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Key concepts

Reproduction system ensures eggs and 

sperms meet successfully, and the zygotes 

develop properly.



Fig. 46-1

Each earthworm produces sperm and eggs; in a few weeks, 

new worms will hatch from fertilized eggs
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Concept 46.1: Both asexual and sexual 
reproduction occur in the animal kingdom

• Sexual reproduction is the creation of an 

offspring by fusion of a male gamete (sperm) 

and female gamete (egg) to form a zygote

• Asexual reproduction is creation of offspring 

without the fusion of egg and sperm
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Mechanisms of Asexual Reproduction

• Many invertebrates reproduce asexually by 

fission, separation of a parent into two or more 

individuals of about the same size

• In budding, new individuals arise from 

outgrowths of existing ones

• Fragmentation is breaking of the body into 

pieces, some or all of which develop into adults

• Parthenogenesis is the development of a new 

individual from an unfertilized egg



Fig. 46-2
Asexual reproduction of a sea anemone



Fig. 46-3
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Sexual females have half as many daughters as asexual 

females; this is the “twofold cost” of sexual reproduction
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• Sexual reproduction results in variation, which 

provides potential advantages:

– An increase in variation in offspring, providing 

an increase in the reproductive success of 

parents in changing environments

– An increase in the rate of adaptation

– A shuffling of genes and the elimination of 

harmful genes from a population
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Origins of Genetic Variation Among Offspring 
(Chapter 13 )

• The behavior of chromosomes during meiosis 

and fertilization is responsible for most of the 

variation that arises in each generation

• Three mechanisms contribute to genetic 

variation:

– Independent assortment of chromosomes

– Crossing over

– Random fertilization

Copyright ©  2008 Pearson Education Inc., publishing as Pearson Benjamin Cummings



Copyright ©  2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings

Reproductive Cycles and Patterns

• Ovulation is the release of mature eggs at the 

midpoint of a female cycle

• Most animals exhibit reproductive cycles 

related to changing seasons

• Reproductive cycles are controlled by 

hormones and environmental cues

• Animals may reproduce asexually or sexually, 

or they may alternate these methods



Fig. 46-4a

Asexual whiptail lizards are descended from a sexual 

species, and females still exhibit mating behaviors

parthenogenetic lizards



Fig. 46-4b
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• Sexual reproduction is a special problem for 

organisms that seldom encounter a mate

• One solution is hermaphroditism, in which 

each individual has male and female 

reproductive systems

• Some hermaphrodites can self-fertilize

• Individuals of some species undergo sex 

reversals



Fig. 46-5

Eggs

In external fertilization, eggs shed by the female are 

fertilized by sperm in the external environment



Fig. 46-6

Parental care in an invertebrate



Fig. 46-7
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Fig. 46-8
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Fig. 46-9
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Fig. 46-10
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Fig. 46-11
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Fig. 46-12b
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Fig. 46-12c
Primordial germ cell in embryo

Mitotic divisions

Spermatogonial
stem cell

Mitotic divisions

Spermatogonium

Mitotic divisions

Primary spermatocyte

Meiosis I

Secondary spermatocyte

Meiosis II

Early
spermatid

Differentiation (Sertoli
cells provide nutrients)

Sperm

2n

2n

2n

n n

n n n n

n n n n



Fig. 46-12f
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Fig. 46-12g
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• Spermatogenesis differs from oogenesis:

– In oogenesis, one egg forms from each cycle 

of meiosis; in spermatogenesis four sperm 

form from each cycle of meiosis

– Oogenesis ceases later in life in females; 

spermatogenesis continues throughout the 

adult life of males

– Oogenesis has long interruptions; 

spermatogenesis produces sperm from 

precursor cells in a continuous sequence





Fig. 46-13
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Fig. 46-14
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• Cells of the uterine lining can sometimes 

migrate to an abnormal, or ectopic, location

• Swelling of these cells in response to hormone 

stimulation results in a disorder called 

endometriosis
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Menopause

• After about 500 cycles, human females 

undergo menopause, the cessation of 

ovulation and menstruation

• Menopause is very unusual among animals

• Menopause might have evolved to allow a 

mother to provide better care for her children 

and grandchildren



Copyright ©  2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings

Menstrual Versus Estrous Cycles

• Menstrual cycles are characteristic of humans 

and some other primates:

– The endometrium is shed from the uterus in a 

bleeding called menstruation

– Sexual receptivity is not limited to a timeframe
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• Estrous cycles are characteristic of most 

mammals:

– The endometrium is reabsorbed by the uterus

– Sexual receptivity is limited to a “heat” period

– The length and frequency of estrus cycles 

varies from species to species



Fig. 46-15
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• The embryo releases human chorionic 
gonadotropin (hCG), which prevents 
menstruation



Fig. 46-16
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• Splitting of the embryo during the first month of 

development results in genetically identical 

twins

• Release and fertilization of two eggs results in 

fraternal and genetically distinct twins
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Human embryos can split and become 

twins early or late in development

Nine-banded armadillos 

consistently give birth to 

genetically identical quadruplets
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• The first trimester is the main period of 

organogenesis, development of the body 

organs

• All the major structures are present by 8 weeks, 

and the embryo is called a fetus
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• Changes occur in the mother

– Growth of the placenta

– Cessation of ovulation and the menstrual cycle

– Breast enlargement

– Nausea is also very common



Fig. 46-17
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Fig. 46-18
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Fig. 46-19-4
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Maternal Immune Tolerance of the Embryo and 
Fetus

• A woman’s acceptance of her “foreign” 

offspring is not fully understood

• It may be due to suppression of the immune 

response in her uterus
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Contraception and Abortion

• Contraception, the deliberate prevention of 

pregnancy, can be achieved in a number of 

ways

• Contraceptive methods fall into three 

categories:

– Preventing release of eggs and sperm 

– Keeping sperm and egg apart

– Preventing implantation of an embryo



Fig. 46-20
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• Abortion is the termination of a pregnancy

• Spontaneous abortion, or miscarriage, occurs 
in up to one-third of all pregnancies

• The drug RU486 results in an abortion within 
the first 7 weeks of a pregnancy
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Detecting Disorders During Pregnancy

• Amniocentesis and chorionic villus sampling 

are invasive techniques in which amniotic fluid 

or fetal cells are obtained for genetic analysis

• Noninvasive procedures usually use ultrasound 

imaging to detect fetal condition

• Genetic testing of the fetus poses ethical 

questions and can present parents with difficult 

decisions
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Treating Infertility

• Modern technology can provide infertile 

couples with assisted reproductive 

technologies

• In vitro fertilization (IVF) mixes eggs with 

sperm in culture dishes and returns the embryo 

to the uterus at the 8 cell stage

• Sperm are injected directly into an egg in a 

type of IVF called intracytoplasmic sperm 

injection (ICSI)
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Cheaper Overseas: Surrogate Mothers

In-Vitro Fertilization Is $6,000 in India, and 

$60, 000 in the U.S.

HYDERBAD, India, April 27, 2010 
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You should now be able to:

1. Distinguish between asexual and sexual 
reproduction

2. Explain how hermaphroditism may be 
advantageous to animals that have difficulty 
encountering a member of the opposite sex

3. Describe various ways in which animals may 
protect developing embryos

4. Using diagrams, identify and state the function 
of each component of the male and female 
reproductive systems
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5. Describe oogenesis and spermatogenesis; 
describe three major differences between 
them

6. Explain how the uterine and ovarian cycles 
are synchronized and describe the functions 
of the hormones involved

7. List the various methods of contraception, 
how each works, and how effective each is

8. Describe techniques that allow us to learn 
about the health and genetics of a fetus


