THINK ABOUT IT Sexual re
s male praying mantis—whg may b,
peaCOCkJ whose success in court

and lugging around a huge tail thyt makes
preditors. Or a male emperor penguin, o

prOdLlCtiOI’l canb
e dan erous,
" ———y 8 Just ask

: Y his mate, Or 5 male
Ing a femalff: depends on hjs growing
it harder for him to escape

0 incubates an egg for months

Asexual and Sexual Reproduciion
(8 How do asexual and sexual reproduction in animals compare?
Many invertebrates and a few chordates can reproduce asexually.

Asexual Reproduction Animals reproduce asexually in many ways.
Some cnidarians divide in two. Some animals reproduce through bud-
ding, which produces new individuals as outgrowths of the body wall.
Females of some species, such as the whiptail lizard in Figure 28-14,
can reproduce asexually by producing eggs that develop without being
fertilized. This process is called parthenogenesis (pahr thuh noh jen
uhssis), Parthenogenesis produces offspring that carry DNA ix.lherited
only from their mothers. This means of reproduction occurs in some
trustaceans and insects but very rarely in vertebrates. o
(&8 Asexual reproduction requires only one parent, so mfhv:du—
als in favorable environmental conditions can reproduce rapidly.
But since offspring produced asexually carry onlya
single parent’s DNA, they have less genetic
diversity than do offspring produced
Sexually, Lack of genetic diversity
“nbe a disadvantage to a
Population if its
“Vironment changes.

Key Questions

(G2 How do asexval and sexual
reproduction in animals compare?
How do internal and
external fertilization differ?

e Where do embryos develop?

How are terrestrial
vertebrates adapted to repro-
duction on land?

Vocabulary

OViparous e ovoviviparous e *
viviparous e placenta e
metamorphosis e nymph e
pupa e amniotic egg
mammary gland

Taking Notes

Outline Before you read, use
the headings and key concepts
in this lesson to make an outline
about animal reproduction. As
you read, add details to your
outline.

FIGURE 28-14 Parthenogenesis
Some whiptail lizard species
reproduce exclusively by
parthenogenesis. ln{er Describe
the degree of genetic diversity in
these whipiail lizard species.
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ﬂ'eyyfound i tam esgﬁ:;ciepmduction maintan‘xs genetic let-!l‘Slt.y ing
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fraits they examined, population by cre ic diversity is the raw material on whig,
including two rare traits. of genes. Because genetic {ty teproducing oprilits:
Whyreas thet unesool; natural selection operates, sexually rep n§ are

better able to evolve and adapt to changmg’ enVlYOD}”Dental g.()ndi_
tions. On the other hand, sexual reprqduct1on reqlilrf_zs tWo ind;.
viduals of different sexes. So, the density of a population myg be
high enough to allow mates to find each other. o

In most animal species that YEPEOd].lCG sexually, each individyy
‘s either male or fernale. Among annelids, mollusks, and fishes, hoy.
ever, some species are hermaphrodites (hur MAF roh dyts), which
means that some individuals can be both male e?nd ‘ferr.xale Or can
convert from one sex to the other. In some species, individuals cap
produce eggs and sperm at the same time. Usually, t}-1ese animals
don’t fertilize their own eggs, but exchange sperm with another
individual. Some species, such as the clownfish in Figure 2815,
may change from one sex to the other as they mature.

Reproductive Cycles A number of invertebrates have life cyles
that alternate between sexual and asexual reproduction. Parasitic

FIGURE 28-15 Hermaphrodites In worms and cnidarians alternate between forms that reproduce

this species of clownfish, Amphiprion sexually and forms that reproduce asexually. _

percula, oll individuals are born Parasitic worms such as blood flukes mature in the body

male and change to female as they of an infected person, reproduce sexually, and release embryos

grow. In seme omer hsrriaphiodiie that pass out of the body in feces. If the embryos reach fresh

species, individuals are born female p non ) ek L 1TeS

and change to male as they grow, or water, they develop into larvae and infect snails, in which they

are both sexes af the same time. reproduce asexually. Then the larvae are released, ready to infect
another person.

Many cnidarians alternate between two body forms: polyps
that grow singly or in colonies and medusas that swim freely in
the water. The life cycle of a common Jellyfish, Aurelia, is shown in
Figure 28-16. In these jellyfish, polyps produce medusas asexually
by budding. The medusas then reproduce sexually by producing
eggs and sperm that are released into the water. After fertili-
zation, the resulting zygote grows into a free-swimming

larva. The larva eventually attaches to a hard surface and
develops into a polyp that may continue the cycle.

=1
> In Your Notebook Explain why a geneﬁca")’

Y - - - .
;:_: verse species can adapt more easily to disease
> and change.
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FIG
Reproductive Cycles The reproductive
cycle of Aurelia, a jellyfish, alternates
between asexual and sexual reproduc-

infernal and External Fertilization
How do internal and external fertilization differ?

tion

Swimming .

Fertilization accurs in

he open water, producing

many diploid zygofes.

' FERTILIZATION

@ Each zygote
: grows info a
swimming larva,
which eventually
attaches to a
L, hard surface
.2 and develops

; intoa polyp.

URE 28-16 Alternating

. A zygote is produced sexually

by medusas and grows into a larva.

Insexual reproduction, eggs and sperm meet either inside or outside
the body of the egg-producing individual. These alternatives are
clled internal and external fertilization, respectively.

The
bud

Internal Fertilization Many aquatic animals and nearly all ter-
testrial animals reproduce by internal fertilization. During
internal fertilization, eggs are fertilized inside the body of the egg-

producing individual.

larva develops into a polyp that
s, reproducing asexually, The

polyp releases a medusa.

MYSTERY

CLUE

b Invertebrates Invertebrates that reproduce by linternal fertiliza- None of the =3, -k‘m
tion range in complexity from sponges to arachnids. The eggs of femalesin

y .- animals are fertilized by sperm the tank had

Ponges and some other aquatic animais

taken in from the surround-

feleaged i jes and
e otk e s R males deposit sperm inside the

E“g Wwater. In many arthropod species,
‘male’s body during mating.

> Chordates Some fishes and amphibians, and all reptiles, birds, and

Tizati ibian
Mammeg]g, reproduce by internal fertilization. In some a(rlgphlthi_
"Decies, males deposit “sperm packets” info the surrounding

inside
iment; i hese packets and take them insi
hod s B jes, males have an external

had contact with =~

a male for three

years, long before they
were mature enough fo
reproduce. And female
bonnetheads had never
been known to store
sperm for longer than
five months. So what
happened?

(. Dodies. In many other chordate P8 B0 B e mating.
al organ that deposits sperm inside the female during
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FIGURE 28-17 External
Fertilization One type of external
fertilization results from spawning.
When aquatic animals spawn, females
release eggs and males release sperm
at the same time. Infer What is the
cloudy substance behind this spawning

male wrasse?

FIGURE 28-18 Embryo
Development

Horse - Viviparous
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External Fertilization A wide range of aquatic inverte d
vertebrate species reproduce by external fertilization. N
fertilization, eggs are fertilized outside the body of the ¢ gg‘Pl'odurl.]
¢
individual. :

brage an

q
g
» Invertebrates Invertebrates with ext.ernal fertilization incly de
corals, worms, and mollusks. These animals re].ease large NUmbe, "
eggs and sperm into the water. Gamete release }IIS usually Synchmniz,e
with tides, phases of the Moo, O $easons so t ateggs and g erm .
present at the same time. Pert;hze’d eggs develop 11.1to i:'ree—swi IninL
larvae that typically develop for a time before changing int, aduls me]E

» Chordates Chordates with external fertilizatipr.l include
vertebrate chordates and many fishes and amphibians. In s, fish

species, such as the wrasse in Figure 28—17, males and females SPawy
in a school, releasing large numbers of eggs and sperm intq the Water
Other fishes and many amphibians spawn in pairs. In these cases, the
female usually releases eggs onto which the male deposits sperm,

OSt nop,.

Development and Growth
Ca Where do embryos develop?

After eggs are fertilized, the resulting zygote divides through mito.-
sis and differentiates as described in Chapter 25. This development
occurs under different circumstances in different species. The care anq
protection given to developing embryos also varies widely.

Where Embryos Develop Embryos develop either inside or outsie

the body of a parent in various ways, Animals may be oviparous,
ovoviviparous, or viviparous.

» Oviparous Species Oviparous (oh vip uh rus) species are those
in which embryos develop in eggs outside the parents’ bodies. Most

invertebrates, many fishes and amphibians, most reptiles, all birds, and
a few odd mammals are oviparous.

» Ovoviviparous Species In ovoviviparous (oh voh vy vie uhrus)
species, embryos develop within the mother’s body, but they depend
entirely on the yolk sac of their eggs. The young do not receive any
additional nutrients from the mother. They either hatch within the
mother’s body or are released immediately before hatching. Youn
swim freely shortly after hatching. Guppies and other fishes in thel
family, along with some shark Species, are ovoviviparous.

» Viviparous Species
in which embryos obt
development. Vivipar
sharks, bony fishes, a
and in some sharks a

Viviparous (vy vip uh rus) species are th.ose
ain nutrients from the mother’s body durl.ns 15
ity occurs in most mammals and in S0UE {naet |
mphibians, and reptiles. In viviparous mSEL_t::;,
nd amphibians, young are nourished by Sed. v
tions produced in the mother’s reproductive tract. In Piace“tai m'dt
mals, young are nourished by a placenta—a specialized organ Thien
enables exchange of respiratory gases, nutrients, and wastes b¢t™*
the mother and her developing young.
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p Terrestrial Invertebrates Ingects may undergo one of two types of

metamorphosis. Some insects, such ag grasshoppers, undergo gadual

or incomplete metamorphosis, as shown in Figure 28 19, Immature

forms, or nymphs (nimfs), resemple adults, but they lack functional

sexual organs and some adult structures such as wings. As they molt

several times and grow, nymphs gradually acquire adult structures.
Other insects, such as butterflies,

undergo complete metamorpho-
sis. Larvae of these animals look nothing like their parents, and they

feed in different ways. Larvae molt and grow, but they change little in FIGURE 28-19 Insect Metomorphosis
Then th d final molt and ch - Insects usvally undergo metamorphaosis

ippearance. 1hen they undergo a n.a mo.t ah C ange 1nto a pupa during their growth and development.
pYoo puh; plural: pupae), the stage in which an insect larva develops The chinch bug (left) underaoes

pul; p pup 8 ] ‘ g srgoes
mto an adult. During the pupal stage, the entire body is remodeled incomplete metam‘orphosts, in whlcl:h
inside and out! The adult that emerges looks like a completely differ- TTFLEG Tg;n)?;’jgkﬁ; lftljmjfdr;% :T:S aduls.
ent animal. Don’t let your familiarity with caterpillars and butterﬂles complete metamorphosis, The
dull your wonder at this change. If land vertebrates underwen_t this developing larva and the pupa look
kind of metamorphosis, a larva that looks like a snake could, in fact, completely different from the adult.

8'0W up Into an eagle!
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FIGURE 28-20 Amphibian Control of metamorphosis in arthropods is accompliShed by

Metamorphosis Amphibians typically hormones. Recall that hormones are Chemlf:alS,]‘PrOdUCe_d in ope
begin their lives in the water and organ of an organism that affect that organism’s other tissueg
metomorphos;}a into qdufrhs that live on n%laorgans [n insects that undergo complete metamorphg;g
land. Frog tadpoles, such as the one a C LR = y n insect in i '
in the pl?glo, s?F;ri out with flippers, high levels of a juvenile hom}one k;ep ta_ il FIS l:llrvaj
gills, and a tail and mature into adults form. As the insect matures, 1ts pro P’C iy, Y€NIlE hormop,
that have legs, lungs, and no tail. decreases. Eventually, the concentration of juvenile hormone

drops below a certain threshold. The next time Fhe insect molts,
it becomes a pupa. When no juvenile hormone is produced,

insect undergoes a pupa-to-adult molt.
» Amphibians Amphibians typically undergo metamorphosig
that is controlled by hormones. This metamorphosis changes

amphibians from aquatic young into terrestrial adults. Tad-
po[es, such as the one n Figu.l’e 28—20, are one tYPE of amphi_

bian larvae,

<2 arthropods and amphibians?

::i In Your Notebook What chemicals control metamorphosis in—t

Care of Offspring Animals’ care of their offspring varies from
no care at all to years of nurturing. Most aquatic invertebrates and
many fishes and amphibians release large numbers of eggs that
they completely ignore. This reproductive strategy succeeds in cir-
cumstances favoring populations that disperse and grow rapidly.
But other animals care for their offspring. Some amphibians

FIGURE 28-21 Care of Offspring incubate young in their mouth, on their back, or even in their
!_ong-term, im_er?sive care of offspring stomach! Birds and mammals generally care for their young,
;E:;gﬁ::ft;;':g;?i 'R]c;mpn}:giz_sriifj Maternal care is an important mammalian characteristic, and
panda cub will stay with its mother for the bond between mother and young is often very close, as

up fo 18 months while she protects it the pandas in Figure 28 21 demonstrate. Males of many spe-
and teaches it how to be a panda. cies also help care for young. Parental care helps young survive

in crowded, competitive environments. Typically, species that
provide intensive or long-term parental care give birth to fewer
young than do species that offer no parental care.

Reproductive Diversity
in Chordates

How are ferrestrial veriebrates adapted to reproduction
on land?

Chordates first evolved in water, so early chordate reproduction
was suited to aquatic life. The eggs of most modern fishes and
amphibians still need to develop in water, or at least in very
moist places. As some vertebrate lineages left the water to
live on Iand, they evolved a number of new reproductive
.+ strategies. These strategies now enable the fertilized eggs

A g of many terrestrial chordates to develop somewhere other
. than in a body of water.
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The Amniotic Egg Reptiles, birds, and a few mammals

have evolved amniotic eggs in which an embryo can develop

outside its mother’s body, and out of water, without drying out.

The ammiotic (am nee an tik) egg is named after the amnion, one of
four membranes that surround the developing embryo. The amnion,
yolk sac, chorion, and allantois membranes of the amniotic egg, along
with its shell, provide a protected environment in fohich an embryo can
develop out of water. You can learn about the functions of the mem-
branes in Figure 28—22. The amniotic egg is one of the most important
vertebrate adaptations to life on land.

Mammalian Reproductive Strategies M?m?ali}l:;:e Z‘:ﬂ;ed
narious adaptations for reproducing and caring for ar);u s

The three groups of mammals—monotremes, m et tI;on ;;nd
and placentals—differ greatly in their mean-sﬂ?f rzﬁigr’s milk.
development, but all nourish their young with m

notremes, such as the echidna in

’.Monotremes Reproduction in mo d mammalian traits. Like a reptile,

'8ure 2823, combines reptilian an iotic eggs that are incu-
3female monotreme lays soft-shelled, amn

i days. But like other
bated outside her body. The eges hatch in about (£ &

; ilk produced by
urished by m :
s, TR DLanoEEs L al; qule monotremes secrete milk, not
e

e mother’s mammary glands. her mammals, but through pores on
thm“gh well-developed nipples like 0

¢ Surface of the abdomen.

A“u‘.‘.‘lnfois

The allantois sfores the
waste produyced by the
embryo. It |ater fuses with
the cherion and serves
as a respiratory organ,

FIGURE 28-22 Amniotic Egg An
amniotic egg contains several
membranes and an external shell.
Although it is waterproof, the eggshell
is porous, allowing gases to pass
through. The shell of a reptile egg is
usually soft and leathery, while the
shell of @ bird egg is hard and brittle.

FIGURE 28-23 Monoiremes There
are only five species of monotremes,

[ i hidnas
four of which are spiny ec
similar to the one above. Monotremes

i ls, feed
| s but, like a_ll mammals,
tE)e‘ifigung with milk produced by

the mother.
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» Marsupials Marsupials, such as the ka‘ng;;‘\?;i H:nlllf:;f ;23__24,
bear live young that usually complete their ol sti of devr‘ll CXterng)
pouch. Marsupial young are born at a vel’Y]ea‘- yss tﬁeir m tli it
ment. Little more than embryos, they crawl acro s Ciar other’s fy,
and attach to a nipple in her pouch, or marsu};:u:t pa e dstoo Peeum)
Inside the marsupium, the young spell(i'i m(_:'llt_ds1 th‘ e 9 d Mipple,
They continue drinking milk and growing 1nside the marsupium yng

they can survive independently.

» Placentals Placental mammals, such as the.harp seals shm.vn n
Figure 2825, are named for the placenta, which allows nutrients,

’ a
oxygen, carbon dioxide, and other wastes to be exchanged between th,

EGURE f|28-24 Mur;upi;l; _ embryo and the mother. The placenta allow% .tthe egt;?)lgg]t;degsl()p
Pec;g:giu)tlil;?g’ n:L;?he?’i P:Jsuizoheyare for a long time inside the mother and allows it to a fairly
born at a very early stage of develop- advanced stage of development.
ment. They complete their development

nursing in their mother's pouch.

w4

FIGURE 28-25 Placental
Mammals Placental mammals,
such as harp seals, are nourished
through a placenta before they are
born and by their mother’s

milk after they are born.

-l

ASSESSINENT

Review Key Concepts

1. a. Review Compare asexual reproduction and
sexual reproduction in terms of the genetic

4. a. Review What structure enables rep-
tiles and birds to reproduce outside

diversity resulting from each. of water?
b. Infer Why might sexual reproduction, as b. Inferpret Visuals In your own words,
opposed to asexual reproduction, produce a describe the functions of two of the
population better able to survive disease or membranes shown in Figure 28-22.
environmental changes? e _
2. a. Review Define the two types of fertilization. WRITE ABOUT SCIENCE
b. Predict Why would you expect species that Creative Wriﬁng
employ external fertilization to reproduce in 5. Write an advertisemen £ i
the water? ez Deawan bl 11]1 Oran amnio
3. a. Review Define the three ways in which -68 - raw and label the parts of the egg,
including each of the membranes and
embryos develop. the shell. Describe the purpose of each
b. Compare and Contrast What is the differ- structure and how it’s ideally suited for
ence between a nymph and a pupa? its function.
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