
oogenesis results in the formation of polar bodies due to
asymmetrical cytokinesis, while spermatogenesis does
not; oogenesis results in one viable gamete, while
spermatogenesis results in four.

Q28. The unequal division of cytoplasm means that only one
egg cell is produced from the division of the secondary
oocyte. This egg cell, however, contains a large quantity
of nutrients that the zygote requires prior to
implantation, thus helping to ensure the health of the
zygote.

Q29. In humans, spermatogenesis continues from puberty until
old age. This process differs from oogenesis where, in
human females, more than a decade separates the events of
meiosis I and II. In oogenesis, the primary oocytes begin
meiosis I before birth, but cell division stalls in prophase I.
The cells remain in this suspended state until puberty. At
puberty, a hormone signal triggers a single primary oocyte
to resume meiosis and the primary oocyte completes
meiosis I. The secondary oocyte that results only
completes a second meiotic division if it comes into
contact with a sperm cell and fertilization occurs. The
timing of oogenesis and spermatogenesis are specific to
their functions as follows: the timing of oogenesis allows
female gamets to undergo an extended period of growth,
which is necessary to accumulate resources for early
embryonic stages of development. Male gamets do not
require the extended growth phase and can be produced
continually.

Student Textbook page 571

Q30. While most women release only a single secondary
oocyte at each ovulation, occasionally more than one
secondary oocyte may be released. If both of these
oocytes are fertilized and successfully implant in the
uterus, fraternal twins may be born. On the other hand,
if a single zygote or blastocyst divides into two separate
bodies in the first few days of embryonic development,
identical twins may be born. 

Figure 16.18
Student Textbook page 571

Students may suggest that scientists could apply their
understanding of meiosis when studying human genetic birth
defects such as Down syndrome. They could also use it to
investigate new birth control methods.

Section 16.3 Review Answers
Student Textbook page 572

1. The process of meiosis produces haploid gametes from
diploid parent cells as is necessary for sexual reproduction.
Meiosis also contributes to genetic variation by producing
many genetically different gametes. Variation in gametes
results from crossing over, in which non-sister chromatids

exchange chromosome sections during prophase I. Also in
metaphase I, homologous chromosomes assort
independently, which allows for different combinations of
parental chromosomes in the gametes. 

2. Meiosis occurs in spermatogonial cells in the testes in
males, and in the oogonial cells in the ovaries of females. 

3. At the end of meiosis II, four haploid cells have been
formed from the original parent cell. 

4. Assuming that no crossing over occurs, a diploid organism
with four pairs of chromosomes can produce 24 (16)
genetically distinct gametes. 

5. In prophase I of meiosis, the chromosomes exchange
portions of the non-sister chromatids in the process
known as crossing over, as shown in the image. Crossing
over is significant because it results in the production of
many genetically different gametes by an organism, which
contributes to genetic variation in the species.

6. (a) Nondisjunction occurs when chromosomes or
chromatids do not separate and move to the poles of
the cell in anaphase of meiosis I or II. This results in
gametes with an extra chromosome or a missing
chromosome. Crossing over is a process that occurs
during prophase I of meiosis, in which chromosomes
exchange of portions of non-sister chromatids.

(b) A primary oocyte is the first functional egg cell
formed by mitosis from oogonial cells in the ovaries.
The primary oocyte then undergoes meiosis I to
produce a secondary oocyte, the second functional
egg cell. The secondary oocyte fully completes meiosis
II upon fertilization.

(c) Spermatids are four haploid cells formed after meiosis
II in spermatogenesis. The spermatids differentiate
into sperm cells by passing through a series of
developmental stages. The nucleus and certain
enzymes are organized into a “head” region. The
midsection holds many mitochondria that provide
energy for the sperm. A long tail-like flagellum
provides locomotion. 

(d) Oocytes are functional egg cells that are formed via
mitosis and meiosis in oogenesis. During these
divisions, other egg cells are formed, known as polar
bodies, which have much less cytoplasm than the
oocytes. This occurs because the division of the
cytoplasm between the oocyte and the polar body is
unequal (known as asymmetrical cytokinesis). The
oocyte requires nutrients found in the cytoplasm to
sustain it following fertilization and during its long
journey in the Fallopian tube to the uterus, where it
again receives nutrients. Polar bodies are non-
functional and soon degenerate.

7. (a) metaphase (mitosis): In metaphase of mitosis, 23 pairs
of homologous chromosomes occur as linked sister
chromatids (92 chromatids in total). (Note: Of these
23 pairs of chromosomes, males actually have two
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nonhomologous sex chromosomes, the X
chromosome and the Y chromosome.)

(b) metaphase I (meiosis): In metaphase I of meiosis,
twenty-three pairs of  homologous chromosomes are
arranged in pairs. Each homologous chromosome
contains 2 linked sister chromatids, and is part of a
tetrad of four chromatids. 

(c) metaphase II (meiosis): In metaphase II of meiosis,
each cell contains twenty-three  chromosomes, one
member of the earlier homologous chromosome pairs.
Each chromosome consists of a pair of linked sister
chromatids. 

8. No, identical twins cannot be different sexes. Identical
twins are born if a single zygote, during its first two weeks
of embryonic development, divides into two separate
bodies.  Because the sex of the zygote is already
determined upon fertilization, each twin must be the
same sex.

9. In metaphase I of meiosis, the chromosome tetrads align
at the cell equator. The feature of this alignment that
contributes to genetic diversity is independent assortment.

10. A drawing or descriptive answer should reflect
understanding that nondisjunction occurs in either
anaphase I or anaphase II, in which an X chromosome
fails to move to the pole of the cell, resulting in an oocyte
or spermatid without an X chromosome.

16.4 Reproductive Strategies
Student Textbook pages 573-580

Section Outcomes
Students will:
■ describe the diversity of reproductive strategies among

living organisms
■ evaluate the advantages and disadvantages of sexual and

asexual reproduction
■ research and present information about contrasting

reproductive strategies
■ assess how research on plant and animal reproduction has

affected the development of new reproductive technologies

Key Terms
asexual reproduction
sexual reproduction
binary fission
conjugation
pilus
budding
vegetative reproduction
fragmentation
parthenogenesis
spore
alternation of generations

sporophyte
gametophyte

Biology Background
■ Bacteria generally reproduce asexually. However, to increase

diversity and share the gene pool, they can also transfer
genetic material from one bacterium to another via
conjugation. The ability to perform this transfer is
conferred by a set of genes, which are called F, or fertility,
genes. These genes can exist on a small, circular piece of
DNA (called an F-plasmid) that replicates independently
from the bacterial chromosome, or they can be integrated
into the chromosome. The bacterium containing this gene
(often parochially called the “male” bacterium) extends a
bridging structure (called a pilus) to a neighbouring
bacterium. The two cells then are drawn together, and the
pilus forms a channel through which DNA is transferred.
The receiving bacterium then divides during binary fission.
Some eukaryotes, such as certain fungi and algae, also
reproduce via conjugation. Plasmid conjugation is a
relatively rare event. Nobel Prize-winning scientist Joshua
Lederberg discovered the process in 1945 when
experimenting with mutant strains of E.coli.

Teaching Strategies 
■ This section provides an overview of a number of

reproductive strategies. Use BLM 16.4.1 (OH) Binary
Fission in Bacterial Cell, BLM 16.4.2 (OH) The Life
Cycle of a Fern, BLM 16.4.3 (OH) The Life Cycle of
Moss, BLM 16.4.4 (OH) The Life Cycle of a Conifer,
and BLM 16.4.5 (OH) The Cnidarian Life Cycle to
support your presentations on these subjects. You may also
want to use these BLMs as handouts and allow the
students to take notes directly on the worksheets while you
discuss the different concepts in this section. BLM 16.4.7
(HAND) Comparing Life Cycles Exercise provides
students with further practice in differentiating between
these life cycles.

■ In BLM 16.4.6 (HAND) Create an Organism Exercise,
students are asked to create an organism, giving
consideration to life cycle and reproductive processes. This
BLM can work well as both an individual or group
exercise.

Answers to Questions for Comprehension
Student Textbook page 573

Q31. Asexual reproduction is a reproductive process in which
a parent organism produces genetically identical
offspring. Sexual reproduction involves the production of
gametes by meiosis, followed by fertilization between
genetically distinct parental gametes to produce
genetically distinct offspring.
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