
III SPECIAL NEWS REPORT: SPECIATION 

On the Many 0 --' -- ' -- -; of Species 
Researchers thought it took mighty barriers like mountains to make new species. Now they are 

learning that the process can rest on something as slight as a taste for a new fruit 

G u y  Bush's scientific debut was not 
an auspicious one. In 1966, Bush was a 
newly minted Ph.D. biologist from 
Harvard University, nervously pre- 
senting his first paper at a scientific 
meeting. He had reason to be anxious. 
His data ~ointed to a controversial 
finding-that a new species of fruit fly 
was forming in trees right beside its 
parent population, a process called 
sympatric speciation. The conven- 
tional view was that such things don't 
hamen: New s~ecies form only after 

The making of a new species is one of evolution's most 
heralded feats, and scientific understanding of the pm- 
cess has itself been evolving at a rapid pace. Many ad- 
vances were showcased this spring at a conference, 
'Endless Forms: Species and Speciation," held 19 to 23 
May in Asilomar, California; some are presented in this 
Special News Report. New species that form without the 
benefit of geographic isolation are the topic of our first 
story, accompanied by a piece exploring a mysterious 
case of biogeographic species-making. Our second story 
details the many mechanisms, from third-party intewen- 
tion to slight changes in a sperm surfaoe protein, that add 
new plants and creatures to the planet. 

of scientists that the choice of a new 
host plant can separate populations 
just as a mountain or a river can. "I'm 
delighted to say that I think they've 
developed a convincing case," says 
Douglas Futuyma, an evolutionary bi- 
ologist at the State University ofNew 
York, Stony Brook. Evolutionary ecol- 
ogist Dolph Schluter of the Univer- 
sity of British Columbia, who has spent 
years arguing with Bush, now sees 
signs of sympatry even among the 
stickleback fish he studies. "I felt a bit 

two populations are separated by a 
physical barrier. And after moments of dead 
silence from the audience, the famed geneti- 
cist Theodosius Dobzhansky spoke: "That's 
very interesting, but I don't believe it. Sym- 
patric speciation is like the measles. Every- 
body gets it, but they all get over it." 

Today, 30 years later, Bush is still in- 

like the president of the flat-Earth 
fected. Now a professor at Michigan State society when shown the first photograph of a 
University, he quips: "I've had this rash round Earth from space," he says. 
that's never gone away." And it has turned The case for sympatry is now so strong, 
out to be catching. By applying new bio- says John Endler, an evolutionary biologist at 
chemical and molecular tools to their fruit the University of California, Santa Barbara, 
fly, the apple maggot Rhgoletis pomonella, that the debate is less over whether sympat- 
Bush and his students have convinced a lot ric speciation can take place than over how 
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often and under what conditions. The noted got Rhagoletis, a native American species patry (from the Greek sun for together and 
Harvard biologist Ernst Mayr, the most in- whose natural host is the hawthorn tree. pana for fatherland). 
fluential skeptic of the notion, now says sym- A local newspaper recorded that by 1862, It was a provocative proposal, but one 
patry could be real but is an "unimportant" some of the flies had lighted on apple trees without proof. There was no firm evidence - .  - - - 
process in nature, responsible for that the two groups of fruit flies 
only a small number of new spe- \ !+ i were separate species: They looked 
cies when compared to the geo- and acied alike, and could well 
graphic process, known as allopa- ! have been interbreeding. And there 
try (see box). But others such as was no mechanism to explain how 
Bush argue that sympatry could a adapting to different plants would 
have helped create the diverse ar- ' prevent the two populations from 
ray of plant-feeding insects and interbreeding. So the notion of 
freshwater fish that exists today. sympatry rattled around until 1947. 

In that year, Mayr took it on and 
Proposals without proof showed that none of the cases for 
Although most biologists have A little difference. Related hawthorn maggots (left) and apple mag- SYmPatrY proposed by Darwin or 
only recently changed their minds gots (right) live side by side, but fruit and mating preferences keep others was supported by evidence. 
about syrnpatric speciation, Charles the two populations separate. Meanwhile, the argument for al- 
Darwin thought it was possible lopatry as the main mode of spe- 
back in the 1850s, and said so in a manuscript in an orchard in the Hudson River valley of ciation was getting stronger. Case after 
for his book Natural Selection (published after New York and acquired a taste for the fruit, case-ranging from Darwin's finches in the 
his death). "I do not doubt that over the world which had been introduced from Europe, Galipagos Islands to beetles in North Af- 
far more species have been produced in con- ignoring the small, red fruit of the haw- rica-showed that new species formed when 
tinuous than in isolated areas," he wrote. But thorn. Walsh proposed in 1864 that when two populations were cut off from one an- 
he did not spell out the details. the two groups of fruit flies had started other by the sea, a mountain range, or other 

Others stepped in to try to solve the mys- eating and laying their eggs on different physical barrier. By the early 1960s, influen- 
tery. One was Benjamin Walsh, a minister host plants, the sister populations effec- tial scientists such as Mayr thought sympatry 
and avid insect collector who eventually be- tively isolated themselves from each other was an unimportant process. "One would 
came state entomologist for Illinois. Walsh enough to become separate species-a pro- think that it should no longer be necessary to 
was the first to be inspired by the apple mag- cess that eventually became known as sym- devote much time to this topic ..." he wrote 

I map mitochondrial DNA (mtDNA) to i &ly dis- Only recently has Pa- come up with a possible exp 
tinct groups. k u a e  ~ G I ~ N A  is inherited only & &e &, is tion. Birhile a ~ w l ~  that thi geologi&I hietory of the 
not scrambled by 4 r e c o m b ,  and &&ae,ara b n  bas& is pimi-& &aod, Patton has uncovcnd mine 
regular rate, di&rmw h the mtDNA d two ~~ group can tantslkiog ~ t a t b r s  between geologic events 4 the evolu- 
also serve as a "molecuhc clock" to date their . tiomqh&otydehe mall  d. Today, the Afaason basii 

For the hetsnuan, Wallace's river theory a=have k swpra febc an.Wve1y Aatbndsapc But a c d i  to a study 
on target. At  the JutuB's mouth a d  widest points, whew dw dk teetor& hiapory. (Schce, 4 Dccember 1987, p. 139% the 
barriers to i n t e h d m g  shod be gmtmt, there two d i i c t  basin k actually wmposed of several subbasins, separated by 
subspeciesof saddle-back mmarias. Arthe Jum&'s nancrw h&- awient ridges or archa that wae formed when the An& were 
ten, however, the two interbreed. W s  exactly what the riverhe u p 1 M  2 million to 5 Btinion yeam ago. "One of those," called 
barrier predicts," sap Patton. the Iquitos a&, "cuts perpendicularly across the middle section 

But the rodents and marsupials presented a mpbe. Insbead of of tHe Jud," says Pamm-pm5sely at the point where the 
divwing across the river, as do the tenaarirss at the river mouth, small ~rmnmabapparently W i n t o  diiinctivegenetic groups. 
these smaller animals were separated gene t idy  inbo upriver and It matches up in time as well as g m h ~  The m&NA analysis 
downriver lineages. '%leven of the 17 species we sampled shmv sullgests thar the species diverged bemeen 1 million and 3 mil- 
this kind of divergence," says Patton And while current tax- lion yeam ago. . 
onomy lumps upriver and domiriver groups into single species, Pattonqecuhathat t h e u p l i f t o f h a r c h ~ t e d  the d l  
Patton says the genetic diirenees between these popuhm are miumml pqxkiorsg  about 3 million years ago. Those divided 
so strong-some of their mtDNAdiffem by 13-t they in- p q d a t b n s t x g a n ~ t J a d t l g ~ e @ ~ . k ,  
deed may be separate species, although morphologiical1y the ad- as thi: Aades-bgart a em&, the Amam- subbasins filled in, 
malscannotbedd~,  ~ ~ s ~ ~ b a s h . N o ~ d i v i d e d ,  t h e d  

What is really sttiking, he says, is that all 11 are separated at hw COW into COnt~ec afgain, dth+ Patton knot are if they 
almost the same geqpaphiid point on the river, although there & 9 ~ e  'That quesion wiU bve to wait fa nuclear 
nothing remarkable about the spot--no bend, no hin, no d e y .  DNA data." 
"When I saw that repeated pattern, I thought, WOW! What is There om similar a n c W d  hidden-arches throughout 
going on here?' " Patton recalls. Because the patam applied co the Anwon basiEi. Have they influenced ahe spechhi  ~f the 
species with a wide range of lifestyles-fwa~ treetop specialists mall mamnds in these regions? If so, says Patton, *they ought 
such as the spiny tree rat to grounddwellers such as the spiny haw affected weq other- as well." Toanswer ht q 
mouse-Patton was certain that sonre exteriw farce was at play. tim, Patton's team ia headbg hck to the ftad this summer, 
"When various species have the same pattern of geographic collect the small maaunaIs along another tributary of the 
bution, it's unlikely that it% due to theiu biology," he says. 
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