
information losses to stimulate the bias- 
ing effect of "extant" records. 

Finally, a new range chart was con- 
structed from what was left after the 
information removals. T'he diversity 
curves computed from this are also 
shown in Fig. 5. Species diversity in- 
creases sharply toward the Recent 
whereas generic diversity shows a maxi- 
mum, offset to the right of the original 
maximum. When genera are grouped 
into hypothetical families (not shown), 
the diversity maximum is offset to the 
right but not as far. 

The simulation demonstrates that 

diversity patterns such as are observed 
in the fossil record can be produced 
by the application of known biases to 
quite different diversity data. The sim- 
ulation does not, of course, prove the 
alternative model for Phanerozoic di- 
versity because of our present ignorance 
of the actual impact of the biases. The 
simulation does suggest, however, that 
the model proposed in Fig. 5 is a plaus- 
ible one for the Phanerozoic record 
of marine invertebrates. 

The alternative model cannot be ap- 
plied literally to land-dwelling forms 
because the exploitation of terrestrial 
habitats started much later in geologic 
time and may be still going on. The 
fossil record of terrestrial organisms is 
subject to the same biases, however, 
and so should be read with caution. 
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Summary 

Apparent taxonornic diversity in the 
fossil record is influenced by several 
time-dependent biases. The effects 
of the biases are most significant 
at low taxonomic levels and in the 
younger rocks. It is likely that the ap- 
parent rise in numbers of families, 
genera, and species after the Paleozoic 
is due to these biases. For well-skeleton- 
ized marine invertebrates as a group, 
the observed diversity patterns are com- 
patible with the proposition that taxo- 
nomic diversity was highest in the 
Paleozoic. TIhere are undoubtedly other 
plausible models as well, depending on 
the weight given to each of the biases. 
Future research should therefore be 
concentrated on a quantitative assess- 
ment of the biases so that a corrected 
diversity pattern can be calculated from 
the fossil data. In the meantime, it 
would seem prudent to attach con- 
siderable uncertainty to the traditional 
view of Phanerozoic diversity. 

References and Notes 

1. J. W. Valentine, Paleontology 12, 684 
(1969). 

2. -- Bull. Geol. Soc. Amer. 79, 273 (1968); 
J. Paleontol. 44, 410 (1970). 

3. F. G. Stehli, in Evolution and Environment, 
E. T. Drake, Ed. (Yale Univ. Press, New 
H4aven, (onn., 1968), p. 163. 

4. R. C. Moore et al., Eds., Treatise on In- 
vertebrate Paleontology (Geological Society of 
America and Univ. of Kansas Press, Law- 
rence, 1953-1972). 

Summary 

Apparent taxonornic diversity in the 
fossil record is influenced by several 
time-dependent biases. The effects 
of the biases are most significant 
at low taxonomic levels and in the 
younger rocks. It is likely that the ap- 
parent rise in numbers of families, 
genera, and species after the Paleozoic 
is due to these biases. For well-skeleton- 
ized marine invertebrates as a group, 
the observed diversity patterns are com- 
patible with the proposition that taxo- 
nomic diversity was highest in the 
Paleozoic. TIhere are undoubtedly other 
plausible models as well, depending on 
the weight given to each of the biases. 
Future research should therefore be 
concentrated on a quantitative assess- 
ment of the biases so that a corrected 
diversity pattern can be calculated from 
the fossil data. In the meantime, it 
would seem prudent to attach con- 
siderable uncertainty to the traditional 
view of Phanerozoic diversity. 

References and Notes 

1. J. W. Valentine, Paleontology 12, 684 
(1969). 

2. -- Bull. Geol. Soc. Amer. 79, 273 (1968); 
J. Paleontol. 44, 410 (1970). 

3. F. G. Stehli, in Evolution and Environment, 
E. T. Drake, Ed. (Yale Univ. Press, New 
H4aven, (onn., 1968), p. 163. 

4. R. C. Moore et al., Eds., Treatise on In- 
vertebrate Paleontology (Geological Society of 
America and Univ. of Kansas Press, Law- 
rence, 1953-1972). 

5. Y. A. Orlov, Osnovy Paleontologii (Akademiia 
Nauk SSSR, Moscow, 1958-1964). 

6. W. B. Harland et al., Eds., 7he Fossil Record 
(Geological Society of London, London, 1967). 

7. J. L. ( utbill and B. M. Funnel, ibid, p. 791. 
8. N. D. Newell, in Uniformity and Simplicity, 

C. C. Albritton, Jr., Ed. (Geological Society 
of America, New York, 1967), p. 63. 

9. A. H. Muller, Grossabldufe der Stalmmesge- 
schichte (G. Fischer, Jena, Germany, 1961). 

10. J. Gilluly, Bull. Geol. Soc. Amter. 60, 561 
(1949). 

11. J. D. Hudson, in The Phanerozoic lime-Scale, 
W. B. lHarland et al., Eds. (Geological Socie- 
ty of London, London, 1964), p. 37. 

12. C. B. Gregor, Proc. Kon. Ned. Akad. 
Wetensch. 71, 22 (1968). 

13. See also the general discussion by R. M. 
Garrels and F. T. Macken/ie, E,oclution of 
Sedimentary Rocks (Norton, New 'Yok, 1971). 

14. The data on maximum thickness are mostly 
from A. Holmes, Trans. Edinburgh Geol. Soc. 
17, 117 (1959); M. Kay, in (rist of the Earth, 
A. Poldervaart, Ed. (Geological Society of 
America, New York, 1955), p. 665. 

15. A. B. Ronov, Geokhimiya 1959. 397 (1959), 
translated in Geochemistry USSR 1959, 493 
(1959). 

16. M. Dwass, Probability (Benjamin, New York, 
1970). 

17. B. Kummel and G. Steele, J. Paleontol. 36, 
638 (1962). A few of the ammonoid occur- 
rences were designated as doubtful; these were 
eliminated for the present purpose with the 
effect that one of the original 16 localities 
was eliminated. 

18. G. G. Simpson, The Major Features of Evolu- 
tion (Columbia Univ. Press, New York, 1953), 
p. 31. See also the excellent discussions of 
sampling problems and biases by J. W. Dur- 
ham, J. Paleontol. 41, 559 (1967) and by G. 
G. Simpson, in Evolution After Darwin, S. 
Tax, Ed. (Univ. of (hicago Press, Chicago, 
1960), vol. 1, pp. 117-180. 

19. G. A. Cooper, J. Puleontol. 32, 1010 (1958); 
see also the general discussion of mono- 
graphic effects in A. Williams, Geol. Mag. 
94, 201 (1957). 

20. L. R. Cox and W. J. Rees, Nature 185, 749 
(1960). 

21. F. E. Preston, Ecology 43, 185 (1962); N. D. 
Newell, Anier. Mus. Nov. 2465 (1971). 

22. T. Mortensen, A Monograph of the Echino- 
dea (Reitzel, Copenhagen, 1928), vol. 1. 

5. Y. A. Orlov, Osnovy Paleontologii (Akademiia 
Nauk SSSR, Moscow, 1958-1964). 

6. W. B. Harland et al., Eds., 7he Fossil Record 
(Geological Society of London, London, 1967). 

7. J. L. ( utbill and B. M. Funnel, ibid, p. 791. 
8. N. D. Newell, in Uniformity and Simplicity, 

C. C. Albritton, Jr., Ed. (Geological Society 
of America, New York, 1967), p. 63. 

9. A. H. Muller, Grossabldufe der Stalmmesge- 
schichte (G. Fischer, Jena, Germany, 1961). 

10. J. Gilluly, Bull. Geol. Soc. Amter. 60, 561 
(1949). 

11. J. D. Hudson, in The Phanerozoic lime-Scale, 
W. B. lHarland et al., Eds. (Geological Socie- 
ty of London, London, 1964), p. 37. 

12. C. B. Gregor, Proc. Kon. Ned. Akad. 
Wetensch. 71, 22 (1968). 

13. See also the general discussion by R. M. 
Garrels and F. T. Macken/ie, E,oclution of 
Sedimentary Rocks (Norton, New 'Yok, 1971). 

14. The data on maximum thickness are mostly 
from A. Holmes, Trans. Edinburgh Geol. Soc. 
17, 117 (1959); M. Kay, in (rist of the Earth, 
A. Poldervaart, Ed. (Geological Society of 
America, New York, 1955), p. 665. 

15. A. B. Ronov, Geokhimiya 1959. 397 (1959), 
translated in Geochemistry USSR 1959, 493 
(1959). 

16. M. Dwass, Probability (Benjamin, New York, 
1970). 

17. B. Kummel and G. Steele, J. Paleontol. 36, 
638 (1962). A few of the ammonoid occur- 
rences were designated as doubtful; these were 
eliminated for the present purpose with the 
effect that one of the original 16 localities 
was eliminated. 

18. G. G. Simpson, The Major Features of Evolu- 
tion (Columbia Univ. Press, New York, 1953), 
p. 31. See also the excellent discussions of 
sampling problems and biases by J. W. Dur- 
ham, J. Paleontol. 41, 559 (1967) and by G. 
G. Simpson, in Evolution After Darwin, S. 
Tax, Ed. (Univ. of (hicago Press, Chicago, 
1960), vol. 1, pp. 117-180. 

19. G. A. Cooper, J. Puleontol. 32, 1010 (1958); 
see also the general discussion of mono- 
graphic effects in A. Williams, Geol. Mag. 
94, 201 (1957). 

20. L. R. Cox and W. J. Rees, Nature 185, 749 
(1960). 

21. F. E. Preston, Ecology 43, 185 (1962); N. D. 
Newell, Anier. Mus. Nov. 2465 (1971). 

22. T. Mortensen, A Monograph of the Echino- 
dea (Reitzel, Copenhagen, 1928), vol. 1. 

Maize and Its Wild Relatives 

Teosinte and Tripsacum, wild relatives of maize, 

figured prominently in the origin of maize. 

H. Garrison Wilkes 

Maize and Its Wild Relatives 

Teosinte and Tripsacum, wild relatives of maize, 

figured prominently in the origin of maize. 

H. Garrison Wilkes 

The close relatives of maize, teosinte 
and the genus Tripsacuin, have assumed 
increasing importance in the under- 
standing of the evolution under do- 
mestication of the New World's most 
important plant food. Tripsacum hy- 
bridizes with maize under experimental 
conditions, and teosinte crosses with 
maize in its native habitat, Mexico and 
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Central America. Much of the heterotic 
vigor of maize is attributed to intro- 
gressive hybridization from its closest 
relative, teosinte. Today, the maize 
crop is the single largest harvest in the 
United States and is the staple food for 
most of the inhabitants of Latin 
America. 

Considering the importance of the 
hybridization of maize (Zea mays L.) 
with its wild relatives (Fig. 1) teosinte 
[Z. inexicana (Schrad.) O. Ktze.] (1), 
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an annual grass looking very much like 
maize, and Tripsacum (2), perennial 
grasses quite distinct from maize in 
appearance, it is startling to realize 
how little is known about this phe- 
nomenon in the wild. Maize and 
teosinte are genetically compatible and 
hybridize freely with each other in 
places where the isolating mechanisms 
between the two have broken down, 
as in the Sierra Madre Occidental of 
northern Mexico, the Central Plateau 
and Valley of Mexico in central 
Mexico, and in Ifeuhuetenango of 
northern Guatemala. Tripsacum does 
not hybridize readily with maize in 
the field, but hybrids can be produced 
under experimental conditions. There is 
reason to be alarmed by the rapid 
extinction of these wild relatives in 
and around maize fields where teosinte 
is known to have hybridized with maize 
for at least three millennia. This ex- 
tinction of the native populations of 
teosinte is disastrous from the stand- 
point of future introgression, since it 
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will end the introduction of foreign 
germ plasm into the native races of 
maize, a plant very dependent on het- 
erotic vigor for its yields. 

Where Maize Originated 

Maize, because of its long association 
with man and with his conscious and 
unconscious alteration of its genetic 
architecture, is no longer capable of 
reproducing itself without being cul- 
tivated. Since maize is an obligate 
cultigen with no clearly discernable 
wild form still extant, it is not sur- 
prising that an aura of intrigue sur- 
rounds its origin. 

The Indians' earliest concept of the 
origin of maize recognized that the 
plant did not grow wild in the country- 
side. In the Nahuatl oral tradition, 
maize came from the red ants (3): 
"Once again the gods asked, Oh you 
gods, what is man to eat? And a 
search was begun high and low for 
a food. It was then that the red ant 
brought back corn seed from the land 
of plenty [underworld]. . ." 

In examining the lines of evidence 
presented by Swiss boltanist Alphonse 

de Candolle (4) in his Origin of 
Cultivated Plants (1882)-botanical, 
archeological, historical, and linguistic 
evidence-Harshberger (5) came to the 
conclusion that maize originated in 
Mexico and, more specifically, that it 
had once been a wild plant in central 
Mexico, at elevations above 4500 feet 
(1371.6 meters), in a semiarid region 
with rains during the growing season 
(summer) of approximately 15 inches 
(38.1 centimeters). Unknown to Harsh- 
berger was the fact that the region 
he specified exactly parallels those areas 
of Mexico where teosinte and Trip- 
sacum are found and where maize and 
teosinte hybridize naturally (Fig. 2). 

Between 1920 and 1940, the Russian 
geneticist and plant breeder N. I. 
Vavilov gathered and maintained a 
tremendous genetic wealth at the Insti- 
tute of Plant Industry in Leningrad 
(6). In his expeditions to the New 
World, Vavilov collected seed from 
over 2800 specimens of maize alone. 
Vavilov recognized that specific areas 
of the world were centers of diversity 
for cultivated plants and, based on the 
maize collections, the greatest single 
center of overall diversity was found 
to be Mexico. In addition, teosinte, 

the closest wild relative of maize, was 
native to Mexico. Vavilov considered 
teosinte to be the progenitor of maize, 
and he attached considerable signifi- 
cance to the fact that teosinte was 
fully fertile with maize and that na- 
turally occurring hybrids between the 
two could be found in Mexico. 

The Closest Relative: Teosinte 

The Russians were able ,to locate 
only very restricted populations of 
teosinte and therefore came to the con- 
clusion that it had been more widely 
distributed in the past, but was in the 
1920's a very constricted, "dying-out 
weed" (6, p. 144). Teosinte was far 
from dying, but since its appearance 
is quite similar to that of maize, its 
presence in Mexican maize fields was 
seldom detected by the Russian or later 
investigators. To the casual observer, 
maize and teosinte are so similar in 
appearance, with nearly identical stami- 
nate flowers borne in tassels (Fig. 1A) 
and pistillate flowers enclosed in a 
system of husks in a lateral position 
on the stem, that the most reliable 
characteristic separating the two is the 

Fig. 1. The wild relatives of maize. (A) The maize-mimetic teosinte typical of cultivated corn fields in the Valley of Mexico 
(Chalco) and the Central Plateau. (B) Teosinte growing as a part of the native flora in competition with other plants, notably 
composites, in Guerrero, Mexico. (C) The tall flowering cane of T. maizar (Guerrero, Mexico), with its broad leaves and multi- 
branched tassel, is the most maize-like in appearance of all the Tripsacumr species. 
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pistillate fruit-a distichous spike in 
teosinte (Fig. 3) and a polystichous 
structure (the familiar ear) in maize. 
Teosinte is further distinguished from 
maize in that the seeds are dispersed 
as individual rachis segments from the 
disarticulating spike, and this ability to 
disperse seed, an ability maize does not 
possess, distinguishes teosinte as a wild 
plant (7). 

Today the natural distribution of 
teosinte is well known and recognized 
to be limited to the seasonally dry, 
subtropical zone with summer rain 
(Koppen Cw) along the western escarp- 
ment of Mexico and Guatemala and 
the Central Plateau of Mexico. This 
distribution fits very well within the 
cultural area of the ancient Mexican 
and Mayan civilizations referred to 
by anthropologists as Mesoamerica. 

The natural distribution of teosinte 
falls within some of the best agri- 
cultural land in Mexico. In Jalisco, 
Guanajuato, and Michoacan, teosinte 
is found mostly along stone fences 
bordering maize fields-not because it 
has invaded the maize field as a weed, 

but because it is making a last stand 
on this narrow strip of untilled soil. 
In a few localities, such as Chalco, it 
has successfully invaded the maize field 
proper; but at several sites on the 
Central Plateau where teosinte used to 
grow, a fact documented by specimens 
collected before the turn of the century, 
it has died out in recent times because 
of farming and pasturage (Fig. 2). The 
largest population, and the one least 
likely to disappear in the near future, 
is that which occupies hundreds of 
square miles in the mountains of the 
Rio de las Balsas. The teosinte of this 
region along the western escarpment 
(at elevations of 800 to 1950 meters) is 
the least maize-like of all the teosintes 
found in Mexico; only the teosinte from 
southern Guatemala is less maize-like. 

There are six recognized races of 
teosinte, four of which occur in Mexico 
(8). Both teosinte (2n = 20) and maize 
(2n = 20) are highly variable, outcross- 
ing, wind-pollinated species, and the 
two hybridize readily with each other. 
The F1 hybrid is both robust and fertile, 
and its backcrossing to maize and the 

subsequent introgression of teosinte is 
recognized in at least 17 of the 25 
races of maize in Mexico (8). This 
introgression of genes from teosinte and 
the resulting heterotic effects on maize 
has renewed interest in other wild 
relatives and their possible role in the 
origin of maize. 

The Genus Tripsacum 

The genus Tripsacllm has assumed 
increasing importance for research into 
the origin of maize ever since the 
hybridization of maize with Tripsacuin 
was first reported by Mangelsdorf and 
Reeves in 1931 (9). Seven of the nine 
recognized species are native to Mexico 
and Guatemala, an eighth, T. flori- 
danurn, is native to Florida and Gulf 
Coast Texas, and the ninth, T. australe 
(and possibly other, as yet undescribed 
species) is native to South America. 
The center of variation for Tripsacum 
is the western escarpment of central 
Mexico. This is almost exactly the same 
region in which the largest single 

Teosinte distribution 
* Extant population :' 
o Population known from 

herbarium specimen 
* Early specimen 

Tripsacum distribution 
Mexican diploids 

* T. maizar 
, T. zopilotense 

Mexican tetraploids 
,'\ T. pilosum 
' T. lancelatum 

Mexican and Guatemalan tetraploids 
T. latifolium 

Early teosinte and 
maize-teosinte hybrids 
(900 to 400 B.C.) 

Early teosinte and' 
" 

maize-teosinte hybrids 
(700 to 500 B.C.) 

Fig. 2. Distribution of the wild relatives of maize in Mexico and Guatemala. 
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population of teosinte is found. The 
habitat preferences of Tripsacum spp. 
in Mlexico are nearly identical to those 
of teosinte: seasonally dry, summer 
rains, an elevation of about 1500 
meters, and limestone soils (10). 

Tripsacurl is usually placed in the 
tribe Maydeae along with Zea (maize 
and teosinte), but the genus does show 
certain morphological resemblances to 
members of the tribe Andropogoneae, 
particularly to the genus Alanisuris. In 
fact, the only significant difference be- 
tween Tripsacurn and Manisuris is that 
Manisuris has perfect flowers, while 
Tripsacuin has both male and female 
spikelets which are borne distinctly, 
but which, unlike those of maize and 
teosinte, are on the same inflorescence. 

Polyploidy has been very important 
in the evolution of Tripsacumn (11-15). 
The diploid forms are all morpho- 

logically distinct and allopatric in their 
distribution. The polyploid forms are 
not always easily distinguishable on 
either a morphological or a geographi- 
cal basis. 

There are four diploid (n = 18) 
species of Tripsacum (16): T. flori- 
danun Porter ex Vassey, T. australe 
Cutler and Anderson (17), T. maizar 
Hernandez-X and Randolph (Fig. 1C), 
and T. zopilotense HIernandez-X and 
Randolph (18). Both T. zopilotense 
and T. inaizar appear to be relict species 
that once occupied a much wider range. 
The habitats of these two species, al- 
though very different, are less than 100 
kilometers apart (Fig. 2). 

One species, T. dactyloides L., has 
both diploid (n= 18) and tetraploid 
(n 36) forms. Besides T. dactyloides, 
there are four other tetraploid forms: 
T. laxurn Wash., T. lanceolatum Ropr. 
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Fig. 3. The fruit of teosinte and F1 hybrid with maize. (A) Teosinte and maize are so 
similar in appearance, with nearly identical husk systems enclosing the fruit, that the 
most reliable differentiating characteristic is the distichous spike of teosinte, which 
consists of from 7 to 12 disarticulating rachis segments, each completely enclosing a 
single seed. (B) The familiar polystichous ear of maize is expressed as the four-rowed 
ear in the F, hybrid. The ear of the Ft is more maize-like in appearance because each 
seed is borne naked, free of the enclosing rachis tissue. 
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ex Fourn., T. latifolium Hitch., and T. 
pilosum Scrib. & Merr. Recent evidence 
indicates that these tetraploids are seg- 
mental, allotetraploid derivatives of T. 
maizar- and T. zopilotense-like diploids 
(14). 

The differences in habitat and the 
ecological barriers suggest that the 
diploid species of Tripsacum have di- 
verged significantly from each other 
since their suspected amphidiploid 
origin from n = 9. The diploid species 
with a chromosome number of 2n = 36 
have a regular meiosis with 18 biva- 
lents, a characteristic of genomic 
allopolyploids in which the homologous 
chromosomes between the genomes are 
so distinct that they fail to pair. Some 
of the diploid species are well on their 
way to developing barriers to gene 
exchange, as shown by the sterility in 
the crosses of T. dactyloides (2n = 36) 
with T. zopilotense (2n = 36) and T. 
floridanum with T. zopilotense. Crosses 
of T. dactyloides with T. floridanum 
and T. maizar with T. zopilotense are 
fertile and readily accomplished. At the 
present time, it is difficult to distinguish 
between primitive and evolved diploid 
species. 

The tetraploid species (2n = 72) of 
Tripsacuim, on the other hand, form a 
continuous range of variation, and field 
studies indicate that they hybridize 
readily. Morphologically, it is often 
extremely difficult to separate T. lan- 
ceolatum from T. pilosum in central 
Mexico and T. laxum from T. lan- 
ceolaturn and T. pilosum in southern 
Mexico. T. latifolium is in many 
respects very similar to T. lanceolatum, 
the two being distinguished by their 
allopatric distribution. The three tet- 
raploids (T. lanceolatum, T. laxum, and 
T. pilosuin) all have a decided pref- 
erence for limestone soils and a sea- 
sonally dry habitat at elevations of 1250 
to 1850 meters. 

Polyploidy in Tripsacum 

The nature of the polyploidy in the 
tetraploid species of Tripsacum is not 
known. Anderson (11) has suggested 
that the tetraploid forms originated 
by hybridization and chromesome 
doubling between related diploids, 
while Randolph (12) has suggested 
that the tetraploids of Mexico and 
Central America originated from the 
hybridization of the two most mor- 
phologically distinct and possibly most 
primitive diploids, 7. zopilotense and 
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T. maizar. The tetraploids in which 
meiosis has been observed (13, 14) 
have shown a low quadrivalent and a 
high bivalent formation. These tet- 
raploids are all reasonably fertile and 
thus appear to be segmental allopoly- 
ploids. 

It is quite possible that the T. pilo- 
sum-T. lanceolatum complex of central 
Mexico originated from chromosome 
doubling following the hybridization of 
T. zopilotense and T. maizar. Tan- 
travahi (14) has shown by multiple 
character analysis (19) and meiotic 
irregularities that T. pilosum and T. 
lanceolatum are two extremes of a 
relatively young and segregating poly- 
ploid complex. Part of this variation 
is preserved in the tendency of perennial 
Tripsacum clones to reproduce vegeta- 
tively by means of their rhizomes. 

The polyploid nature of T. laxum 
and T. latifolium has been studied by 
Randolph (13) and Tantravahi (14); 
both agree that T. maizar was a possible 
parent, but disagree as to the second 
possible parent. Tantravahi has used 
qualitative extrapolation to suggest that 
a diploid very similar to T. australe 
was the second putative parent. 

At ithe present time, it is difficult 
to distinguish further evolutionary rela- 
tions in the polyploid speciation of 
Tripsacum. It is hypothesized that, from 
the presumed center of origin and 
present center of diversity on the 
western escarpment of Mexico (at 
elevations of 1000 to 1500 meters), two 
divergent diploids moved northward 
into what is now 'the United States 
and that these diploids gave rise to 
T. dactyloides (2n = 72). Similarly, the 

tetraploid complex of the Central Pla- 
teau (T. lanceolatum-T. pilosum) is 

probably of hybrid origin, as are the 
supposed tetraploids of Guatemala (T. 
laxum-T. latifolium). 

Experiments have established that 
exchanges can and do occur between 
maize and Tripsacum chromosomes 
(20), even though all evidence indicates 
that the recent evolution within the 
genus Tripsacurn has been independent 
and distinct from that of maize. It 
was with T. dactyloides (2n = 72) that 
Mangelsdorf and Reeves first success- 
fully hybridized maize with Tripsacum. 
Since then, T. floridanum and T. dac- 
tyloides (2n = 36) have been hybrid- 
ized with maize. Studies of 'the hybrids 
have indicated that certain segments of 
Tripsacum chromosomes can be sub- 
stituted for corresponding segments in 
maize chromosomes and the plants re- 
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main both viable and fertile. Galinat 
(21) has mapped more than 25 ho- 
mologous loci on the chromosomes of 
these two genera. The accumulated 
information on maize-Tripsacum hy- 
brids and their derivatives indicates that 
the respective genetic architectures of 
maize (2n = 20) and Tripsacum (2n = 
36, n = 72), while quite different, are 
more similar than their karyotypes 
would suggest. 

The naturally occurring populations 
of Tripsacum in Mexico and Guatemala 
appear to be holding their own and are 
not threatened by possible extinction. 
The only exceptions might possibly be 
the two Mexican diploids, T. zopilo- 
tense and T. maizar, which have a 
very confined distribution. A perennial 

garden of Tripsacum clones from Mex- 
ico and other Latin American countries 
has been established at the Fairchild 
Tropical Garden, Coral Gables, Florida. 
This living collection represents much 
of the variation in the genus and, as a 
Tripsacum gene bank, is available for 
future plant breeding. 

Parallel Variation in Maize, 

Teosinte, and Tripsacum 

Although maize-Tripsacum hybrids 
have not been observed in the field and 
Tripsacum-teosinte hybrids remain to be 
produced, my field studies in Mexico 
have indicated that there are several 
parallel variations in these three taxa 

Fig. 4. Teosinte on the margin of a maize field. 
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that are suggestive of gene exchange, 
parallel variation, or possibly both. The 
most tassel-branched forms of 'teosinte 
(Balsas race) and the most tassel- 
branched species of Tripsacum (T. 
maizar) are found in the foothills of 
the Rio de las Balsas, in Guerrero. 
Those maize plants wi`th the most vivid 
color are found on the Central Plateau. 
In this same region are found the most 
intensely colored races of teosinte 
(Central Plateau and Chalco races) 
and the Tripsacurm species (T. pilosum, 
T. lanceolatum, and possibly a new 
species native to Ciudad Hildago, 
Michoacan) with 'the most well devel- 
oped red color. There is also parallel 
distribution in central Mexico of some 
of the widest leaves and hairiest forms 
of maize, teosinte, and Tripsacum. 

Introgression in Early Maize 

The Tehuacan archeological se- 
quence, from a prehistoric wild maize 
of 7000 years ago to the maize (22) 
that is now cultivated in central Mexico, 
has been an exciting discovery and con- 
firms the evolution of a crop plant from 
a wild to a fully domesticated plant. 
The earliest cobs (5000 B.C.) are 
characterized by a uniformity of size 
and a bisexual condition, with the pistil- 
late spikelets below and the staminate 
spikelet, usually found only in the tas- 
sel, at the tip of the ear. The cobs 
have relatively long protective glumes 
that would have enclosed, or partially 
enclosed, each kernel. The fragile 
rachis dispersed the seeds. These char- 
acteristics are all thought to be those 
of a wild plant, and, indeed, these 
are just the characteristics that maintain 
teosinte as a wild plant in Mexican 
maize fields. 

The remains of later cobs are all 
larger and more varied. In all of its 
botanical characteristics except size, the 
early cultivated maize (3500 B.C. to 
2300 B.C.) is virtually identical to the 
earliest remains. The increase in size 
is attributed to the improved growing 
conditions brought about by cultivation 
and irrigation. 

Starting in about 1500 B.C., an 
explosive period of variation appears 
in the remains. Because the rachis and 
glumes of 'those cobs are highly in- 
durated, Mangelsdorf et al. (22) have 
called the cobs early tripsacoid. In 
teosinte, as in Tripsacum, the tissue 
making up the rachis and lower glumes 
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of the fruit case are highly thickened 
and indurated. These characteristics 
also appear in the progeny of the 
'teosinte-maize hybrid; therefore, early 
cobs exhibiting these characteristics 
are suspected of possessing germplasm 
from teosinte. 

Where the introgressed maize at 
Tehuacan came from is not known, 
since neither Tripsacum nor teosinte 
is present in the vegetable remains. 
There is little doubt that the source 
of the variation in the maize cobs is 
hybridization with teosinte. There have 
been discovered remains of F1 hybrids 
in Oaxaca (23) and beautifully pre- 
served, entire teosinte spikes and cobs 
from F5 hybrids in northern Mexico 
(24), both of which are of comparable 
age to the introgressed maize at Te- 
huacain. 

It is evident from the findings at 
Tehuacan that the genes of wild maize 
were responsive to the improved envi- 
ronment provided by cultivation, but 
that it was the hybridization with teo- 
sinte which resulted in the explosive 
variation and increased productivity 
that characterize the modern maize of 
Mexico. Introgressive hybridization with 
teosinte is not just a phenomenon of 
the past (Fig. 4). It is still occurring 
at several places in both Mexico and 
Guatemala-with dramatic effects on 
the maize. 

Teosinte in Maize Fields 

Teosinte is found exclusively as a 
weed in maize fields throughout the 
Valley of Mexico. Hybridization be- 
tween maize and teosinte is wide- 
spread, with the result that teosinte is 
becoming an even more effective maize- 
mimetic plant and is incorporating 
maize genes into its genome. This is 
especially evident in the case of the 
genes controlling plant color and leaf 
characteristics. Those teosinte plants 
that grow in the furrows of plowed 
fields are weeded out, but the maize- 
mimetic teosinte plants ,that grow in 
the rows cannot be distinguished from 
maize until the time of flowering. 
Usually these teosinte plants 'are not 
removed until after pollen has been 
shed. By that time, teosinte pollen has 
had ample opportunity to cross with 
maize, and mature seeds have formed 
in teosinte on the first pistillate spike- 
lets that flowered. Farmers have made 
considerable efforts to weed teosinte 

out of the fields, but almost invariably 
the plants are given to livestock as 
fodder, and 'the seeds, protected by 
their hard cases, are passed in the 
feces, which, in turn, is used to fertilize 
the field. 

Although the number of F1 hybrids 
found in a maize field at the end of a 
season does not indicate the full ex- 
tent of hybridization of teosinte and 
maize during the previous year, it does 
provide a sampling of the hybridiza- 
tion of these two 'taxa. My field studies 
have indicated that a frequency of one 
F1 hybrid for every 500 maize plants, 
or 2 to 5 percent of the teosinte popu- 
lation, is typical for the Chalco region 
of 'the Valley of Mexico and represents 
a significant gene exchange between a 
wild or, in this particular case, a 
"weedy" plant and a cultivated relative. 
That genetic exchange does not termi- 
nate in the F1 hybrid has been docu- 
mented in these fields by the recovery 
of a number of first- and second-gener- 
ation backcross progeny both to maize 
and to teosinte. 

The role of teosinte introgression in 
the evolution of maize is fully recog- 
nized and has been skillfully manipu- 
lated to increase yield. I have discovered 
that Mexican cultivators often select 
as seed ears two extremes from the var- 
iations within their fields, often a long, 
slender ear and a many-rowed, short 
ear, expecting in the following year a 
plant that yields an ear somewhere be- 
tween the two extremes. Experimental 
inbreeding of some of my Mexican, 
field-collected Fl hybrids backcrossed 
to maize have produced two distinct 
extremes-long, slender ears and many- 
rowed, stubby ears. These ears are 
morphologically comparable to those 
selected by native cultivators as seed 
ears. 

My plant-by-plant mapping (25) of 
maize fields in central Mexico where 
teosinte is present indicates specific pat- 
terns from which I have constructed a 
model for the effectiveness of the maize- 
teosinte hybridization and resulting in- 
trogression into maize. When F1 hy- 
brids do occur, they are often bunched, 
which suggests that they have a com- 
mon parent; this is true even in fields 
where the distribution of teosinte is 
reasonably uniform, and it indicates 
the effectiveness of the partial seasonal 
isolation between teosinte and maize. 
When teosinte is abundant, the fre- 
quency of F, hybrids increases pro- 
portionately, but the frequency of back- 
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crosses to maize does not appear to 
increase significantly. When the teosinte 
is present, but not abundant, and is 
distributed throughout the field, the 
absolute number of F1 hybrids de- 
creases, and the relative number of 
subsequent backcrosses to maize in- 
creases. 

Apparently the most effective struc- 
ture for introducing teosinte germ-plasm 
into maize is to have a low percent- 
age of teosinte plants well distributed 
throughout the field and to have their 
seasonal isolation from maize be incom- 
plete. The F1 hybrids flower earlier in 
the season than teosinte, and they there- 
fore hybridize with maize, resulting in 
a greater abundance of backcross prog- 
eny than of F1 hybrids. 

This is exactly the pattern that has 
been observed in the fields of Nobo- 
game (26), the Bajio, and the Rio de 
las Balsas, where the introgression of 
teosinte is now being exploited to form 
new races of maize (Fig. 4). 

The Extinction of 

Teosinte Populations 

The process by which the highly 
productive modern ear of maize has 
evolved is in grave danger of disappear- 
ing. This pattern of evolution, involv- 
ing hybridization with teosinte, is be- 
ing threatened by the rapid extinction of 
teosinte that is now taking place. The 
genetic wealth of maize can be stored 
in a seed bank, and the races of teo- 
sinte can also be stored, but the in- 
trogression of teosinte and the forma- 
tion of new races in maize defy stor- 
age. 

Teosinte populations are undergoing 
extinction because of (i) the elimina- 
tion of the wild populations in the re- 
gions of maize fields (caused by the in- 
creased demands of grazing), with the 
subsequent genetic swamping of those 
few plants that do remain in there, and 
(ii) the replacement of the native races 
of maize by commercial hybrid seed or 
a cash crop such as strawberries. 

Teosinte and the native races of maize 
in Mexico form a vital part of the 
genetic underpinnings of the world corn 
crop. The center of origin for maize and 
for naturally occurring populations of 
teosinte is shifting to maize fields with 
a considerably narrower range of vari- 
ation and a limited genetic base. By the 
best estimates, the geographic distribu- 
tion of teosinte in Mexico today is less 
than half what it was in 1900, and in 
the last 10 years I have watched the 
rate of extinction accelerate. We can 
ill afford the loss of such genetic wealth 
in this day of exploding population. 
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