Edwin Stephen Goodrich (1868-19406)

Edwin Stephen Goodrich studied the structures of animals in England during the nineteenth and
twentieth centuries. Goodrich studied how animals develop to identify their parts and to establish
the evolutionary relationships between different species. Goodrich established that body structures
can shift their positions relative to an organism's body during evolution, and he hypothesized that
body structures can share ancestry (homology) between organisms of different species, even with-
out identical body placement. Goodrich claimed that any given characteristic of an organism results
from both genetic and external sources.

Goodrich was born on 21 June 1868 in Weston-super-Mare, a town in the South West region of
England, to Frances Lucinda Parker and Octavius Pitt Goodrich. When Goodrich was two weeks old,
his father died, and his mother took Goodrich and his two siblings to live in Pau, France. Goodrich
began to draw and studied natural history as a boy. In 1888 at the age of twenty, Goodrich returned
to England and enrolled in the Slade School of Art at University College London in London, England.
In Goodrich's first few days as a student, he attended a lecture by Ray Lankester, a scientist who
studied zoology and evolutionary biology, and Goodrich changed his studies from art to zoology
to study with Lankester. Lankester offered him a position as a research assistant in 1891 when
Lankester became the Linacre Professor of Comparative Anatomy at Oxford University in Oxford,
England. Goodrich accepted, and he enrolled as an undergraduate student at Merton College in
Oxford University in 1892.

Goodrich published two papers his first year at Merton College, and five in total before his grad-
uation. In those investigations, Goodrich studied the excretory organs of different marine inverte-
brates, which had a pathway from the insides of the organism to its aquatic environment and allow
for the excretion of materials. In 1895, his undergraduate thesis "On the Coelom, Genital Ducts
and Nephridia,” argued against the accepted theory that all tubular excretory organs were homol-
ogous and derived from the same tissue. Goodrich distinguished between an organ used primarily
for excretion of metabolic waste called the nephridium, and a genital duct responsible for excret-
ing germ cells, called the coelomoduct. He also argued that their different embryonic germ layer
origins, from ectoderm and mesoderm tissues respectively, furthered the distinction between the
two excretory ducts.

After graduating in 1895, Goodrich visited zoological stations around the world. He spent six months
researching with zoologists at the Stazione Zoologica in Naples, Italy, on a scholarship. During his
time abroad, Goodrich worked on research that demonstrated the evolution of excretory tubules.
In 1900, he suggested that the distinction between the two ducts indicates that the nephridia are
not homologous to the vertebrate kidney, as previously claimed. Moreover, Goodrich hypothesized
that the other duct, the coelomoduct, may be the homologous structure of the vertebrate kidney.

Around 1900, he worked with fish scales in an attempt to establish evolutionary relationships be-
tween fish species. Goodrich eventually distinguished between two types of scales based on their
structures, and he noted that scientists could further divide the ganoid scale group into two subcat-
egories called Lepidosteoid and Palaeoniscoid. The distinction arose from the amount of layers in
the scales, with Lepidosteoid scales lacking an intermediate layer of cells and Palaeoniscoid scales
showing additional layers on top of the scale. This distinction helped researchers classify organisms
possessing such scales, enabling improved comparisons between living and fossil organisms.

Largely due to his work with the invertebrate excretory system, the Fellowship of the Royal Soci-
ety elected Goodrich at age thirty-six in 1905. After his studies with marine organisms, Goodrich
published Vertebrate Craniata: Cyclostomes and Fishes, which comprised Part IX of Lankester's



Treatise on Zoology in 1909. Goodrich's work contains his descriptions on organism and fossil
forms as well as those made by others that were checked for accuracy by Goodrich. Topics included
Goodrich's scale research and his accounts of the skull and axial skeletons, nerve components, de-
velopment of the kidneys, and other issues in marine morphology approached from an evolutionary
perspective. Some researchers said that with greater than 150 original illustrations, Goodrich's
work is a mix of science and art.

In the early twentieth century, Goodrich began to research body plan segmentations as they related
to theories of evolution. In a 1906 work, Goodrich showed that across species of fish, fins had
segments. He claimed that through evolution, the fins changed position, up or down the body, not
due to migration of the fin itself, but rather to incorporate new segments in front of or behind the fin.
In a 1911 publication, he noted a similar phenomenon in the hind region of the amphibian head in
regards to position of occipital condyles, which are on the back of the skull and articulate with the
vertebrae. Synthesizing those works, Goodrich published a paper in 1913 in which he argued that
homology between structures is independent of body segment location, meaning that two structures
across organisms could be homologous even if they were in different locations on the overall body
plan. Goodrich suggested that any structure could shift up or down the body throughout evolution,
and therefore the specific order or location of the segments is of negligible importance in indicating
common ancestry. The claim that homology is possible between structures of different segments
applied to both vertebrates and invertebrates.

In 1913, Goodrich married zoologist Helen Pixell. The couple often worked independently, collab-
orating on two publications. Goodrich's research focus changed as he studied how neurons stim-
ulated muscle cells. In 1921, Goodrich became Linacre Professor of Zoology at Oxford, a position
that he held until a year prior to his death.

In his 1924 work Living Organisms: an Account of Their Origin & Evolution, Goodrich noted that
every character is the product of both environmental and genetic factors, and that an organism
is molded between the interactions of the two. In 1931, Goodrich published Studies on the Struc-
ture and Development of Vertebrates. The publication addresses how many features common to
vertebrates develop. Goodrich died in 1946, with his final paper published a few weeks after his
death.
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