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IN The Origin of SpeciesCharles Darwin wrote
that "the embryos of mammals, birds, fishes, and
reptiles [are] closely similar, but become, when

fully developed, widely dissimilar." He inferred that
all vertebrates "are the modified descendants of some
ancient progenitor," and that "the embryonic or larval
stages show us, more or less completely, the condition
of the progenitor of the whole group in its adult
state" (Darwin 1859, pp. 338, 345). Darwin's contem-
porary Ernst Haeckel called this the "Biogenetic
Law," according to which "ontogeny recapitulates
phylogeny." To illustrate the law, Haeckel (1891)
produced drawings of vertebrate embryos which have
been widely used in biology textbooks ever since
(Figure 1).

But Haeckel's Biogenetic Law was discredited by
embryologists in Darwin's lifetime (Bowler 1989);
recent work has shown that Haeckel's drawings mis-
represent the embryos they purport to show (Richard-
son et al. 1997); and Haeckel entirely omitted the
earliest stages of development in which the various
classes of vertebrates are morphologically very differ-
ent (Elinson 1987). Biology teachers should be aware
that Haeckel's drawings do not fit the facts.

Haeckel's Discredited Biogenetic Law

,

Haeckel's Biogenetic Law maintains that vertebrate
embryos pass through stages in which they exhibit
adult features of their evolutionary ancestors. In its
most famous example, the law teaches that "gill slits"
in vertebrate embryos reveal their common aquatic
ancestry. But human embryos do not really have
gills or gill slits: like all vertebrate embryos at one
stage in their development, they possess a series of
"pharyngeal pouches," or tiny ridges in the neck
region. In fish embryos these actually go on to form
gills, but in other vertebrates they develop into unre-
lated structures such as the inner ear and parathyroid
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gland. The embryos of reptiles, birds and mammals
never possess gills (Rager 1986).

The notion that vertebrate embryos transiently
exhibit adult features of their evolutionary ancestors
is false and was already discredited in Darwin's
lifetime. Nineteenth-century embryologist Karl Ernst
von Baer pointed out that although vertebrate
embryos resemble each other at one point in their
development, they never resemble the adult of any
species, present or past (von Baer 1828; Bowler 1989,
p. 129). Prominent 20th-century embryologists have
also criticized the Biogenetic Law: In 1922 Walter
Garstang wrote that "the basis of this law is demon-
strably unsound," and in 1958 Sir Gavin de Beer
called it "a mental strait-jacket which has had lamen-
table effects on biological progress" (Garstang 1922,
p. 81; de Beer 1958, p. 172).

Although vertebrate embryos never resemble the
adults of any species, it is true that they pass through
an intermediate stage in which some of them superfi-
cially resemble each other (Haeckel's first stage).
Looking at development from this intermediate stage
onward, von Baer concluded that early embryos
exhibit features common to the phylum before devel-
oping the distinguishing characteristics of classes,
genera and species (von Baer 1828).

Many 20th-century biologists prefer von Baer's
interpretation to Haeckel's: Early embryos may not
possess ancestral adult structures, but their similarities
are interpreted as vestiges of ancestral embryonic
features. Since Haeckel's drawings can be used to
illustrate von Baer's interpretation as well as Haeck-
el's, they have survived even though the latter has
been discredited. Haeckel's embryos have thus
become familiar to generations of biology students.
Unfortunately, his drawings misrepresent the facts.

Haeckel's Distorted Drawings
The version of Haeckel's drawings that has been

widely used in textbooks (Figure 1) omits two of the
seven vertebrate classes (jawless fishes and cartilagi-
nous fishes). It also uses a salamander rather than
a frog to represent amphibians, and placentals rather
than monotremes or marsupials to represent maIJ1-
mals. Thus it ignores groups that don't fit neatly
into Haeckel's scheme.
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Figure 1. Haeckel's drawings, as reproduced by Romanes (1892). The embryos are (left to right) fish, salamander, tortoise,
chick, hog, calf, rabbit and human. Note that only five of the seven vertebrate classes are represented and that half the embryos
are mammals.

Even worse, Haeckel's drawings distort the
embryos he selected. Embryologist Michael Richard-
son and his colleagues recently surveyed all seven
classes of vertebrates, and made drawings of actual
embryos at the stage in which Haeckel claimed they
were most similar. Their drawings, unlike Haeckel's,
show significant differences among the various
classes, and even between marsupial and placental
mammals (Figure 2). Richardson and his coworkers
conclude that their survey "seriously undermines the
credibility of Haeckel's drawings" (Richardson et al.
1997, p.91).

Even if Haeckel's drawings were accurate, however,
they would not justify the claim that vertebrate
embryos are most similar in their earliest stages. This
is because Haeckel omitted the earliest stages entirely.
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Early Vertebrate EmbryosAre
Morphologically Dissimilar

After fertilization, an animal embryo first under-
goes a process called "cleavage," during which the
fertilized egg subdivides into hundreds or thousands
of separate cells. At the end of cleavage, those cells
begin to rearrange themselves in a process known
as "gastrulation." During cleavage and gastrulation,
the embryo establishes the general body plan (e.g.
shellfish, insect or vertebrate) and generates basic
tissue types and organ systems (e.g. skin, muscles
and gut). Only after cleavage and gastrulation does
a vertebrate embryo reach the stage that Haeckel
treated as the first step in development.

If it were true (as von Baer, Darwin and Haeckel
thought) that all vertebrates are most similar during




