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Table1l Thelate Pleistocene fossl mammaian faunas from Jilin{?!!

Order Family Foecies or subsgpecies .
Extinct or not
Sciuridae Eutamius 9. no
Rodentia elacidee Myospal ax cf epsilanus no
M. cf. psilulus no
Cricetutidae Cricetul us 9. no
L agomorpha Ochotonidae Ochotona . no
Canis lupus no
C. familiaris no
Carnivora Canidae Vulpascf. chiliensis no
Vulpas . no
Nyctereutes 9. no
Musteidae Mustela ( putoria) cf. sibirica no
Hyaeni dae Crocula ultima (Matsumoto) yes
. Felis tigris no
Felidae
Lynx sp. no
Urddae Ursus arctos no
Probostidea Hephantidae Mammuthus pri migeni us yes
Equus prjewalskyi no
- Equidoe E. cabaJ.I us no
Perrisodactyla E. hemionus no
E. 9. no
Rhi nocerotidae Coelodonta antiquitatis yes
Suidae Sus scrof a no
Moschus . no
Capreodus manchuricus no
Capreodus 9. no
Cervidae Pseudaxis 9. no
Elaphus canadensis no
Alces alces no
Artiodactyla Si nomegaceros or dosianus yes
Gazella prjewalskyi no
Bubal us wansjocki yes
Bison exiguus exiguus yes
Bovidae B. e. curvicornis yes
Bos primigenius yes
Bos pri migenius Bojanus subsp. yes
" " Bos taurus no
, (6]
Deperet  “ K
" , Deperet

[9]



62 20
[6]
1 ( ) t
[6] “ ”
1 [23] 1
1 [24] 1
McNab
[12] .
’ ’ [24] ’
(1 (Foraminifer) ,
6 500 , (251 ,
350 , [26] ,
: 3 10 4
2.3 (1] 250 , —
(211 90 70 ,
[28] ,
, , , Vrba (Habitat

theory) (1]



1 63
1
? :
[29]
900 J/ m?, 1.800J/ m?t?l
[30] , ,
( ) :
(Population viability andlyss, PVA) ,
(Minimum viable population, MV P) ,
(st PVA : :
[1] Vrba ES Mammadsasa key to evolutionary theory [J] . J Mamm, 1992, 73 (1): 1 28.
[2] , . — [J]. , 1997, 17 (4): 259
265.
[3] [J91. , 1963, 7 (4) : 362 367.
[4] 31, . 1989, 27 (2): 117
127.
(5] [31. , 1962, 6 (3): 211
218.
[6] [31. , 1965, 9 (1):
37 46.
[7] Bourliere F. The nature history of mammas [M] .London: Harrgp and Co. Ltd, 1955. 256.
[8] Colbert E H, Hooijer D A. Pleisocene mammasfrom the Limestone Fissuresof Szechuan, China[J] . Bull Amer
Mus Nat Hist, 1953, 102 (1) : 1 134.
[9] Deperet, Charles. Les Tranformations du Monde anima [M] . Paris: Hammarion, 1907. 199 210.
[10] Macfadden B J. Fossl horsefront Eohippus’ (llyracotherium) to Equus: scaing, Cope slaw , and the evolution
of body sze [J] . Paleohiology, 1986, 12: 355 369.
[11] Pei Wen - chung. On the problem of the change of body szein Quaternary mammas [J] . Scientia Sinica, 1963,
12 (2): 231 235.
[12] McNab B K. On the ecologica s gnificance of Bergman srule [J] - Ecology , 1971, 52: 845 854.

[13]

Mayr E. Animd species and evolution [M] . Cambridge, Mass: Bekney Press, 1963. 797.



64 20

[14] Bartholomew GA. Body temperature and energy metabolism [A]. In: Gordon M Sed. Animd function: princi-
ples and adaptations [C] . New York: Macmillan, 1968. 290 354.

[15] Hese R, Allee W C, Shmidt K P. Ecologicd animd geography [M] . New York: Wiley, 1937. 597.

[16] Rensch B. Evolution above the ecieslevd [M] . New York: Columbia Univ. Press , 1960. 419.

[17]  Scholander P F. Evolution of climatic adaptation in homeotherms [J] . Evolution, 1955, 9: 15 26.

[18] Lindsy CD. Body Sze of poikilotherm vertebrates at different latitudes [J] . Evolution, 1966, 20: 456 465.

[19] Ray C. The application of Bergman s and Allen s rules to the poikilotherms [J] . J Morphol , 1960, 106: 85

101.
[20] ) [J]. , 1994, 40 (2) : 137 142.
[21] ) [J1. , 1977, 15 (4) : 313 316.
[22] : o [M].
, 1960. 232.
[23] Benton M J. Large sde replacementsin the higtory of life [J] . Nature, 1983, 302: 16 17.
[24] : [A]. { [cl . : , 1990. 224 235.

[25] Prentice M L , Matthews R K. Cenozoic ice-volume history : development of a composte oxygen iotope record [J]
Geology , 1988, 16: 963 966.

[26] Vrba E S, Denton G H, Prentice M L. Cimatic influence on early hominid behavior Ossa [J] . International
Journal of Skeletal Research, 1989, 14: 127 156.

[27] Maer-Reimer E, Mikolgjewicz U , Crowley T. Ocean generd circulation modd sendtivity experiment with an open
Centra American ishmus [J] . Paleoceanography , 1990, 5: 349 366.

[28] Ruddiman W F, Raymo M, Mcintyre A. Matuyama 41 000-years cycles: North Atlantic Ocean and Northern
Hemisphere ice sheets [J] . Earth and Planetary Science Letters, 1986, 80: 117 129.

[29] : [J1. , 1983, 21 (2): 144 150.

[30] RindD, Peteet D. Tesrrestrid conditions at the last glacid maximum and CL IMAP sea surface temperature esti-
mates: are they condstent ? [J] Quaternary Research, 1985, 24: 1 22.

[31] , , ) [M]. : , 1997. 263.

WHY MAMMALS INCREASE THEIR BODY SIZE
IN THE PROCESS OF EVOL UTION?

SU Jianping
( Northwest Plateau Institute of Biology, the Chinese Academy of Sciences, Xining, 810001)

L IU Jike
(College of Life Science, Zhgiiang University, Hangzhou, 310027)

Abgtract : Many mammals have been proved by lots of observations to increase their body
dzein the process of evolution. This is a very interesting biological phenomenon, and on
which theoretical explanations have been suggested by paeontologists. Some of the explana
tions are based on the famous Bergman s law and accepted amost by al paleontologists who
are interested in the phenomenon , athough alot of contrary evidence has been found.

In this article, the authors presented many facts to show that the augmentation of body
sze is a process i ndependent of cooling of earth during Quaternary , refuting al explanations
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based on Bergman slaw. The most important fact in use was the late Plei stocene fossl manr
malian faunas from Northeastern China (Research group of advanced vertebratesof the Ingi-
tuteof Vertebrates Paleontology , 1959) showed in table 1. If the explanations based on
Bergman s law were correct , larger gecies would have higher survival rates ater undergoing
through the extreme ocold of ice age in Quaternary than smaller ones. However, Table 1
showed that the survived geciesor subspecies after going through the ice age included al 8
seciesof Rodentia and Lagomorpha, with smal body sze, 5 of 6 geciesof Carnivora, with
moderate body dze, and 10 of 22 geciesor subgpeciesof Proboscidea, Perrisodactyla, Artio-
dactyla, with large body sze. These dataindicated that augmented body sze was not advan-
tageousfor mammals to live in extreme cold climate , and might increase their extinction.

The authors a0 used the evidence from the fosslsof order , Proboscidea. The process
of evolution in thisorder was about asfollows. The most primitive family , Moeritheriidae ,
occurred from the late Eocene to the early Oligocene with a body szeof pig, the smdlest sze
in this order; Deinotheriidae occurred during Miocene and Hiocene; Gomphotheriidae oc-
curred from the early Oligocene to the early Pleistocene. Mammutidae occurred from the ear-
ly Miocene to Pleistocene. And BEephantidae occurred in the late Miocene and was the only
group ill surviving today. The body sze was gradualy augmenting in this process, indicat-
ing that the augmentation of mammal’ s body sze could be a very long process which might
have started at the beginningsof mammalsand ended within the extreme cold ice age. S0 the
problem should be discussed on a larger scale of time rather than only for Quaternary.

There are several possble mechanisms involved in the augmentation of mammal’ s body
gze. Firg, nature sslection should favor larger goecies because they are advantageousin com-
petition with a smaller one utilizing the same resources. Second , species Peciaize on the re-
urces relatively being propitious to large one to avoid competition with other secies.
Grdfe sevolution isthis stuation. Third, large body sze makes herbivorous mammal’s an-
tipredator more success ul , that iswhy the present largest mammals are herbivorous, such as
dephants and rhinoceros. Fourth, larger body sze means higher running speed and en-
durance, and thus higher surviva ratesof prey from predators, more success ul predation of
predators. The predator - prey coevolution prompts both predator and prey augment their
body sze. In predator - prey interaction, prey have a higher stress than predator because
prey will lot it' slifeif it failsto excape from a predator , while predator only lost a medl if it
failsto capture aprey. So aprey may increase it s body Sze more rapidly than it s predator.

In the lagst paragraph of this article, The authors discussed why augmented mammals
had high extinction ratesin Quaternary ice age. The following two factors together can ac-
count for this phenomenon. First, augmented mammas must exclusvely occupy enlarged
territory because a larger animal needs more resource (food) than a smaller one. Thus popu
lation density , number of individua per unit area, will decrease with augmentation of body
dze, and if it decreases to the minimum viable population, it will be unavoidable to extinct.
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Second, the extreme cold climate in the ice age should result in a consderable decrease of
plant productivity or a strong habitat successon, which must aggravate the rarefaction of
population caused by augmentation of body sze. The authorsagree with the the Law of Aug-
mentation of Sze established by Charles Deperet.

Key words: Mammals; Augmentation of body sze; Bergman slaw; Quaternary; Extinc

tion
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