthur (1977)
Braarudospbatra coze Noae secorded Several Percival (1984)
Plankeonic foraminifers Gradual diversity de- Abundant cool water Keller (1983a, b)
. crease forms
Marine chordaces Small decrease in diver-  No recoeded change Fischer 20d Archur (1977)
sity
Geochemical evidence:
Benthic mollusc 30 2.5%o increase Gradual decrease Cavelier et ol. (1981)
Benthic foram §*0 1.2%0 increase 1.0%o increase Savia (1977)
Plankeonic foram §*0 2.0% increase Slighs increase Savin (1977)
Plankeonic foram 8'C Small dearease Lasge decrease Cavelier et al. (1981)
Geological and graphic events:
Palcotemperaruse curve 5°C decrease 3°C decrease Savin (1977)
Scdimentasion rate Mzijor decrease Slight increase Cavelier et al. (1981)
Casboaate compensation Big dearease No change recorded Cavelier et al. (1981)
depeh (CCD)
Sedimeniary hiztuses Majoc incresse Mzjor decrease Cavelier ez al. (1981)
Sea-level change Small drop Major drop Vail eg al. (1977), Poag
. ) i and Schlec (1984)
Explasive volcanism Small increase Large increase Axcirod (1981)
Cusmic/extratersestrial Ir anomaly () Not recocded Alvarez ex al. (1982),
. Ganapachy (1982)
Oceanic events Development of psy- Major Anrascric ice ad- Kennete (1977, 1981),
chrosphere; fisst sea vance; deep-water cit- Keigwin and Keller
ice; beginning of cis- culation between (1984), Miller ex al,
Qum-Antascic circu- Aatarctica and Tas- (1983), Miller and
lation; vpening of mania Faitbanks (1983), Muc-
Greenland-Norway phy and Kennert
passage and Arceic (1983), Heissig (1979),
exchange with Adza- Berggren (1982)

tic; Turgai Seraits dry
up

groups and did not cause any noticeable mor-
phologic change (Prothero 1982) in respense to
environmental stress (except possibly for dwarf-
ing in Miniochoerus noted above). There ase a

number of speciation events ar or near the
boundary (Fig. 4), bue they do not reflece fun-
damental changes in ecology. There is no ap-
parent increase in tooth cown height at this dme, ;
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but che fauna recovered somewhat through the
Early Oligocene, only to dedline again in the
mid-Oligocene. This is in good agreement with
the stepwise drop of the paleotemperature curve
(Savin 1977) and the two-step drop in sea level
(Vail ec al. 1977). The mid-Oligocene drop in
diversity may not have been as severe as the
Tesminal Eocene Event because the Early Oli-
gm&mmmdmdymivmsofdﬁs first

A number of explanations have been pro-
posed for the stepwise changes in climates and
faunss in the Late Eocene and Oligocene. Ken-
aete (1977, 1981) and Murphy and Kennett
(1985) have suggested that the initial develop-
ment of the psychrosphere (cold botrom water)
end significant sea ice occurred at the end of the
Eocene as 2 result of opening of the shallow
water passage berween Antarctica and Australia.
The opening of the passage between Greenland
and Norway, which allows dirculation between
the Arctic and North Adantic Oceans, is also
believed to have occurted near the Eocene-Oli-
gocene boundary (Talwani and Eldholm 1977,
Berggten '1982; Miller and Pairbanks 1983).
Thus, the severity and length of the Terminal
Eocene Event may be due to the fact that it is
. the net effect of two slowly developing tecronic
events that radically alcered global oceanic and
atmospheric dirculation.

On the basis of recently studied cores frem
neat Australia, Murphy and Kennetc (1985) have
shown that deepwater circulation over the South
Tasman Rise berween Tasmania and Antarcrica
commences during the mid-Oligocene eveat. The
initiation of deepwater circulation caused a major
decoupling and thermal divergence between
equatorial and polar waters. This, in cum, stim-
ulated ice cap formation and sea-level change.
The major change in dirculation also caused
tumover in the oceanic carbon, as shown by the
carbon isotope record. It appears that the mid-
Oligocene event is as severe and profound as the
Terminal Eocene Event. The completion of Cir-
cum-Antarctic dirculation took place in the late
Oligocene or carly Miocene, when the Drake
Passage opened berween Antarctica and South
America (Barker and Butrell 1977).

Recently, several hypotheses involving extra-
terrestrial causes for extincrions have atcracted
considerable atrention. Fischer and Asthur (1977)

firse postulated a 32-ma cycle berween “poly-
waxic” and “oligotaxic”* episodes in the world
ocean. The mid-Oligocene event falls at one of
the “oligotaxic™ peaks, but the Terminal Eocene
Event is not explained by their model. Alvarez
et al. (1982), Asaro et al. (1982), and Gana-
pathy (1982) auribuced Eocene-Oligocene ex-
tinctions to extraterrestrial impacts, indicated by
iridium anomalies and microtektites. Buc there
are many problems with the dating of these, as
Berggren et al. (1985) have thoroughly docu-
mented. Kyte (1984) has shown that none of
the Eocene—Oligocene iridium layers is signifi-
cantly above the background noise level. If any
microtekdite dates can be believed, they seem to
indicate an Early Oligocene age (about 34 ma,
or about the age of the North American strewn
field), which corresponds to no known extinction
event on either land or sea. Recent evidence of
multiple microrekrite layers (Keller et al. 1983a,
b) make it likely that there were frequent show-
ers of extraterrestrial matter in the Late Eocene
and Oligocene. Keller et al. (1983a, b) attribute
the concentration of microtektites to dissolution
at hiaruses, Even if the microtekdite layers do
represent discrete events, their distribution bears
no resemblance to the paccern of faunal change
seen on both land and sea.

In shore, camastrophic hypotheses have licde '

suppore in the Eocene-Oligocene fossil record,
as derailed above. The Eocene-Oligocene tran-
sition in land mammals spanned at leasc 6-7
ma and seems to be related to the major faunal
interchange between Europe, Asia, and North
America at thac dme. The mid-Oligocene event
was more abrupe (lasting less than 200,000 yr)
but hardly catastrophic in its effect on the fauna.
Mose of the change is due to the extinction of
groups that were dominant in the Eocene. These
patterns are also seen in the marine microplank-
ton (Keller 1983a, b) and strongly contradict
the catastrophist models. If the geochemical and
cektite evidence for extraterrestrial impacts even-
tually proves to be real, the biosphere ook little
notice.

Raup and Sepkoski (1984) have reported a
cycle of extinctions of 26 ma. Several autho
have atcempted to explain these cycles by th
sun's vertical oscillation in the galactc plan
(Rampino and Stothers 1984; Schwarz and|
James 1984) or by an unseen companion stac
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the sun initiating comet showers (Davis et al.
1984; Whitmire and Jackson 1984). As Hallam
(1984) has shown, the relevance of these spec-
ulations depends greatly upon the accuracy of
their dating, and Hallam documents some seri-
ous problems in this regard. Specifically, nuae of
these models explaing why there is both a pro-
tracted Late Eocene event (from abouc 37 to 42
ma) and a mid-Oligocene event (30~32.5 ma).
In addition, Kicchell and Pena (1984) have
shown that the apparent periodicity reported by
Raup and Sepkoski (1984) can be simulaced by
a stochastic autoregression model, which casts

- doubt on some of these deterministic explana-

tions.

Extraterrestrial hypotheses founder on an even
mote difficule problem than dating. They do not
take into account the profound oceanographic
and dimatic changes that are well documented
in the Late Eocene and Oligocene, which must
have affected the biota. These changes include
the formation of deep bottom water, the open-
ing of deepwater passages due to continental
separation, and major changes in sea level, the
CCD, and in oceanic circulation. Clearly these
changes ate much more sarongly affected by plate
configuration and ice volume changes than they
are by the influx of extraterrestrial matter. The
faunal, floral, and dimatic changes discussed
above are also much more in accord with a mod-
el that takes into account the profound but pro-
tracted nature of oceanographic change. Much
further work is needed to test these hypotheses,
bue for the present, any explanation of mid-
Tertiary extinctions muse explain not only biotic
crises but also the profound oceanographic and
climatic changes that occurred at this time,

Condlusion

A derailed study of Oligocene land mammal
diversity in North America shows the following
features:

1. A gradual Late Eocene drop in diversity
resulting from extinction of archaic groups and
immigration of new groups;

2. Faunal seability through the Oligocene, ex-
cepr for a mid-Oligocene (about 32 ma) wave
of extinctions.

This two-step faunal change is seen in many
other paleoctimatic, paleoceanographic, and fau-
nal records. It seems to be related to the devel-

opment of the Circumi-Antarctic Current and to
the concomitanc development of Antarctic gla-
ciation.
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