
images. ho\\ evsr. favor lllodels v, it11 higher vis- 
cosities and thiclter 17-eak zones. The predicted 
deforlllatioll pattern (Fig. 1C) can ~llatch thc 
obscr\.atioas (Fig. 1.A) bcttcr if a n-calt zone of 
13 lull and a 1-iscosity of 1.6 x 10IS Pa.s arc 
used. Moreover, \vc find that the match be- 
m-ccn t11? IaS.AR images and ~llodcl calcula- 
tions call be improved if a nonuniforill n-eak 
layer. (-74). is used. The \teal< layer thickness at 
depth is detelnlillcd from the geographical T-ari- 
ations of the hloho depth (23) .  Th? calculated 
alllplitude of uplift to t11? n-cst of the Jol~ason 
\'alley fault is closer to R-hat is s11o~v11 on the 
iatcferogam (25) .  

.A viscosity 011 the order of 1O1"rs in the 
lo\\ er crust is consiste~lt \\ it11 a maximurn 
viscosity of the lolver crust of I 0 ' 9 ~ a s  that is 
illfel~cd from the uplift and tilting of Quater- 
nary lake sediments on the Halloran Hills in 
the eastclm \loja\-? d?s?rt ( 2 6 ) .  Tlle \veal<ness 
of the lo\ver crust could be related to the 
thermal structure of the Basin and Range 
pro\ ince. so it can help und?rstaad the phys- 
ical mechaaism rcspollsible for the ext~.asioa 
of the general arca. 

Our stud) 011 postseislllic rcboulld doss 
not rssolve the alechaaism respollsible for 
i~lterseisnlic deformatio~~ associated n-it11 ma- 
jor strike-slip faults (_"). The posts?ismic 
d?formation involves a sudden coseismic 
stress collce~ltratioll clos? to the rupture zo~le.  
lvhile the interseismic deforlllatio~l on14 ill- 
T-o1r.e~ gradual strain con cent ratio^^. So it is 
possible that a m?cl~anism other than \-is- 
coelastic flax\-. such as stable sliding. is also 
related to t lx  i a t~ . r s~ . i sn~ ic  process (-77). 

Becaus? \ iscosity go \ - e r~~s  the e\ olution 
of the stress field and thus the loading and 
uaioading processes of lnajor carthqual<e- 
generating faults. our estilllate of the 1-iscos- 
ity b?neatl~ t lx  Landers earthquak~ region 
mill help to assess earthqualte hazards in 
southern California and fi~rther characterize 
the beha\ior of earhqualte-related processes. 
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In Search sf the First Flower: 
A Jurassic Angiosperm, 

Archaefrucf us, from Northeast 
China 

Ge Sun,* David 8. Bileher,* Shaoling Zhsng, Zhekasn Zksu 

Angiosperm fruit ing axes were discovered f rom the Upper Jurassic o f  China. 
Angiosperms are defined by  carpels enclosing ovules, a character demonstrated 
in  this fossil. This feature is lacking in  other fossils reported t o  be earliest 
angiosperms. The fruits are small follicles formed f rom conduplicate carpels 
helically arranged. Adaxial elongate stigmatic crests are conspicuous on each 
carpel. The basal one-third o f  the axes bore deciduous organs o f  uncertain 
affinities. N o  scars o f  subtending floral organs are present t o  define the indi- 
vidual fert i le parts as f loral units, bu t  the leaf-Like structures subtending each 
axis define t hem as flowers. These fruit ing axes have primitive characters and 
characters no t  considered primitive. 

It has bsen thought that aagiosp?lllls first 
appeared about 130 lllillion !.ears ago in the 
Lo\ver Cre tacco~s  ( 1 .  2 ) .  There are sc\,eral 
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recent reports of Triassic. Jurassic. and Ion,- 
ernlost Cretaceous-aged fossils id?~ltifi?d as 
aagiospenns (3-7). but none of these reports 
call be acccptcd as conclusive evidcnce for 
the presence of a~~giospcrms. Vl.la11y reports of 
sarly angiosp?ll~ls are based 011 pollen, 
lea\ es, and ~vood  n-it11 v?ss?ls, llolle of which 
are definitive characters of angiosperms. 
Soruc are based on flonws and fruits that are 
too poorly prcser\-cd to delllollstratc o\-ulcs or 
seeds enclosed in the carpels. T11e ullique 
character of a~lgiospenns is that tll? oxvles 
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are completely enclosed in a carpel. Here, we 
describe such early angiosperm fruits collect- 
ed from the Upper Jurassic "Jianshangou 
Bed" in the lower part of the Yixian For- 
mation of Huangbanjiegou village near 
Shangyuan Town of Beipiao City, western 
Liaoning Province, northeast China (Fig. 1). 

The Yixian Formation (8-12) consists of 
layers of volcanic rocks sandwiched between 
sedimentary rocks. The sedimentary rocks 
contain abundant freshwater and terrestrial 
fossils, including plants, bivalves, fish, con- 
chostracans, ostracods, gastropods, insects, 
turtles, lizards, shrimps, dinosaurs, birds, and 
mammals that constitute the Jehol biota (13, 
14). The Yixian Formation is about 2000 to 
2500 m thick and is considered to be latest 
Jurassic in age (8-15). We classify our dis- 
covery as follows: 

Division Magnoliophyta 
Class Magnoliopsida 
Subclass Archaemagnoliidae 
Genus Archaefructus Sun, Dilcher, Zheng 

et Zhou, gen. nov. 
Type-species: Archaefmctus liaoningen- 

sis Sun, Dilcher, Zheng et Zhou, sp. nov. 
Generic diagnosis: Reproductive axes 

branched or unbranched, bearing helically ar- 
ranged fruits (follicles) on short pedicels. 
Fruits mature distally, occupying the distal 
two-thirds of an axis; carpels or stamens de- 
ciduous, leaving short peg-like pedicel bases 
on the proximal one-third of an axis. Fruits 
derived from conduplicate carpels commonly 
bearing three (two to four) ovules. Fertile 
axes are subtended by leaf-like structures 
(16). Details of the diagnosis of Archaefruc- 
tus liaoningensis are presented in (1 7). 

The fruits presented here are recognized 
as angiosperms on the basis of the ability to 
remove seeds completely enclosed within 
them. The occurrence of this angiosperm- 
defining character in Archaefructus is impor- 
tant because it demonstrates that ~rchaefruc- 
tus has angiosperm affinities, and it establish- 
es a benchmark in time for when the closed 
camel is first found. This character occurs in 
combination with other reproductive charac- 
ters, resulting in a new. mixture of characters. 
This unique set of characters should change 
our understanding of the nature of the early 
angiosperm flower. 

The pollen-bearing organs ofArchaejhctus 
are unknown. They were not present with car- 
pels in the fossil material examined. The prox- 
imal one-third of each fertile axis has what 
appears to be pedicel bases that may have bome 
deciduous fruits or other organs such as sta- 
mens. Archaefructus may have been either uni- 
sexual (monoecious or dioecious) or bisexual. 
No pollen was found attached to any surface of 
the fruits or axes, and no angiosperm pollen has 
been isolated from the matrix. The only sterile 
organs associated with Archaejhctus are two 
poorly preserved leaf-like structures (Fig. 2A). 

The lateral axis is bome in the axil of a leaf-like 
structure occurring on the main axis. Examina- 
tion by epi-illumination and fluorescence epi- 
illumination of the surfaces of this fertile com- 
plex revealed some cellular detail of the epider- 
mal cells covering the fruits and axes, but no 
pollen or evidence of scars of any deciduous 
organs were found except for the peg-like pedi- 
c e l ~  basal in each fertile axis. Therefore., there 
may have been deciduous floral organs of an 
unknown nature associated with these fiuiting 
axes when they were young. These fossils are 

pattern of pollination biology present, as is 
found for specific fossil angiosperm taxa occur- 
ring during the latter Cretaceous (19), but both 
insects and wind may have been involved. In- 
sect polliiation offers a biological environment 
that would have contributed to an early and 
rapid diversification of the angiosperms. 

Archaefructus has helically arranged car- 
pels, and the placement of the two leaf-like 
organs suggests this pattern continued in the 
foliage. In contrast, many members of Gn- 
etales (20), found in the Mesozoic, are char- 

fruiting axes bearing individual conduplicate acterized by oppositely placed leaves, 
carpels (Fig. 2, A and B), and each axis should branches, and reproductive organs. Probable 
be regarded as originating from a floral unit 
(Fig. 2A). The elongate nature of the axes may 
have been more extended in the fruiting stage 
than at pollination. The crowded carpels at the 
apices suggest this (Fig. 2B). Also, in the young 
carpels the stigmatic tissue occupies propor- 
tionately more area, and the apical prominence 
appears to continue to enlarge as the carpel 
matures. 

The carpels of Archaefictus are closed in a 
conduplicate fashion, contain more than one 
ovule, and are clustered together. Subtending 
each "flower" is a leaf-like structure consisting 
of a petiole that terminates in a branched pattern 
of possibly three major veins extending into a 
crumpled leaf lamina (Fig. 2A). A few of the 
basal reproductive organs were deciduous at 
maturity while the subtending leaves and distal 
carpels remained attached. It is possible that the 
crumpled leaf-like organs subtending each fer- 
tile axis were colored or patterned in some way 
to attract the attention of insect pollinators. The 
stigmatic surface may have produced an exu- 
date on which the dipterians, known from the 
same sediments, may have fed (12). It is also 
possible that the extended tips on the stigmatic 
crests of each carpel functioned similarly to 
those of Ascarina of the Chloranthaceae, which 
is wind pollinated (18). Thus, there is no single 

Fig. 1. Map showing the geographic location of 
the angiosperm fruiting axes Archaefmctus liao- 
ningensis gen, et sp, nov. Vertical lines represent 
Liaoning Province. Fossil localities are southwest 
of Beipiao. 

fossils of Gnetales that co-occur with Archae- 
fructus in the Yixian Formation include 
Chaoyangia liangii (21) and Eragrosites 
changii (22). These were both described re- 
cently as the earliest record of angiosperms. 
Chaoyangia liangii has ribbed stems with 
conspicuous nodes, each bearing two oppo- 
sitely arranged leaves. The stems branch op- 
positely to produce a cyme-like pattern on 
which winged fruits or seeds are borne. These 
winged fruits or seeds are similar to those 
previously described as Gurvanella (23, 24) 

Fig. 2. Archaefructus liaoningensis Sun, Dikher, 
Zheng et Zhou gen. et sp. nov. (A) Holotype, 
520916; fruiting axes and remains of two sub- 
tending leaves. Scale bar, 5 mm. (0) Enlarged 
view of the carpels showing remains of the 
adaxial crest, abaxial venation, seeds in each 
carpel, and finger-like prominences. Scale bar, 5 
mrn. (C) Portion of a seed removed from a 
carpel, as viewed by scanning electron micros- 
copy. Scale bar, 25 pm. 
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and have a distinct resemblance to the winged 
seeds of ll>Iii,itc/~iil iilii.il11ilis. C/lilo~.ilii'gi~ 
liililgii is an interesting fossil plant. but the 
ribbed stems. opposite branching. and n.inged 
fiuits or seeds suggest that it has affinities 
with Gnetales rather than the angiosperms. It 
is unlike ally l i ~ i n g  Gnetales. and careful 
analysis of the described specimen and addi- 
tional nlaterial needs to be c a ~ ~ i e d  out. Before 
it can be accepted unequivocally as an angio- 
sperm. the nature of the winged fruits or 
seeds must be clearly understood. and we 
conclude at this time that it most probably is 
an extinct genus of Gnetales. 

Eiilgi.osires cl~ciilgii is a name given to 
fossils interpreted as grass-like renlains (2-7). 
These fossils also have reproductive organs 
borne on ribbed axes with distinct nodes that 
are oppositely branched, characters typical of 
Gnetales. In addition. the tightly crowded 
grass-likc seed heads have oppositely ar- 
ranged bracts that are reminiscent of the seed- 
bearing organs of Ephetbii and Irhlii.irc/iiil. 
b'e consider this fossil grass to represent 
fossil remains of an extinct Gnetales. and it 
definitely is not an angiospenn. 

di.clliiefi~~icr~cs presents a new set of char- 
acters not previously knonn in angiosperms. 
Typically the division 4lagnoliophyta (25) is 
used for angiosper~~ls or flowering plants. and 
the class hlagnoliopsida is used for the dicot- 
yledons and Liliopsida for the monocotyle- 
dons, IVe suggest that a nelv subclass. Arch- 
aeinagnoliidae. be constnlcted for angio- 
spelms that do not confo~nl to the character 
sets of any of the existing subclasses of the 
h,lagnoliophyta. This new subclass is charac- 
terized by flowers subtended by only a single 
leaf or leaf-like organ. Flowers consist of 
elongate receptacles bearing conduplicate 
ca~pels helically. The nah~re  of the male ilo- 
ral organs is unknomn at this time. Flo\vers 
appear to telnlinate axes and predate the evo- 
lution of any floral patterns. The subclass 
does not fit the concepts of "paleoherb" or of 
"eoangiosperm." as both represent collec- 
tions of angiosperm taxa already more spe- 
cialized and illodified (-76) than .-l?.chilefi~itc- 
rl1.s of the subclass Archaemagnoliidae. 

Although .-li~cililefiitcrirj fits the general 
plan of the "fi~ndarnental axis" for the prim- 
itive angiosperm (26).  there are no subtend- 
ing bracts present; the carpels, leaves. and 
bra~lching are helical: and the development of 
carpels is conduplicate (plicate) (27)  rather 
than ascidiate (27. 28). Some cladograms (28, 
29) suggest that ascidiate calpels with one or 
two ovules are most primiti! e. on the basis of 
the occurrence of these characters in extant 
angiospemls such as Cl~loranthaceae. This 
family is schematically derived through a 
gnetalian ancestly based on these characters 
(28). .Ai.cl~ilefi~icf~(~ does not suppolt this pro- 
posed evolutionary scheme. 

In extant angiospenns. ol-ules are formed on 

the inner surface of the carpel. which histolog- 
ically is different from the outer surface. After 
fusion of the carpel. the ol-ules are enclosed and 
isolated eon1 external envirorm~ental factors. 
Endress ( 2 7 )  has maintained that the so-called 
"open carpels" of some angiospemls are a myth 
because secretions produced by the inner lining 
of the carpels fill any gap. The pollen grain and 
the pollen tube are required to interact with the 
biochemical barrier as well as, in most carpels, 
the physical bal~ier to the male gametophq~e 
presented by the closed carpel (30, 31). This 
i~npo~tant step in angiospenn reproduction is 
clearly well developed in the Upper Jurassic in 
,4~~c11clefi~iccr~cj. It allowed for incompatibility to 
develop between the male gametophqte and the 
carpel vely early in angiosperm e~olution. 

Overall, .-l?~cIiiiefi~~~ct~rs looks Inore like a seed 
fern-type plant than like bennettitalian or gn- 
etalian plants, which have received support as 
ancestral goups (26  32. 33). The leaf-like nature 
of the fertile shoots, the helical disposition of the 
carpels, the conduplicate nahae of the carpels 
with multiple olules, and the subtending leafi 
struck~res are characters that would support the 
possible seed fern ancesn-y of.-licliaefi~il?lctlo. Gn- 
etales are considered a sister group of the angio- 
spenns. just as they might be thought of as a 
sister group of some of the hlesozoic seed felns. 
The Mesozoic seed fe~ns  are poorly understood 
and probably do not represent a natural group of 
plants. Many seed ferns became extinct during 
the Triassic or the Jurassic, and all became ex- 
tinct by the mid-Cretaceous (34). Perhaps some 
lineages of hlesozoic seed fenls are the ancestors 
of the Mesozoic radiation of the angiospenns. 
explaining why Gnetales and angiospenns are 
often found to be sister clades. 

. A I ~ c I z I I ~ ~ ~ L ~ c ~ ~ ~ s  is nlore than 85 n ~ n l  long 
and consists of two fertile axes. which give 
rise to nearly 60 carpels and two leaves (Fig. 
2. A and B) .  This compression-impression 
plant material was recovered by cleaving 
apart sedimentary layers of rock. The fossil is 
unlike the charcoalified remains, recovered 
by sieving. that have added much to our 
knowledge of early angiospe~m reproduction 
(35, 36). Those flowers and fruits are minute 
relative to the material of Aicl~aefiztcrirs. 
Thus. .-li.ci7aefi.itcrlri. is a clear indicator that 
large reproducti\-e axes of angiosperms exist- 
ed early in angiosperm evolution. even if 
only a felr have been recovered. This may 
suggest that the small angiosperm flowers 
and f~xi ts  of early angiospernls are derived 
and reduced to small sizes from an ancestor 
wit11 large flowers. 

By the mid-Cretaceous and into the 10% er 
Upper Cretaceous. a tremendous increase in 
angiosperin di\zersity appears in the fossil 
record (3'7-41). Nearly all of these fossils 
represent lines of evolution progressing to- 
\yard extant taxonomic clades of angiospenns 
at the family or generic level (24). The e1.o- 
lution of modern angiospe~nl taxonomic 

groups thus seems to have transpired relative- 
ly quickly during the Lower Cretaceous. 

For nearly a centu~y. many paleobotanists 
and botanists have considered the angio- 
sperms to have originated in the tropical re- 
gions of the world (42-45). The presence of 
Ai~cl~iieJiuctz~s and early angiospe~ms from 
the Lower Cretaceous of Jixi. in northeast 
China (46, 47),  suggest that there were early 
angiosperms in China and that this was one of 
the areas where early diversification of the 
angiospenns was taking place. Angiosperms 
and angiosperm-like plants have also been 
reported fronl the early Cretaceous of Mon- 
golia and Lake Baikal in eastern Russia (23. 
24, 48). These fossils are similar to the Yix- 
ian flora and are associated with similar fossil 
fauna (that is, the Jehol fauna characterized 
bq the Li copteia-Eoejthei-la-Epheineiopj~s 
assemblage) The~efore. angiosperms ma) 
ha1 e orlg~nated 111 Asla (42) 

References and Notes 
1. j. A. Doyle and L. J. Hickey, in Origin and Early 

Evolution of Angiosperms, C. B. Beck, Ed. (Columbia 
Univ. Press, New York, 1976), pp. 139-206. 

2. P. R. Crane, Nature 366, 631 (1993). 
3. B. Cornet and D. Habib, Rev. Palaeobot. Palynol. 71, 

269 (1992). 
4. B. Cornet, Palaeontogr. Abt. B 213, 37  (1989). 
5. , Evol. Theoy  7, 231 (1986). 
6. , Mod. Ceol. 19, 81 (1993). 
7. C. R. Hill, Cretaceous Res. 17, 27 (1996). 
8. Q. J i  and S. A. Ji, Chin. Ceol. 233, 30 (1996). 
9. L. H. Hou, Z. Zhou, L. D. Martin, A. Feduccia, Nature 
377, 616 (1995). 

10. D. M .  Unwin, Nature 391, 119 (1998). 
11. C. C. Labandeira, Science 280, 57 (1998). 
12. D. Ren, ibid., p. 85. 
13. P. J. Chen, Z. M. Dong, S. N. Zhen, Nature 391, 147 

(1 998). 
14. P. J. Chen et a/., Bull. Nanjing Inst. Ceol. Palaeont. 

Acad. Sin. 1, 22 (1980). 
15. P. E. Smith et al. [Can. I .  Earth Sci. 32, 1426 (1995)l 

suggested that the age of these rocks is Lower Cretaceous 
(122 million years). However, Chen eta!. (13) maintain 
that the samples analyzed came from intrusive voicanic 
rocks many millions of years younger, rather than from 
the fossil-bearing sediments (which they presume to  be 
about 145 million years ago) deposited in the Upper 
Jurassic. Associated with the angiosperm fruiting axes 
reported here are abundant remains of non-angiosper- 
mous plants, which indicate a Late Jurassic to  Early Cre- 
taceous age. We have identified these plants as Thallites 
sp., Equisetites spp., Onychiopsis elongata (Geyl.) Yok., 
Coniopteris spp., Ruffordia goeppertii (Dunk.) Sew., Clado- 
phlebis spp., Pterophyllum sp., Nilssonia sp., Otozamites 
sp., Neozamites sp., Baiera hastata Krassilov, Sphenobaiera 
sp., Czekanowskia rigida Heer, Solenites murrayana L. et H., 
Phoenicopsis sp., Schizolepis jeholensis Yabe et Endo, 
Pityophyllum sp., Pityocladus yabei (Toyama et Oishi) 
Chang, Elatocladus manchurica (Yok.) Yabe, Brachyphyl- 
lum sp., Sphenolepis sp., Cumanella sp. Krassilov, and 
Potamageton? jeholensis Yabe et Endo. The theropod 
dinosaur, Sinosauropteryx, from the lower part of this 
formation (73) is comparable to  Compsognathus from the 
Upper Jurassic (Tithonian) Solnhofen Beds in Germany [P. 
Wellnhofer, Archaeopteryx 11, 1 (1993)l. In addition, the 
mouth parts of flies from the Yixian Formation (12) are 
similar to those known from the Upper Jurassic of Kaza- 
khstan (1 1). Therefore, we consider the lower Yixian For- 
mation to be Late Jurassic in age. 

16. Etymology: Archae- for  ancient; fructus for  fruiting. 
The species liaoningensis is named for the province in  
China f rom which the specimens were collected. 
Specific diagnosis: Same as for  the genus. Holotype: 
Deposited in  the Nanjing Institute of Geology and 
Palaeontology, Academia Sinica, number SZ0916 
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(Fig. 2). Age and stratigraphy: Upper Jurassic, Yixian 
Formation. 

17. Description: Fertile axes vary in size (Fig. 2A). Main 
axis is 85 mm long from leaf axis and 3 mm wide 
basally, tapering to 1 mm wide distally. The lateral 
fertile axis originates from a leaf axil, 86 mm long 
and 1 mm wide basally, tapering to 0.3 mm wide 
distally. Fruits are attached by pedicels that are 0.75 
to 1.5 mm long by 0.25 to 0.6 mm wide. Fruits are 
larger basally, 7 to 9 mm long by 2 to 3 mm wide, 
each containing three (two to four) seeds. Finger-like 
prominences extend about 1 mm from apex of fruits 
(Fig. 2B). The fruits are positioned at acute angles to 
the axis. The main axis has 18 fruits and 11 peg-like 
bases of pedicels (that bore deciduous reproductive 
organs) about 0.5 mm long. The lateral axis has 30 
fruits and four peg-like remnants of the pedicels that 
bore deciduous reproductive organs, and smaller 
fruits, 5 to 6 mm long by 1.5 to 2 mm wide. The fruits 
are crowded at the axis apex where fruit size decreas­
es. Fruits near the apex are 3 mm long by 2 mm wide, 
each with two seeds. One other fruiting axis (SZ0917, 
not figured) contains 17 fruits crowded into 35 mm 
of the fragmentary axis. Seeds fil l fruits and have an 
oblique orientation. They appear to be attached to 
the adaxial side of the fruit. Seeds may overlap within 
fruits or may be distinctly separated by oblique bands 
of tissue. Cuticles of the seed coats are thin. Epider­
mal cells are rectangular-polygonal, about 25 to 45 
|xm by 12 to 20 |xm. Anticlinal cell walls are sinuous 
and cutinized, about 2.5 to 3.5 |xm thick (Fig. 2C). 
Periclinal cell walls are somewhat unevenly cutinized. 
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The conservation implications of small pop­
ulation size are controversial (1-4). A signif­
icant loss in genetic variation may decrease 
fitness or limit the long-term capacity of a 
population to respond to environmental chal­
lenges (5). Alternatively, chance environ­
mental and demographic events may pose a 
more immediate threat to small populations 
(1, 2). Conservation strategies can be differ­
ent depending on the relative importance of 
these factors (1, 3, 6), but fundamental ques­
tions persist because there are few data on 
long-term changes in the demography and 
genetics of wild populations. 

Here we report the results of a long-term 
study on a remnant population of greater prairie 
chickens (Tympanuchus cupido pinnatus) in 
southeastern Illinois (7). Over the 35-year peri-
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od of this study, we documented concurrent 
declines in population size and fitness as well as 
an overall reduction in genetic diversity. In 
addition, we report on a conservation strategy 
initiated in 1992, whereby translocations of in­
dividuals from large, genetically diverse popu­
lations increased fitness. 

Greater prairie chickens are grassland-depen­
dent birds still found in areas of suitable habitat 
ranging from northwestern Minnesota south to 
northeastern Oklahoma, and from southeastern 
Illinois west to northeastern Colorado (8). Leks 
(or booming grounds) are used as arenas for 
territorial display and breeding by two or more 
males (9). Loss of habitat suitable for successful 
nesting and brood rearing is the single most 
important factor leading to declines, isolation, 
and extirpations throughout the species' range in 
the midwestern United States (10). The eastern 
subspecies Tympanuchus cupido cupido, also 
known as the heath hen, has been extinct since 
1931 (11) and Attwater's prairie chicken Tympa­
nuchus cupido attwateri, which is restricted to 
Texas, is near extinction (12, 13). 

In Illinois, native prairie habitat for prairie 
chickens originally covered >60% of the state 
(Fig. 1), but fewer than 931 ha (<0.01%) of the 
original 8.5 X 106 ha of high-grade prairie 
remain (14). There were possibly several mil­
lion prairie chickens statewide in the mid-19th 
century (15); by 1962 an estimated 2000 birds 
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Effects of small population size and reduced genetic variation on the viability 
of wild animal populations remain controversial. During a 35-year study of a 
remnant population of greater prairie chickens, population size decreased from 
2000 individuals in 1962 to fewer than 50 by 1994. Concurrently, both fitness, 
as measured by fertility and hatching rates of eggs, and genetic diversity 
declined significantly. Conservation measures initiated in 1992 with translo­
cations of birds from large, genetically diverse populations restored egg via­
bility. Thus, sufficient genetic resources appear to be critical for maintaining 
populations of greater prairie chickens. 

www.sciencemag.org SCIENCE VOL 282 27 NOVEMBER 1998 1695 

uiuc.edu
http://www.sciencemag.org

