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The recent discovery of a Hobbit-like 
hominid on the Indonesian island of 
Flores was startling in some respects—its 
rather modern existence, for one—but 
it represents a classic case of Darwinian 
evolution. For reasons that are not entirely 
clear, when animals make their way to 
isolated islands, they tend to evolve 
relatively quickly toward an outsized 
or pint-sized version of their mainland 
counterpart. Following this evolutionary 
script, the Flores woman, presumably 
a downsized version of Homo erectus, 
appears to have shared her island home 
with dwarf elephants and giant rats. 

Perhaps the most famous example of 
an island giant—and, sadly, of species 
extinction—is the dodo, once found on 
the Indian Ocean island of Mauritius. 
When the dodo’s ancestor (thought to be 
a migratory pigeon) settled on this island 
with abundant food, no competition from 
terrestrial mammals, and no predators, 
it could survive without fl ying, and thus 
was freed from the energetic and size 
constraints of fl ight. New Zealand also 
had avian giants, now extinct, including 
the fl ightless moa, an ostrich-like bird, 
and Haast’s eagle (Harpagornis moorei), 
which had a wingspan up to 3 meters. 
Though Haast’s eagle could fl y—and 
presumably used its wings to launch 
brutal attacks on the hapless moa—its 
body mass (10–14 kilograms) pushed the 
limits for self-propelled fl ight. 

As extreme evolutionary examples, 
these island birds can offer insights 
into the forces and events shaping 
evolutionary change. In a new study, 
Michael Bunce et al. compared ancient 
mitochondrial DNA extracted from 
Haast’s eagle bones with DNA sequences 
of 16 living eagle species to better 
characterize the evolutionary history 
of the extinct giant raptor. Their results 
suggest the extinct raptor underwent a 
rapid evolutionary transformation that 
belies its kinship to some of the world’s 
smallest eagle species.

The authors characterized the rates of 
sequence evolution within mitochondrial 
DNA to establish the evolutionary 
relationships between the different eagle 
species. Their analysis places Haast’s 

eagle in the same evolutionary lineage 
as a group of small eagle species in 
the genus Hieraaetus. Surprisingly, the 
genetic distance separating the giant 
eagle and its more diminutive Hieraaetus 
cousins from their last common ancestor 
is relatively small. 

Without the fossils to directly determine 
divergence times, Bunce et al. relied 
on molecular dating techniques that 
use the rate of sequence evolution 
in the genes studied to establish the 
relative evolutionary ages of the eagles. 
Proposing a divergence date of roughly 
0.7–1.8 million years ago, the authors 
acknowledge that while this is the “best 
available approximation of the ‘true’ 
date,” additional molecular data could 
help refi ne the estimate. Whatever the 
date of divergence, the extinct giant 
eagle is clearly an anomaly among the 
eagles studied here. The increase in body 
size—by at least an order of magnitude in 
less than 2 million years—is particularly 
remarkable, Bunce et al. argue, since it 
occurred in a species still capable of fl ight. 

The absence of mammalian 
competitors facilitated the evolution of 
much larger eagles and owls on Cuba and 
may have likewise precipitated the rapid 
morphological shift seen here. Haast’s 
eagle, the authors write, “represents 
an extreme example of how freedom 
from competition on island ecosystems 
can rapidly infl uence morphological 
adaptation and speciation.” Given its 
similarity to the smaller Hieraaetus 
species, the authors recommend 
reclassifying the New Zealand giant 
as Hieraaetus moorei. This study shows 
how quickly morphological changes 
can occur in vertebrate lineages within 
island ecosystems. Could it be that 
anthropologists might some day uncover 
evidence of a giant version of the Flores 
woman?

Bunce M, Szulkin M, Lerner HRL, Barnes 
I, Shapiro B, et al. (2005) Ancient DNA 
provides new insights into the evolutionary 
history of New Zealand’s extinct giant eagle. 
DOI: 10.1371/journal.pbio.0030009
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After apprenticing at her mother’s side for some eight 
years—the fi rst three clinging to her body—an orangutan 
is ready to make her own way in the forest canopy. The only 
great ape specializing in arboreal living, orangutans forage the 
treetops mostly for fruit, nuts, insects, leaves, and tree bark. They 
can recognize hundreds of species of edible fruit from trees 
and woody climbers and remember their location and fruiting 
season. Malay legend says orangutans (a variation on the Malay 
trope for “man of the woods”) derived from humans who sought 
refuge from their species in the wilds of the forest. Today, with 
the last orangutan refuges shrinking drastically, the man of the 
woods has nowhere else to go.

Hundreds of thousands of orangutans once ranged 
throughout southeast Asia. Now just two orangutan species 
inhabit just two countries: Indonesia (Kalimantan, the southern 
part of Borneo and Sumatra Island) and Malaysia (Sabah and 
Sarawak, in northern Borneo). The Sumatran orangutan is listed 
as critically endangered; the Bornean, endangered. In Indonesian 
Borneo and Sumatra, logging operations clear an estimated 
5 to 6 million forest acres a year, leaving the apes stranded in 
isolated stands of trees and the normally fi re-resistant rainforest 
at sudden risk. Another force driving orangutan extinction in 
Indonesia is the poaching and illegal killing (mothers do not give 
up their babies without a fi ght) that secures orangutan babies 
for the exotic pet trade. In Sabah, Malaysia, the primary threat 
comes from clearing the forest for agriculture.

Conservation efforts depend, among other things, on having 
reliable data on population size, density, and distribution, 
but estimates of orangutan numbers in Sabah—which range 
from 2,000 to 20,000—are outdated. In a new study, Marc 
Ancrenaz and colleagues report an innovative method of 
directly estimating orangutan numbers from the number of 
nests detected during aerial surveys. (Orangutans are tough 
to spot directly, so researchers count the nests they sleep in 
at night.) Their survey, which covered the entire orangutan 
range throughout Sabah, estimates a total population of 11,000 
orangutans—a drop of 35% in the past 20 years, based on a 1988 
World Wildlife Federation report.

Counting orangutans from the ground can be very time-
consuming, diffi cult work, especially when faced with the 
hip-deep muck and steep slopes of the rainforest fl oor. Though 
helicopters obviously cover greater distance and more remote 
territory than is possible by foot, they’re generally used to survey 
animals in more open landscapes. By using ground survey data 
to refi ne their aerial survey results, Ancrenaz and colleagues 

could directly assess the distribution and size of orangutan 
populations throughout Sabah. (Sabah covers roughly 72,000 
square kilometers.) 

Over the course of two years, ground surveys—requiring 
1,100 hours of fi eld work—and aerial surveys—requiring just 
72 hours—were conducted throughout all the major forests of 
Sabah. Commercial logging occurs in about 76% of all Sabah 
forests in commercial forest reserves. During the overfl ights, 
information was recorded on altitude, forest type, forest 
disturbance (on a scale from none to active exploitation), and 
signs of human activity.

The authors attribute the 35% decline in Sabah orangutan 
numbers primarily to habitat loss from agricultural development. 
The surveys revealed that lowland forests harbored the greatest 
density of nests and orangutans, with the densest populations 
found in several highly disturbed, fragmented forests along 
newly created palm oil plantations. These high orangutan 
densities could refl ect an infl ux of refugees from recently 
destroyed forest habitat into areas that are still forested. In 
logged forests, higher population densities were found in old 
exploited or sustainably logged forests than in conventionally 
logged reserves.

While the authors acknowledge the density estimates 
could be more precise—better measures of nest decay and 
construction rates are needed—their survey reveals crucial 
information on orangutan numbers and distribution. Most 
orangutans in Sabah, including those making up one of the 
largest unfragmented populations in Borneo, live outside 
protected areas, in commercially exploited forests. These 
results suggest that orangutans may adapt better to degraded 
forests than previously thought—provided illegal hunting and 
agricultural conversion are controlled. 

More fi eld research will help quantify the impacts of 
human activity—from logging to stealing babies—on great 
ape ecology and survival, and determine whether exploited 
forests can support conservation. It may be, for example, that 
integrating agricultural fi elds with forested corridors could 
sustain orangutan populations over the long term. With time of 
the essence, these aerial surveys will speed that work, and help 
sustain orangutans’ refuge in the treetops, above their human 
relatives.

Ancrenaz M, Gimenez O, Ambu L, Ancrenaz K, Andau P, et al. 
(2004) Aerial surveys give new estimates for orangutans in Sabah, 
Malaysia. DOI: 10.1371/journal.pbio.0030003

Tracking Orangutans from the Sky
DOI: 10.1371/journal.pbio.0030022

The nematode Caenorhabditis elegans 
is a little less lonely than the rest of 
us—it is a self-fertile hermaphrodite, 
which as a larva makes and stores sperm 
before switching to egg production 
for the remainder of its lifespan. (C. 
elegans also maintains some males 
at a low frequency, about 1 in 500, 
and the hermaphrodite’s eggs can be 
fertilized by sperm either from males or 
themselves.) A sister species, C. briggsae, 
is also hermaphroditic, but phylogenetic 

evidence suggests the last common 
ancestor of the two species had a 
female/male mode of reproduction. 
This raises the question of how the 
sex determination mechanisms, which 
must have evolved independently, differ 
between the two species. In this issue, 
Sudhir Nayak, Johnathan Goree, and Tim 
Schedl show that a crucial difference lies 
in the activities of two genes.

In C. elegans, the early period of sperm 
production is controlled by multiple 

proteins, two of which are the focus of 
this study, the RNA-binding protein GLD-
1 (encoded by the gene gld-1) and the F-
box-containing protein FOG-2 (encoded 
by the gene fog-2). Together, they repress 
translation of a gene, tra-2, by binding to 
its messenger RNA. This allows another 
gene, fem-3, to transiently masculinize the 
larval germline to produce sperm. 

Comparing the genomes of C. elegans 
and C. briggsae, Schedl and colleagues 
found they share 30 out of 31 sex 

The Evolution of Self-Fertile Hermaphroditism: The Fog Is Clearing
DOI: 10.1371/journal.pbio.0030030
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similarities between these different Campylobacter strains and 
species. For example, there are major structural differences 
between the genomes caused by the insertion of new stretches 
of DNA. Some of these pieces of DNA may carry genes that 
improve bacterial virulence or fi tness, so their presence could 
help to explain the different biological behaviors of these strains. 
There are also major variations in the genes responsible for 
synthesis of molecules that are important for the interaction of 
Campylobacter with the environment. Such differences could 
underlie the host specifi city of the different species.

Differences between the Campylobacter species in genes that 
are likely to be involved in aspects of bacterial virulence, such as 

adherence, motility, and toxin formation, are all detailed by Fouts 
et al., who also describe a new putative Campylobacter virulence 
locus. Further work is needed to relate these genomic differences 
to functional differences, but this detailed comparative genomic 
analysis provides the core blueprint for this important family of 
human pathogens. And in doing so, it lays the foundation for the 
development of new ways to monitor and control Campylobacter 
in the food chain and in human infection. 

Fouts DE, Mongodin EF, Mandrell RE, Miller WG, Rasko DA, et al. 
(2005) Major structural differences and novel potential virulence 
mechanisms from the genomes of multiple Campylobacter species.  
DOI: 10.1371/journal.pbio.0030015

It’s hard to believe it was just ten 
years ago that scientists reported the 
fi rst complete genome sequence of 
an organism, the bacterial pathogen 
Haemophilus infl uenzae. The list has 
grown considerably since then: add over 
160 bacterial species (and counting), 
most major model organisms, and 
an ever-growing list of mammals—
including, of course, humans. With 99% 
of our genome now fully sequenced, the 
Human Genome Project’s next major goal 
is to identify all the functional elements 
contained in our 2.85 billion nucleotides. 
Such an effort is hardly trivial: producing 
the sequence of a mammalian-size 
genome can run from $10 to $50 million, 
the estimated price tag of the Cow 
Genome Project. 

In an ideal world, any organism would 
be fair game for sequencing, but in the 
real world, sequencing resources are 
scarce. Comparing genome sequences 
turns out to be a great way to identify 
regions that have important functions, 
but comparative genomics studies 
would be far more effi cient if scientists 
could fi gure out in advance which 
genomes would reveal the most 
information about a particular question. 
Taking up that challenge, computational 
biologist Sean Eddy reports a statistical 
model that predicts how many genomes, 
and at what evolutionary distance, 
are needed for effective comparative 
genomic analyses. In addition to 
confi rming some working principles of 
comparative genomics, the model also 
reveals a surprisingly simple guideline 
for future studies.

Comparative genomics works 
by aligning sequences of different 

organisms to identify patterns that 
operate over both large and small 
distances. Aligning mouse chromosomes 
with human chromosomes, for example, 
shows that 99% of our protein-coding 
genes align with homologous sequences 
in mice. Underlying such analyses is 
the principle that DNA sequences that 
are highly conserved are likely to be 
functionally important. A common 
assumption is that adding more 
comparative genomes to the alignment 
helps distinguish functionally signifi cant 
from irrelevant conserved sequences.

How do you go about creating an 
abstract model that captures what Eddy 
calls the “essential fl avor of comparative 
genomic analysis”? His model puts aside 
the specifi c characteristics of individual 
organisms, genomic features, and analysis 
programs in favor of identifying higher-
level patterns and scaling relationships, 
specifi cally between the number of 
genomes, evolutionary distance, and 
feature size (features include genetic 
elements like exons and transcription 
factors). 

The model shows that the number of 
genomes required to identify conserved 
regions—that is, regions evolving under 
selection—scales inversely with the size 
of the feature being sought. Thus, to look 
for conserved sequences half as long, you 
need twice as many genomes, assuming 
a constant evolutionary distance and 
statistical power. For example, to identify 
a conserved human feature the size of 
a coding exon (about 50 nucleotides), it 
is suffi cient to compare just the human 
and mouse genomes. But to identify 
conserved single nucleotides, you 
would need 55 comparative genomes 

at “mouse-like” evolutionary distances 
(roughly 75 million years). 

Things get a little trickier when 
varying evolutionary distance. We can 
see a substitution only at a given point 
in time: we can’t tell how many times a 
site has changed, for example, or whether 
it changed at some point and then 
changed back. But at short evolutionary 
distances—where it’s safer to assume no 
sites have changed more than once—the 
evolutionary distance is roughly the 
same as the fraction of sites identifi ed 
as changed, and evolutionary distance 
and the number of genomes needed 
scale inversely. Therefore, the closer 
the evolutionary distance, the more 
genomes needed: one would need seven 
times as many comparative genomes 
using human/baboon distances, for 
example, compared to human/mouse 
distances. So when it comes to using 
primate sequences to study the human 
genome, our most distant relatives (such 
as lemurs) offer far more comparative 
analysis power than our next of kin 
(chimps and bonobos). 

While this model confi rms the intuitive 
assumption that identifying smaller 
features requires more genomes, it 
reveals an inverse scaling relationship far 
more direct, and precise, than previously 
imagined. With the next phase of the 
Human Genome Project under way, 
Eddy’s model offers valuable guidelines 
for identifying which genomes and how 
many might best meet this ambitious 
goal. 

Sean R. Eddy (2005) A model of the 
statistical power of comparative genome 
sequence analysis. DOI: 10.1371/journal.
pbio.0030010

Genome Sequencing: Using Models to Predict Who’s Next
DOI: 10.1371/journal.pbio.0030025

January 2005  |  Volume 3  |  Issue 1  |  e40  |  e25


















	Ancient DNA Tells Story of Giant Eagle Evolution
	Tracking Orangutans from the Sky
	The Evolution of Self-Fertile Hermaphroditism: The Fog Is Clearing
	Multiple Campylobacter Genomes Sequenced
	Genome Sequencing: Using Models to Predict Who’s Next
	Evolution of Sex Chromosomes: The Case of the White Campion
	Structure of a Conserved RNA Element in the SARS Virus Genome Determined
	Separating Wheat from Chaff in Plant Genomes
	Unexpressed but Indispensable—The DNA Sequences That Control Development
	Computation Provides a Virtual Recording of Auditory Signaling
	Whisker Velocity Patterns Tell Rats What They’re Feeling
	Hirsute or Hairless? Two Proteins May Spell the Difference
	Gene Signatures Predict Interferon Response for MS Patients
	Dispersal or Drift? More to Plant Biodiversity Than Meets the Eye


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




