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Mass extinctions among families
of non-marine tetrapods : the data

by MicuagL J. BENTON*

Absiract — There are 858 families of living and extincl non-marine tetrapeds. Of these. 776 have  fossil record. The geologieal ranges of these
milies are tabulated, accurate 1o the tevel of the stratigraphic stage (meun duration, 6 Ma). These duta are used 1o indicate the vecurrence, wnd the
sinitudes, of six mass extinciion events, The fossit record of non-marine tetrapods is generally regarded as poor. and this question is explored. The
mpleteness of the record varies from 8 % {no (ossilsy o apparently 100 % for some slages. Lissamphibians have the most incomplete record. and
¢ synapsids and the mammals appear to have the mosl complete record,

Les crises biologiques dans les famiiles de tétrapodes nen-marins : fes données

Résumé, — 1y a 858 Tlamilles de téirapodes non-marins fossi

tes et actuelles, 776 sonl représentées a I'éwt fossile. Loy disteibutions

sligraphiques de ces famitles sont énumérées jusqu'au niveu de Pélage stratigraphique (durée moyenne, & Ma). Ces renseignements sonl wtisds pour
diquer existence et I'impertance de six crises biotogiques. Les documents fossiles concernant les 1élrupodes non-maring sonl considéres géneritiemen
mme incomplets et cette question est examinée. L'état dey documents varie de 0 % {pas de fossiles) d. apparemment, 100 %% pour quelyues ¢lages
5 lissamphibiens sont le plus incomplélement représentés landis que les synupsides el les mammiféres semblent étre le mivux représentés,

[. — INTRODUCTION.

The fossil record of non-marine tetrapods (amphibians,
sptiles, birds, mammals) offers useful information on
jass extinctions, adaptative radiations and rates of evolu-
on [e.g. Van Valen, 1973 Bakker, 1977; Martin & Klein,
984 Russell, 1984: Benton, 1985b, ¢; Padian & Clemens,
985). However, the fossil record of non-marine tetrapods
. very poor in parts, and it might be considered too
atchy for worthwhile evolutionary studies. In this paper,
tabulate the record of families of terrestrial tetrapods,
nd attempt to assess the completeness of that record for
ifferent time intervals and for different taxonomic
roups. The listing may be used as a supplement fo the
ompendium of families of marine invertebrates and
ertebrates by Sepkoski [1982).

11. — THE DATA SET.

A compilation of the fossil and living famiiies of
yon-marine amphibians, reptiles, birds and mammals was
nade (see Appendix). Fully marine groups were exciuded

* Department of Geology. The Queen's University of Beilust, BT77
NN, irlande du Nord.

Nole présentée & Ja séance du 21 oclobre 1985, manuscrit remis le 12
vovembre 1985, texte définitif regu le 2 janvier 1986

(i.e. mesosaurs, ichthyosaurs, placodonts, nothosaurs,
plesiosaurs, marine lizards (mosasaurs, aigialosaurids,
dolichosaurids), marine turtles (carettochelyids, protoste-
gids, toxochelyids, dermocheiyids, cheloniids), and ma-
rine mammals (cetaceans, sirenians, desmostylians, pinni-
peds). A number of remaining families are partiaily
marine in habits, but they were retained in the list.

The list of families was compiled {rom the latest
general taxonomic reviews, where possibie, and supple-
mented by more recent papers, up to 1985 The mamn
sources of data are noted at the beginning of each major
group, and subsidiary references are indicated for some
families. The total number of tiving and extinet families of
non-marine tetrapods is 858. Of these, 82 families have no
fossil representatives, leaving a total of 776. Further, 77
families of extinct tetrapods are represented by only one
species (often based on a single specimen lrom a single
locality). These familties are listed in the Appendix, but
calculations were based on the remaining 699 families
alone.

The total range in geclogical age for cach lamily was
determined from the most recent literature, and this was
resolved to the level of the stratigraphic stage. The
Miccene and Pliocene were not divided into stages, and
ages were determined as Lower Miocene, Middle Mio-
cene, Upper Miccene, or Pliocene. The duration of the
stratigraphic stages during which tetrapods lived varies
from 2-19 Ma {mean duration, 6 Ma}.

This compilation of data is a slightly revised version of

the data set used in a number of other publications
[Benton, 19830, ¢, 1986].
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I, — MASS EXTINCTIONS.

Mass extinctions of non-marine tetrapods may be
detected in a broad way by examining a plot of total
family diversity through time (fig. !). There is a general
rising trend in total family diversity from the Famennian
to the present-day, and this trend is particularly marked in
the late Cretaceous and Cenozoic parts of the diagram.
The number of families present remained below about 50
until the late Cretacecus (Campanian), when it rose to
70-80, and it increased thereafter to the present total of
337. These results are discussed in more detail in Benton
{1985b].

Declines in diversity occurred several times. These
declines could be interpreted as extinction events, or as

MoJBENTON

the result of a particularly poor fossil record. Benton {1498}
b} argued that there were probably six mass extinctions i
the record of non-marine tetrapods {fig. 1}, and that thes
declines in the mid-Permian, the early to mid Jurassic, and
the mid-Cretaceous were causéd by a particularly poai
fossil record. This topic deserves further study.

IV. — COMPLETENESS OF THE RECORD.

The fossil record of non-marine tetrapods is veyy
patchy, and palaeontologists rely heavily on a relatively
small number of fossil Lagerstitten for their information
in much of the pre-Cenozoic. In some cases, the record i4

300
337 4
1. Early Permian (Sakmarian — Artinskian) -58%
. 8
2. Late Parmian - earty Triassic (Vatarian — Scythian) -49%
4 3. Late Triassic (Norian ~ Rhaetian) -28%
4. tate Cretaceous (Maastrichtian) ~14%
5. Early Cligocane (Rupelian} -8%
200 — 6. Late Miocena (Tortonian - Messinian) -2%
L2l
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.
&
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T ] T [ T ‘ T
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Geologic time {x 108 years)
Fic 1. — Standing diversity with time for families of terrestrial tetrapods. The upper curve shows Lotal diversity with time. and six apparent mas 14
extinctions (rumbered 1.6} are indicaied by drops in diversity. The relative magnitude of each drop is given in terms of the percentage of families that I
disappeared. Three assembluges of families succeeded each other thraugh geological time : | lubyrinthodont amphibians, anapsids, mammal-like reptifes, i !
I1. early diapsids, dinosaurs. pterosaurs: 11, the “modern®™ groups © frogs. sulamanders, lizards, snakes. turtles, crocodiles. birds, mammals. {Further H
details ure given in Benton [1985b]). Carh. = Carboniferous: Dev. = Devonian: Trias = Triassic. |
FIG |~ Diversité des rérapodes non-imaring en foncrion des wemps géoiogiques. La courbe supérienre monire lu diversité ioiale, er six crises biolugigues Y
possibles (énwnérées 1-6 soni indiquées par des réductions de la diversité. L'importance relative de chaque réduciion est donnée en pourcenrage de fanmilles b
qui disparaissent. Trois groupes de familles se sont sucéddées an cours des temps géologiques : 1. labvrinthodontes, anapsides. svnapsides: I, diapsides ; .
primitifs. dinosaures. ptévasaures: 11, les groupes “moderes™ : gresouilies, selamandres, lzards, serpenis. tortues, crocadiles, oiseanx, manuniféres, { o f}
en savair plus, voir Benton [1985h]i Carb. = Carbenifére; Dev. = Dévonien; Trias = Trius. : &
cool
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poor that there are only one. or two specimens known
wn a stratigraphic stage, and in the Aalenian (middle
iniassic), there are no records at all.

There are various ways of assessing the completeness of
5 fossil record [Paul,1982). The simplest is to compare the
sumber of taxa that have been recorded with the number
it are known to have occurred in each stratigraphic
singe. If:a family is known from below and above a stage,
it must have occurred during the intervening interval, even
if specimens have not been found (this pheromenon has
peen termed the Lazarus effect by Jablonski [1983, 1986]).
i"Then said Jesus unto them plainly, Lazarus is dead..
And he that was dead came forth, bound, hand and foot
with grave-clothes...”” : John, xi, 1-44]. The more “Laza-
fus” taxa there are in a stratigraphic stage, the more
incomplete that part of the fossil record is.

In order to calculate the completeness metrics, the full
ranges of all 699 families of non-marine tetrapods that are
known as fossils were plotted, A survey was made of the
fecords for each family, and fossils were noted as “'pre-

sent” or “absent” for each stage during which the family .
is known to have existed. A matrix of 3 861 records was

penerated, of which 2 623 were known occurrences. The
jemaining 1 233 records then represent “'Lazarus” taxa. A
simple compieteness metric for the entire record of
non-marine tetrapods is 2628/3861 = 68.07 %. This
value is a measure of the several factors that contribute to
“completeness” : volume of sediment deposited during a
stage, area of exposure, intensity of palaeontological
study, and so on.

The summary data for completeness are listed by
stratigraphic stage in table I. Completeness metrics range
from 0 % (Aalenian) to 100 % (Famennian, Serpukho-
vian, Ufimian, Tatarian, Scythian). There are particuiarly
poor fossil records (compieteness metric < 50 %) in the
fate Carboniferous (Gzelian), the early to middle Jurassic
(Toarcian-Bajocian), the middle to late Jurassic {Callo-
vian-Oxfardian), the early Cretaceous (Berriasian-Aptian),
and the late Cretaceous (Cenomanian-Santonian). Even in
the Tertiary, there are a number of rather poor fossil
records (completeness metric, 50-75 %) in the early
Palaeocene (Danian), the middle to late Eocene (Lute-
tian-Priabonian), the late Oligocene (Chattian), and the
middie to late Miocene (see fig. 2).

These simpie completeness metrics do not give a
perfect measure of the relative incompleteness of the fossil
record. When a stage with a poor record oceurs between
two stages with good records, then there wili be many
“Lazarus” taxa, and the metric will be fairly accurate.
However, if there is a succession of poor records, we will
detect relatively fewer “lazarus” taxa because fewer
families can span a wide time interval, and the metric
becomes less reliable (this is illustrated in simple terms in
fig. 3). For example, the fossil record in the Sinemurian
and Pliensbachian (early Jurassic) is probably much worse
than the metrics of 88.2 % and 769 % would seem to
suggest. The only way to improve the accuracy of the

TABL. 1. — Completeness of the fossil record of non-marine tetrapods,
measured by straligraphic stage, and by laxonomic class. The ol
numbers of families present in each stage are given (column 1), followed
by the numbers known as [ossils {column 2). The dilference between
these two figures corresponds to the “Lazarus™ taxa. The completeness
metrics are plotted in ligure 2,
TABL. 1. — Perfection des documents fossiles dey tétrapodes non-marins,
indiquée pur érage siratigraphique, et par clusse devonomigque. Les
nombres 1otaux de familles dans chaque éage {colomue 1) sant suivis par
les nombres connus @ 'érar fossite reolonne 1)

AMPHIBIA 'REPTILIA' AVES  MAMMALIA TOTAL cowpleleness
i 2 i 2 1 2 1 2 V2 amelric (%)
OEVONLAN
i. Famennisn 2 2 A 100
CARBONIFEROUS
1. Tournaisian o 0 [V
2, Visean 7T 7 T 100
3. Serpukhovian 12 2 . 124 5
4. Bashkirien - | 18 17 19 17 34.5
5. Moscovian 28 24 2 2 2T 26 96.3
6. Kesimovian 22 12 5] 6 it .3
7. Gzelian 22 5 6 2 T 5.0
PERMIAR .
1. Asselian 23 18 8 7 328 80.6
2. Sukmarian 22 20 $ 9 a0 9.5
3. Artinskian 15 14 10 10 AT .0
4, Kungurian 8 3 86 6 M9 64,3
5., Ufimian il 11 b1 222z 100
6. Kazanian 6 2 4 14 20016 #0.0
7. Taterian : 9 g 21 27 36 a6 100
TRIASSIC
1. Seythian 11 il 17 1 28 24 e
2. Anisian 4 3 13 13 WA I
3. Ladinian 4 4 13 12 IXEENTH s
4. Carnian 4 4 8 7 270 b, G
5. Norian 4 3 1% 18 I S BT
6. "Rhastian" 32 16 13 3 P AL.8
JURASSIC
1. fiettangian 10 o KON T £ A 333
2. Sinemurian 1 G 14 13 z 2 17 b He 2
3. Pliensbachian 2 ] 10 9 1 o 1310 N
9, Toarcian 2 1 8 3 FI LA | ad .
5. Aalenian 10 5 0 0 P0 (3
6. Sajocian 2 1 6 2 1 [t} [ I KR
7. Bathenian z 0 8 6 & 8 i iR .0
B. Callovian 2 9 e 7 4 0 16 7 3.8
9. Oxfordiun z 0 1F 4 S O A 435
10, Kimmersdgian i 2 30 z8 9 9 a¥ M LA,
1t. Tithenian q 2 37 i6 1 1 19 106 52 39 5.0
CRETACEQUS
1. Berriasian 4 0 24 2 o ¢ & 0 W K 5.4
2. valanginian 4 0 24 13 1 1 5 3 3517 4.6
3. Hauterivian 4 1 25 13 10 T3 Wt 5.4
4, Barremian 4 1 27 15 [ & 2 a8 8 474
5. Aptisn 5 1 30 13 1 0 4 4 40 i 5.0
&. albian 5 1 30 18 21 303 a0 w3 57.5
7. Cenomanian 5 0 28 16 10 2 0 W16 LR
8. Turenian 5 0 28 7 2 ] 2 0 37 8 2.6
9, Coniscian 5 Q 3¢ 8 5 4 2 a4 i in
19, Santenien 5 0 31 13 3 0 5 3 41 16 3.z
11. Ceapanian 8 4 44 3B T & N O A F 3 g1,
12. #aastrichtian | 10 9 48 45 8 8 15 1§ #i o a1
CENOZOIC
1. Danian g 5 25 8 4 3 3 70 A7 6.4
2. Thanetian 18 15 32 24 6 2 68 &6 1256197 HU
3. Ypresian 19 7 34 22 22 19 718 75 6l QU3 Hi .4
4, iutetian 18 7 35 3 27 il 74 51 %t 0% a4.7
5, Rartonian 18 2 3z 19 26 10 95 Y0 160 101 59,8
6. Priabonian 18 2 32 21 42 30 95 73 18V 18 67,4
7. Rupelian 19 09 36 24 &) 30 121 117 27 180 TG
8. Chattian 20 i 37 18 £0 10 100 83 207 118 5.0
9, Lower Miccene | 22 11 38 25 69 45 115 108 244 1W0 ]
10, Middle Miocenq 24 14 33 25 T3 32 121 103 257 17t G677
11, Upper Mioccene | 24 11 40 24 73 22 122 99 259 156G B0 2
12. Pliccene 23 14 40 24 78 41 113 99 254 178 7.1
13. Pleistocene 21 16 38 2% 113 107 107 BT 81 239 5.0
TOTALS 575 324 1173 781 663 377 13601146 38612428
Conmpleteness
melric (%) 56.3 8.2 56.9 84.3 61,
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completeness metrics would be to try lo estimate the
numbers of absent “non-Lazarus™ taxa, those that died
out or arose at some unknown time during the gap in the
record. Such an estimate, or measure of probabiiity, would
depend on several factors : (1) the numbers of families
known at each end of the interval, (2) the mean family
duration of the relevant taxa, and (3) the potential
numbers of taxa that arose and died out during the gap.
This has not been attempted here,

It is commonly asserted that the fossii record of, say,
birds is relatively very poor, compared to that of mammals
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because flying animals are only rarely preserved
Fisher, 1967]. This kind of opinion can now be
Simple completeness metrics were calculated for the
records of various groups of non-marine tetrapods
these are listed in table il

In fact, the lissamphibians (frogs, salamanders,
have the worst fossil record (42.0 % complete), prob
because of their small size and the extreme delicaten
their bones. The fossil record of lepidosaurs (lizs
snakes, Sphenodon ) is also poor (48.6 % comyils
probably for the same reasons. The birds as a whole §
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Fio 2. — Completeness of the fossil record of non-marine tetrapods measured stage by siage. The completeness metric is a simple measure of this
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stages are numbered as i table B Data from table L

Fi16 20 — Niveuw de perfection des documents fossiles des térapodes non-marins, indiqué pour chaque dtage stravigraphique. La mesure de perfectise
manire simple.ene e rapport enire fes famdles qui sont connues @ P'érat jossite & chague éage stratigraphiqae ei le nombre de fomilles réellentent présenic:

Les érages siratigrapliugues sont énuméres suivant le rablean {. Donndes 1rées

du rablean 1.
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in?len??al | | 3 ¢ T
-
]
pmbers . 4 s 4 472
gap (2} b 3 5 4 h 2 2
gopiil) 2 2 ¥4 4 4 2 2
gapiz-4) & | 1 1 T N B
gap{Z-%} & ¢ 0 0 0 2 2
Qap {2-6) [ 0 0 [¢] [} 0 2
“Lazarus” taxa
H1G6. 3. — Estimates of the completeness of the lossit record become

relatively worse as the gap increases. In muany cuses. i is known that
families nol found as fossils within a particular stage must have been
presend because they are known from both sides of the gap. These
~Lazarus” laxa can only be predicted from such gap-spanning distribu-
yions, and the larger the gap, the less laxa span it This can have the effect
of making simple completengss metrics higher than they should be,
FiG. 3. — Les estimations de fa perfecrion des documnents Jossiles devien-
went proportionnellement moins exacies en forciion des lacunes, Souvent,
pous savons que des familles qui ne sont pus connues & Uérat jossile duns
wnt éiage donnd, éraient en fail présenies parcequeelles sont conmies de part
ot 'autre de la tacune. Ces 1axons “Lazuare™ ne pewveni éire recoinius gqiie
par de teifes distriburions qui traversent la lacune. Phis gratide est la
lacune, moins nombrenx sont les waxons qui fa traversent. I en rdsulie que
{es mesures de perfection peunvent érre surestbnées.

TABL. 1l. — Completeness metrics {or particutar 1AXONOMIC groups.

extracted from the data in table L

TABL. 11 — Mesures de perfection pour quelques groupes (axonomijues,

dérivées des données du tableau 1.

Total Total Completeness
asguned fosnils metric (X)

AMPHIBIA 575 324 56,3
Labyrinthodontia 165 126 16.4

lLepospondyli 68 51 5.6
Liasamphibia 150 147 42.0
"REPTILIA” 1173 181 78.2
Testudines 154 107 69.5
Diapsida 813 485 59,1
iepidosnuria 258 126 48.6
Archownuria 520 28 83.1
Synapsida 1i0 104 94.5
AVES 863 37 56.9
Pasaeriformes 15 47 62.1
MAMMALIA 1360 1146 84.3
Marsupalins 167 79 73.8
Eutheria 1330 943 87.0
Rdentata 85 47 85.5
Carnivorn 63 62 7.1
Insectivors 33 27 B8l.8
Chiroplers 65 50 15.7
Primates a5 59 70.3
Artiodactiyin 155 149 96.6
Parissodactyla 78 75 96.2
Rodentia 225 199 83.4

a rather better fossil record than might have been expee-
ted (369 % complete), about the same as the amphibians
as a whole (56.3 % complete), and not much worse than
the Diapsida as a whole (539.7 %complete). The best fossil
records are those of mammal-iike reptiles {synapsids :
94.5 % complete), placental mammals (87.0 % com-
plete), and mammals as a whole (843 % complete).
Amongst placental mammals, the main orders have gene-
rally good fossil records, the best being those of the
carnivores (97.1 % complete), the artiodactyls (96.6 %),
and the perissodactyls (96.2 %). As might be expected,
the primates (70.3 %) and bats (75.7 %) have rather
poorer fossil recards.
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MASS EXTINCTIONS AMONG FAMILIES OF NON-MARINE TETRAPODS

APPENDIX

Listing of families of nen-marine tlelrspods.

* families that contain one species from one locality (often a single
specimen): omitted from calculations.

+ living families with no fossil representatives.

Families that are still living are designated "REC". Those that
survived until historic times, but are now extinct, are lermed "HOL".
Streatigraphic abbrevialions: ALK, Albian; ANI, Anisian; APT, Aptiam:
ART, Artinskian; ASS, Asselian; BAJ, Bajocian; BAR, Barremian; BAS,
Rashkirian; BER, Berriasian; BRT, Bartonian; BTH, Bathonian; CAL
Callevian; CEN, Cenomanian; CHT, Chattian; CMP, Campanian; CON,
Coniacian; CRN, Cacrnian; DAN, Danian; FAM, Famennian; GZE, Grzeliun;
HAU, Haulerivian; HET, Hettangian; KAS, Kasimovian; KAZ, Kazanian:
KM, Kimmeridgian; KUN, Kungurian; LAD, lLadinian; IMI, Lower Miocene:
LUT, Lutetian; MAA, Maastrichtian; MM[, Middle Miocene; MOS,
Musc¢ovian; NOR, Noerian; OXF, Oxfordian; PLB, Pliensbachian; PLE,
Pleistocene; PLI, Pliocene; PRB, Priabonian; RHT, Rhaetian; RUP,
Rupelian; SAK, Sakmarian; SAN, Sanlonjun; SCY, Scylhiun; SER,
Serpukhevian; SN, Sinemurian; TAT, Tatarian; THA, Thanetian; TOA,
Towrcian; TTH, Tithonian; TUR, Turcenian; UFT, Ufimian: UMI, Upper
Miocene; YAL, Yalanginian; VIS, Visean; YPR, Ypresian.

AMPHIBIA (Carrcll snd Winer 1978; Anderson and Cruickshank 1978)

[CHTHYOSTEGALIA

Ichlhyostegidae FaM
¥Acanthostegidae FAM
LOXOMMATOTDEA
Loxommatidae Vis - MOS
TRIMERORACHOIDEA
Colosteidae VIS - MOS
Saurerpetontidae BAS - ART
Trimeroruchidae Kas - U¥1
Dvinosauridae UFL - TAT
ENOPQIDEA
Dendrerpetontidac SER - BaS
Cochlecsauridae BAS - ASS
Kdopidue MOS - ASS {A. B, Milner 1980}
ERYOPCIDEA
Eryopidae 7KAS - UF1 (Gubin 1983)
Dissorophidae 7BAS ~ KAZ {(Gubin 1880)
Intasuchidue Ukl
Branchiosauridae MOS - SAK
Micromelerpetontidae MOS - SAK
Deleserpetontidae ART
Trematl opsidae KAS ~ ART
Parioxyidae SAK
Zatracheidae MOS SAK
Archegosauridae ASS - UFI (A, H. Milner 1980}
Melanosauridae UFI ~ TAT
RHINESUCRO [DEA
fihinesuchidue KAZ - TAT
Lydekkerinidae sCY
*Sclerothoracidae SCY
¥Peltobatrachidae TAT
tUranocentrodoni.idae TAT -~ 8CY
CAPITOSAURCIDEA
*¥laliscopidae NOR
Benthosuchidae TAT ~ 8CY
Capitesauridae SCY - RHT
Mastodonsauridee SCY - LAD
RHYTINOSTOIREA
fihyt idosteidee 8CYy
xlaidleriidae sCY
THEMATOSAUROIDEA
Trematosauridae sCY
Indobrachyopidae sCY (Cosgriff and Zawiskie 1979)
BHACHYOPOIDEA
*Kourerpetontidoe 7Perm
Brachyopidae TAT ~ LAD
Chigutisauridae CHN -~ TOA {(Warven and Huetchinson 1S83)
METGPOSAUROIDEA
Mel oposauridae CRN - NOR
xAlmasauridae NOR
PLAGIOSAURCIDEA
Plagiosauridae SCY - RHT
AMPHIBIA: BATRAGHOSAURIA -
PALAEQSTEGALIA
¥Crassigyrinidae SER {Panchen 1580}
HERPETOSPONDYLI
Praleragyrinidae ¥Is - SkR
EMBOLOMER ]
Eogyrinidae SER - ASS
Archeri idae MOS - ART

Ant hracosisuridae BAS - MIS

GEPHYRCSTEGIBA
Gephyrostegidae
Eoherpetontidae

SEYMOUR I AMORPHA
Seymouriidae
Piscosauriscidae
Kot lassidae
Lanthanosuchidae
Chroniosuchidae

[NCERTAE SEDIS
Limnoscelidace

*Solenodonsauridas

*Tsenjulidee

¥Nycteroletoridae
Diadectidae

AISTOROBA
Ophiderpetontidas
Phlegelhontiidae

*lethiscidae

NECTRIDEA {A. €. Milner 1980}

Keralerpetoniidae
Scincosauridae
Urocordy lidae
MICROSAURLA
Tuditanidsc
Hapsidopareiontidae
Pantylidae
Gymparthridae
Ostodolepidaa
*Trikacetont idae
Micvrabrachidue
[NCERTAE SEDIS
Adelogyrinidaee
Lysorephidae
Acherontiscidue

ANUHA (Estes and Reig 1973;
*Triadobatrachidae
Ascuphidue
Discoglossidae
Pipidee
Palaeobatrachidae
Rhipophirynidae
Pelobatidae
Pelodyt idas
Leptedactylidae
Bufonidac
Ceratophrynidae
Hylidae
Microhylidae
Hhacophoridae
Ranidae

GYMNOQPHIONA (Estes 19H81)
Caeciliidae

CAUDATA (Estes 1981; Milner 14983)

*Karauridae
Cryptobranchidae

+Hynobiidae
Presirenidae
Proteidae
Batruchesauroididae
Amphiwnidae
licnmplodoniidae
Scapherpetontidae
Ambystomat.idae
Plethodontidae
Salamandridee
Sirenidae

Caplorhinidac
Bolosauridae
*Acleistorhinidae
$Eunctosauridae
Nyctiphuretidae
Procelophonidae
Millerettidoe

ithiphaeosayridae
Mareiasauridae

MOS - ART (Reisz 1979
TAT {fticqlls and ‘Faquel

SAK -
ASS - ART

ART
KAZ
UF1

TAT -
KAZ -~

HE

KAZ -

RUT? {Gisen 1980
TAT

TAT

SEH MOS
Yis - SEf
SAR - LK
ASS - SAK
UFl - TAT
UFL - TAT (Ivakhnenko 19060)
TAT

BAS SAK
MOs

ASS

UFl

7ASS 1]
VIS - G2k
BAS ~ MOS
vis

SER - KUN
MOS - SAK
SER AtCE
BAS - GAKE
BAS - ART
BAS - 5AK
BAS - KUN
ART

KAS/ Gk
HAS 4 #5
VIS - SER (Sm)thaon [9H0
MQOS - ART
VIS - sER?
and Winer 1978}
sCY

PLE - UEC
KIM - REC
TAPT - REC
TTH - PLE
THA - REC
MAA - HEC
MMI - REC
THA - REC
THA - HEL
ML - REC
THA - HEC
ML - REC
PLE - REC
CHT ~ REC
THA - HEC
1 dar,
THA - REC
REC

BAJ - M
THA - REC
CMP - PLI
MAA - REC
THA - REC
CMP - YPR
RUP - REC
IML - REC
THA - REC
CMP - REC

14978

14985
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PROGANCCHELYDTA
Preganochelyidae
PLEURODIRA
Pelomedusidae
Chelidae
BAENOIDEA
Glyptopsidae
Baenidoe
TRIONYCHOIDEA
Kinesternidae
Dermatemyidae
Trionychidae
CHELONTOIDEA
Plesiochelyidae
TESTUDINOIDEA
Chelydridae
Emydidae
Testudinidae
INCERTAE SEDIS
Pleurosternidae
Meiolaniidae

ML) BENTON

1975, 1979; Miynarski 1976}
NOR -~ PLB {Olsen and Galton 1984>
TUR - REC

2CHT - REC

KIM - TTH

TTH - BRT

RUF -~ REC

TTH - REC

?CMP -~ REC

KIM ~ TTH

MAA -~ HEC (Whetatone 1978}
?YPR - REC

LUT - REC

TTH — APT
MAA - PLE

kPetrolacosauridae
Arseoscelidae
*Galesphyridae
Weigeltisauridae
*¥Claudiosauridae
¥Heleosauridae
Kuehneosauridae
®¥on jurosuchidae
Thalattosauridae
Claraziidae
Champsesauridae

Trilophosauridae
RHYNCHOSAURIA
B *Mesosuchidae
tHowes i idae
Rhynchosauridae
PROLACERTIFORMES
Protorosauridae
Prolacertidae
Tanystropheidae
YOUNGINLFORMES
Younginidae
Tangasauridae
*Saurosternidee
LEPIDOSAURCMORPHA INC.
¥Paliguanidee
*Palaeagamidae

SED.

"THECODONTIA"
Proterosuchidae
Erythrosuchidae
Prolerochamps idae
Ruparkeriidae
Phytosauridae
Aetosauridae
flavisuchidae
Poposauridae
Ornithosuchidae
lagesuchidae

xScleromochlidae
tirpetosuchidae

CROCODYLOMOKPHA (Buffetaut 1982

xTrialestidae
Saltoposuchidee
Sphenosuchidae
Protosuchidae
#0rthosuchidae
Libycosuchidae
Uruguaysuchidae
Netosuchidae

Hs isosuchidae
Baurusuchidae
Sebecidae
¥Crocodileimidae
Trematochampaidae
Goniopholididae
Pholidosauridae
Bernissartidae
Paralligatortdae
Atoposauridae

ART

TAT

NOR
CRN

YPR? {(Sigognesu-Russell
end Efimov 1984)
CRN

sCY
SCY
ANS - CRN
KAZ
SCY
ANS

~ LAD
~- NOR

TAT
TAT
TAT

sCY
TAT

TAT ~ SCY
SCY - ANS 7
LAD - CRN
sCY

CRN ~ RHT
CRN - RHT
SCY ~ RHUT
LAD ~ NOR
CRN - NOR
LAD

CRN

CHN

. Benton and Norman 1486)
CRN

NOR

CRN - SIN
RHT - $SIN
HET/ SIN
BAR - CEN
APT - MAA
MAA

7HIM - CMP
CON - LUT
THA - PLI
KIM

?CON ~ CMP
KIM -~ MAA
BTH - CEN
KTM - HAU?
CMP

KIM - APT

Alligatoridae
Nettosuchidae
Crocedylidae
Pristichampsidae
Gavialidae
Thoracosauridae
Dolichochanpsidae
Euthecodoniidae
PTEROSAURIA (Wellnhofer 1978;
Dimorphodont idae

CMP - REC
UMI - PLI
CMP - REC
THA - PLE
7LUT - REC
CHP ~ THA?
U, Cret.
YPH - PLE

Benton and Normean 1986}
NOR - SIN

xEudimorphodontidae NOR
sAnurognathidae TTH
Rhamphorhynchidae TOA ~ TTH
Pterodactylidae KIM - TTH
Germanodactylidae TTH
Ctencchasmat idee TTR - SAN
¥Pterodaustridae 7L, Cret.
#0rnithodesmidee BAR
Ornithocheiridae ITTH - CMP
Daungaripteridae KIM ~ APT
Pteranodontidae ALB - MAA
¥Criorhynchidae VAL/ HAD
Azhdarchidae TUR - MAA
DINOSAURTA: EARLY FORMS (Benton and Normun 1986)
£Staurikosauridae CAHN
tHerverusauridae CRN
DINOSAURIA: THEROPODA (Benton and Norman 1986)
#Procompsognathidae NOR
Podokesauridae CRN - PLB?
Coeluridae . KIM - MAA
iNossauridae MAA
*¥Shanshancsuuridae U, Cret.?
Compsognathidae TTH
*Segisauridae HET
¥Aviminidae 70, Cret,
Orpithomimidae KiM -~ MAA
¥Garudinmimidae 2. Cret,
#Deinocheiridae MAA
Dromaeosauridae APT -~ MAA
Saurornithoididae CMP - MAA
Oviraptoridae CMP - MAA
¥Caenagnathidee cMP
Elmisauridae CMP ~ MAA
Megalosauridee HET - MAA
Allosauridae OXF - SAN
GCaratosauridae KiM - TTH
Dryptosauridae CMP - MAA
Spinosauridne YAL - SAN
Tyrannosauridae ALB - MAA
tTtemiridae 7. Cret
Segnosauridae SAN - CMP
Therizinosauridac CEN - TUR (MAAT)
DINOSAURTA: SAUROPODOMORPHA (Benton and Norman 1966)
Anchisauridae NOR ~ TOA
Plateosauridas NOR - PLB
Melanorosauridae TRUT - SIN
*Barspasauridae TOA
¥Vulcanodentidae PLE/ TOA?
Cetiosauridae 8aJ - ALB
Camarasauridac KIM - MAA
Srachiosauridae KiM - BAR?
Dipledocidae KIM - MAA
Titanosauridae BAR - HAA
NINGSAUHIA: ORNITHISCHIA (Benlon and Norman 1986)
Fabrosauridae SIN ~ TTH
Heterodontosuuridae BET - PLB
Kypsilophodontidee CAL - MAA
Jguancdontidae CAL - ALB
Hadrosauridae APT ~ MAA
Pachycephalospuridae BAR - MAA
¥5celidosauridae SIN
Stegosauridae BTH - CON
Nodosauridae CAL - MAA
Ankylosauridoe CON -~ MAA
Psittacosauridae APT?
Protoceratop :idae SAN -~ MAA
Ceratopsidae CMP -~ MAA
REPTILIA: DIAPSIDAL_LEPIDOSAURIA
PRIMITIVE FORMS (Benton 1985a)
Sphenodontidae CHN - REC
Sapheosauridae TTH
Pleurosauridae KIM - BER
*Gephyrosauridae HET/ SIN




SAURIA (Hstes 1983)
*Fulengidae
Jguanidae
Euposauridae
tArvetosauridae
Aganidae
Chamaeoleonidae
Ardeosauridae
Bavarisauridae
Gekhonidae
Telidee
+Gymnophthalmidae
Lacertidae
Scincidae
+Dibanidae
Paramacellodidae
Xantusiidae
Cordylidae
Xenosauridae
Dorsetisauridac
Anguidae
Necrosauridee
Kelodernat idae
varanidee
AMPHISBAENIA (Estes 1983)
¥0ligedontosauridae
anphisbaenidae
Rhineuridae
Hyporhinidae
+Bipedidaee
+Troganophidae
SERPENTES (Rage 1984)
Typhlopidae
+Leptotyphlopidae
+Lapparantopheidae
Simolopheidae
Aniliidae
+Uropeltidae
inilysiidae
+Xenopeltidae
Boidae
Palaeopheidae
Acrochordidae
Nigeropheidae
tAnomalopheidae
sfiussel lopheidee
Colubridae
Elapidae
Viperidae

"PELYCOSAURTA"
Lothyrididae
Caseidae
Edaphosauridae
Ophiacodontidae
Varancpidae
sphenacodont idae

DINCCEPHALIA
Estemencsuchidae
Brithopodidae
Anteosauridae
Titanosuchidae
Tapinocephalidue

EOTHERQSUCHIA
Phthinosuchidae
tEot itanosuchidae
[etidorhini dae
Gorgonops idae

HET/ SIN
MAA - REC
KM

£RB

CMP - REC
THA - REC
TTH

TTH

THA - REC
CMP - REC
REC

THA - REC
MAA - HEC
REC

KIM - TTH
THA - REC
7PHB -~ REC
MAA - REC
KIM - TTH
CMP - REC
MAA - RUP
MAA - REC
CMP - REC
THA
7RUP - REC
THA - REC
RUP - CHT
REC

REC

?¥YPR - REC
REC

?L. Cret.
CEN

CMP - REC
REC

CMP

REC

CMP - REC
MAA - LUT
WMMI - REC
DAN - LUT
YPR

YPH

RUP ~ REC
IMI - HEC
IMI -~ REC

TKAS
ART

Kag -

MOS

PHAS -

KAS

UFT
KIN
U]
KAZ
UFI

KUN
UFI
KAZ
KAZ

ANOMODONTIA (Cluver and Xing 1963}

*Otsheriidae
Venjukoviidae
Promasauridae
Fodicynedont idae
Endothiodont idae
Cryptodonlidac
aulacocephaleodontidae
bicynodontidac
Kannemeyeriidae
Prisieradont idae
Emydop idae
Cistecephalidse
ftobert i idne
Diictodont idae
Kingoriidae

Url

KUN -
- TAT

KAZ
MIF1
TAT
TAT
TAT
TAT

sCY -

TAT

ART
KUN
ART
ART
KUN
ART

UFl
KAZ

© KA

TAT -

TAT
Uri
KAZ
TAT

KT

TAT
- TAT

w1

CTiN

5CY

TAT
- BCY

(Reisz gt al, 1982)
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THEROCEPHALLA
*Grapartinel lidae
Pristercgnathidae
Mescherhinidae
whaitsiidae
ictidosuchidae
Scaloposauridae
f¥riciolacertidac
Bauriidae
“CYNODONT1A" (Battail 1882)
Silphestidae
Procynosuchidae
Dviniidae
Galesauridae
Cynognathidae
Diudemcdontidae
Trirachedontidae
Traversodontidae
Chiniquodontidae
Tritylodontidae
Tritheledontidae

KAZ
UF{
TAT
TAT
KAZ
TAT
5CY
SCY

TAT
TAT
TAT
AT
SCY
5CY
5CY
3CY
ANS

AYES (Fisher 1967; Feduccia 1980}

ARCHAEOPTERYG I FORMES
Archaecpterygidae
HESPERORN I THIFORMES
Enaliernithidae
Baptornithidae
llesperornithidae
ICHTHYORNITHIFORMES
Ichthyornithidue
Apatornithidae
2Enunliornithes
SPHENISCIFCRMES
Spheniscidae
HATITAE
sEleutherornithidae
Struthionidae
AepyorniLhidae
Dromicelidae
Dromournithidac
Casuariidae
Emeidac
Dinornithidae
Apterygidae
Hheidae
ebiplerygidace
Tinamidae
GAVIIFOHMES
Lonchodyt idue
Gaviidae
PODICIPLTIFORMES?
Podicipilidae
PROCELLARIIFORMES
Diomedeoldae
Procellariidae
Cceanitidae
Pelecancididae
PELECANTFORMES
Phaetlhont.idae
Pelecanidae
Cyphornithidae
Pelagornithidae
Sulidae
Elopterygidae
Phylacrocoradidie
anhingidae
Fregalidae
Cladornithidae
ODONTOPTERYG L FORMES
x0dontopteryg idae
Pseudodontorni Lthidue
CICONTIFORMES
Ardoeidue
+Scopldas
Cicontidae
rBalaentaipitidae
x| egudornithidae
Plalaleidae
PHOENICOPTERYG I FORMES
Tovoligidas
5cuniaral Lhidae
#Talmabal 1dar
Agnopteridse
tataciodidae

TTH

ALB

GON -

CON

THR -

CON
Haa

YR

YEI
PLT

YPR -
PLT -

PLE
PLE
M1
PLL

2PLE -

YPR -

Chit
PLI

MAA
TUHA

IM{

21T
wup
UMI
?PLE

YPR -
- HEC

iM]
1M1
1M}
RUY

MAA
CHRG
PBRT -
BRI

MAA

YR
P

YRR

1M1

Yen
HEC
TPHR
1300
SAN

PRE -

TYAL
DAN
¥l
Pm
1M

< KA

sy

By

- AL

50y

- ANN

ARG
Al

iy

- Noi?
RHT -
TRGR -

oAl
A

MAA
CHE

CON

© ARG

REC
HOod,
R

- HEC

HGL

S 1)

142
jHan

- RREES

REC

SRie

[[V4(H

- REC
- LI
- REC

[N

- MM

(150
HiT

RIG

MY
f®EC

REC

#EC

- MAA

CHT
PL]

(il e e DHHAG

{Fosc 184

{Wn e Pl
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P'resbyornithidae
fhoenicopleridag
ANSERIFORMES
Anhiniduae
Anatidae
FALCONTVORMES
tNeccathart jdae
Cathartidae
Teratornithidae
Sagitariidae
Accipitridae
Pandionidae
Falconidae
GALLIFORMES
Gallinuloididae
Opisthocomidae
Cracidae
Megapodidae
Tetraonidae
FPhasianidae
Numididue
Meleagrididae
GHUTFORMES
‘tMesitornithidae
Turnicidae
*Gerancididre
Eogruidae
Gruidae
Aramidae
+Psophiidae
Ergilornithidae
Orthocnenidae
Rallidae
+Heliernithidae
tRhynochet idae
tHurypygiduae
Bathornithidae
Cariamidae
Psilopteridae
Pherorhacidae
Brontornithidae
#Cunampai idae
Otididae
DTATRYMIFORMES
Gasturnithidae
Diatrymidae
CHARADRT TFORMES
Jacanidae
Rhegminornithidae
ltostratul idace
Hasmatopodidae
Charadriidae
Scolopacidae
flecurvirosiridan
?Phalarepodidae
+romadidac
Burhinidae
1Glareonlidae
+Thinocoridae
tChionididae
Stervorariidae
laridarn
+®hynchopidae
Alcidae
COLUMB IFORMES
Pleroclidae
Columbidae
Raphidae
PSITTACIFORMES
Psitiacidae
MUSOPHAG LFORMES
+Musophagidac
CLCULIFOIMES
Cuculidae
STRIGIFORMES
Tytonidae
Protostrigidae
Strigidac
CAPRIMULG [FORMES
tStentorniLlhsdise
+Acgothelidae
Podary 1dac
Caprimutgidae
Nycliliidae

YPR
PRB

PLE
PRB

PRRE
YPR
PLE
PRE

PRE -

PLE
MMI

LuT
MM

YPR -

PLE
IMI
RP

HOL -

PLE

REC
PLE
YPR
PRB

YPH -

RUP
REC
RUP
7PRB
MAA
REC
REC
REC
RUP

RUP -

IMI
Rup
RUP
RUP
LuT

YPR
YPR

PLE -

Ml
LUT

iMI -

HUP
MAA

YPR -

PLE
REC
M
REC
REC
REC
PLE

VPR -

REC
YI'R

?7PRH

1ML -

0L

Ml

REC

?IPRB

M1 -
TTHA -
'R -

{1
REC
REC
PLE
ML

REC

REC
REC

REC
HOL
REC
REC
REC
RRC

MM1
REC
REC
REC
REC
REC
REC
REC

REC

UMI
REC
REC

REC

CHT
REC
PLE
PLE
MM

REC

PRR
LuT

REC
REC
HEC
REC
REC
REC
REC
REC

REC

REC
REC

REC
REC

REC

REC

REC
ART
REC

REC
REC

M. 1 BENTON

APODIFORMES
Aegialornithidae
+Hemiprocridae
Apodidae
Trochilidae
COLIIFORMES
Coliidae
TROGONIFORMES
Trogonidae
CORACIIFORMES
Alcedinidae
Todidae
Momot idae
Meropidae
Coraciidae
+Brachypteraciidae
+Leplosomatidae
Upupidae
Pheeniculidae
Bucerotidae
PICIFORMES
Primobucconidae
+Galbulidae
Bucconidae
Capitonidae
+Indicatoridae
Rhamphastidae
Picidee
PASSERIFORMES
+Eurylaimidee
Furnariidae
Formicariidae
+Conopephagidae
Rhinocryptidae
+Pittidae
?#Philepittidae
+Aacanthisittidae
Tyrannidae
+Pipridae
+Cotingidae
+Phytotomidae
+Menuridae
+Atrichornithidae
*Palaecspizidae
Alaudidae
Hirundinjdae
Motacillidae
+Campephagiidae
Pycnonctidae
1lrenidae
Laniidae
tVangidae
Bombycillidae
+hulidae
Cinclidae
Palacoscinidae
Troglodytidae
Mimidae
Prunellidae
Muscicapidae
Paridae
Sittidae
Certhiidae
+Dicaeidae
+Nectariniidae
vZosteropidue
Meliphagidae
Emberizidse
Parulidae
+Drepanididae
Vireonidae
fcleridae
Fringillidae
+Estrilididac
tVidurdae
Ploceidae
Sturnidae
Oriclidae
Dicruridae
Calleidoe
tGralltinidac
PrArtami idac
tGracticidae
't tenorhynchidoe
+Paridisaeidae
Corvidac

?PRB
REC
PHR - REC
' FLE -~ REC
REC
IPHE - REC
PRE ~ REC
RUP - HEC
LUT - REC
PLE - REC
PR - REC
REC
REC
PLE - REC
LMI ~ REC
LUT - REC
YPR - LUT?
REC
MLE - REC
PLE ~ REC
REC
PLE - REC
IMI - REC
HEC
PLE ~ REC
PLE - REG
REC

?IMI/ MM - REC
REC

REC

REC

PLE - REC
REC

REC

REC

REC

REC

CHT

PL1 - REC
PLE -~ REC
LMI ~ REC
HEC

PLE - REC
HEC

IMI - REC
REC

PLE - REC
REC

PLE - REC
MMI - REC
PLE - REC
PLE - REC
PLE - REC
IMI - REG
PRB -~ REC
PLI — REC
PLE - REC
HEC

REC

HEC

HOL ~ REC
PLI - HEC
PLE - REC
REC

PLE - REC
PLE - REC
MMI ~ REC
REC

REC
?{M1 - REC
PRB - REC
PLE - REC
PLE ~ REC
HOL - REC
REC

REC

REC

HEC

REC

MMT - REC




MASS EXTINCTIONS AMONG FAMILIES OF NON-MARINE TETRAPGDS

MULTITUBERCULATA
Paulchoffatiidae
Plagiaulacidae
Neoplagiaulacidae
Ptilodontidae
Cimclodentidae
Taeniclabididae
Eucosmodont idae
Chulsanbaataridae
Sloanbaataridae
Cimolomyidae

THaramiyidae

TRICONODONTA
Mourganucodontidae
Amphilestidae
Triconcdontidee

DOCODONTA
Docodontidae

SYMMETRODONTA
Kuehneotheriidae
Amphidont idae
Spalacotheriidae

"EUPANTOTHERIA"
Amphitheriidae
Peramuridae
Paurcdontidae
Dryoleatidae

MONGTREMATA
Ornithorhynchidae
Tachyglossidae

MARSUPIALIA
Didelphidae
Pediomyidae
Stagodontidae
Berhyaenidae
Folydolopidae
Caroloameghinidae
Bonuspartheriidae
Groeberidae
Microbiotheriidae
Caenciestidae
Dasyuridae
Peramelidae
Thylacoleonidae
Phalangeridae
Burramyidae
Petauridae
wWynyardiidae
Ektopodontidae
Macropodidae
Vombat idae
Potoroidae
Diprotodontidae
Sparassocynidae
Thylacosmilidae
Argvrolagidae
Thylacinidae
Palorchestidae

+Myrmecobiidae
+Notoryel idae
+Thy lacomyidae
+Tarsipedidae

EUTHERIA INCERTAE SEDIS

*indotheriidae
Aegialodontidae
Pappotheriidae
Deltatheriidae

EDENTATA
Ernancdontidae
Dasypodidae
Glyptodontidae
Megaionychidae
Palaeopeltidae
Mylodontidae
Megatheriidae
Entelopsidae
Myrmecophagidae
Peltephilidae

+Bradypodidae

+Choloepidac

ANAGALIDA
Zolambdotest iduse
Eurymylidac

1979, Savage and Russell 1983)

KIM - BAR?

KIM -~ BAR?
CHMP - RUP
CMP - THA
CMP - THA
SAN - YPR
SAN - YPR
CMP

CMP

CMP - THA
NOR — BTH
RHT - SiN
BTE - TTH
KiM - CMP
BTH -~ TTH
RHT - HET
KIM -~ TTH?
TTH ~ CMP
ATH

BTH ~ APT?
KIM - TTH
BTH - VAL
MM1 - REC
PLE - REC
CMP - REC
CMP - MAA
CMP -~ MAA
THA - PLI
THA - YPR
YPR

YPR

PR3

RUP - REC
RUP - REC
MY - REC
ML - REC
*MMI - PLE
M4l - REC
MM - REC
MM - REC
MM

MAL - PLI
MMI ~ HEC
MMI - REC
MML - PLI
M4l - PLE/ HOL?
I - PLT
L - PLI
I - PLI
UML - HEC
PLY

HEC

REC

REC

REC

APT/ ALB
VAL ~ ALB
CMP

SAN - MAA
THA

THA - REC
THA - PLE
?BRT - PLE/ HOL ¢
RUP

RUP - PLE
RUP - PLE
MY

1M1 - REC
[MI - IM]
HEC

REC

CHP - THA
THA - PR

Pseudictopidae
Anagalidae
LEPTICTIDA
Leptictoidea n. fam.
Leptictidae
MACROSCELIDEA
Macroscel ididae
LAGCMORPHA
Leporidae
Ochotonidae
CIMOLESTA
Fulasoryclidas
TAENIODONTA
Stylincdonlidae
PANTODONTA
Panticlambdidue
Titanoideidae
Pantolambdodont idac
7Bemalambdidae
Pasteralodont idse
Phenacolophidae
Harpyodidae
farylambdidae
Cyriacotheriidac
Coryphodontidae
PANTOLESTA
Pentacodentidae
Pantolestidae
Plolemai idae
APATOTHERTA
Apatemyidae
CREODONTA
Oxyaenidae
Hyaenodont idae
CAHRNTVORA
Miacidae
amphicyonidae
Canidae
Ursidae
Yiverridue
Felidae
Procyonidae
Mustelidae
Hyaenidae
+Ailuropodidae
TNSECTIVYORA
Mixodectidae
Erinaceidae
Soricidae
Talpidae
Geolabidae
Chrysochloridae
Tenrecidae
tSolencdontidae
+Negophontidae
DERMOPTERA
Flagiomenidae
Piacentideatidae
Mixedectidae
+Cynccephalidae
CHIROPTERA
[carenycteridae
Palacochiropterygidoe
Ewballenuridae
fhinolophidae
VYespertilionidue
Kipposideridae
Megadermat idae
Phylliostomatidae
Malossidae
Pteropedidae
Myzopodi dae
+Rhinoponat idae
+Crasecnycteridee
+Nycteridae
+Noctilienidae
+Mormoopidae
+Desmodentidae
+Natal idae
+Furipleridoe
tThyropteridae
tHMystacinidae
SCANDENT A
Fupaiidae
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PHIMATES
Paromomyidae
Plesiadapidae
Carpolestidae
Picrodontidae
?Uintasoricidae
Adapidae
Omonyidae
Microsyopidae
?Amphilemuridae
Tarsiidae
Parapithecidae
Plicpithecidae
Cebidee
Lorisidae
Cercopithecidae
Hominidae
Oreopithecidae
Lemuridae
+Cheirogaleidae
+Indriidae
+Daubenloniidae
+Callitrichidae
ARCTOCYONIA
Arctocyonidae
Paroxyclaenidae
TILLODONTIA
Esthounychidae
TUBULINDENTATA
Crycteropidae
DINOCERATA
tinlatheriidae
Gobiatheriidae
ARTIODACTYLA
Dichobunidae
Cebeochoeridae
amphimeryaidae
Mixtotheriidae
Anoplotheriidae
pDacrytheriidae
Huplobunodant idae
Helohyidae
Anthracetheriidae
Choeropotamidae
Xiphodontidae
Leptomerycidae
Leplochoeridac
Agriechoeridae
Proloceratidae
Camelidae
Hypertraguliduae
Gelocidae
Cainotlheriidac
Entelodontidae
Tayassuidae
Suidae
Tragulidae
Cervidae
Bovidae
Merycoidodont1dae
Giraffidae
Antilocapridae
Hippopotumidae
+Moschidae
ACREODT
HMesonychidne
ASTRAPOTHERIA
Asirapotheriidae
PYROTHERIA
Pyrotheriidae
Columbitheriidae
CONDYLARTHHA
Periptychidae
Hyopsadont idae
Mioclaenidae
Phenacodont idae
Tricuspiodontidae
Meniscotheriidae
hidolodontidae
LITOPTERNA
Proterotheriidas
Macraucheniidae
Adianthidae
PER{SSODACTYLA
Fauidae
Chalicotheriidae

MAA
DAN
DAN
DaN
THA
YPR
YPR
YPR
LUT
RUP
HUP
RUP
CHT
LML
iM1
IMI
M
PLE
REC
REC
REC
REC

MAA
LUT

THA

iMI

THA
YPH

YPR
YPR
YPR
LuT
LUT
LuT
LUT
LuT
LUT
BRT
8KHT
BRT
BRT
BRT
RRT
BRT

BRT

PRB
PRB
PR
PRY
?RUP
RuP
RUP
RUP
RUP
1M1
IMI
MM
REC

DAN

YPR

YPR
YPR

DAN
DAN
DAN
DAN
THA

THA -

THA

BRT
YPR
YPR
THA
BRT
UM {
CHT
BRT
PHB
REC

UM
REC
REC
REC
REC

REC

BRT
PRO

CHT
RUP
hug
RUP
CHT
RUP

- PRB

PRB
PL1
RUP

- PHB

M1

- CRY

THA -

THA
PRR

THA

YPR

IMI
UMY
REC
M4I
UMT
IMI
LI
REC
REC
REC
REC
REC
UMI
REC
REC

- REC

- RUP

MM

RUP

THA

BRT

PRE

YPR

- RUP

Ll
PLE
1M1

REC
PLE
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L BENTON

Lophicdontidae
Srontotheriidae
Isectolophidae
Helaletidae
Lophialetidae
Hyracodontidae
Palaeotheriidae
Deperetellidae
Amynodontidae
Tapiridae
Rhinocerotidae
NOTOUNGULATA
Perutheriidae
Arctostylopidae
Henricosborniidae
Notostylopidae

0idfieldthonasiidue

Isotemnidae
Archaeohyracidae
Interatheriidae
Archaeopithecidae
Hotchippidee
Mesotheriidoe
Hegetotheriidae
Homalodotheriidue
Leontiniidae
Toxodontidae
TRIGONOSTYLOPOIDEA
Trigonosiylopidae
XENUNGULATA
Carvdniidae
EMBRITHOPODA
Arsincitheriidae
PROBOSCIDEA
Maerilheriidae
Mammut idae
Gomphatheriidae
Deinotheriidae
Stegodontidae
Elephantidae
HYRACOIDEA
Plicohyracidae
Procaviidae
. Mychyracidac
PHOLIDOTA
Epoicotheriidoc
Metacheiromyidae
Mani dae
RODENT[A
Ischyromyidae
Theridomyidae
Gliridae
Ctenodactylidae
Chapattemyidae
aplodontidae
Gieomyidae
Zapodidae
Cylindrodontidae
Protoptychidae
Eomyidae
Cricetidae
Eutypomyidae
Eocardiidae
Phiomyidae
Seiuridae
Heleromyidae
Castoridae
Evethizodontidae
Dasyproctidae
Chinchillidae
Octodont idae
Echimiyidae

Thryonomyidae
Rhizomyidae
Cephalomyidae
Mylagaulidae
piamantomyidae 1ML
Miophiomyidae IMT
Bathyergoididae M1
Kenyamyidae M1
Anomaluridae IMI - REC
Pedelidae Ml - REC
Bathyergidae [MI - REC
Muridae MMI -~ REC
Dipodidae M4 - REC
Hystricidae MMI - REC

YPR - BRT
YPR ~ RUP
YPR - BRT-
YPR - CHT
YPR - PRA
YPR - CHT
LUT - RGP
LUT - AUP
LUT - IMT
RUP - REC
RUP - REC
MaA {Marshall et _al. 1883)
THA - YPR
THA - YPR
THA ~ BRT?
THA -~ PRB
THA - MMI
THA - RUP
THA ~ UMI
YPR
7ART - IMI
PHB - PLE
PR3 - PLI
RUP - MI
RUP ~ MMI
RUP - PLE
THA -- BRT?
THA
RGP
LUT - RUP
RUP - PLE
RUP - PLE
ML - PLE
UMI - PLE
PLI - REC
RUP - 1M]
[MI -~ REC
LMT
THA - RUP
THA - LUT
LUT - REC
TTHA ~ 1M1
YPR - MMI
YPR - REC
PYPR - REC
LUT
BRT - REC
BRT - REC
BRT - REC
BRT - CHT
BRT
BRT - PLI
PRB -~ REC
RUP =~ CHT
RUP - MMI
RUP = MM
RUP - REC
RUP - REC
RUP - REC
RUP -~ REC
RUP -~ REC
RUP - REC
RUP - REC
RUP -~ HEC
RUP ~ REC
RUP - REC
CHT
CHT ~ UMI
Caviidae MMI - REC
Jinomyidae MMT REC
Anomalomyidae M1
Hydrochoeridae IMI ~ REC
Abrocomyidae M1 REC
Selevinidae PLI REC
Myocastoridae PLT REC
Capromyidae PLE - REC
Ctenomyidae PLE REC
+Petromyidae REC






