
adaptations only co-incidentally confer selective advantage,
depending on the change in abiotic conditions.

Answer to Question for Comprehension
Student Textbook page 133

Q14. Embryology, Molecular Biology, Paleontology,
Comparative Anatomy (homologous and analogous
structures), and Genetics have contributed to the theory
of evolution by natural selection. 

Embryology—similarities in development and
developmental structures show relatedness to a common
ancestor.

Molecular Biology—the presence of similar patterns on
different species’ DNA shows that the patterns were most
likely inherited from a recent common ancestor. The
farther apart the similarities, the more distant the
common ancestor.

Paleontology—the fossil record shows the progression of
species, their extinctions, possible transition species, and
the order that they appeared in history.

Comparative anatomy—by examination of structures
and bone make-up and functions, scientists can discover
if the structures are homologous (which implies a
common ancestry, but not necessarily a common
function) or analogous (perform the same function, but
developed independently of each other).

Genetics—the study of gene sequences has allowed
scientists to make discoveries such as the relationship of
dogs to bears, and whales to hippopotamuses. The study
of the mechanisms of heredity and mutations allows
scientists to surmise where and how these events
transpired.

Section 4.2: Review Answers
Student Textbook page 133

1. (a) Cuvier—credited with helping to develop the science
of paleontology, which is the study of ancient life
through the examination of fossils. He determined
that different fossils are found in each layer of rock or
soil and concluded that some species disappeared and
new ones appeared over time, and that some have
become extinct. His observations were supported by
his idea of natural disaster events, which he called
“revolutions”—violent shifts in the environment that
caused numerous species to become extinct.

(b) Malthus—wrote “Essay on the Principle of
Population,” in which he explained that plants and
animals of the world produce more offspring than
will be able to survive. His essay was integral in
helping both Wallace and Darwin support and
develop their theories. 

(c) Wallace—outlined a theory almost identical to
Darwin’s in a paper that Darwin reviewed in 1858. 

(d) Lyell—Darwin credits the reading of Lyell’s work in
leading him to develop and support his theory of
natural selection. He rejected catastrophism and
developed the theory of uniformitarianism, which
stated that geological processes operate at the same
rate in the past as they do today.

2. Both of these scientists realized that the environment has
a great influence over animals which survive. Both
scientists realized that the best traits will continue to be
passed on to the next generation.  They both came to the
conclusion that, over time, individuals and populations
change in response to changes in the environment. 

3. Birds and bats have wings that are very similar in their
function, but their bone structures are very different. This
implies that these organisms do not have a common
evolutionary origin, but instead they developed similar
traits because of available ecological niches within their
environment. In other words, these analogous structures
were designed for a similar purpose, regardless of their
ancestral origin. The bat and the mouse demonstrate
homologous structures. They are both mammals, so they
are more closely related than bats and birds. The bat’s wing
bone is homologous with a digit on the mouse’s forelimb.

4. (a) Animals on the islands evolved from migrants from
the mainland. Any observable changes in the
organisms were because of the environmental
conditions of the new area. 

(b) All individuals within a species have phenotypic and
genotypic differences caused by the variation processes
within meiosis and sexual reproduction, as well as the
many mutations that occur within DNA.

(c) Because resources such as food are limited, species
compete both within the species and with other
species. Those individuals with the most successful
adaptations will out-compete in this environment and
will be the ones that reproduce the most. Resources in
limited amounts are known as selective pressures.

5. Student answers may include similarities between embryos
in related groups, evolutionary relationships and common
ancestry that can be traced back through DNA and
proteins by the study of molecular biology, fossil
similarity, anatomy and observing mutations in gene
sequences. 

6. This is not an example of how particular traits are passed
from one generation to the next. For an adaptation to be
passed on (such as the broken leg and limp) it has to be
an inheritable trait. This means that the gametes of the
organism must contain the genes that code for this trait so
that the offspring will develop the adaptive trait.

7. One would find the oldest fossils in the lower layers, and
the youngest ones closer to the surface of the fossil bed (in
the upper layers), as long as there are no folds in which
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the layers have been uplifted in certain areas. This would
then cause the fossil layers to change, and the oldest
fossils might be more towards the top.

8. Transitional fossils are fossils that show intermediary links
between groups of organisms. Transitional fossils have
helped scientists better understand the relationships
between groups of organisms. They link the past with the
present. 

9. The following chart can be used to compare homologous
structures to analagous structures:

10. In all organisms, all cells that can replicate contain DNA.
Since DNA carries genetic information, scientists can
determine how closely related two organisms are by
comparing their DNA. If two species have similar
patterns in portions of their DNA, this similarity
indicates that these portions of their DNA were most
likely inherited from a recent common ancestor. 

Connections (Social and Environmental
Contexts)

Debating Science
Student Textbook pages 134-135

Teaching Strategies
This feature can provide a few avenues of discussion. 
■ Students can focus on the role of scientific debate and the

resulting stream of apparently contradictory
pronouncements. Students can discuss the validity of this

way of establishing facts and theories in view of the
explosion of knowledge and the difficulty of vetting
everything that is published. (They may note that it is not
unlike the guiding principle of Wikipedia, which relies on
sharp-eyed critics to correct misinformation.)

■ Students can also use this piece to frame scientific debates
of their own that they may wish to have—over
evolutionary theory, climate change, or the importance of
preserving biodiversity at the cost of prosperity. BLM
4.2.9 Debate Organizer can be used to prepare for such
discussions.

■ As an extension activity, students may wish to review the
controversy over the studies of the peppered moth, using
BLM 4.2.8 The Peppered Moth Debate.

Answers to Questions
1. The journals should be related to health, heart disease, or

scientific research in order to ensure that the findings will
reach an audience able to assess them or interested in
testing them. 

Students should be able to profile the average readers,
the size of the readership, and the journal’s sponsor. The
process for submitting research papers may be the subject
of discussion if the process varies much from publication
to publication. The last question is intended to direct the
students’ attention to any potential bias within the
publication organization that may prejudice their chances
of getting a review, e.g., how much influence do key
funders have? Or how will the reputation of the
publication affect the credibility of the research being
published?

2. Answers should reflect thought given to the role of the
general public in a scientific debate, perhaps reinforcing
the need for the general public to be scientifically literate
in order to be able to make a meaningful contribution
and understand what is at stake. Suggestions on how to
engage the public in important scientific debates should
reflect the variety of ways that people gather and discuss
information.

3. Complaints about earlier studies of the peppered moth
focussed on the design of the experiment rather than the
conclusions.

4. The biggest benefit of the publication of failed
investigations is to save researchers from wasting valuable
time and resources on incorrect hypotheses. Alternatively,
those determined to pursue the line of inquiry can modify
their procedures in an effort to find success if they can
find out how others failed.

Also, it has often been said that the greatest
discoveries in science have been made by accident, when
researchers have set out to prove something else. A
catalogue of failed experiments would be a rich source of
information and potential. 

Structure Function Origin

Homologous
Structure

have similar
structural
elements and
origin e.g.,
forearms of
human, frog,
bat, porpoise,
horse

similar
structural
elements do
not have the
same function
e.g., limbs of
animals used
for grasping,
jumping,
flying,
swimming,
running

inherited
from a
common
ancestor

Analogous similarity in
structure
based on
adaptation for
the same
function

body parts
perform a
similar
function e.g.,
body shape
and flippers in
dolphins,
penguins, and
fish

do not have a
common
evolutionary
origin
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