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usual. Most likely, they have a biological clock that can 
sense the passage of time so that their reproductive be-
havior is synchronized. Hundreds of thousands of palolo 
worms rise to the surface of the sea and release their eggs 
during a two- to four-hour period on two or three succes-
sive days of the year.  

    Copulation   is sexual union to facilitate the reception of 
sperm by a female. In terrestrial vertebrates, males typically 
have a penis for depositing sperm into the vagina of females. 
But not so in birds, which lack a penis and vagina. They 
have a cloaca, a chamber that receives products from the 
digestive, urinary, and reproductive tracts. A male transfers 
sperm to a female after placing his cloacal opening against 
hers. In damselflies, the female curls her abdomen forward 
to receive sperm previously deposited in a pouch by the 
male, and copulation doesn’t occur (Fig. 41.3).  

Life History Strategies
 Any animal that deposits an egg in the external environ-
ment is oviparous. Most aquatic animals deposit their eggs 
in the water, where they undergo development. Many have 
a larval stage, an immature form capable of feeding. Since 
the larva has a different lifestyle, it is able to use a different 
food source than the adult. In seastars, the bilaterally sym-
metrical larva undergoes metamorphosis to become a radi-
ally symmetrical juvenile. Crayfish, on the other hand, do 
not have a larval stage; the egg hatches into a tiny juvenile 
with the same form as the adult. Some aquatic animals retain 
their eggs in some way and release young able to fend for 
themselves. These animals are  ovoviviparous . For example, 
oysters, which are molluscs, retain their eggs in the mantle 
cavity, and male sea horses, which are vertebrates, have a 
special brood pouch in which the eggs develop (see page 
755). Even though they are terrestrial, garter snakes retain 
their eggs inside the abdomen until they hatch. 

  Usually, reptiles, such as turtles and crocodiles, lay a 
leathery-shelled egg that contains   extraembryonic mem-
branes   to serve the needs of the embryo and prevent drying 
out. One membrane surrounds an abundant supply of   yolk  , 
which is a nutrient-rich material. The shelled egg is a sig-
nificant adaptation to the terrestrial environment. Birds lay 
and care for hard-shelled eggs with extraembryonic mem-
branes. The newly hatched birds usually have to be fed be-
fore they are able to fly away and seek food for themselves 
( Fig. 41.4 ). Complex hormonal and neural regulation are 
involved in the reproductive behavior of parental birds.

   Among mammals, the duckbill platypus and spiny 
anteater lay shelled eggs. Marsupials and placental mam-
mals do not lay eggs. In marsupials, the yolk sac membrane 
functions briefly to supply the unborn with nutrients ac-
quired internally from the mother. Immature young finish 
their development within a pouch where they are nourished 
on milk. The placental mammals are termed  viviparous , be-
cause they do not lay eggs and development occurs inside 
the female’s body until offspring can live independently. 
Their placenta is a complex structure derived, in part, from 
the chorion, another of the reptilian extraembryonic mem-
branes. The evolution of this type of placenta allows the de-
veloping young to internally exchange materials with the 
mother until the offspring can function on their own. Vivi-
parity represents the ultimate in caring for the unborn, and 
in placental mammals, the mother continues to supply the 
nutrient needs of her offspring after birth. 

Check Your Progress 41.1

 1. What is the advantage of asexual reproduction? Sexual 
reproduction? 

 2. Distinguish between oviparous, ovoviviparous, and 
viviparous.

 3. How does a shelled egg allow reproduction on land? 

FIGURE 41.4 Parenting in birds.

Birds, such as the American goldfinch, Carduelis tristis, are oviparous and lay hard-
shelled eggs. They are well known for incubating their eggs and caring for their 
offspring after they hatch.

 FIGURE 41.3     Damselflies mating on land.

On land, animals have various means to ensure that the gametes do not dry out. 
Here, a female damselfly receives sperm from the male.  

mad2543X_ch41_755-776.indd   757mad2543X_ch41_755-776.indd   757 12/10/08   11:12:38 AM12/10/08   11:12:38 AM



 

urinary bladder 

vas deferens 

pubic bone 

urethra 

erectile tissue 
of penis 

penis 

glans penis 

foreskin 

scrotum 

seminal vesicle 

ureter (cut) 

ejaculatory duct 
prostate gland 

bulbourethral gland 

anus 

epididymis 

testis 

urinary bladder 

ureter 

prostate gland 

bulbourethral  
gland 

vas deferens 

seminal vesicle 

vas deferens 

urethra

758 PART VII    COMPARATIVE ANIMAL BIOLOGY       

TABLE 41.1
Male Reproductive System

Organ Function

Testes Produce sperm and sex hormones

Epididymides Sites of maturation and some storage 
   of sperm

Vasa deferentia Conduct and store sperm

Seminal vesicles Contribute fluid to semen 

Prostate gland Contributes fluid to semen 

Urethra Conducts sperm (and urine)

Bulbourethral glands Contribute fluid to semen 

Penis Organ of copulation

41.2 Male Reproductive System
The human male reproductive system includes the organs 
pictured in Figure 41.5 and listed in Table 41.1. The male 
 gonads are paired testes, which are suspended within the sacs 
of the scrotum. The testes begin their development inside the 
abdominal cavity, but they descend into the scrotal sacs as 
development proceeds. If the testes do not descend—and the 
male does not receive hormone therapy or undergo surgery 
to place the testes in the  scrotum—sterility (the inability to 
produce offspring) results. Sterility occurs because unde-
scended testes developing in the body cavity are subject to 
higher body temperatures than those in the scrotum. A cooler 
temperature is critical for the normal development of sperm.
 Testicular cancer is the most common type of cancer in 
young men between the ages of 15 and 34. The cure rate is 
high if early treatment is received. All men should perform 
regular self-exams to detect unusual lumps or swellings of the 
testes, and report any changes to their doctors.
 Sperm produced in the seminiferous tubules of the 
testes mature within the  epididymides (sing., epididymis), 
which are tightly coiled tubules lying just outside the testes. 
Maturation seems to be required for the sperm to swim to 
the egg. Once the sperm have matured, they are propelled 
into the vasa deferentia (sing., vas deferens) by muscular 

contractions. Sperm are stored in both the epididymides 
and the vasa deferentia. When a male becomes sexually 
aroused, sperm enter the ejaculatory ducts and then the 
urethra, part of which is located within the penis. The vasa 
deferentia are severed or blocked in a surgical form of birth 
control called a vasectomy. Sperm are unable to complete 
their journey down the male reproductive tract, and are 
phagocytized by macrophages.

FIGURE 41.5 The male reproductive system.

The testes produce sperm. The seminal vesicles, the prostate gland, and the bulbourethral glands provide a fluid medium for the sperm, which move from the vas deferens 
through the ejaculatory duct to the urethra in the penis. The foreskin (prepuce) is removed when a penis is circumcised.
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Orgasm in Males
The penis is the male organ of sexual intercourse. The penis 
has a long shaft and an enlarged tip called the glans penis. The 
glans penis is normally covered by a layer of skin called the 
foreskin. Circumcision, the surgical removal of the foreskin, 
is usually done soon after birth. Three cylindrical columns of 
spongy, erectile tissue containing distensible blood spaces ex-
tend through the shaft of the penis (Fig. 41.6). During sexual 
arousal, nervous reflexes cause an increase in arterial blood 
flow to the penis. This increased blood flow fills the blood 
space in the erectile tissue, and the penis, which is normally 
limp (flaccid), stiffens and increases in size. These changes are 
called erection. If the penis fails to become erect, the  condition 
is called erectile dysfunction (formerly called impotency).
Medications for the treatment of erectile dysfunction ensure 
that a full erection will take place. 
 Semen (seminal fluid) [L. semen, seed] is a thick, 
whitish fluid that contains sperm and secretions from 
three glands (Table 41.1). The seminal vesicles lie at the 
base of the bladder. As sperm pass from the vasa defer-
entia into the ejaculatory ducts, these vesicles secrete a 
thick, viscous fluid containing nutrients (fructose) for 
possible use by the sperm. The fluid also contains pros-
taglandins that stimulate smooth muscle contraction 
along the male and female reproductive tracts. Just be-
low the bladder lies the prostate gland, which secretes a 
milky alkaline fluid believed to activate or increase the 
motility of the sperm. Sperm are more viable in a basic 
solution, and semen, which is milky in appearance, has 
a slightly basic pH. Prostatic secretions also include an 
antibiotic called seminalplasmin that helps prevent uri-
nary tract infections in males. Slightly below the pros-
tate gland, on either side of the urethra, is a pair of small 
glands called bulbourethral glands that produce  mucous 

secretions with a lubricating effect. An average male 
releases 2–5 ml of semen during orgasm. Typically se-
men is composed of 60% seminal vesicle secretions, 30% 
prostatic fluids, less than 10% sperm and spermatic duct 
secretions, and a trace amount of bulbourethral fluid. 
 If sexual arousal reaches its peak, ejaculation follows 
an erection. The first phase of ejaculation is called emis-
sion. During emission, the spinal cord sends nerve impulses 
via appropriate nerve fibers to the epididymides and vasa 
 deferentia. Their muscular walls contract, causing sperm to 
enter the ejaculatory duct, whereupon the seminal vesicles, 
prostate gland, and bulbourethral glands release their secre-
tions. Secretions from the bulbourethral glands are the first 
to enter the urethra, and they function to cleanse the urethra 
of acidic residue from urine. This fluid does not normally 
contain sperm, but considering that the young human adult 
male produces up to 1 billion sperm a day, it may. It is there-
fore possible, though not probable, for fer tiliza tion of an egg 
and pregnancy of a female to take place even though ejacu-
lation has not  occurred.
 During the second phase of ejaculation, called 
 expulsion, rhythmical contractions of muscles at the base 
of the penis and within the urethral wall expel semen in 
spurts from the opening of the urethra. These rhythmical 
contractions are an example of release from myotonia, or 
muscle tenseness. Myotonia is another important sexual re-
sponse. An erection lasts for only a limited amount of time. 
The  penis now returns to its normal flaccid state. Follow-
ing  ejaculation, a male may typically experience a period of 
time, called the  refractory period, during which stimulation 
does not bring about an erection. The contractions that expel 
semen from the penis are a part of male orgasm [Gk. orgas-
mos, sexual  excitement], the physiological and psychological 
sensations that occur at the climax of sexual stimulation.

FIGURE 41.6 Penis anatomy.

a. Beneath the skin and the connective tissue lies the urethra, surrounded by erectile tissue. This tissue expands to form the glans penis, which in uncircumcised males is 
partially covered by the foreskin (prepuce). b. Micrograph of shaft in cross section showing location of erectile tissue. One column surrounds the urethra.
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The Testes
A longitudinal section of a testis shows that it is composed 
of compartments called lobules, each of which contains one 
to three tightly coiled seminiferous tubules (Fig. 41.7a). 
 Alto gether, these tubules have a combined length of 

 approximately 250 m (almost two and three-quarters times 
the length of a football field). A microscopic cross section of 
a seminiferous tubule shows that it is packed with cells un-
dergoing spermatogenesis (Fig. 41.7b), the production of 
sperm. As seen in Figure 41.7c, spermatogonia increase in 

FIGURE 41.7 Testis and sperm.

a. The lobules of a testis contain seminiferous tubules. b. Light micrograph of a cross section of the 
seminiferous tubules, where spermatogenesis occurs. Note the location of interstitial cells in clumps 
among the seminiferous tubules. c. Diagrammatic representation of spermatogenesis, which occurs 
in wall of tubules. d. A sperm has a head, a middle piece, and a tail. The nucleus is in the head, which 
is capped by the enzyme-containing acrosome.
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size and divide. One of these diploid cells undergoes meio-
sis I and II to become four spermatids, which contain 23 
chromosomes each. Spermatids then differentiate into 
sperm. Also present are Sertoli cells, which support, nour-
ish, and regulate spermatogenesis. It takes approximately 74 
days for spermatogonia to develop into sperm.
 Mature sperm have three distinct parts: a head, a mid-
dle piece, and a tail (Fig. 41.7d). The middle piece and the 
tail contain microtubules, in the characteristic 9 � 2 pattern 
of cilia and flagella. In the middle piece, mitochondria are 
wrapped around the microtubules and provide the energy 
for movement. The head contains a  nucleus covered by a cap 
called the acrosome [Gk. akros, at the tip, and soma, body], 
that stores enzymes needed to penetrate the egg. (Because 
the human egg is surrounded by several layers of cells and 
a thick membrane, the acrosomal enzymes play a role in 
allowing a sperm to penetrate the layers surrounding the 
egg.) The ejaculated semen of a normal male contains be-
tween 50 and 150 million sperm per milliliter. If less than 
25 million sperm per milliliter are released, infertility may 
result. Fewer than 100 ever reach the vicinity of the egg, 
however, and only one sperm normally enters an egg. With 
contractions of the female uterus, it takes sperm about two 
hours to reach the egg traveling approximately 12.5 cm per 
hour.

Hormonal Regulation in Males
The hypothalamus has ultimate control of the testes’ sexual 
function because it secretes a hormone called gonadotropic-
releasing hormone, or GnRH, that stimulates the anterior 
 pituitary to produce the gonadotropic hormones. There are 
two gonadotropic hormones—follicle-stimulating hormone 
(FSH) and luteinizing hormone (LH)—in both males and 
 females. In males, FSH promotes spermatogenesis in the 
seminiferous tubules.
 LH in males controls the production of the androgen 
testosterone by the interstitial cells (Leydig cells), which are 
scattered in the spaces between the seminiferous tubules 
(Fig. 41.7b). All these hormones, including  inhibin, a hor-
mone released by the seminiferous tubules, are involved in 
a negative feedback relationship that maintains the fairly 
constant production of sperm and testosterone (Fig. 41.8).

Functions of Testosterone
Testosterone is the main sex hormone in males. It is essential 
for the normal development and functioning of the organs 
listed in Table 41.1. Testosterone is also necessary for the 
maturation of sperm.
 In addition, testosterone brings about and maintains 
the male secondary sex characteristics that develop at 
the time of puberty. Males are generally taller than fe-
males and have broader shoulders and longer legs rela-
tive to trunk length. The deeper voice of males compared 
to  females is due to the fact they have a larger larynx with 
longer vocal cords. Since the so-called Adam’s apple is a 
part of the larynx, it is usually more prominent in males 
than in females.

 Testosterone is responsible for the greater muscular 
development in males. Because of this effect, males and fe-
males sometimes take anabolic steroids (either the natural 
or synthetic form of testosterone) to build up their muscles 
(see page 750). Testosterone causes males to develop notice-
able hair on the face, chest, and occasionally other regions 
of the body, such as the back. Testosterone also leads to the 
receding hairline and pattern baldness that occur in males. 
Testosterone levels peak at about 20 years of age and then 
decline as a male ages.

Check Your Progress 41.2

 1. Trace the pathway a sperm must follow from its origin 
to its exit from the male reproductive tract.

 2. List the glands that contribute fluids to the semen.
 3. Which gonadotropic hormone stimulates the 

interstitial cells to produce testosterone? Which 
stimulates sperm production in the seminiferous 
tubules?

FIGURE 41.8 Hormonal control of testes.

GnRH (gonadotropic-releasing hormone) stimulates the anterior pituitary to 
produce FSH and LH. FSH stimulates the testes to produce sperm, and LH 
stimulates the testes to produce testosterone. Testosterone from interstitial cells 
and inhibin from the seminiferous tubules exert negative feedback control over 
the hypothalamus and the anterior pituitary, and this ultimately regulates the level 
of testosterone in the blood.
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41.3  Female Reproductive 
System

The human female reproductive system includes the ovaries, 
the oviducts, the uterus, and the vagina (Fig. 41.9 and Table 
41.2). The ovaries, which produce a secondary oocyte each 
month, lie in shallow depressions, one on each side of the up-
per pelvic cavity. The oviducts [L. ovum, egg, and duco, lead 
out], also called uterine or fallopian tubes,  extend from the 
ovaries to the uterus; however, the oviducts are not attached 
to the ovaries. Instead, they have fingerlike projections called 
fimbriae (sing., fimbria) that sweep over the ovaries. When 
an oocyte bursts from an ovary during ovulation, it usually is 
swept into an oviduct by the combined action of the fimbriae 
and the beating of cilia that line the oviducts. Fertilization, if 
it occurs, normally takes place in an oviduct. The developing 
embryo is propelled slowly by ciliary movement and tubular 
muscle contraction to the uterus. Some women opt to perma-
nently prevent pregnancy by having a surgery called tubal 
ligation, in which the oviducts are either burned or clipped 
shut so that sperm cannot reach the oocyte.
 The uterus [L. uterus, womb] is a thick-walled muscular 
organ about the size and shape of an inverted pear. The narrow 
end of the uterus is called the cervix. The embryo completes 
its development after embedding itself in the uterine lining, 

called the endometrium [Gk. endon, within, and metra, womb]. 
If, by chance, the embryo should embed itself in another loca-
tion, such as an oviduct, a so-called ectopic pregnancy results.
 A small opening in the cervix leads to the vaginal canal. 
The vagina [L. vagina, sheath] is a tube at a 45-degree angle to 
the small of the back. The mucosal lining of the vagina lies in 
folds and the vagina can distend. This is  especially important 
when the vagina serves as the birth canal, and it also can fa-
cilitate intercourse, when the vagina receives the penis during 
copulation. Several different types of bacteria normally reside in 
the vagina and create an acidic environment. This environment 
is protective against the possible growth of pathogenic bacteria, 
but sperm prefer the basic environment provided by semen.

FIGURE 41.9 Female reproductive system.

a. The ovaries produce one oocyte per month. Fertilization occurs in the oviduct, and development occurs in the uterus. The vagina is the birth canal and organ of sexual 
intercourse. b. Vulva. At birth, the opening of the vagina is partially occluded by a membrane called the hymen. Physical activities and sexual intercourse disrupt the hymen.

TABLE 41.2
Female Reproductive Organs

Organ Function

Ovaries Produce egg and sex hormones

Oviducts Conduct egg; location of fertilization
(fallopian tubes)

Uterus (womb) Houses developing embryo and fetus

Vagina Receives penis during copulation and 
   serves as birth canal
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Orgasm in Females
The external genital organs of a female are known 
collectively as the vulva (Fig. 41.9b). The mons pubis and two 
folds of skin called labia minora and labia majora are on either 
side of the urethral and vaginal openings. Beneath the labia 
majora, pea-sized greater vestibular glands (Bartholin glands) 
open on either side of the vagina. They keep the vulva moist 
and lubricated during intercourse. 
 At the juncture of the labia minora is the clitoris, which 
is homologous to the penis in males. The clitoris has a shaft 
of erectile tissue and is capped by a pea-shaped glans. The 
many  sensory receptors of the clitoris allow it to function 
as a sexually sensitive organ. The clitoris has twice as many 
nerve endings as the penis. Orgasm in the female is a release 
of neuromuscular tension in the muscles of the genital area, 
vagina, and uterus.

The Ovaries
Normally, the ovaries alternate in producing one oocyte 
each month. For the sake of convenience, the released oocyte 
is often called an egg. The ovaries also produce the female 
sex hormones, estrogens, collectively called estrogen, and 
progesterone, during the ovarian cycle.

The Ovarian Cycle
The ovarian cycle occurs as a follicle [L. dim. of follicu-
lus, bag] changes from a primary to a secondary to a ve-
sicular (Graafian) follicle (Fig. 41.10a) under the influence of 
follicle-stimulating hormone (FSH) and luteninizing hor-
mone (LH) from the anterior pituitary (see Fig. 41.11). Epi-
thelial cells of a primary follicle surround a primary oocyte. 
Pools of follicular fluid surround the oocyte in a secondary 
follicle. In a vesicular follicle, a fluid-filled cavity increases 
to the point that the follicle wall balloons out on the surface 
of the ovary.
 As a follicle matures, oogenesis, a form of meiosis de-
picted in Figure 41.10b, is initiated and continues. The primary 
oocyte divides, producing two haploid cells. One cell is a sec-
ondary oocyte, and the other is a polar body. The vesicular 
follicle bursts, releasing the secondary oocyte (often called an 
egg for convenience) surrounded by a clear membrane. This 
process is referred to as ovulation. Once a vesicular follicle has 
lost the secondary oocyte, it develops into a corpus luteum [L. 
corpus, body, and luteus, yellow], a glandlike structure.
 The secondary oocyte enters an oviduct. If fertiliza-
tion occurs, a sperm enters the secondary oocyte and then 
the oocyte completes meiosis and becomes an egg. An egg 

FIGURE 41.10 Ovarian cycle.

a. A single follicle actually goes through all 
stages (1–6) in one place within the ovary. 
As a follicle matures, layers of follicle cells 
surround a secondary oocyte. Eventually, the 
mature follicle ruptures, and the secondary 
oocyte is released. The follicle then becomes 
the corpus luteum, which eventually 
disintegrates. b. During oogenesis, the 
chromosome number is reduced from 46 to 
23. Fertilization restores the full number of 
chromosomes.
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with 23  chromosomes and a second polar body results. 
When the sperm nucleus unites with the egg nucleus, a 
zygote with 46 chromosomes is produced. If zygote forma-
tion and pregnancy do not occur, the corpus luteum begins 
to degenerate after about ten days.

Phases of the Ovarian Cycle
The ovarian cycle is controlled by the gonadotropic hormones, 
FSH and LH (Fig. 41.11). The gonadotropic hormones are not 
present in constant amounts and instead are  secreted at differ-
ent rates during the cycle. For simplicity’s sake, it is convenient 
to emphasize that during the first half, or  follicular phase, 
of the cycle, FSH promotes the development of a follicle that 
primarily secretes estrogen. As the  estrogen level in the blood 
rises, it exerts negative feedback control over the anterior pitu-
itary secretion of FSH so that the follicular phase comes to an 
end. At the same time that FSH along with LH release is being 
dampened by moderate amounts of estrogen, the synthesis of 
the gonadotropic hormones continues, and they build up in the 
anterior pituitary.

 When the level of estrogen in the blood becomes very 
high, it exerts positive feedback on the hypothalamus and 
anterior pituitary. The hypothalamus is stimulated to sud-
denly secrete a large amount of GnRH. This leads to a surge 
of LH (and to a lesser degree, FSH) by the anterior pituitary 
and to ovulation at about the fourteenth day of a 28-day 
cycle (Fig. 41.12, top).
 During the second half, or luteal phase, of the ovarian 
cycle, it is convenient to emphasize that LH promotes the 
development of the corpus luteum, which primarily secretes 
progesterone. As the blood level of progesterone rises, it exerts 
negative feedback control over anterior pituitary secretion of 
LH so that the corpus luteum begins to degenerate. As the 
luteal phase comes to an end, the low levels of progesterone 
and estrogen in the body cause menstruation to begin, as dis-
cussed next.

The Uterine Cycle
The female sex hormones produced in the ovarian cycle 
 (estrogen and progesterone) affect the endometrium of the 
uterus, causing the cyclical series of events known as the 
uterine cycle (Fig. 41.12, bottom). Twenty-eight-day cycles 
are divided as follows.
 During days 1–5, there is a low level of female sex hor-
mones in the body, causing the endometrium to disintegrate 
and its blood vessels to rupture. A flow of blood passes out 
of the vagina during menstruation [L. menstrualis, happen-
ing monthly], also known as the menstrual period.
 During days 6–13, increased production of estrogen by 
an ovarian follicle causes the endometrium to thicken and to 
become vascular and glandular. This is called the prolifera-
tive phase of the uterine cycle.
 Ovulation usually occurs on day 14 of the 28-day cycle.
 During days 15–28, increased production of progester-
one by the corpus luteum causes the endometrium to double 
in thickness and the uterine glands to mature,  producing a 
thick mucoid secretion. This is called the secretory phase 
of the uterine cycle. The endometrium now is prepared to 
receive the developing embryo. If pregnancy does not oc-
cur, the corpus luteum degenerates, and the low level of sex 
hormones in the female body causes the endometrium to 
break down as menstruation occurs. Table 41.3 compares the 
stages of the uterine cycle with those of ovarian cycle.

Menstruation
Seven to ten days before the start of menstruation, some women 
suffer from premenstrual syndrome (PMS). During this time a 
woman may exhibit breast enlargement, achiness, headache, and 
irritability. The exact cause for PMS has yet to be discovered.
 During menstruation, arteries that supply the lining 
constrict and the capillaries weaken. Blood spilling from the 
damaged vessels detaches layers of the lining, not all at once 
but in random patches. Mucus, blood, and degenerating en-
dometrium descend from the uterus, through the vagina, 
creating menstrual flow. Fibrinolysin, an enzyme released by 
dying cells, prevents the blood from clotting.  Menstruation 

FIGURE 41.11 Hormonal control of ovaries.

The hypothalamus produces GnRH (gonadotropic-releasing hormone). 
GnRH stimulates the anterior pituitary to produce FSH (follicle-stimulating 
hormone) and LH (luteinizing hormone). FSH stimulates the follicle to produce 
primarily estrogen, and LH stimulates the corpus luteum to produce primarily 
progesterone. Estrogen and progesterone maintain the sex organs (e.g., uterus) 
and the secondary sex characteristics, and they exert feedback control over the 
hypothalamus and the anterior pituitary. Feedback control regulates the relative 
amounts of estrogen and progesterone in the blood.
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lasts from three to five days, as the uterus sloughs off the 
thick lining that was three weeks in the making.
 The first menstrual period, called menarche, typically 
occurs between the ages of 11 and 13. Menarche signifies 
that the ovarian and uterine cycles have begun. If menarche 
does not occur by age 16, or normal uterine cycles are inter-
rupted for six months or more, amenorrhea exists. Primary 
amenorrhea is usually caused by nonfunctional ovaries or 
developmental abnormalities. Secondary amenorrhea may 
be caused by weight loss and/or excessive exercise.
 Menopause, which usually occurs between ages 45 and 
55, is the time in a woman’s life when menstruation ceases 
because the ovaries are no longer functioning. Menopause is 
not complete until menstruation is absent for a year.

Fertilization and Pregnancy
If fertilization does occur, an embryo begins development 
even as it travels down the oviduct to the uterus. The 
 endometrium is now prepared to receive the developing em-
bryo, which becomes embedded in the lining several days 
following fertilization. The placenta originates from both 
maternal and embryonic tissues. It is shaped like a large, 
thick pancake and is the site of the exchange of gases and 
nutrients between fetal and maternal blood, although the 
two rarely mix. At first, the placenta produces human cho-
rionic gonadotropin (HCG), which maintains the  corpus 
luteum until the placenta begins its own production of pro-
gesterone and estrogen. HCG is the hormone detected in 
pregnancy tests, since it is present in the mother’s blood and 

FIGURE 41.12 
Female hormone levels 
during the ovarian and 
uterine cycles.

During the follicular phase 
of the ovarian cycle (top), 
FSH released by the anterior 
pituitary promotes the 
maturation of a follicle in the 
ovary. The ovarian follicle 
produces increasing levels 
of estrogen, which causes 
the endometrium to thicken 
during the proliferative 
phase of the uterine cycle 
(bottom). After ovulation and 
during the luteal phase of the 
ovarian cycle, LH promotes 
the development of the 
corpus luteum. This structure 
produces increasing levels of 
progesterone, which causes 
the endometrium to become 
secretory. Menstruation and 
the proliferative phase begin 
when progesterone production 
declines to a low level.

TABLE 41.3
Ovarian and Uterine Cycles (Simplified)

Ovarian Cycle Events Uterine Cycle Events

Follicular phase—Days 1–13 FSH Menstruation—Days 1–5 Endometrium breaks down
 Follicle maturation Proliferative phase—Days 6–13 Endometrium rebuilds
 Estrogen

Ovulation—Day 14* LH spike

Luteal phase—Days 15–28 LH  Secretory phase—Days 15–28 Endometrium thickens and 
 Corpus luteum     glands are secretory
 Progesterone

* Assuming a 28-day cycle
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urine as soon as ten days after conception. Progesterone and 
estrogen have two effects. They shut down the anterior pitu-
itary so that no new follicles mature, and they maintain the 
lining of the uterus so that the corpus luteum is not needed. 
No  menstruation occurs during pregnancy.

Estrogen and Progesterone
Estrogen in particular is essential for the normal development 
and functioning of the female reproductive organs listed in 
Table 41.2. Estrogen is also largely responsible for the second-
ary sex characteristics in females, including body hair and fat 
distribution. In general, females have a more rounded ap-
pearance than males because of a greater accumulation of 
fat beneath their skin. Also, the pelvic girdle  enlarges so that 
females have wider hips than males, and the thighs converge 
at a greater angle toward the knees. Both  estrogen and pro-
gesterone are required for breast development as well.

The Female Breast
A female breast contains between 15 and 24 lobules, each 
with its own mammary duct (Fig. 41.13). A duct begins at 
the nipple and divides into numerous other ducts that end 
in blind sacs called alveoli. Lactation, the production of 
milk by the cells of the alveoli, is caused by the hormone 
prolactin. Milk is not produced during pregnancy because 
production of prolactin is suppressed by the feedback 

FIGURE 41.13 Anatomy of the breast.

The female breast contains lobules consisting of ducts and alveoli. In the lactating 
breast, cells lining the alveoli have been stimulated to produce milk by the 
hormone prolactin.

 inhibition effect of estrogen and progesterone on the ante-
rior pituitary. A couple of days after delivery of a baby, milk 
production begins. In the meantime, the breasts produce a 
watery, yellowish-white fluid called colostrum, which has 
a similar composition to milk but contains more protein 
and less fat. Colostrum is rich in IgA antibodies that may 
provide some degree of immunity to the newborn. Milk 
contains water, proteins, amino acids, sugars, and lyso-
zymes (enzymes with antibiotic properties). Milk contains 
about 750 calories per liter.
 After skin cancer, breast cancer is the most common 
type of cancer among women in the United States. Women 
should regularly check their breasts for lumps and other ir-
regularities and have mammograms (X-ray photographs) 
taken as recommended by their physician. Although breast 
cancer genes have been described, most forms of breast can-
cer are nonhereditary.

Check Your Progress 41.3

 1. Trace the pathway an oocyte must follow from its 
origin to its exit from the female reproductive tract.

 2. Describe the levels of the sex hormones estrogen and 
progesterone, and the gonadotropic hormones, FSH 
and LH, during menstruation.

 3. What are the effects of FSH and LH on the ovarian 
cycle?

41.4 Control of Reproduction
Several means are available to dampen or enhance the 
 human reproductive potential. Contraceptives are medi-
cations and devices that reduce the chance of pregnancy.

Birth Control Methods
The most reliable method of birth control is absti-
nence—that is, not engaging in sexual intercourse. 
This form of birth control has the added advantage 
of preventing transmission of a sexually transmitted 
disease. The male and female  condoms also offer some 
protection against sexually transmitted diseases. These 

and other common means of birth control used in the 
United States are shown in Figure 41.14.

Less Common Birth Control Methods
The expression “morning-after pill” refers to a medication that 
will prevent pregnancy after unprotected intercourse. The 
 expression is a misnomer, in that medication can begin one 
to several days after unprotected intercourse.
 A kit called Preven is made up of four synthetic 
 progesterone pills; two are taken up to 72 hours after 
 unprotected intercourse, and two more are taken 12 hours 
later. The medication upsets the normal uterine cycle, 
making it difficult for the embryo to implant itself in the 
 endo metrium. A recent study estimated that the medication 
was 85% effective in preventing unintended pregnancies.
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 Mifepristone, better known as RU-486, is a pill that 
is presently used to cause the loss of an implanted em-
bryo by blocking the progesterone receptors of endome-
trial cells. Without functioning receptors for progesterone, 
the  endo metrium sloughs off, carrying the embryo with it. 
When taken in conjunction with a prostaglandin to induce 
uterine contractions, RU-486 is 95% effective. It is possible 
that some day this medication will also be a “morning-after 
pill,” taken when menstruation is late without evidence that 
pregnancy has occurred.
 Contraceptive vaccines are now being developed. For ex-
ample, a vaccine intended to immunize women against HCG, 
the hormone so necessary to maintaining the implantation of 

the embryo, was successful in a limited clinical trial. Since HCG 
is not normally present in the body, no autoimmune reaction 
is expected, but the immunization does wear off with time. 
Others believe that it would also be possible to develop a safe 
antisperm vaccine that could be used in women.
 A great deal of research is being devoted to developing 
safe and effective hormonal birth control for males. Implants, 
pills, patches, and injections are being explored as ways to 
deliver testosterone and/or progesterone at adequate levels 
to suppress sperm production. Even the most successful for-
mulations are still in the experimental stage and are unlikely 
to be available outside of clinical trials for at least a few more 
years.

FIGURE 41.14 Various birth control methods.

a. Intrauterine devices mechanically prevent implantation and can contain progesterone to prevent ovulation, prevent implantation, and thicken cervical mucus. b. 
Skin patches eliminate need to take oral contraceptives. c. Depo-Provera injection of progesterone every three months. d. Diaphragm, a latex cup that covers cervix, 
(e) female condom fitted inside vagina, and (f) male condom that fits over penis prevent access to uterus by sperm. g. Implant inserted under skin contains progesterone. 
h. Birth control pill prevents ovulation by combined action of estrogen and progesterone.
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Reproductive Technologies
Infertility   is the inability of a couple to achieve pregnancy 
after one year of regular, unprotected intercourse. The Amer-
ican Medical Association estimates that 15% of all couples 
are infertile. The cause of infertility can be attributed to the 
male (40%), the female (40%), or both (20%). 

  Sometimes the causes of infertility may be corrected 
by medical intervention so that couples can have children. 
If no obstruction is apparent and body weight is normal, 
it is possible for females to take fertility drugs, which are 
gonadotropic hormones that stimulate the ovaries and bring 
about ovulation. Such hormone treatments may cause mul-
tiple ovulations and multiple births. 

  When reproduction does not occur in the usual manner, 
many couples adopt a child. Others sometimes try one of the 
assisted reproductive technologies (ARTs) developed to in-
crease the chances of pregnancy. In these cases, sperm and/or 
oocytes are often retrieved from the testes and ovaries, and 
fertilization takes place in a clinical or laboratory setting.  

Artificial Insemination by Donor (AID)
 During artificial insemination, sperm are placed in the vagina 
by a physician. Sometimes a woman is artificially inseminated 
by her partner’s sperm. This is especially helpful if the partner 
has a low sperm count, because the sperm can be collected 
over a period of time and concentrated so that the sperm count 
is sufficient to result in fertilization. Often, however, a woman 
is inseminated by sperm acquired from a donor. At times, a 
combination of partner and donor sperm is used. 

  A variation of AID is  intrauterine insemination (IUI) . In IUI, 
fertility drugs are given to stimulate the ovaries, and then the 
donor’s sperm is placed in the uterus, rather than in the vagina. 

  If the prospective parents wish, sperm can be sorted 
into those believed to be X-bearing or Y-bearing to increase 
the chances of having a child of the desired sex. First, the 
sperm are dosed with a DNA-staining chemical. Because the 
X chromosome has slightly more DNA than the Y chromo-
some, it takes up more dye. When a laser beam shines on the 
sperm, the X-bearing sperm shine a little more brightly than 
the Y-bearing sperm. A machine sorts the sperm into two 
groups on this basis. Parents can expect about a 65% success 
rate for males and about 85% for females.   

In Vitro Fertilization (IVF)
 During IVF, fertilization, the union of a sperm and an egg to 
form a zygote, occurs in laboratory glassware. Ultrasound 
machines can now spot follicles in the ovaries that hold 
immature oocytes; therefore, the latest method is to forgo 
the administration of fertility drugs and retrieve immature 
oocytes by using a needle. The immature oocytes are then 
brought to maturity in glassware before concentrated sperm 
are added. After about two to four days, the embryos are 
ready to be transferred to the uterus of the woman, who is 
now in the secretory phase of her uterine cycle. If desired, 
the embryos can be tested for a genetic disease, as discussed 
in the Health Focus on page 769. If implantation is success-
ful, development continues to term.       

Gamete Intrafallopian Transfer (GIFT)
 Recall that the term   gamete   refers to a sex cell, either a sperm 
or an oocyte. Gamete intrafallopian transfer was devised to 
overcome the low success rate (15–20%) of in vitro fertiliza-
tion. The method is exactly the same as for in vitro fertiliza-
tion, except the oocytes and the sperm are placed in the 
 oviducts immediately after they have been brought together. 
GIFT has the advantage of being a one-step procedure for 
the woman—the oocytes are removed and reintroduced all 
in the same time period. A variation on this procedure is to 
fertilize the eggs in the laboratory and then place the zy-
gotes in the oviducts.   

Surrogate Mothers
 In some instances, women are contracted and paid to have 
babies. These women are called surrogate mothers. The 
sperm and even the oocyte can be contributed by the con-
tracting parents.  

Intracytoplasmic Sperm Injection (ICSI)
 In this highly sophisticated procedure, a single sperm is in-
jected into an oocyte (Fig. 41.15). It is used effectively when 
a man has severe infertility problems. 

  If all the assisted reproductive technologies discussed 
were employed simultaneously, it would be possible for a baby 
to have five parents: (1) sperm donor, (2) oocyte donor, (3) surro-
gate mother, (4) contracting mother, and (5) contracting  father. 

Check Your Progress 41.4

 1. In Figure 41.14, which three birth control methods 
mechanically block sperm from entering the uterus? 
Which methods can utilize progesterone?

 2. Briefly describe each of the following assisted 
reproductive technologies: artificial insemination 
by donor (AID), in vitro fertilization (IVF), gamete 
intrafallopian transfer (GIFT), and intracytoplasmic 
sperm injection (ICSI).

FIGURE 41.15 
Intracytoplasmic 
sperm injection 
(ICSI).

A microscope connected 
to a television screen is 
used to carry out in vitro 
fertilization. A pipette 
holds the oocyte steady 
while a needle (not 
visible) introduces the 
sperm into the oocyte.
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FIGURE 41A Preimplantation genetic 
diagnosis.
a. Following IVF and cleavage, genetic analysis 
is performed on one cell removed from an 
eight-celled embryo. If it is found to be free of 
the genetic defect of concern, the seven-celled 
embryo is implanted in the uterus and develops 
into a newborn phenotype. b. Chromosome and 
genetic analysis is performed on a polar body 
attached to an oocyte. If the oocyte is free of a 
genetic defect, the egg is used for IVF, and the 
embryo is implanted in the uterus for further 
development.

f prospective parents are heterozygous for 
a genetic disorder, they may want the as-

surance that their offspring will be free of the 
disorder. Determining the genotype of the em-
bryo will provide this assurance. For example, 
if both parents are Aa for a recessive disorder, 
the embryo will develop normally if it has the 
genotype AA or Aa. On the other hand, if one 
of the parents is Aa for a dominant disorder, 
the embryo will develop normally only if it has 
the genotype aa.
 Following in vitro fertilization (IVF), the zy-
gote (fertilized egg) divides. When the embryo 
has six to eight cells (Fig. 41Aa), removal of 
one of these cells for testing purposes has no 
effect on normal development. Only  embryos 

with a cell that tests negative for the genetic 
disorder of interest are placed in the uterus to 
continue developing. 
 So far, about 1,000 children with normal 
genotypes for genetic disorders that run in their 
families have been born worldwide following 
embryo testing. In the future, it’s possible that 
embryos who test positive for a disorder could 
be treated by gene therapy, so that they, too, 
would be allowed to continue to term. 
 Testing the oocyte is possible if the condi-
tion of concern is recessive. Recall that meiosis 
in females results in a single egg and at least 
two polar bodies1. Polar bodies later disinte-
grate and receive very little cytoplasm, but 
they do receive a haploid number of chromo-

somes. When a woman is heterozygous for a 
recessive genetic disorder, about half the first 
polar bodies will have received the genetic de-
fect, and in these instances, the egg will receive 
the normal allele. Therefore, if a polar body 
tests positive for a recessive defect, the egg 
will receive the normal dominant allele. Only 
normal eggs are then used for IVF. Even if the 
sperm should happen to carry the mutation, 
the zygote will, at worst, be heterozygous. But 
the phenotype will appear normal (Fig. 41Ab).
 If, in the future, gene therapy becomes 
routine, it’s possible that an egg could be given 
genes that control traits desired by the par-
ents, such as musical or athletic ability, prior 
to IVF.

Preimplantation Genetic Diagnosis 

I

1Once meiosis is complete, the oocyte is an egg.
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41.5  Sexually Transmitted 
Diseases

Sexually transmitted diseases (STDs) are caused by organ-
isms ranging from viruses to arthropods; however, we will 
discuss only certain STDs caused by viruses and bacteria. Un-
fortunately, for unknown reasons, humans cannot  develop 
good immunity to any STD. Therefore, prompt medical treat-
ment should be sought when exposed to an STD. To prevent 
the spread of STDs, a latex condom can be used.

AIDS
The organism that causes acquired immunodeficiency 
syndrome (AIDS) is a virus called the human immunode-
ficiency virus (HIV). HIV attacks the type of lymphocyte 
known as helper T cells (Fig. 41.16). Helper T cells, you will 
recall, stimulate the activities of B lymphocytes, which pro-
duce antibodies. After an HIV infection sets in, helper T cells 
begin to decline in number, and the person becomes more 
susceptible to other types of infections.

Symptoms
AIDS has three stages of infection, called categories A, B, and C. 
During the category A stage, which may last about a year, the 
individual is an asymptomatic carrier. He or she may exhibit no 
symptoms but can pass on the infection. Immediately after in-
fection and before the blood test becomes positive, a large num-
ber of infectious viruses are present in the blood, and these could 
be passed on to another person. Even after the blood test be-
comes positive, the person remains well as long as the body 
produces sufficient helper T lymphocytes to keep the count 
higher than 500 per mm3. During the category B stage, or AIDS-
related complex (ARC), which may last six to eight years, the 
lymph nodes swell, and the person may experience weight loss, 
night sweats, fatigue, fever, and diarrhea. Infections such as 
thrush (white sores on the tongue and in the mouth) and herpes 
recur. Finally, the person may progress to category C, which is 
full-blown AIDS, characterized by nervous disorders and the 
development of an opportunistic disease, such as an unusual 

type of pneumonia or skin cancer. Opportunistic diseases are 
those that occur only in individuals who have little or no capa-
bility of fighting an infection. Without intensive medical treat-
ment, the AIDS patient dies about seven to nine years after in-
fection. Now, with a combination therapy of several drugs, 
AIDS  patients are beginning to live longer in the United States.

Transmission
AIDS is transmitted by sexual contact with an infected person, 
including vaginal or rectal intercourse and oral/genital contact. 
Also, needle-sharing among intravenous drug users is high-risk 
behavior. A less common mode of transmission (now occurring 
only rarely in countries where donated blood is screened for 
HIV) is through transfusions of  infected blood or blood-clotting 
factors. Transmission through tears, saliva, and sweat is thought 
to be highly unlikely and has never been documented.
 HIV first spread through the homosexual community, 
and male-to-male sexual contact still accounts for the largest 
percentage of new AIDS cases in the United States. But the 
largest increases in HIV infections are occurring through het-
erosexual contact or by intravenous drug use. Now, women 
account for 25% of all newly diagnosed cases of AIDS.

Treatment
There is no cure for AIDS, but a treatment called highly ac-
tive antiretroviral therapy (HAART) is usually able to stop 
HIV replication to such an extent that the viral load becomes 
undetectable. HAART uses a combination of drugs that in-
terfere with the life cycle of HIV. Entry inhibitors stop HIV 
from entering a cell by, for example, preventing the virus 
from binding to a receptor in the plasma membrane. Reverse 
transcriptase inhibitors, such as AZT, interfere with the op-
eration of the reverse transcriptase enzyme. Integrase inhibi-
tors prevent HIV from inserting its own genetic material into 
that of the host cells. Protease inhibitors prevent protease 
from processing newly created polypeptides. Assembly and 
budding inhibitors are in the experimental stage, and none 
are available as yet. The hope is that by giving a patient a 
combination of these drugs, the virus is less likely to repli-
cate, successfully mutate to make drug therapy ineffective, 
and/or become resistant to drug therapy.
 An HIV-positive pregnant woman who takes reverse 
transcriptase inhibitors during her pregnancy reduces the 
chances of HIV transmission to her newborn. If possible, 
drug therapy should be delayed until the tenth to twelfth 
week of pregnancy to minimize any adverse effects of AZT 
on fetal development. If treatment begins at this time and 
delivery is by cesarean section, the chance of transmission 
from mother to infant is very slim (about 1%).
 There is a general consensus that control of the AIDS 
epidemic will not occur until a vaccine is available. Many 
different approaches have thus far been tried with limited 
success. Perhaps a combination of these vaccines will work 
best, as in drug therapy.

Genital Warts
Genital warts are caused by the human papillomaviruses 
(HPVs) (Fig. 41.17). Many times, carriers either do not have 

FIGURE 41.16 HIV, the AIDS virus.

False-colored micrograph showing HIV particles budding from an infected helper 
T cell. These viruses can infect other helper T cells and also macrophages, which 
work with helper T cells to stem infection.
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any sign of warts or merely have flat lesions. When present, 
flat or raised warts can be found on the penis and the fore-
skin of males and at the vaginal orifice and cervix in females. 
Warts on the cervix are always flat and can be hard to detect.
 Presently, there is no cure for an HPV infection, but it 
can be treated effectively by surgery, freezing, application of 
an acid, or laser burning, depending on severity. If visible 
warts are removed, they may recur. HPV infection is associ-
ated with cancer of the cervix, as well as tumors of the vulva, 
the vagina, the anus, the penis, and the upper throat. A vac-
cine against the most common HPV has been developed, 
and it is recommended that girls be vaccinated before they 
become sexually active. (Research is under way to see if the 
HPV vaccine is equally effective for boys.)

Genital Herpes
Genital herpes is caused by herpes simplex virus (Fig. 41.18). 
Type 1 usually causes cold sores and fever blisters, while type 
2 more often causes genital herpes. Crossover infections do 
occur, however. That is, type 1 has been known to cause a 
genital infection, while type 2 has been known to cause cold 
sores and fever blisters.

 Genital herpes is one of the more prevalent sexually 
transmitted diseases today. At any one time, millions of per-
sons may be having recurring symptoms. After infection, 
some people exhibit no symptoms; others may experience 
a tingling or itching sensation before blisters appear on the 
genitals. Once the blisters rupture, they leave painful ulcers 
that may take as long as three weeks or as little as five days 
to heal. The blisters may be accompanied by fever, pain on 
urination, swollen lymph nodes in the groin, and in women, 
a copious discharge. At this time, the individual has an in-
creased risk of acquiring an AIDS infection.
 After the ulcers heal, the disease is only latent, and blis-
ters can recur, although usually at less frequent intervals and 
with milder symptoms. Fever, stress, sunlight, and menstrua-
tion are associated with recurrence of symptoms. Exposure 
to herpes in the birth canal can cause an  infection in the new-
born, which leads to neurological disorders and even death. 
Birth by cesarean section prevents this possibility.

Hepatitis
There are several types of hepatitis and each type infects the 
liver and can cause cancer and death. The type of hepatitis 
and the virus that causes it are designated by the same  letter. 
 Hepatitis A is usually acquired from sewage - contaminated 
drinking water, but this infection can also be sexually transmit-
ted through oral/anal contact. Hepatitis B, which can be spread 
by blood transfusions and bodily fluids, can also be spread in 
the same manner as AIDS and is more infectious. Hepatitis C is 
called posttransfusion hepatitis but can be transmitted through 
sexual contact. Fortunately, a vaccine is now available for hepa-
titis B. No vaccines are available for hepatitis C.

Chlamydia 
Chlamydia is named for the tiny bacterium that causes it 
(Chlamydia trachomatis). The rate of new chlamydial infec-
tions has steadily increased since 1987 (Fig. 41.19).
 Chlamydial infections of the lower reproductive tract 
are usually mild or asymptomatic, especially in women. 
About 8–21 days after infection, men may experience a mild 
burning sensation on urination and a mucoid discharge. 

FIGURE 41.18 Genital herpes.

A graph depicting the incidence of new reported cases of genital herpes in the 
United States from 1966–2006 is superimposed on a photomicrograph of cells 
infected with the herpes simplex virus.

FIGURE 41.19 Chlamydial infection.

A graph depicting the incidence of new cases of chlamydia in the United States 
from 1987–2006 is superimposed on a photomicrograph of a cell containing 
different stages of the organism.

FIGURE 41.17 Genital warts.

A graph depicting the incidence of new cases of genital warts reported in the 
United States from 1966–2006 is superimposed on a photomicrograph of human 
papillomaviruses.
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Women may have a vaginal discharge along with the symp-
toms of a urinary tract infection. Chlamydia also causes cer-
vical ulcerations, which increase the risk of acquiring AIDS.
 If the infection is misdiagnosed or if a woman does 
not seek medical help, there is a particular risk of the infec-
tion spreading from the cervix to the oviducts so that pelvic 
 inflammatory disease (PID) results. This painful condition can 
result in blockage of the oviducts with the possibility of sterility 
and infertility. If a baby comes in contact with chlamydia dur-
ing birth, inflammation of the eyes or pneumonia can result.

Gonorrhea
Gonorrhea is caused by the bacterium Neisseria gonor-
rhoeae (Fig. 41.20). Diagnosis in the male is not difficult, 
since  typical symptoms are pain upon urination and a 
thick, greenish yellow urethral discharge. In males and fe-
males, a  latent infection leads to pelvic inflammatory dis-
ease (PID), which affects the vasa deferentia or oviducts. 
As the inflamed tubes heal, they may become partially or 
completely blocked by scar tissue, resulting in sterility or 
infertility. If a baby is exposed during birth, an eye infec-
tion leading to blindness can result. All newborns are given 
eyedrops to prevent this possibility.
 Gonorrhea proctitis, an infection of the anus charac-
terized by anal pain and blood or pus in the feces, also 
 occurs in patients. Oral/genital contact can cause infection 
of the mouth, throat, and tonsils. Gonorrhea can spread 
to internal parts of the body, causing heart damage or ar-
thritis. If, by chance, the person touches infected genitals 
and then touches his or her eyes, a severe eye infection 
can  result. Up to now, gonorrhea was curable by antibiotic 
therapy, but resistance to antibiotics is becoming more and 
more common, and 40% of all strains are now known to be 
resistant to therapy.

Syphilis
Syphilis, which is caused by the bacterium Treponema pal-
lidum, has three stages that are typically separated by latent 

 periods. In the primary stage, a hard chancre (ulcerated 
sore with hard edges) appears (Fig. 41.21a). In the second-
ary stage, a rash appears all over the body—even on the 
palms of the hands and the soles of the feet (Fig. 41.21b). 
During the tertiary stage, syphilis may affect the cardio-
vascular and/or nervous system. An infected person may 
become mentally retarded, become blind, walk with a shuf-
fle, or show signs of insanity. Gummas, which are large, 
destructive ulcers, may develop on the skin or within the 
internal organs (Fig. 41.21c). Syphilitic bacteria can cross 
the placenta, causing birth  defects or a stillbirth. Unlike 
the other STDs discussed, there is a blood test to diagnose 
syphilis.
 Syphilis is a devastating disease. Therefore, it is impor-
tant for all sexual contacts to be traced so that they can be 
treated with antibiotic therapy.

Two Other Infections
Bacterial vaginosis is believed to account for 50% of vagi-
nitis cases in American women. The overgrowth of the 
bacterium Gardnerella vaginalis and consequent symp-
toms can occur for nonsexual reasons, but symptomless 
males may pass on the bacteria to women, who do ex-
hibit symptoms. Also females very often have vaginitis, 
or infection of the vagina, caused by either the flagellated 
protozoan Trichomonas vaginalis or the yeast Candida al-
bicans. The protozoan infection causes a frothy white or 
yellow, foul-smelling discharge  accompanied by itching, 
and the yeast infection causes a thick, white, curdy dis-
charge, also accompanied by itching. Trichomoniasis is 

FIGURE 41.21 Syphilis.

a. The primary stage of syphilis is a chancre at the site where the bacterium 
enters the body. b. The secondary stage is a body rash that occurs even on the 
palms of the hands and soles of the feet. c. In the tertiary stage, gummas may 
appear on the skin or internal organs.

FIGURE 41.20 Gonorrhea.

A graph depicting the incidence of new cases of gonorrhea in the United States 
from 1941–2006 is superimposed on a photomicrograph of a urethral discharge 
from an infected male. Gonorrheal bacteria (Neisseria gonorrhoeae) occur in pairs; 
for this reason, they are called diplococci.
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most often  acquired through sexual intercourse, and the 
asymptomatic male is usually the reservoir of infection. 
Candida albicans, however, is a normal organism found in 
the vagina; its growth simply increases beyond normal 
under certain circumstances. For example, women taking 
birth control pills are sometimes prone to yeast infections. 
Also, the indiscriminate use of antibiotics can alter the 
normal balance of organisms in the vagina so that a yeast 
 infection flares up.

Check Your Progress 41.5

 1. Which of the STDs described in this chapter are 
caused by bacteria and, therefore, can be effectively 
treated with antibiotics?

 2. How does HIV infection harm the immune system?
 3. Which of the STDs described in this chapter are likely 

to cause PID-related infertility?

t is wise to protect yourself from getting a 
sexually transmitted disease (STD). Some 

of the STDs, such as gonorrhea, syphilis, and 
chlamydia, can be cured by taking an antibiotic, 
but medication for the ones transmitted by vi-
ruses is much more problematic. In any case, 
it is best to prevent the passage of STDs from 
person to person so that treatment becomes 
unnecessary. 

Sexual Activities 
Transmit STDs
Abstain from sexual intercourse or develop 
a long-term monogamous (always the same 
partner) sexual relationship with a partner 
who is free of STDs (Fig. 41B).

Refrain from multiple sex partners or having 
relations with someone who has multiple sex 
partners. If you have sex with two other peo-
ple and each of these has sex with two people 
and so forth, the number of people who are 
relating is quite large.

Remember that, although the prevalence 
of AIDS is presently higher among homo-
sexuals and bisexuals, the highest rate of in-
crease is now occurring among  heterosexuals. 

The lining of the uterus is generally only one 
cell thick, and it does allow infected cells from 
a sexual partner to enter.

Be aware that having relations with an in-
travenous drug user is risky because the be-
havior of this group risks hepatitis and an HIV 
infection. Be aware that anyone who already 
has another sexually transmitted disease is 
more susceptible to an HIV infection.

Uncircumcised males are more likely to be-
come infected with an STD than circumcised 
males because vaginal secretions can remain 
under the foreskin for a long period of time.

Avoid anal-rectal intercourse (in which the 
penis is inserted into the rectum) because the 
lining of the rectum is thin and cells infected 
with HIV can easily enter the body there.

Unsafe Sexual Practices 
Transmit STDs
Always use a latex condom during sexual in-
tercourse if you do not know for certain that 
your partner has been free of STDs for some 
time. Be sure to follow the directions supplied 
by the manufacturer. 

Avoid fellatio (kissing and insertion of the pe-
nis into a partner’s mouth) and cunnilingus
(kissing and insertion of the tongue into the 
vagina) because they may be a means of trans-
mission. The mouth and gums often have cuts 
and sores that facilitate the entrance of in-
fected cells.

Be cautious about the use of alcohol or any 
drug that may prevent you from being able to 
control your behavior. Females have to be par-
ticularly aware of the “date-rape” drug GHB 
(gamma-hydroxy-butyramine), a drug that 
puts a person in an uninhibited state with no 
memory of what transpired.

Drug Use Transmits 
Hepatitis and HIV
Stop, if necessary, or do not start the habit 
of injecting drugs into your veins. Be aware 
that hepatitis and HIV can be spread by blood-
to-blood contact.

Always use a new sterile needle for injection 
or one that has been cleaned in bleach if you 
are a drug user and cannot stop your behavior 
(Fig. 41C). 

FIGURE 41C Sharing needles transmits STDs.FIGURE 41B Sexual activities transmit STDs.

Preventing Transmission of STDs

I
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summary
41.1 How Animals Reproduce
Ordinarily, asexual reproduction may quickly produce a large 
number of offspring genetically identical to the parent. Sexual 
reproduction involves gametes and produces offspring that are 
genetically slightly different from the parents. The gonads are 
the primary sex organs, but there are also accessory organs. The 
accessory organs consist of storage areas for sperm and ducts 
that conduct the gametes. They also contribute to formation of 
the semen.
 Animals typically protect their eggs and embryos. The egg of 
oviparous animals contains yolk, and in terrestrial animals a shelled egg 
prevents drying out. The amount of yolk is dependent on whether 
there is a larval stage.
 Reptiles have extraembryonic membranes that allow them to 
develop on land; these same membranes are modified for internal 
development in mammals. Ovoviviparous animals retain their eggs 
until the offspring have hatched, and viviparous animals retain the 
embryo. Placental mammals exemplify viviparous animals.

41.2 Male Reproductive System
In human males, sperm are produced in the testes, mature in the 
epididymides, and may be stored in the vasa deferentia before 
entering the urethra, along with seminal fluid (produced by seminal 
vesicles, the prostate gland, and bulbourethral glands). Sperm are 
ejaculated during male orgasm, when the penis is erect.
 Spermatogenesis occurs in the seminiferous tubules of 
the testes, which also produce testosterone in interstitial cells. 
Testosterone brings about the maturation of the primary sex organs 
during puberty and promotes the secondary sex characteristics of 
males, such as low voice, facial hair, and increased muscle strength.
 Follicle-stimulating hormone (FSH) from the anterior pituitary 
stimulates spermatogenesis, and luteinizing hormone (LH) stimulates 
testosterone production. A hypothalamic-releasing hormone, 
gonadotropic-releasing hormone (GnRH), controls anterior pituitary 
production and FSH and LH release. The level of testosterone in 
the blood controls the secretion of GnRH and the anterior pituitary 
hormones by a negative feedback system.

41.3 Female Reproductive System
In females, an oocyte produced by an ovary enters an oviduct, which 
leads to the uterus. The uterus opens into the vagina. The external 
genital area of women includes the vaginal opening, the clitoris, the 
labia minora, and the labia majora.

 In either ovary, one follicle a month matures, produces a 
secondary oocyte, and becomes a corpus luteum. This is called the 
ovarian cycle. The follicle and the corpus luteum produce estrogens, 
collectively called estrogen, and progesterone, the female sex 
hormones. 
 The uterine cycle occurs concurrently with the ovarian cycle. 
In the first half of these cycles (days 1–13, before ovulation), the 
anterior pituitary produces FSH and the follicle produces estrogen. 
Estrogen causes the endometrium to increase in thickness. In the 
second half of these cycles (days 15–28, after ovulation), the anterior 
pituitary produces LH and the follicle produces progesterone. 
Progesterone causes the endometrium to become secretory. 
Feedback control of the hypothalamus and anterior pituitary causes 
the levels of estrogen and progesterone to fluctuate. When they are 
at a low level, menstruation begins.
 If fertilization occurs, a zygote is formed, and development 
begins. The resulting embryo travels down the oviduct and implants 
itself in the prepared endometrium. A placenta, which is the region 
of exchange between the fetal blood and the mother’s blood, forms. 
At first, the placenta produces HCG, which maintains the corpus 
luteum; later, it produces progesterone and estrogen.
 The female sex hormones, estrogen and progesterone, also 
affect other traits of the body. Primarily, estrogen brings about the 
maturation of the primary sex organs during puberty and promotes 
the secondary sex characteristics of females, including less body hair 
than males, a wider pelvic girdle, a more rounded appearance, and 
development of breasts.

41.4 Control of Reproduction
Numerous birth control methods and devices, such as the birth 
control pill, diaphragm, and condom, are available for those 
who wish to prevent pregnancy. A morning-after pill, RU-486, 
is now available. Some couples are infertile, and if so, they may 
use assisted reproductive technologies to have a child. Artificial 
insemination and in vitro fertilization have been followed by 
more sophisticated techniques, such as intracytoplasmic sperm 
injection.

41.5 Sexually Transmitted Diseases
Sexually transmitted diseases include AIDS, an epidemic disease; 
genital warts, which lead to cancer of the cervix; genital herpes, 
which repeatedly flares up; hepatitis, especially types A and B; 
chlamydia and gonorrhea, which cause pelvic inflammatory disease 
(PID); and syphilis, which has cardiovascular and neurological 
complications if untreated.

The dizzying array of reproductive technolo-
gies has resulted in many legal complications. 
Questions range from which mother has first 
claim to the child—the surrogate mother, the 
woman who donated the egg, or the primary 
caregiver—to which partner has first claim 
to frozen embryos following a divorce. Legal 
decisions about who has the right to use what 
techniques have rarely been discussed, much 
less decided upon. Some clinics will help any-
one, male or female, no questions asked, as 
long as he or she has the ability to pay. And 

most clinics are heading toward doing any 
type of procedure, including guaranteeing the 
sex of the child or making sure the child will 
be free from a particular genetic disorder. It 
would not be surprising if, in the future, zy-
gotes could be engineered to have any par-
ticular trait desired by the parents.
 Even today, eugenic (good gene) goals 
are evidenced  by the fact that reproductive 
clinics advertise for egg and sperm donors, 
primarily in elite college newspapers. Is it 
too late for us as a society to make ethical 

decisions about reproductive issues? Should 
we come to a consensus about what tech-
niques should be allowed and who should 
be able to use them? We all want to avoid, 
if possible, what happened to Jonathan Alan 
Austin. Jonathan, who was born to a surro-
gate mother, later died from injuries inflicted 
by his father. Should background checks be 
legally required? Should surrogate mothers 
only make themselves available to individu-
als or couples who possess certain psycho-
logical characteristics?

Connecting the Concepts
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understanding the terms
bacterial vaginosis  772
cervix  762
contraceptive vaccine  767
copulation  757
corpus luteum  763
egg  763
endometrium  762
estrogen  763
extraembryonic 

membrane  757
follicle  763
follicular phase  764
gamete  768
germ cell  756
gonad  756
human chorionic gonadotropin 

(HCG)  765
human immunodeficiency virus 

(HIV)  770
infertility  768
lactation  766
larva  757
luteal phase  764
menarche  765
menopause  765

menstruation  764
oocyte  762
orgasm  759
ovarian cycle  763
ovary  756
oviparous  757
ovulation  763
parthenogenesis  756
penis  759
placenta  757
progesterone  763
puberty  761
secondary sex 

characteristic  761
semen (seminal fluid)  759
seminiferous tubule  760
sperm  761
testes  756
testosterone  761
trichomoniasis  772
uterine cycle  764
uterus  762
viviparous  757
yolk  757 

Match the terms to these definitions:

a.  Release of an oocyte from the ovary.
b.  Development of an egg into a whole organism 

without fertilization.
c.  Female sex hormone that causes the 

endometrium of the uterus to become secretory during the 
uterine cycle; along with estrogen, it maintains secondary sex 
characteristics in females.

d.  Thick, whitish fluid consisting of sperm and 
secretions from several glands of the male reproductive tract.

e.  Organ that produces gametes; the ovary, which 
produces eggs, and the testis, which produces sperm.

reviewing this chapter
 1. Contrast asexual reproduction with sexual reproduction, 

reproduction in water with reproduction on land, and the life 
history of an insect with that of a bird.  756–57

 2. Trace the path of sperm in a human male. What glands 
contribute fluids to semen?  758–59

 3. Discuss the anatomy and physiology of the testes. Describe the 
structure of sperm.  760–61

 4. Name the endocrine glands involved in maintaining the sex 
characteristics of males and the hormones produced by each.  761

 5. Trace the path of an oocyte in a human female. Where do 
fertilization and implantation occur? When does the oocyte 
become an egg? Name two functions of the vagina.  762

 6. Describe the external genital organs in females.  762–63
 7. Discuss the anatomy and physiology of the ovaries. Describe the 

ovarian cycle and ovulation.  763–64
 8. Describe the uterine cycle, and relate it to the ovarian 

cycle. In what way is menstruation prevented if pregnancy 
occurs?  764–65

 9. What events occur at fertilization? Name three functions of 
the female sex hormones, aside from their involvement in the 
uterine cycle.  765–66

 10. Describe the anatomy and physiology of the breast.  766
 11. Which means of birth control require surgery, use hormones, 

use barrier methods, or are dependent on none of 
these?  766–67

 12. If couples are infertile, what assisted reproductive technologies 
are available?  768

 13. List the cause, symptoms, and treatment for the most common 
types of sexually transmitted diseases.  770–73

testing yourself
 1. Label this diagram of the male reproductive system and trace 

the path of sperm.

Choose the best answer for each question.
 2. Which of these is a requirement for sexual reproduction?

a. male and female parents
b. production of gametes
c. optimal environmental conditions
d. aquatic habitat
e. All of these are correct.

 3. Internal fertilization
a. can prevent the drying out of gametes and zygotes.
b. must take place on land.
c. is practiced by humans.
d. requires that males have a penis.
e. Both a and c are correct.

 4. Which of these pairs is mismatched?
a. interstitial cells—testosterone
b. seminiferous tubules—sperm production
c. vasa deferentia—seminal fluid production
d. urethra—conducts sperm
e. Both c and d are mismatched.

 5. Follicle-stimulating hormone (FSH)
a. is secreted by females but not males.
b. stimulates the seminiferous tubules to produce sperm.
c. secretion is controlled by gonadotropin-releasing hormone 

(GnRH).
d. is the same as luteinizing hormone.
e. Both b and c are correct.
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 6. Which of these combinations is most likely to be present before 
ovulation occurs?
a. FSH, corpus luteum, estrogen, secretory uterine lining
b. luteinizing hormone (LH), follicle, progesterone, thick 

endometrium
c. FSH, follicle, estrogen, endometrium becoming thick
d. LH, corpus luteum, progesterone, secretory endometrium
e. Both c and d are correct.

 7. In tracing the path of sperm, you would mention vasa deferentia 
before
a. testes.  d. seminiferous tubules.
b. epididymides. e. All of these are correct.
c. urethra.

 8. An oocyte is fertilized in
a. the vagina.  d. the ovary.
b. the uterus.  e. All of these are correct.
c. the oviduct.

 9. During pregnancy,
a. the ovarian and uterine cycles occur more quickly than 

before.
b. GnRH is produced at a higher level than before.
c. the ovarian and uterine cycles do not occur.
d. the female secondary sex characteristics are not maintained.
e. Both b and c are correct.

 10. Which means of birth control is most effective in preventing 
sexually transmitted diseases?
a. condom  d. spermicidal jelly
b. pill  e. vasectomy
c. diaphragm

 11. Which of these is a sexually transmitted disease caused by a 
bacterium? 
a. gonorrhea  d. genital herpes
b. hepatitis B  e. HIV
c. genital warts

 12. The HIV virus has a preference for binding to 
a. B lymphocytes.  c. helper T lymphocytes.
b. cytotoxic T lymphocytes. d. All of these are correct.

For questions 13–15, match the descriptions with the sexually 
transmitted diseases in the key.

KEY:
a. AIDS d. genital warts g. syphilis
b. hepatitis B e. gonorrhea
 c. genital herpes f. chlamydia 

 13. blisters, ulcers, pain on urination, swollen lymph nodes
 14. flulike symptoms, jaundice; eventual liver failure possible
 15. males have a thick, greenish-yellow discharge; no symptoms in 

female; can lead to PID
 16. Which of these is the primary sex organ of the male?

a. penis c. testis e. vasectomy
b. scrotum d. prostate

 17. The luteal phase of the uterine cycle is characterized by
a. high levels of LH and progesterone.
b. low levels of estrogen and progesterone.
c. increasing estrogen and little or no progesterone.
d. high levels of LH only.

 18. The secretory phase of the uterine cycle occurs during which 
ovarian phase?
a. follicular phase c. luteal phase
b. ovulation  d. menstrual phase

 19. Which of these is the correct path of an oocyte?
a. oviduct, fimbriae, uterus, vagina
b. ovary, fimbriae, oviduct, uterine cavity
c. oviduct, fimbriae, abdominal cavity
d. fimbriae, uterine tube, uterine cavity, ovary

 20. Following ovulation, the corpus luteum develops under the 
influence of
a. progesterone.  b. FSH.  c. LH.  d. estradiol.

thinking scientifically
 1. Female athletes who train intensively often stop menstruating. The 

important factor appears to be the reduction of body fat below 
a certain level. Give a possible evolutionary explanation for a 
relationship between body fat in females and reproductive cycles.

 2. The average sperm count in males is now lower than it was 
several decades ago. The reasons for the lower sperm count 
usually seen today are not known. What data might be helpful in 
order to formulate a testable hypothesis?

bioethical issue
Fertility Drugs

Higher-order multiple births (triplets or more) in the United States 
increased 19% between 1980 and 1994. During these years, it 
became customary to use fertility drugs (gonadotropic hormones) 
to stimulate the ovaries. Although a variety of assisted reproductive 
technologies have become commonplace in recent years, fertility 
drugs are still routinely prescribed for women who are infertile due 
to ovulation disorders. However, fertility drugs frequently result in 
the release and subsequent fertilization of multiple oocytes. The 
risks for premature delivery, low birth weight, and developmental 
abnormalities rise sharply for higher-order multiple births. And the 
physical and emotional burden placed on the parents is extraordi-
nary. They face endless everyday chores and find it difficult to main-
tain normal social relationships, if only because they get insufficient 
sleep. Finances are strained to provide for the children’s needs, 
including housing and child-care assistance. About one-third report 
that they received no help from relatives, friends, or neighbors 
in the first year after the birth. Trips to the hospital for accidental 
 injury are more frequent because parents with only two arms and 
two legs cannot keep so many children safe at one time.
 A higher-order multiple pregnancy can be terminated, or selec-
tive reduction can be done. During selective reduction, one or 
more of the fetuses is killed by an injection of potassium chloride. 
Selective reduction could very well result in psychological and social 
complications for the mother and surviving children.
 Many clinicians are now urging that all possible steps be taken to 
ensure that the chance of higher-order multiple births be reduced. For 
example, pre-ovulation oocytes may be obtained and subjected to in 
vitro fertilization (in which the eggs are fertilized in the lab), as shown 
in Figure 41A on page 769. Even this option poses an ethical dilemma: 
In vitro fertilization may be carried out with the intent that only one or 
two zygotes will be placed in the woman’s womb. But then any leftover 
zygotes may never have an opportunity to continue development.

Biology website
The companion website for Biology provides a wealth of 
information organized and integrated by chapter. You will find 
practice tests, animations, videos, and much more that will 
complement your learning and understanding of general biology.

http://www.mhhe.com/maderbiology10
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two days

six weeks

three weeks

five months

42.1  EARLY DEVELOPMENTAL 
STAGES

■ Development begins when a sperm 
fertilizes an egg.  778–79

■ The cellular stages of embryonic 
development in animals lead to the 
establishment of the fi rst tissues. Organ 
development follows.  779–81

42.2 DEVELOPMENTAL PROCESSES
■ Cytoplasmic segregation helps bring 

about cellular differentiation and 
the process of induction helps bring 
about tissue differentiation throughout 
development.  782–84.

■ Developmental genetics has benefi ted 
from research into the development of 
Caenorhabditis elegans, a roundworm, 
and Drosophila melanogaster, a fruit 
fl y. Homeotic genes are involved in 
shaping the outward appearance of 
animals.  784–86

42.3  HUMAN EMBRYONIC AND 
FETAL DEVELOPMENT

■ Humans are dependent on extraembryonic 
membranes that perform various services 
contributing to development.  787

■ During the embryonic period of human 
development, all systems appear. During 
fetal development, the fetus grows large 
enough to live on its own.  788–94

c o n c e p t s

42

 777

Animal Development

any of the fundamental processes that guide development, from 

prefertilization onward, are shared throughout most of the animal kingdom.  

Whether the embryo is that of a worm, insect, amphibian, bird, or mammal, it must 

first establish an anterior end and a posterior end. As the embryo continues to grow, 

the various body segments form and give rise to structures such as appendages. The 

coordination of these developmental events is quite intricate, and easily disrupted by 

harmful environmental factors such as chemicals, radiation, and pathogens. 

Although the main focus of this chapter is on events that occur early in an animal’s life 

span, it is worth noting that, once an animal has reached maturity, development does not 

cease. If an animal’s body is injured, the wound must be repaired. Not surprisingly, many 

of the same genes involved in wound repair are those which were active during earlier 

stages in development. In this chapter, you will examine the processes of early animal 

development, which begin before the sperm encounters the egg and continue until birth.

As development occurs, complexity increases.

mad2543X_ch42_777-797.indd   777mad2543X_ch42_777-797.indd   777 11/24/08   10:15:49 AM11/24/08   10:15:49 AM



1. Sperm makes its 
    way through the 
    corona radiata.

2. Acrosomal enzymes 
    digest a portion of 
    zona pellucida.

3. Sperm binds to and
    fuses with oocyte 
    plasma membrane.

4. Sperm nucleus enters 
    cytoplasm of oocyte.

5. Cortical granules 
    release enzymes; 
    zona pellucida 
    becomes fertilization 
    membrane.

6. Sperm and egg
    pronuclei are enclosed 
    in a nuclear envelope.
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oocyte plasma membrane

egg pronucleus
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tail

middle 
piece

head
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nucleus
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microvilli of oocyte plasma membrane
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778 PART VII    COMPARATIVE ANIMAL BIOLOGY       

42.1 Early Developmental Stages
Fertilization is the union of a sperm and an egg to form a zy-
gote. Figure 42.1 illustrates how fertilization occurs in mam-
mals, including humans. Human sperm have three distinct 
parts: a tail, a middle piece, and a head. The tail is a flagel-
lum, which allows the sperm to swim  toward the egg, and 
the middle piece contains energy- producing mitochondria. 
The head contains the sperm nucleus and is capped by a 
membrane-bounded acrosome. The egg of a mammal (actu-
ally the secondary oocyte) is surrounded by a few layers of 
adhering follicular cells, collectively called the  corona radiata. 
These cells nourished the oocyte when it was in a follicle of 
the ovary. Next the oocyte has an extracellular matrix termed 
the zona pellucida just outside the plasma membrane.
 Fertilization requires a series of events that will result 
in the diploid zygote. Although only one sperm will actu-
ally fertilize the oocyte, many sperm begin this journey and a 
number succeed in reaching the oocyte. The sperm cover the 
surface of the oocyte and secrete enzymes that help weaken 
the corona radiata. They squeeze through the  corona radiata 
and bind to the zona pellucida. After a sperm head binds 

tightly to the zona pellucida, the acrosome releases digestive 
enzymes that forge a pathway for the sperm through the zona 
pellucida to the oocyte plasma membrane.
 When the first sperm binds to the oocyte plasma mem-
brane the next few events prevent polyspermy (entrance 
of more than one sperm). As soon as a sperm touches the 
plasma membrane of an oocyte, the oocyte’s plasma mem-
brane depolarizes and this change in charge, known as the 
“fast block,” serves to repel sperm only for a few seconds. 
Then vesicles in the oocyte called cortical granules secrete 
enzymes that turn the zona pellucida into an impenetrable 
fertilization membrane. The longer-lasting cortical reaction is 
known as the “slow block.”
 The last of the events includes formation of the diploid 
zygote. Microvilli extending from the plasma membrane of 
the oocyte (Fig. 42.1) bring the entire sperm into the oocyte. 
The sperm nucleus releases its chromatin, which re-forms into 
chromosomes enclosed within the so-called sperm pronu-
cleus. In the meantime, the secondary oocyte completes meio-
sis, becoming an egg whose chromosomes are also enclosed in 
a pronucleus. A single nuclear envelope soon surrounds both 
sperm and egg pronuclei. Cell division is imminent, and the 

FIGURE 42.1 Fertilization. 

During fertilization, a single sperm is drawn into the oocyte by microvilli of its plasma membrane (micrograph). The head of a sperm has a membrane-bounded acrosome 
filled with enzymes. When released, these enzymes digest a pathway for the sperm through the zona pellucida. After a sperm binds to the plasma membrane of the 
oocyte, changes occur that prevent other sperm from entering the oocyte. The oocyte finishes the second meiotic division and is now an egg. Fertilization is complete 
when the sperm pronucleus and the egg pronucleus contribute chromosomes to the zygote.
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centrosomes that give rise to a spindle apparatus are derived 
from the basal body of the sperm’s flagellum! The two haploid 
sets of chromosomes share the first spindle apparatus of the 
fertilized egg, also called a zygote.

Embryonic Development
Development is all the changes that occur during the life cy-
cle of an organism. During the first stages of development, 
an organism is called an embryo.

Cellular Stages of Development
The cellular stages of development are (1) cleavage resulting 
in a multicellular embryo and (2) formation of the  blastula. 
Cleavage is cell division without growth. DNA replica-
tion and mitotic cell division occur repeatedly, and the cells 
get smaller with each division. In other words, cleavage 
 increases only the number of cells; it does not change the 
original volume of the egg’s cytoplasm.
 As shown in Figure 42.2, cleavage in a lancelet is equal 
and results in uniform cells that form a morula, which is a 
ball of cells. The 16-cell morula resembles a mulberry and 
continues to divide forming a blastula. A blastula is a hol-
low ball of cells having a fluid-filled cavity called a blas-
tocoel. The blastocoel forms when the cells of the morula 
extrude Na� into extracellular spaces and water follows by 
osmosis. The water collects in the center, and the result is a 
hollow ball of cells.
 The zygotes of other animals, such as a frog, chick, or 
human, which are vertebrates, also undergo cleavage and 
form a morula. In frogs, cleavage is not equal because of 
the presence of yolk, a dense nutrient material. When yolk 
is present, the zygote and embryo exhibit polarity, and the 
 embryo has an animal pole and a vegetal pole. The animal 
pole of a frog embryo has a deep gray color because the cells 
contain melanin granules, and the vegetal pole has a yellow 
color because the cells contain yolk.
 Similarly, all vertebrates have a blastula stage, but the 
appearance of the blastula can be different from that of a 
lancelet. A chick is a vertebrate animal that develops on 
land and lays a hard-shelled egg containing plentiful yolk. 
 Because yolk-filled cells do not participate in cleavage, the 
blastula is a layer of cells that spreads out over the yolk. The 
blastocoel is a space that separates these cells from the yolk:

 The blastula of humans resembles that of the chick 
 embryo, yet this resemblance cannot be related to the 
amount of yolk because the human egg contains little 
yolk. But the evolutionary history of these two animals 
can provide an explanation for this similarity. Both birds 

FIGURE 42.2 Lancelet early development.

a. A lancelet. b. The early stages of development are exemplified in the 
lancelet. Cleavage produces a number of cells that form a cavity, the blastocoel. 
Invagination during gastrulation produces the germ layers ectoderm and 
endoderm. Then the mesoderm arises.
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TABLE 42.1
Embryonic Germ Layers

Embryonic 
Germ Layer Vertebrate Adult Structures

Ectoderm  Nervous system; epidermis of skin and derivatives
(outer layer)    of the epidermis (hair, nail s, glands); tooth enamel, 

dentin, and pulp; epithelial lining of oral cavity and 
rectum

Mesoderm  Musculoskeletal system; dermis of skin;
(middle layer)    cardiovascular system; urinary system; lymphatic 

system; reproductive system—including most 
 epithelial linings; outer layers of respiratory and 
digestive systems

Endoderm  Epithelial lining of digestive tract and respiratory 
(inner layer)    tract, associated glands of these systems; epithelial 

lining of urinary bladder; thyroid and parathyroid 
glands

and mammals are related to reptiles. This explains why all 
three groups develop similarly, despite a difference in the 
amount of yolk in their eggs.

Tissue Stages of Development
The tissue stages of development are (1) the early gas-
trula and (2) the late gastrula. The early gastrula stage 
begins when certain cells begin to push, or invaginate, 
into the blastocoel, creating a double layer of cells (see 
Fig. 42.2). Cells  migrate during this and other stages of 
development, sometimes traveling quite a distance before 
reaching a destination, where they continue developing. 
Extracellular proteins and cytoskeletal elements partici-
pate in allowing migration to occur. As cells migrate, they 
“feel their way” by changing their pattern of adhering to 
extracellular proteins.
 An early gastrula has two layers of cells. The outer 
layer of cells is called the ectoderm, and the inner layer is 
called the endoderm. The endoderm borders the gut, but at 
this point, it is termed either the archenteron or the primitive 
gut. The pore, or hole, created by invagination (inward fold-
ing) is the blastopore, and in a lancelet, the blastopore even-
tually becomes the anus. Gastrulation is not complete until 
three layers of cells that will develop into adult organs are 
produced. In  addition to ectoderm and endoderm, the late 
gastrula has a middle layer of cells called the mesoderm.
 Figure 42.2 illustrates gastrulation in a lancelet and 
Figure 42.3 compares the lancelet, frog, and chick late gas-
trula stages. In the lancelet, mesoderm formation begins as 
outpocketings from the primitive gut (Fig. 42.3). These out-
pocketings will grow in size until they meet and fuse form-
ing two layers of mesoderm. The space between them is the 
coelom. The coelom is a body cavity lined by mesoderm that 
contains internal organs. (In humans, the coelom becomes 
the thoracic and abdominal cavities of the body.)
 In the frog, the cells containing yolk do not partici-
pate in gastrulation and, therefore, they do not invaginate. 
 Instead, a slitlike blastopore is formed when the animal 
pole cells begin to invaginate from above, forming endo-

derm. Animal pole cells also move down over the yolk, 
to invaginate from below. Some yolk cells, which remain 
temporarily in the region of the blastopore, are called the 
yolk plug. Mesoderm forms when cells migrate between 
the ectoderm and endoderm. Later, a splitting of the meso-
derm creates the coelom.
 A chick egg contains so much yolk that endoderm for-
mation does not occur by invagination. Instead, an upper 
layer of cells becomes ectoderm, and a lower layer becomes 
endoderm. Mesoderm arises by an invagination of cells 
along the edges of a longitudinal furrow in the midline of 
the embryo. Because of its appearance, this furrow is called 
the primitive streak. Later, the newly formed mesoderm splits 
to produce a coelomic cavity.
 Ectoderm, mesoderm, and endoderm are called the 
embryonic germ layers. No matter how gastrulation takes 
place, the result is the same: three germ layers are formed. 
It is possible to relate the development of future organs to 
these germ layers (Table 42.1).

FIGURE 42.3 
Comparative 
development of 
mesoderm.

a. In the lancelet, 
mesoderm forms by 
an outpocketing of 
the archenteron. b. In 
the frog, mesoderm 
forms by migration 
of cells between 
the ectoderm and 
endoderm. c. In the 
chick, mesoderm also 
forms by invagination 
of cells. 
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Organ Stages of Development
The organs of an animal’s body develop from 

the three  embryonic germ layers. Much study has 
been devoted to how the nervous system develops.
 The newly formed mesoderm cells lie along 

the main longitudinal axis of the animal and co-
alesce to form a dorsal supporting rod called the 

notochord. The notochord persists in lancelets, but in 
frogs, chicks, and humans, it is later  replaced by the ver-

tebral column. Therefore, these animals are called vertebrates.
 The nervous system develops from midline ectoderm 
located just above the notochord. At first, a thickening of 
cells, called the neural plate, is seen along the dorsal sur-
face of the embryo. Then, neural folds develop on either 
side of a neural groove, which becomes the neural tube
when these folds fuse. Figure 42.4 shows cross sections of 
frog development to illustrate the formation of the neural 
tube. At this point, the embryo is called a neurula. Later, 
the anterior end of the neural tube develops into the brain, 
and the rest  becomes the spinal cord. In addition, the neural 
crest is a band of cells that develops where the neural tube 
pinches off from the ectoderm. Neural crest cells migrate 
to various  locations, where they contribute to formation of 
skin and muscles, in addition to the adrenal medulla and 
the ganglia of the peripheral nervous system.
 Midline mesoderm cells that did not contribute to 
the formation of the notochord now become two longitu-
dinal masses of tissue. These two masses become blocked 
off into somites, which are serially arranged along both 
sides along the length of the notochord. Somites give 
rise to muscles  associated with the axial skeleton and to 
the vertebrae. The serial origin of axial muscles and the 
vertebrae testify that vertebrates are segmented animals. 
Lateral to the somites, the mesoderm splits, forming the 
mesodermal lining of the coelom.
 A primitive gut tube is formed by endoderm as the 
body itself folds into a tube. The heart, too, begins as a 
simple tubular pump. Organ formation continues until 
the germ layers have given rise to the specific organs 
listed in Table 42.1. Figure 42.5 will help you relate the 

formation of  vertebrate structures and organs to the three 
embryonic layers of cells: the ectoderm, the mesoderm, 
and the endoderm.

Check Your Progress 42.1

 1. Describe the fast and slow blocks to polyspermy.
 2. A mature gastrula has three germ layers. Name the germ 

layer that gives rise to each of the following: notochord, 
thyroid and parathyroid glands, nervous system, 
epidermis, skeletal muscles, kidneys, bones, and pancreas.

 3. At which stage of embryonic development do cross-
sections of all chordate embryos closely resemble one 
another?

FIGURE 42.4 Development of neural tube and coelom in a frog embryo.

a. Ectodermal cells that lie above the future notochord (called presumptive notochord) thicken to form a neural plate. b. The neural groove and 
folds are noticeable as the neural tube begins to form. c. A splitting of the mesoderm produces a coelom, which is completely lined by mesoderm. 
d. A neural tube and a coelom have now developed.

FIGURE 42.5 Vertebrate embryo, cross section.

At the neurula stage, each of the germ layers, indicated by color (see key), can be 
associated with the later development of particular parts. The somites give rise to 
the muscles of each segment and to the vertebrae, which replace the notochord 
in vertebrates.
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42.2 Developmental Processes
Development requires (1) growth, (2) cellular differentia-
tion, and (3) morphogenesis. Cellular differentiation  occurs 
when cells become specialized in structure and function; 
that is, a muscle cell looks different and acts differently than 
a nerve cell. Morphogenesis produces the shape and form 
of the body. One of the earliest indications of morphogen-
esis is cell movement. Later, morphogenesis includes pat-
tern formation, which means how tissues and organs are 
arranged in the body. Apoptosis, or programmed cell death, 
which was first discussed on page 153, is an important part 
of pattern formation. 
 Developmental genetics has benefited from research 
using the roundworm, Caenorhabditis elegans, and the fruit 
fly, Drosophila melanogaster. These organisms are referred 
to as model organisms because the study of their develop-
ment produced concepts that help us understand develop-
ment in general.

Cellular Differentiation
At one time, investigators mistakenly believed that irrevers-
ible genetic changes must account for differentiation and 
morphogenesis. Perhaps, they speculated, the genes are par-
celed out as development occurs, and that is why cells of the 
body have a different structure and function. We now know 
that is not the case; rather, every cell in the body has a full 
complement of genes. 
 The zygote is totipotent; it has the ability to generate the 
entire organism and, therefore, must contain all the instruc-
tions needed by any other specialized cell in the body. For 
the first few days of cell division, all the embryonic cells are 
totipotent. When the embryonic cells begin to specialize and 
lose their totipotency, they do not lose genetic information. In 

fact, our ability today to clone mammals such as sheep, mice, 
and cats from specialized adult cells shows that every cell in 
an organism’s body has the same collection of genes.
 The answer to this puzzle becomes clear when we con-
sider that only muscle cells produce the proteins myosin and 
actin; only red blood cells produce hemoglobin; and only 
skin cells produce keratin. In other words, we now know 
that specialization is not due to a parceling out of genes; 
rather, it is due to differential gene expression. Certain 
genes and not others are turned on in differentiated cells. 
In recent years, investigators have turned their attention to 
discovering the mechanisms that lead to differential gene 
expression. Two mechanisms—cytoplasmic segregation and 
induction—seem to be especially important.

Cytoplasmic Segregation
Differentiation must begin long before we can recognize spe-
cialized types of cells. Ectodermal, endodermal, and meso-
dermal cells in the gastrula look quite similar, but they must 
be different because they develop into different  organs. The 
egg is now known to contain substances called maternal 
determinants, which influence the course of development. 
Cytoplasmic segregation is the parceling out of maternal de-
terminants as mitosis occurs:

FIGURE 42.6 
Cytoplasmic influence 
on development.

a. The zygote of a frog has 
anterior/posterior and dorsal/
ventral axes that correlate 
with the position of the gray 
crescent. b. The first cleavage 
normally divides the gray 
crescent in half, and each 
daughter cell is capable of 
developing into a complete 
tadpole. c. But if only one 
daughter cell receives the 
gray crescent, then only that 
cell can become a complete 
embryo. This shows that 
maternal determinants are 
present in the cytoplasm of a 
frog’s egg.
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Cytoplasmic segregation helps determine how the various 
cells of the morula will develop.
 An early experiment showed that the cytoplasm of a 
frog’s egg is not uniform. It is polar and has both an  anterior/
posterior axis and a dorsal/ventral axis, which can be cor-
related with the gray crescent, a gray area that appears af-
ter the sperm fertilizes the egg (Fig. 42.6a). Hans Spemann, 
who received a Nobel Prize in 1935 for his extensive work 
in embryology, showed that if the gray crescent is divided 
equally by the first cleavage, each experimentally separated 
daughter cell develops into a complete embryo (Fig. 42.6b). 
However, if the zygote divides so that only one daughter cell 
receives the gray crescent, only that cell becomes a complete 
embryo (Fig. 42.6c). This experiment allows us to speculate 
that the gray crescent must contain particular chemical sig-
nals that are needed for development to proceed normally.

Induction and Frog Experiments
As development proceeds, specialization of cells and formation 
of organs are influenced not only by maternal determinants but 
also by signals given off by neighboring cells.  Induction [L. in, 

into, and duco, lead] is the ability of one embryonic tissue to 
influence the development of another tissue.
 Spemann showed that a frog embryo’s gray crescent be-
comes the dorsal lip of the blastopore, where gastrulation be-
gins. Since this region is necessary for complete  development, 
he called the dorsal lip of the blastopore the primary organizer. 
The cells closest to Spemann’s primary organizer become en-
doderm, those farther away become mesoderm, and those 
farthest away become ectoderm. This suggests that there may 
be a molecular concentration  gradient that acts as a chemical 
signal to induce germ layer differentiation.
 The gray crescent in the zygote of a frog marks the 
dorsal side of the embryo where the mesoderm becomes 
notochord and ectoderm becomes nervous system. In a 
classic experiment Spemann and his colleague Hilde 
Mangold showed that presumptive (potential) notochord 
tissue induces the formation of the nervous system (Fig. 
42.7). If presumptive  nervous system tissue, located just 
above the presumptive notochord, is cut out and trans-
planted to the belly region of the embryo, it does not 
form a neural tube. On the other hand, if presumptive 

FIGURE 42.7 Control of nervous system development.

a. In this experiment, the presumptive nervous system (blue) does not develop into the neural plate if moved from its normal location. b. In this experiment, the 
presumptive notochord (pink) can cause even belly ectoderm to develop into the neural plate (blue). This shows that the notochord induces ectoderm to become a 
neural plate, most likely by sending out chemical signals.
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 notochord tissue is cut out and transplanted beneath what 
would be belly ectoderm, this  ectoderm  differentiates into 
neural tissue. Still other examples of induction are now 
known. In 1905, Warren Lewis studied the formation of 
the eye in frog embryos. He found that an optic vesicle, 
which is a lateral outgrowth of developing brain tissue, 
induces overlying ectoderm to thicken and become a lens. 
The developing lens in turn induces an optic vesicle to 
form an optic cup, where the retina develops.

Induction in Caenorhabditis elegans
The minute nematode, Caenorhabditis elegans, is only 1 mm 
long, and vast numbers can be raised in the laboratory ei-
ther in petri dishes or a liquid medium. The worm is her-
maphroditic, and self-fertilization is the rule. Therefore, 
even though induced mutations may be recessive, the next 
generation will yield individuals that are homozygous re-
cessive and will show the mutation. Many modern genetic 
studies have been performed on C. elegans, and the entire 
genome has been sequenced. Individual genes have been 
 altered and cloned and their products injected into cells or 
extracellular fluid.
 As the result of genetic studies, much has been learned 
about C. elegans. Development of C. elegans takes only three 
days, and the adult worm contains only 959 cells. It has 
been possible for investigators to watch the process from 
beginning to end, especially since the worm is transparent. 
Fate maps have been developed that show the destiny of 
each cell as it arises following successive cell divisions (Fig. 
42.8). Some investigators have studied in detail the devel-
opment of the vulva, a pore through which eggs are laid. 
A cell called the anchor cell induces the vulva to form. The 
cell closest to the anchor cell receives the most  inducer and 
becomes the inner vulva. This cell in turn produces another 
inducer, which acts on its two neighboring cells, and they 
become the outer vulva. The inducers are growthlike fac-
tors that alter the metabolism of the receiving cell and acti-
vate particular genes. Work with C. elegans has shown that 
induction requires the transcriptional regulation of genes 
in a particular sequence. This diagram shows how induc-
tion can occur sequentially:

Morphogenesis
An animal achieves its ordered and complex body form 
through morphogenesis, which requires that cells associate 
to form tissues, and tissues give rise to organs. Pattern for-
mation is the process that enables morphogenesis. In pattern 
formation, cells of the embryo divide and differentiate, tak-
ing up orderly positions in tissues and organs. Although an-
imals display an amazingly diverse array of morphologies, 
or body forms, most share common sets of genes that direct 

pattern formation. When pattern formation has ensured that 
key cells are properly arranged, then morphogenesis, the 
construction of the ultimate body form, can take place.  

Morphogenesis in Drosophila melanogaster
Much of the study of pattern formation and morphogenesis 
has been done using relatively simple models such as the 
minuscule fruit fly Drosophila melanogaster. A Drosophila egg 
is only about 0.5 mm long, and develops into an adult in 
about two weeks. The fly’s genome is considerably smaller 
than that of humans or even mice. However, the genes that 
direct pattern formation appear to be highly conserved 
among animals with segmented body morphologies. Thus, 
Drosophila research increases our understanding of human 
morphogenetic processes.  
 Perhaps the most striking aspect of pattern formation 
in any animal is that all the cells in the embryo, beginning 

FIGURE 42.8 Development of C. elegans, a nematode.

A fate map of the worm showing that as cells arise by cell division, they are 
destined to become particular structures.
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with the zygote, contain the same genetic information. The 
differences that arise are due to differences in gene expres-
sion, not DNA content. Various genes become activated in 
different regions of the embryo. These differences are in-
stigated as embryonic cells communicate with one another 
through the products of gene expression. As pattern forma-
tion occurs in Drosophila, the embryonic cells begin to ex-
press genes differently in graded, periodic, and eventually 
striped arrangements. Boundaries between large body re-
gions are established first, before the refinement of smaller, 
subdivided parts can take place.

The Anterior/Posterior Axes. The first step in Drosophila 
pattern formation and morphogenesis begins with the es-
tablishment of anteroposterior polarity, meaning that the 
anterior (head) and posterior (abdomen) ends are different 
from one another. Such polarity is present in the egg before 
it is fertilized by a sperm. Egg polarity results from maternal 
determinants, mRNAs that are deposited in specific posi-
tions within the egg while it is still in the ovary. The protein 
products of these genes diffuse away from the areas of their 
highest concentration in the embryo, forming gradients. 
 Two of the most important maternal determinants are 
bicoid and nanos. Proteins such as those that result when bicoid 
and nanos mRNAs are translated are known as morphogens 
due to their crucial influence in morphogenesis. Bicoid pro-
tein is most concentrated anteriorly, where it prevents the for-
mation of the posterior region. A mutation in the bicoid gene 
results in an embryo with two posterior ends. (Bicoid means 
“two-tailed.”) Nanos protein is most concentrated posteri-
orly, and is required for abdomen formation. A mutation in 
the nanos gene results in an embryo without an abdomen.

The Segmentation Pattern. Once the anterior and pos-
terior ends of the embryo have been established by the ex-
pression of maternal determinants, a group of zygotic genes 
called gap genes come into play. The task of gap genes is 
to divide the anteroposterior axis into broad regions (Fig. 
42.9a). They are so-named because mutations in gap genes 
result in gaps in the embryo, where large blocks of segments 
are missing. Gap genes are temporarily activated by the gra-
dients of anterior and posterior morphogens, and in turn 
activate the pair-rule genes.
 The pair-rule genes are expressed periodically, in al-
ternating stripes (Fig. 42.9b). They serve to “rough out” a 
preliminary segmentation pattern along the anteropos-
terior axis. The products of pair-rule genes may stimulate 
or suppress the expression of other genes, particularly the 
segment-polarity genes. These genes ensure that each seg-
ment has boundaries, with distinct anterior and posterior 
halves. The segment-polarity genes are also expressed in a 
striped fashion, but with twice as many stripes as the pair-
rule genes (Fig. 42.9c). Mutations in segment-polarity genes 
result in the loss of one part of each segment, and the dupli-
cation of another portion of the same segment. 

Homeotic Genes. The homeotic genes are  often  referred 
to as selector genes because they select for  segmental 

 identity—in other words, they dictate which body parts 
arise from the segments. Mutations in homeotic genes 
may result in the development of body parts in inappro-
priate areas, such as legs instead of antennae, or wings 
instead of tiny balancing organs called halteres (Fig. 
42.10a). Such alterations in morphology are known as 
homeotic transformations. 
 Interestingly, homeotic genes in Drosophila and other 
organisms have all been found to share a structural fea-
ture called a homeobox. (Hox, the term used for mamma-
lian homeotic genes, is a shortened form of homeobox.) A 

FIGURE 42.9 Development in Drosophila, a fruit fly.
a. The different colors show that two different gap gene proteins are present 
from the anterior to the posterior end of an embryo. b. The green stripes show 
that a pair-rule gene is being expressed as segmentation of the fly occurs. c. Now 
segment-polarity genes help bring about division of each segment into an anterior 
and posterior end.
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 homeobox is a sequence of nucleotides that encodes a 60 
amino acid sequence called a homeodomain: 

 The homeodomain is a functionally important part 
of the protein encoded by a homeotic gene. Homeotic 
genes code for transcription factors, proteins that bind to 
regulatory regions of DNA and determine whether or not 
specific target genes are turned on. The homeodomain 
is the DNA-binding portion of the transcription factor, 
although the other, more variable sequences of a tran-
scription factor determine which target genes are turned 
on. It is thought that the homeodomain proteins encoded 
by homeotic genes direct the activities of various target 
genes involved in morphogenesis, such as those involved 
in cell-to-cell adhesion. This orderly process in the end 
determines the morphology of particular segments.
 The importance of homeotic genes is underscored by the 
finding that the homeotic genes are highly conserved, being 
present in the genomes of many organisms, including mam-
mals such as mice and even humans. Most homeotic genes 
have their loci on the same chromosome in Drosophila, while in 
mammals there are four clusters that reside on different chro-
mosomes. Notice that, in both flies and mammals, the position 
of the homeotic genes on the chromosome matches their 
 anterior-to-posterior expression pattern in the body (Fig. 42.10b). 
The first gene clusters determine the final development of ante-
rior segments, while those later in the sequence determine the 
final development of posterior segments of the animal’s body. 
 Mutations in homeotic genes have similar effects in 
the mammalian body to the homeotic transformations ob-
served in Drosophila. For instance, mutations in two adja-
cent Hox genes in the mouse result in shortened forelimbs 
that are missing the radius and ulna bones. In humans, 
mutations in a different Hox gene cause synpolydactyly, a 
rare condition in which there are extra digits (fingers and 
toes), some of which are fused to their neighbors. 

Apoptosis. We have already discussed the importance of 
apoptosis (programmed cell death) in the normal day-to-
day operation of the immune system and in preventing the 
 occurrence of cancer. Apoptosis is also an important part of 
morphogenesis. During development of humans, we know 
that apoptosis is necessary to the shaping of the hands and 
feet; if it does not occur, the child is born with webbing be-
tween its fingers and toes.

 The fate maps of C. elegans (see Fig. 42.8) indicate that 
apoptosis  occurs in 131 cells as development takes place. 
When a cell-death signal is received, an inhibiting protein 
becomes inactive, allowing a cell-death cascade to proceed 
that ends in enzymes destroying the cell. 

Check Your Progress 42.2

 1. Cellular differentiation occurs as the result of two 
mechanisms. Name and define both of them.

 2. Define the term “morphogen.”
 3. What is the function of the homeobox sequence in a 

homeotic gene?

FIGURE 42.10 Pattern formation in Drosophila.

Homeotic genes control pattern formation, an aspect of morphogenesis. a. If 
homeotic genes are activated at inappropriate times, abnormalities such as a 
fly with four wings occur. b. The green, blue, yellow, and red colors show that 
homologous homeotic genes occur on four mouse chromosomes and on a fly 
chromosome in the same order. These genes are color coded to the region of 
the embryo, and therefore the adult, where they regulate pattern formation. The 
black boxes are homeotic genes that are not identical between the two animals. 
In mammals, homeotic genes are called Hox genes.
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42.3  Human Embryonic 
and Fetal Development

In humans, the length of time from conception (fertiliza-
tion followed by implantation) to birth (parturition) is 
 approximately nine months (266 days). It is customary 
to calculate the time of birth by adding 280 days to the 
start of the last  menstruation, because this date is usu-
ally known, whereas the day of fertilization is usually un-
known. Because the time of birth is influenced by so many 
variables, only about 5% of babies actually arrive on the 
forecasted date.
 In humans, pregnancy, or gestation, is the time in 
which the developing embryo is carried by the mother. 
Human development is often divided into embryonic 
development (months 1 and 2) and fetal development 
(months 3–9). During the embryonic period, the major 
organs are formed, and during fetal development, these 
structures are refined.
 Development can also be divided into trimesters. Each 
trimester can be characterized by specific developmental ac-
complishments. During the first trimester, embryonic and 
early fetal development occur. The second trimester is char-
acterized by the development of organs and organ systems. 
By the end of the second trimester, the fetus appears dis-
tinctly human. In the third trimester, the fetus grows rapidly 
and the major organ systems become functional. An infant 
born one or perhaps two months premature has a reasonable 
chance of survival.

Extraembryonic Membranes
Before we consider human development chronologically, 
we must understand the placement of extra embryonic 
membranes [L. extra, on the outside]. Extra embryonic 
membranes are best understood by considering their func-
tion in reptiles and birds. In reptiles, these membranes 
made development on land first possible. If an embryo 
 develops in the water, the water supplies oxygen for the 
embryo and takes away waste products. The surrounding 
water prevents desiccation, or drying out, and provides a 
protective cushion. For an embryo that develops on land, 
all these functions are performed by the extraembryonic 
membranes.
 In the chick, the extraembryonic membranes develop 
from extensions of the germ layers, which spread out over 
the yolk. Figure 42.11 shows the chick surrounded by the 
membranes. The chorion [Gk. chorion, membrane] lies next 
to the shell and carries on gas exchange. The amnion [Gk. 
amnion, membrane around fetus] contains the protective 
amniotic fluid, which bathes the developing embryo. The 
allantois [Gk. allantos, sausage] collects nitrogenous wastes, 
and the yolk sac surrounds the remaining yolk, which pro-
vides nourishment.
 The function of the extraembryonic membranes in 
humans has been modified to suit internal development. 
Their presence, however, shows that we are related to the 
 reptiles. 

 The chorion develops into the fetal half of the pla-
centa, the organ that provides the embryo/fetus with 
nourishment and oxygen and takes away its waste. Blood 
vessels within the chorionic villi are continuous with the 
umbilical blood vessels. The blood vessels of the allantois 
become the umbilical blood vessels and the allantois ac-
cumulates the small amount of urine produced by the fetal 
kidneys and later gives rise to the urinary bladder. The 
yolk sac, which lacks yolk, is the first site of blood cell for-
mation. The amnion contains fluid to cushion and protect 
the embryo, which develops into a  fetus. It is interesting to 
note that all chordate animals develop in water—either in 
bodies of water or surrounded by amniotic fluid within a 
shell or uterus.

FIGURE 42.11 Extraembryonic membranes.

Extraembryonic membranes, which are not part of the embryo, are found during 
the development of chicks and humans. Each has a specific function.
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Embryonic Development
Embryonic development includes the first two months of 
development.

The First Week
Fertilization occurs in the upper third of the oviduct (Fig. 
42.12). Cleavage begins 30 hours after fertilization and 
continues as the embryo passes through the oviduct to the 
uterus. By the time the embryo reaches the uterus on the 
third day, it is a morula. The morula is not much larger than 
the zygote because, even though multiple cell divisions have 
occurred, there has been no growth of these newly formed 
cells. By about the fifth day, the morula is transformed into 

the blastocyst. The blastocyst has a fluid-filled cavity, a sin-
gle layer of outer cells called the  trophoblast [Gk. trophe, 
food, and blastos, bud], and an inner cell mass. The early 
function of the trophoblast is to provide nourishment for the 
embryo. Later, the trophoblast, reinforced by a layer of me-
soderm, gives rise to the chorion, one of the extraembryonic 
membranes (see Fig. 42.11). The inner cell mass eventually 
becomes the embryo, which develops into a fetus.

The Second Week
At the end of the first week, the embryo begins the pro-
cess of implanting in the wall of the uterus. The tropho-
blast secretes enzymes to digest away some of the tissue 

FIGURE 42.12 Human development before 
implantation.

(1) At ovulation, the secondary oocyte leaves the ovary. A single 
sperm nucleus enters the oocyte, and (2) fertilization of egg occurs in 
the oviduct. As the zygote moves along the oviduct, it undergoes (3) 
cleavage to produce (4) a morula. (5) The blastocyst forms and (6) 
implants itself in the uterine lining.
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and blood vessels of the endometrium of the uterus (Fig. 
42.12). The embryo is now about the size of the period at 
the end of this sentence. The trophoblast begins to secrete 
human chorionic gonadotropin (HCG), the hormone that 
is the basis for the pregnancy test and that serves to main-
tain the corpus  luteum past the time it normally disinte-
grates. (Recall that the corpus luteum is a yellow body 
formed in the ovary from a follicle that has discharged its 
secondary oocyte.)  Because of this, the endometrium is 
maintained, and menstruation does not occur.
 As the week progresses, the inner cell mass detaches 
itself from the trophoblast, and two more extraembryonic 
membranes form (Fig. 42.13a). The yolk sac, which forms 
 below the embryonic disk, has no nutritive function as in 
chicks, but it is the first site of blood cell formation. How-
ever, the amnion and its cavity are where the embryo (and 
then the fetus) develops. In humans, amniotic fluid acts as 
an  insulator against cold and heat and also absorbs shock, 
such as that caused by the mother exercising.
 Gastrulation occurs during the second week. The in-
ner cell mass now has flattened into the embryonic disk, 
composed of two layers of cells: ectoderm above and en-
doderm below. Once the embryonic disk elongates to form 
the primitive streak, the third germ layer, mesoderm, forms 
by invagination of cells along the streak. The trophoblast 
is reinforced by mesoderm and becomes the chorion (Fig. 
42.13b). It is possible to relate the development of future 
organs to these germ layers (see Table 42.1).

FIGURE 42.13 Human embryonic 
development.

a. At first, the embryo contains no organs, only 
tissues. The amniotic cavity is above the embryo, 
and the yolk sac is below. b. The chorion develops 
villi, the structures so important to the exchange 
between mother and child. c., d. The allantois and 
yolk sac, two more extraembryonic membranes, 
are positioned inside the body stalk as it becomes 
the umbilical cord. e. At 35� days, the embryo has 
a head region and a tail region. The umbilical cord 
takes blood vessels between the embryo and the 
chorion (placenta).
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The Third Week
Two important organ systems make their appearance dur-
ing the third week. The nervous system is the first organ 
system to be visually evident. At first, a thickening appears 
along the entire dorsal length of the embryo; then the neural 
folds appear. When the neural folds meet at the midline, 
the neural tube, which later develops into the brain and the 
nerve cord, is formed (see Fig. 42.4). After the notochord is 
replaced by the vertebral column, the nerve cord is called 
the spinal cord.
 Development of the heart begins in the third week and 
continues into the fourth week. At first, there are right and 
left heart tubes; when these fuse, the heart begins pumping 
blood, even though the chambers of the heart are not fully 
formed. The veins enter posteriorly, and the arteries exit an-
teriorly from this largely tubular heart, but later the heart 
twists so that all major blood vessels are located anteriorly.

The Fourth and Fifth Weeks
At four weeks, the embryo is barely larger than the height of 
this print. A bridge of mesoderm called the body stalk connects 
the caudal (tail) end of the embryo with the chorion, which has 
treelike projections called chorionic villi [Gk. chorion, mem-
brane; L. villus, shaggy hair] (Fig. 42.13c, d). The chorionic villi 

eventually form the placental sinus. The fourth extraembryonic 
membrane, the allantois, is contained within this stalk, and its 
blood vessels become the umbilical blood vessels. The head 
and the tail then lift up, and the body stalk moves anteriorly by 
constriction. Once this process is complete, the umbilical cord 
[L. umbilicus, navel], which connects the developing embryo to 
the placenta, is fully formed (Fig. 42.13e).
 Little flippers called limb buds appear (Fig. 42.14); 
later, the arms and the legs develop from the limb buds, 
and even the hands and the feet become apparent. At the 
same time—during the fifth week—the head enlarges, and 
the sense  organs become more prominent. It is possible to 
make out the developing eyes, ears, and even the nose.

The Sixth Through Eighth Weeks
During the sixth to eighth weeks of development, the em-
bryo becomes easily recognizable as human. Concurrent 
with brain development, the head achieves its normal re-
lationship with the body as a neck region develops. The 
nervous system is developed well enough to permit reflex 
actions, such as a startle response to touch. At the end of 
this period, the embryo is about 38 mm long and weighs no 
more than an aspirin tablet, even though all organ systems 
are established.

FIGURE 42.14 Human embryo at beginning of fifth week.

a. Scanning electron micrograph. b. The embryo is curled so that the head touches the heart, the two organs whose development is farther along than the rest of 
the body. The organs of the gastrointestinal tract are forming, and the arms and the legs develop from the bulges that are called limb buds. The tail is an evolutionary 
remnant; its bones regress and become those of the coccyx (tailbone). The pharyngeal arches become functioning gills only in fishes and amphibian larvae; in humans, 
the first pair of pharyngeal pouches becomes the auditory tubes. The second pair becomes the tonsils, while the third and fourth become the thymus gland and the 
parathyroid glands.
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The Structure and Function 
of the Placenta
The placenta is a mammalian structure that functions in 
gas, nutrient, and waste exchange between embryonic 
(later  fetal) and maternal cardiovascular systems. The pla-
centa  begins formation once the embryo is fully implanted. 
At first, the entire chorion has chorionic villi that project 
into endometrium. Later, these disappear in all areas except 
where the placenta develops. By the tenth week, the pla-
centa (Fig. 42.15) is fully formed and is producing progester-
one and estrogen. These hormones have two effects: (1) due 
to their negative feedback control of the hypothalamus and 
the anterior pituitary, they prevent any new follicles from 
maturing, and (2) they maintain the lining of the uterus, so 
now the corpus luteum is not needed. No menstruation oc-
curs during pregnancy.
 The placenta has a fetal side contributed by the cho-
rion and a maternal side consisting of uterine tissues. Notice 
in Figure 42.15 how the chorionic villi are surrounded by 
maternal blood; yet maternal and fetal blood do not mix 
under normal conditions because exchange always takes 
place across plasma membranes. Carbon dioxide and other 
wastes move from the fetal side to the maternal side of the 
placenta and nutrients and oxygen move from the maternal 
side to the fetal side. The umbilical cord stretches between 
the placenta and the fetus. Although it may seem that the 
umbilical cord travels from the placenta to the intestine, 
actually the umbilical cord is simply taking fetal blood to 
and from the placenta. The umbilical cord is the lifeline of 
the fetus because it contains the umbilical  arteries and vein, 
which transport waste molecules (carbon dioxide and urea) 
to the placenta for disposal into the maternal blood and take 
oxygen and nutrient molecules from the placenta to the rest 
of the fetal circulatory system. If the placenta prematurely 
tears from the uterine wall, the lives of the fetus and mother 
are endangered.
 Harmful chemicals can also cross the placenta as dis-
cussed in the Health Focus on pages 792–93. This is of par-
ticular concern during the embryonic period, when various 
structures are first forming. Each organ or part seems to 
have a sensitive period during which a substance can alter 
its normal development. For example, if a woman takes 
the drug thalidomide, a tranquilizer, between days 27 and 
40 of her pregnancy, the infant is likely to be born with 
deformed limbs. After day 40, however, the infant is born 
with normal limbs.

Fetal Development and Birth
Fetal development (months 3–9) is marked by an extreme 
increase in size. Weight multiplies 600 times, going from 
less than 28 g to 3 kg. During this time, too, the fetus grows 
to about 50 cm in length. The genitalia appear in the third 
month, so it is possible to tell if the fetus is male or female.
 Soon, hair, eyebrows, and eyelashes add finishing 
touches to the face and head. In the same way, fingernails 

FIGURE 42.15 Anatomy of the placenta in a fetus at six to 
seven months.

The placenta is composed of both fetal and maternal tissues. Chorionic villi 
penetrate the uterine lining and are surrounded by maternal blood. Exchange of 
molecules between fetal and maternal blood takes place across the walls of the 
chorionic villi.

and toenails complete the hands and feet. A fine, downy 
hair (lanugo) covers the limbs and trunk, only to later 
disappear. The fetus looks very old because the skin is 
growing so fast that it wrinkles. A waxy, almost cheese-
like substance (vernix caseosa) [L. vernix, varnish, and 
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t is believed that at least 1 in 16 newborns 
has a birth defect, either minor or serious, 

and the actual percentage may be even higher. 
Most likely, only 20% of all birth defects are 
due to heredity. Those that are hereditary 
can sometimes be detected before birth. 
Amniocentesis allows the fetus to be tested 
for abnormalities of development; chorionic 
villi sampling  allows the embryo to be tested; 
and during preimplantation genetic diagnosis 
(see also Fig. 41Ab), eggs (actually oocytes) 
are screened prior to in vitro fertilization (Fig. 
42A). These guidelines can help prevent most 
other birth defects. 

Have Good Health Habits
Women who consume a nutritious diet and 
avoid potentially harmful substances, radiation, 
and pathogens, increase their chances of having 
healthy babies. For example, women of child-
bearing age are urged to make sure they con-
sume adequate amounts of the vitamin folic acid 
in order to prevent neural tube defects such as 
spina bifida and anencephaly in their children. In 
spina bifida, part of the vertebral column fails to 
develop properly and cannot adequately pro-
tect the delicate spinal cord. In the most severe 
cases, fluid-filled meninges, or even part of the 
spinal cord itself, protrude from an opening in 
the back. Anencephaly may be even more dev-
astating than spina bifida, as most of the fetal 
brain fails to develop. Anencephalic infants are 
stillborn or survive for only a few days after 
birth. Fortunately, it is easy to get enough folic 
acid to greatly reduce the chances of neural 
tube defects. Folic acid is present in multivita-
mins, plus many breads and cereals are fortified 
with it. Folic acid is also plentiful in leafy green 
vegetables, nuts, and citrus fruits. The CDC rec-
ommends that all women of childbearing age 
get at least 400 micrograms of folic acid every 
day through vitamin supplements and fortified 
foods, in addition to following a healthy, folic 
acid–rich diet. You should be aware that neural 
tube birth defects occur just a few weeks after 
conception, when many women are still un-
aware that they are pregnant—especially if the 
pregnancy is unplanned.

Avoid Alcohol, Smoking, 
and Drugs of Abuse
Alcohol consumption during pregnancy is a 
leading cause of birth defects. In severe in-

stances, the baby is born with fetal alcohol 
syndrome (FAS), estimated to occur in 0.2 to 
1.5 of every 1,000 live births in the United 
States. Children with FAS are frequently un-
derweight, have an abnormally small head, 
abnormal facial development, and mental 
retardation. Children with FAS often exhibit 
short attention span, impulsiveness, and poor 
judgment, as well as serious difficulties with 
learning and memory. Vision, hearing, and 
physical coordination may also be adversely 
affected. In addition to its directly damaging 
effects, alcohol reduces a woman’s folic acid 
level, increasing the risk of the neural tube 
defects just described. Because no level of 
alcohol consumption has been deemed safe 
for an unborn child, women who are pregnant 
should avoid alcohol altogether. 
 Many preventable birth defects are caused 
by cigarette smoking. Babies born to smoking 
mothers typically have low birth weight and 
may continue to lag in growth. Smoking moth-
ers are also at increased risk of premature 
membrane rupture, placental displacement 
or detachment from the fetus, and premature 
birth. Infants born to smoking mothers are 
more likely to have defects of the face, heart, 
and brain than those born to nonsmokers. Il-
legal drugs should be avoided. For example, 
cocaine causes blood pressure fluctuations that 
deprive the fetus of oxygen. Cocaine babies 
have visual problems, lack coordination, and 
are mentally retarded. 

Avoid Certain Medications 
and Supplements
Even prescription drugs may cause birth de-
fects. In the late 1950s and early 1960s, thalid-
omide was commonly prescribed as a sleeping 
pill, and many pregnant women were given 
the drug to treat morning sickness. At the 
time, no one knew of thalidomide’s effects on 
developing fetuses. As a result of thalidomide 
exposure during the period of limb bud devel-
opment, thousands of children were born with 
flipperlike structures instead of limbs. Tha-
lidomide was promptly taken off the market. 
Similarly, a drug called DES (diethylstilbestrol) 
was prescribed from 1938 to 1971 to preg-
nant women to prevent premature labor and 
miscarriage. Daughters of women who took 
DES while pregnant have since been found to 
have an  increased risk of vaginal and cervical 

cancer, and also a higher incidence of struc-
tural abnormalities of the reproductive tract, 
complications of their own pregnancies, and 
infertility. The sons of women who took DES 
have an increased frequency of noncancerous 
cysts of the epididymis. Research is currently 
under way to assess the impact of this drug on 
the grandchildren of women who took DES 
while pregnant. 

Avoid Infections That Cause 
Birth Defects 
Pathogens such as the virus that causes rubella 
(German measles) can cause birth defects. In 
the past, this virus caused many birth defects, 
specifically mental retardation, deafness, 
blindness, and heart defects. Viral-induced 
birth defects occur when the tiny viral par-
ticles cross the placenta and infect the fetus. 
Rubella is much less of a danger in developed 
countries today because most women were 
vaccinated against rubella as children. HIV, the 
virus that causes AIDS, is another virus that 
affects many newborns every year. Infants 
born with HIV often show signs of infection 
early in life and do not survive for more than 
a few years. If a pregnant woman is known to 
be positive for HIV, her physician may avoid 
amniocentesis and other procedures that 
could expose the fetus to maternal blood. 
The mother may also be given antiviral drugs 
to reduce the chances of fetal infection.

Avoid Having X-rays 
Penetrating forms of radiation such as X-rays 
can hinder cell division and damage DNA, a 
particular concern for the rapidly dividing and 
differentiating cells of a fetus. Damage from 
X-ray exposure may contribute to birth de-
fects, and increase the risk of a child devel-
oping leukemia later on. Pregnant women 
should avoid unnecessary X-rays, especially 
those targeting the lower back or abdomen. 
If a medical X-ray is unavoidable, the woman 
should notify the X-ray technician so that her 
fetus can be protected as much as possible, 
for example, by draping a lead apron over her 
abdomen if this area is not targeted for X-ray 
examination. 
 Now that physicians and laypeople are 
aware of the various ways birth defects can be 
prevented, it is hoped that the incidence of birth 
defects will decrease in the future.

Preventing and Testing for Birth Defects 

I
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FIGURE 42A Three methods for genetic defect testing before birth.
a. Amniocentesis is usually performed from the fifteenth to the seventeenth week of pregnancy. A long needle is passed through the abdominal wall to withdraw a small amount 
of amniotic fluid, along with fetal cells. Since there are only a few cells in the amniotic fluid, testing may be delayed as long as four weeks until cell culture produces enough cells 
for testing purposes. About 40 tests are available for different defects. b. Chorionic villi sampling is usually performed from the eighth to the twelfth week of pregnancy. The doctor 
inserts a long, thin tube through the vagina into the uterus. With the help of ultrasound, which gives a picture of the uterine contents, the tube is placed between the lining of the 
uterus and the chorion. Then a sampling of the chorionic villi cells is obtained by suction. Chromosome analysis and biochemical tests for genetic defects can be done immediately 
on these cells. c. Preimplantation genetic diagnosis is performed prior to in vitro fertilization. Preovulatory oocytes are removed by aspiration after a laparoscope (optical telescope) 
is inserted into the abdominal cavity through a small incision in the region of the navel. The first polar body is tested. If the woman is heterozygous (Aa) and the defective gene (a) 
is found in the polar body, then the oocyte must have received the normal gene (A). Normal oocytes then undergo in vitro fertilization and are placed in the prepared uterus.
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caseus, cheese] protects the wrinkly skin from the watery 
amniotic fluid.
 The fetus at first only flexes its limbs and nods its 
head, but later it can move its limbs vigorously to avoid 
discomfort. The mother feels these movements from about 
the fourth month on. The other systems of the body also 
begin to function. After 16 weeks, the fetal heartbeat is 
heard through a stethoscope. A fetus born at 24 weeks has 
a chance of surviving, although the lungs are still immature 
and often cannot capture oxygen adequately. Weight gain 
during the last couple of months increases the likelihood of 
survival.

The Stages of Birth
The latest findings suggest that when the fetal brain is suf-
ficiently mature, the hypothalamus causes the pituitary to 
stimulate the adrenal cortex so that androgens are released 
into the bloodstream. The placenta uses androgens as a 
precursor for estrogens, hormones that stimulate the pro-
duction of prostaglandin (a molecule produced by many 

cells that acts as a local hormone) and oxytocin. All three 
of these molecules cause the uterus to contract and expel 
the fetus.
 The process of birth (parturition) includes three stages. 
During the first stage, the cervix dilates to allow passage of 
the baby’s head and body. The amnion usually bursts about 
this time. During the second stage, the baby is born and the 
umbilical cord is cut. During the third stage, the placenta is 
delivered (Fig. 42.16).

Check Your Progress 42.3

 1. Name the extraembryonic membrane that gives rise to 
each of the following: umbilical blood vessels, the first 
blood cells, and the fetal half of the placenta.

 2. Where in the human body does fertilization occur? At 
what stage of development is the embryo when it first 
reaches the uterus?

 3. What is the function of the placenta?

FIGURE 42.16 Three stages of parturition.

a. Position of fetus just before birth begins. b. Dilation of cervix. c. Birth of baby. d. Expulsion of afterbirth.
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summary
42.1 Early Developmental Stages
Development begins at fertilization. Only one sperm actually enters the 
oocyte. Both sperm and egg contribute chromosomes to the diploid 
zygote.
 The early developmental stages in animals proceed from cellular 
stages to tissue stages to organ stages. During the cellular stage, 
cleavage (cell division) occurs, but there is no overall growth. The 
result is a morula, which becomes the blastula when an internal 
cavity (the blastocoel) appears. 
 During the tissue stage, gastrulation (invagination of cells into 
the blastocoel) results in formation of the germ layers: ectoderm, 
mesoderm, and endoderm. Both the cellular and tissue stages can be 
affected by the amount of yolk. The human blastula stage resembles 
that of the chick whose egg has a large amount of yolk.
 Organ formation can be related to germ layers. For example, 
during neurulation, the nervous system develops from midline 
ectoderm, just above the notochord. At this point, it is possible to draw 
a typical cross section of a vertebrate embryo in which the notochord 
has not been replaced by the vertebral column (see Fig. 42.5).

42.2 Developmental Processes
Cellular differentiation begins with cytoplasmic segregation in the 
egg. After the first cleavage of a frog embryo, only a daughter 
cell that receives a portion of the gray crescent is able to develop 
into a complete embryo. Therefore, cytoplasmic segregation of 
maternal determinants occurs during early development of a frog. 
Induction is also part of cellular differentiation. For example, the 
notochord induces the formation of the neural tube in frog embryos. 
The reciprocal induction that occurs between the lens and the 
optic vesicle is another good example of induction. In C. elegans, 
investigators have shown that induction is an ongoing process in 
which one tissue after the other regulates the development of 
another, through chemical signals coded for by particular genes.
 Some morphogen genes determine the axes of the body, and 
others regulate the development of segments. An important concept 
has emerged: During development, sequential sets of master genes 
code for morphogen gradients that activate the next set of master 
genes, in turn. Morphogens are transcription factors that bind to DNA.

 Homeotic genes control pattern formation such as the presence 
of antennae, wings, and limbs on the segments of Drosophila. 
Homeotic genes code for proteins that contain a homeodomain, 
a particular sequence of 60 amino acids. These proteins are also 
transcription factors, and the homeodomain is the portion of the 
protein that binds to DNA. Homologous homeotic genes have been 
found in a wide variety of organisms, and therefore they must have 
arisen early in the history of life and been conserved.

42.3 Human Embryonic and Fetal Development
Human development can be divided into embryonic development 
(months 1 and 2) and fetal development (months 3–9). The early stages 
in human development resemble those of the chick. The similarities are 
probably due to their evolutionary relationship, not to the amount of 
yolk the eggs contain, because the human egg has little yolk.
 The extraembryonic membranes appear early in human 
development. The trophoblast of the blastocyst is the first sign of 
the chorion, which goes on to become the fetal part of the placenta. 
Exchange occurs between fetal and maternal blood at the placenta. 
The amnion contains amniotic fluid, which cushions and protects the 
embryo. The yolk sac and allantois are also present.
 Fertilization occurs in the oviduct, and cleavage occurs as 
the embryo moves toward the uterus. The morula becomes the 
blastocyst before implanting in the endometrium of the uterus. Organ 
development begins with neural tube and heart formation. There 
follows a steady progression of organ formation during embryonic 
development. During fetal development, refinement of organ systems 
occurs, and the fetus adds weight.

understanding the terms
allantois  787
amnion  787
apoptosis  782
blastocoel  779
blastocyst  788
blastopore  780
blastula  779
cellular differentiation  782
chorion  787
chorionic villus  790

We have come full circle. We began our study 
of biology by considering the structure of the 
cell and its genetic machinery, including how the 
expression of genes is regulated. In this chapter, 
we have observed that animals go through the 
same early embryonic stages of morula, blas-
tula, gastrula, and so forth. The set sequence of 
these stages is due to the expression of genes 
that bring about cellular changes. Therefore, 
once again, we are called upon to study organ-
isms at the cellular level of organization.
 We have seen that hormones are signals 
that affect cellular metabolism. Like gibberellins 
in plants, steroid hormones in animals turn on 
the expression of genes. When a steroid hor-
mone binds to a specific hormone receptor, a 

gene is transcribed, and then translation pro-
duces the corresponding protein. This same 
type of signal transduction pathway occurs 
during development. Transduction means 
that the signal has been transformed into an 
event that has an effect on the organism.
 A set sequence of signaling molecules 
is produced as development occurs. Each 
new signal in the sequence turns on a 
specific gene, or more likely, a sequence 
of genes. Gene expression cascades are 
common during development. Homeotic 
genes are arranged in sets on the chromo-
somes, and a protein product from one set 
of genes acts as a transcription factor to 
turn on another set, and so forth. During 

the development of flies, it is possible to 
observe that first one region of a chromo-
some and then another puffs out, indicat-
ing that genes are transcribed in sequence 
as development occurs.
 Developmental biology is now mak-
ing a significant contribution to the field 
of evolution. Homeotic genes with the 
same homeo boxes (sequence of about 
180 base pairs) have been discovered in 
many different types of organisms. This 
suggests that homeotic genes arose early 
in the history of life, and mutations in 
these genes could possibly account for 
macroevolution—the appearance of new 
species or even higher taxons.

Connecting the Concepts

cleavage  779
ectoderm  780
embryo  779
embryonic disk  789
embryonic period  787
endoderm  780
extraembryonic 

membrane  787
fate map  784
fertilization  778
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gastrula  780
gastrulation  780
germ layer  780
gray crescent  783
homeobox  785
homeodomain  786
homeotic genes  785
human chorionic gonadotropin

 (HCG)  789
implantation  787
induction  783
maternal determinant  782
mesoderm  780
morphogen  785

a. cleavage d. gastrula
b. blastula  e. neurula
c. morula

 2. Which of these stages is mismatched?
a. cleavage—cell division
b. blastula—gut formation
c. gastrula—three germ layers
d. neurula—nervous system
e. Both b and c are mismatched.

 3. A cell that is capable of giving rise to a complete organism is said 
to be
a. totipotent. d. differentiated.
b. homeotic. e. induced.
c. ectodermal. 

 4. Morphogenesis is associated with
a. protein gradients. d. homeotic genes.
b. induction. e. All of these are correct.
c. transcription factors.

 5. In humans, the placenta develops from the chorion. This 
indicates that human development
a. resembles that of the chick.
b. is dependent on extraembryonic membranes.
c. cannot be compared to that of lower animals.
d. begins only upon implantation.
e. Both a and b are correct.

 6. In humans, the fetus
a. is surrounded by four extraembryonic membranes.
b. has developed organs and is recognizably human.
c. is dependent on the placenta for excretion of wastes and 

acquisition of nutrients.
d. is embedded in the endometrium of the uterus.
e. Both b and c are correct.

 7. Developmental changes
a. require growth, differentiation, and morphogenesis.
b. stop occurring when one is grown.
c. are dependent on a parceling out of genes into daughter cells.
d. are dependent on activation of master genes in an orderly 

sequence.
e. Both a and d are correct.

 8. Which of these pairs is mismatched?
a. brain—ectoderm d. lens—endoderm
b. gut—endoderm e. heart—mesoderm
c. bone—mesoderm

 9. Label this diagram illustrating the placement of the 
extraembryonic membranes, 
and give a function for 
each membrane in 
humans.

morphogenesis  782
morula  779
neural plate  781
neural tube  781
neurula  781
notochord  781
pattern formation  782
placenta  791
totipotent  782
trophoblast  788
umbilical cord  790
yolk  779
yolk sac  787

Match the terms to these definitions:
a.  Ability of a chemical or a tissue to influence the 

development of another tissue.
b.  Primary tissue layer of a vertebrate embryo—

namely, ectoderm, mesoderm, or endoderm.
c.  Extraembryonic membrane of birds, reptiles, 

and mammals that forms an enclosing, fluid-filled sac.
d.  A 180-nucleotide sequence located in nearly all 

homeotic genes.
e.  Stage of early animal development during 

which the germ layers form, at least in part, by invagination.

reviewing this chapter
 1. Describe the events of fertilization that (a) allow the sperm 

to reach the plasma membrane of the secondary oocyte, (b) 
prevent polyspermy, and (c) result in a diploid zygote.  778–79

 2. What happens during the cellular stages, the tissue stages, and 
the organ stages of early development in animals?  779–81

 3. What are the germ layers, and which organs are derived from 
each of the germ layers?  780

 4. Draw a cross section of a typical vertebrate embryo at the 
neurula stage, and label your drawing.  781

 5. Describe two mechanisms that are known to be involved in the 
processes of cellular differentiation.  782–84

 6. Describe an experiment performed by Spemann suggesting that 
the notochord induces formation of the neural tube. Give another 
well-known example of induction between tissues.  783–84

 7.  With regard to C. elegans, what is a fate map? How does 
induction occur?  784

 8.  With regard to Drosophila, what is a morphogen gradient, 
and what does such a gradient do to bring about 
morphogenesis?  784–85

 9. What is the function of homeotic genes, and what is the 
significance of the homeobox within these genes?  785–86

 10. List the human extraembryonic membranes, give a function for 
each, and compare their functions to those in the chick.  787

 11. Tell where fertilization, cleavage, the morula stage, and the 
blastocyst stage occur in humans. What happens to the embryo 
in the uterus?  788–90

 12. Describe the structure and the function of the placenta in 
humans.  791

 13. List and describe the stages of birth.  794

testing yourself
Choose the best answer for each question.
 1. Which of these stages is the first one out of sequence?

mad2543X_ch42_777-797.indd   796mad2543X_ch42_777-797.indd   796 11/24/08   10:19:09 AM11/24/08   10:19:09 AM

www.ebook3000.com

http://www.ebook3000.org


CHAPTER 42   ANIMAL DEVELOPMENT 797

For questions 10–13, match the statement with the terms in the key.

KEY: 

a. apoptosis d. morphogen gradients
b. homeotic genes e. segment-polarity genes
c. fate maps

 10. have been developed that show the destiny of each cell that 
arises through cell division during the development of C. elegans

 11. occurs when a cell-death cascade is activated
 12. can have a range of effects, depending on its concentration in a 

particular portion of the embryo
 13. genes that control pattern formation, the organization of 

differentiated cells into specific three-dimensional structures
 14. The ability of one embryonic tissue to influence the growth and 

development of another tissue is termed
a. morphogenesis. d. cellular differentiation.
b. pattern formation.  e. induction.
c. apoptosis.

 15. Which hormone is administered to begin the process of birth?
a. estrogen d. testosterone 
b. oxytocin e. Both b and d are correct.
c. prolactin

 16. Only one sperm enters and fertilizes a human ovum because
a. sperm have an acrosome.
b. the corona radiata gets larger.
c. the zona pellucida lifts up.
d. the plasma membrane hardens.
e. All of these are correct.

 17. Which is a correct sequence in humans that ends with the stage 
that implants?
a. morula, blastocyst, embryonic disk, gastrula
b. ovulation, fertilization, cleavage, morula, early blastocyst
c. embryonic disk, gastrula, primitive streak, neurula 
d. primitive streak, neurula, extraembryonic membranes, 

chorion 
e. cleavage, neurula, early blastocyst, morula

thinking scientifically
 1. A mutant gene is known to disrupt the earliest stages of 

development in sea urchins. Individuals with two copies of the 
mutant gene seem to develop normally. However, when normal 
males are crossed with mutant (normal-appearing) females, 
none of the offspring develop at all. How could this pattern of 
expression be explained?

 2. Drosophila belongs to the insect order Diptera, in which one 
pair of wings is the norm. In Drosophila, Ubx mutation converts 
the halteres into an extra pair of wings located posterior to the 
normal pair (see Figure 42.10a). Butterflies belong to the order 
Lepidoptera in which two pairs of wings is normal. The ancestor 
of both flies and butterflies is thought to have possessed two pairs 
of wings. However, in butterflies, mutations in Ubx have been 
found to alter pigmentation, spot pattern, and scale morphology 
in the hindwings, but not the number of wing pairs. What does 
this tell us about the role of Ubx in insect wing development?  

bioethical issue
Human Embryonic Stem Cell Research

Human embryonic stem cell lines (also called ES cell lines) are 
obtained by removing the inner cell mass from a blastocyst and 
growing the cells in a petri dish. The cells are valued by researchers 
because they are pluripotent, meaning they have the potential to 
differentiate into a wide range of different types of cells if properly 
stimulated. At this time, the federal government funds research on 
ES cell lines that were started before 2001, obtained from extra 
embryos left over from in vitro fertilization (IVF), and voluntarily 
donated for scientific study. However, funding may be obtained 
from certain state or private sources, and researchers overseas are 
not subject to U.S. regulations.
 Advocates of ES cell research say that such cells could be used 
to develop cures for conditions such as Parkinson disease, diabetes, 
heart disease, Alzheimer disease, cystic fibrosis, and spinal cord inju-
ries. In addition, ES cells could be studied to help scientists under-
stand the basic processes of human development and used to test 
new drugs.    
 ES cell research opponents say that it should be restricted 
because it requires the destruction of human life. Many believe that 
embryos, even those so early in development, should be considered 
human beings. If so, then producing an excess of them for IVF and 
then discarding them would be wrong. It might also be wrong to ben-
efit from their destruction.  
 Stem cells may be obtained from other sources besides 
 embryos. Some, known as embryonic germ cells, are harvested 
from aborted or miscarried fetuses, but this source is subject to 
the same sort of controversy as ES cells. Research using stem cells 
taken from the umbilical cord and placenta has yielded some very 
promising results; adult tissues such as bone marrow and parts of 
the brain are other stem cell sources. And as discussed on page 
160, genetically modified fibroblasts can serve as stem cells. In fact, 
some of these nonembryonic cells have already been used to treat 
medical conditions, including blood disorders, spinal cord injury, and 
heart attack damage. Such stem cells are obtained without the use 
of embryos or fetuses. However, they appear to be more limited in 
their ability to differentiate than ES cells. 
 Should ES cell research continue to be permitted? If so, should 
it be supported by government funding? Do the origins of the ES cell 
lines make a difference? These are all decisions that have been faced 
by voters in recent years and will certainly continue to generate vigor-
ous debate.

Biology website
The companion website for Biology provides a wealth of 
information organized and integrated by chapter. You will find 
practice tests, animations, videos, and much more that will 
complement your learning and understanding of general biology.

http://www.mhhe.com/maderbiology10
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Behavior and Ecology
ost everyone is instinctively drawn to the study of ecology. It is the science that 

describes how the environment works, our place in the great scheme of things, 

and what we can do to improve environmental conditions for ourselves and all organisms 

on planet Earth. 

Ecology is defined as the study of interactions among organisms and the physical 

environment, but this definition doesn’t give a hint as to the importance of understanding 

these relationships. Ecologists have two statements that can help: “Everything is affected 

by everything else” and “There is no free lunch.” For example, when tall smokestacks 

were constructed in the Midwest, the pollutants didn’t go away, they caused acid rain in 

the Northeast. As is so often the case, the only way to solve an ecological problem is to 

stop the behavior that caused the problem. There is no getting around the problem, and it 

must be dealt with head-on. 

Ecology describes the biosphere (the portions of the sea, land, and air that contain living 

things), but today ecology is also an experimental science. Ecologists use the scientific 

process to determine how ecosystems function and how they will respond to our 

manipulations. It is a goal of conservation biology, an active field of current research, to 

help preserve species and manage ecosystems for sustainable human welfare. 

                                       43 Behavioral Ecology  799

                                         44 Population Ecology  819

                                            45 Community and Ecosystem Ecology  839

                                                 46 Major Ecosystems of the Biosphere  865

                                               47 Conservation of Biodiversity  889
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43.1  INHERITANCE INFLUENCES 
BEHAVIOR

■ Various studies show that behavior has a 
genetic basis.  800–802

■ The nervous and endocrine systems 
have immediate control over 
behaviors.  801–2

43.2  THE ENVIRONMENT 
INFLUENCES BEHAVIOR

■ Behavior is infl uenced by learning.  
802–3

■ Imprinting and associative learning have 
been studied in particular, but there are 
various other types of learning.  803–5

43.3 ANIMAL COMMUNICATION   
■ Chemical, auditory, visual, and tactile 

signals are forms of communication that 
foster cooperation that benefits both the 
sender and the receiver.  807–9

43.4  BEHAVIORS THAT INCREASE 
FITNESS

■ Behavior evolves in the same manner 
as other traits, therefore we can expect 
behavioral patterns to be adaptive.  810

■ Sexual selection leads to adaptive changes 
that increase the ability of either sex to 
secure a mate.  811

■ Group living includes altruistic behavior 
that is actually self-serving.  814–15

c o n c e p t s

43

 799

Behavioral Ecology

aked mole rats spend almost their entire lives underground and are extremely 

social in the same manner as ants, which also have underground chambers. Like 

the ants, mole rats have a rigid social hierarchy. At the top is the queen, the only female 

who reproduces. At the bottom are workers of both sexes, who do not reproduce, but 

instead work tirelessly to excavate long intricate tunnels and to help the queen reproduce. 

Behaviorists ask: Why are mole rats social? And they can give a two-part answer. Mole 

rats have to dig underground tunnels in order to obtain the roots and tubers that they rely 

on for food and moisture. Without efficient tunnel digging, a mole rat can’t survive, and it 

takes several mole rats working together to efficiently dig a tunnel. The other answer has to 

do with their common genes. The queen keeps a harem of very closely related males with 

whom she mates. The result of this inbreeding is that all members of the colony share about 

80% of the same genes. Members of the group largely see to the propagation of their own 

genes when they help the queen reproduce. Behavioral ecology, as discussed in this chapter, is 

dedicated to the principle that natural selection shapes behavior just as it does the anatomy 

and physiology of an animal.

Among naked mole rats, Heterocephalus glaber, workers help the queen reproduce. 
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a. Fischer lovebird with nesting material in its beak. 

b. Peach-faced lovebird with nesting material in its rump feathers.
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43.1  Inheritance Influences 
Behavior 

Behavior encompasses any action that can be ob-
served and described. Figure 1.15 described the 
aggressive behavior of mountain bluebirds to-
ward other males during mating. An investigator 
was able to center in on this behavior, observe it, 
and record it objectively. In the same manner, we 
wish to pose the question if anatomy determines 
the behavior a bluebird or any type animal is capable 
of performing. 
 The nature versus nurture question asks to what extent 
both our genes (nature) and environmental influences (nur-
ture) affect behavior. We would expect that genes, which 
control the development of neural and hormonal mecha-
nisms, also influence the behavior of an animal. The results 
of experiments done to discover the degree to which genet-
ics controls behavior support the hypothesis that most be-
haviors have, at least in part, a genetic basis. 

Experiments That Suggest Behavior Has 
a Genetic Basis 
Among the many behavior studies, we will study two that 
suggest that behavior has a genetic basis. The first one con-
cerns lovebirds. Lovebirds are small, green and pink Af-
rican parrots that nest in tree hollows. There are 
several closely related species of lovebirds in 
the genus Agapornis that build their nests dif-
ferently. Fischer lovebirds cut large leaves 
(or in the laboratory, pieces of paper) into 
long strips with their bills. They use their 
bills to carry the strips (Fig. 43.1a) to the 
nest, where they weave them in with others 
to make a deep cup. Peach-faced lovebirds 
cut somewhat shorter strips and they carry 
them to the nest in a very unusual manner. They 
pick up the strips in their bills and then insert them 
into their feathers (Fig. 43.1b). In this way, they can carry 
several of these short strips with each trip to the nest, while 
Fischer lovebirds can carry only one of the longer strips at 
a time.
 Researchers hypothesized that if the behavior for 
obtaining and carrying nesting material is inherited, then 
hybrids might show intermediate behavior. When the two 
 species of birds were mated, it was observed that the hybrid 
birds have difficulty carrying nesting materials. They cut 
strips of intermediate length and then attempt to tuck the 
strips into their rump feathers. They do not push the strips 
far enough into the feathers, however, and when they walk 
or fly, the strips always come out. Hybrid birds eventually 
(about three years in this study) learn to carry the cut strips 
in their beak, but they still briefly turn their head toward 
their rump before flying off. These studies support the hy-
pothesis that behavior has a genetic basis.

FIGURE 43.1 Nest building behavior in lovebirds.

a. Fischer lovebirds, Agapornis fischeri, carry strips of nesting material in the bill, as 
do most other birds. b. Peach-faced lovebirds, Agapornis roseicollis, tuck strips of 
nesting material into their rump feathers before flying back to the nest.
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Inland garter snake does not eat slugs.

Coastal garter snake eats slugs.

inland
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 Several experiments using the garter snake to determine 
if food preference has a genetic basis have been conducted. 
There are two different types of garter snake populations in 
California. Inland populations are aquatic and commonly 
feed underwater on frogs and fish. Coastal populations are 
terrestrial and feed mainly on slugs. In the laboratory, in-
land adult snakes refused to eat slugs, while coastal snakes 
readily did so. The experimental results of matings between 
snakes from the two populations (inland and coastal) show 
their newborns have an overall intermediate incidence of 
slug acceptance.
 Differences between slug acceptors and slug rejecters 
appear to be inherited, but what physiological difference is 
there between the two populations? A clever experiment an-
swered this question. When snakes eat, their tongues carry 
chemicals to an odor receptor in the roof of the mouth. They 
use tongue flicks to recognize their prey. Even newborns 
will flick their tongues at cotton swabs dipped in fluids of 
their prey. Swabs were dipped in slug extract, and the num-
ber of tongue flicks were counted for newborn  inland snakes 
and coastal snakes. Coastal snakes had a higher number of 
tongue flicks than inland snakes (Fig. 43.2). Apparently, in-
land snakes do not eat slugs because they are not sensitive 
to their smell. A genetic difference between the two popula-
tions of snakes results in a physiological difference in their 
nervous systems. Although hybrids showed a great deal of 
variation in the number of tongue flicks, they were generally 
intermediate, as predicted by the genetic hypothesis.

Experiments with Humans
Human twins, on occasion, have been separated at birth and 
raised under different environmental conditions. Studies of 
such twins show that they have similar food preferences, 
 activity patterns, and even select mates with similar charac-
teristics. These twin studies lend support to the hypothesis 
that at least certain types of behavior are primarily influ-
enced by nature (i.e., the genes).

Experiments That Show Behavior Has 
a Genetic Basis
The nervous and endocrine systems are both responsible 
for the coordination of body systems. Is the endocrine sys-
tem also involved in behavior? Research studies answer this 
question in the affirmative. For example, the egg-laying be-
havior in the marine snail Aplysia involves a set sequence 
of movements. Following copulation, the animal extrudes 
long strings of more than a million egg cases. It takes the 
egg case string in its mouth, covers it with mucus, waves 
its head back and forth to wind the string into an irregular 
mass, and attaches the mass to a solid object, such as a rock. 
Several years ago, scientists isolated and analyzed an egg-
laying hormone (ELH) that causes the snail to lay eggs, even 
if it has not mated. ELH was found to be a small protein 
of 36 amino acids that diffuses into the circulatory system 
and excites the smooth muscle cells of the reproductive duct, 
causing them to contract and expel the egg string. Using 

FIGURE 43.2 Feeding behavior in garter snakes.

The number of tongue flicks by inland and coastal garter snakes, Thamnophis elegans, is measured in terms of their response to slug extract on cotton swabs. Coastal 
snakes tongue-flicked more than inland snakes.
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 recombinant DNA techniques, the investigators isolated 
the ELH gene. The gene’s product turned out to be a pro-
tein with 271 amino acids. The protein can be cleaved into 
as many as 11 possible products, and ELH is one of these. 
ELH alone, or in conjunction with these other products, is 
thought to control all the components of egg-laying behav-
ior in Aplysia.
 In another study, investigators found that maternal 
behavior in mice was dependent on the presence of a gene 
called fosB. Normally, when mothers first inspect their new-
born, various sensory information from their eyes, ears, 
nose, and touch receptors travel to the hypothalamus. This 
incoming information causes fosB alleles to be activated, 
and a particular protein is produced. The protein begins a 
process during which cellular enzymes and other genes are 

activated. The end result is a change in the neural circuitry 
within the hypothalamus, which manifests itself in good 
maternal behavior. Mice that lack good maternal behavior 
also lack fosB alleles, and the hypothalamus fails to make 
any of the products, nor activate any of the enzymes, and 
other genes that lead to good maternal behavior (Fig. 43.3). 

Check Your Progress 43.1

 1. Describe two studies that suggest behavior has a 
genetic basis.

 2. Describe two studies that show in more detail how 
behavior has a genetic bases. 

43.2  The Environment 
Influences Behavior

Even though genetic inheritance serves as a basis for be-
havior, it is possible that environmental influences (nur-
ture) also affect behavior. 
For example, behaviorists 
originally believed that 
some behaviors were fixed 
action patterns (FAP) elic-
ited by a sign stimulus. For 
example, male stickleback 
fish aggressively defend 
a territory against other 
males. In laboratory stud-
ies, the male reacts more aggressively to any model that has 
a red belly like he has, rather than to a model that otherwise 
looks like a stickleback fish. In this instance, the color red is 
called a sign stimulus for the aggressive behavior. 
 Investigators discovered, however, that many behav-
iors, formerly thought to be FAPs, improve with practice, for 
example, by learning. In this context, learning is  defined as 
a durable change in behavior brought about by experience. 
For example, habituation is a form of learning because, with 
experience, an animal no longer responds to a particular 
stimuli. Deer grazing on the side of a busy highway, ignor-
ing traffic, is an example of habituation.

Instinct and Learning
Laughing gull chicks’ begging behavior appears to be a FAP, 
because it is always performed the same way in response 
to the parent’s red bill (the sign stimulus). A chick directs 
a pecking motion toward the parent’s bill, grasps it, and 
strokes it downward (Fig. 43.4). Parents can bring about the 
begging behavior by swinging their bill gently from side 
to side. After the chick responds, the parent regurgitates 
food onto the floor of the nest. If need be, the parent then 
 encourages the chick to eat. This interaction between the 
chicks and their parents suggests that the begging  behavior 

FIGURE 43.3 Maternal care in mice.

a. A mouse with fosB alleles spends time retrieving and crouching over its young, 
whereas mice that lack these alleles do not display these maternal behaviors. 
b. This mouse shows good maternal care by retrieving her young and crouching 
over them. c. This mouse does not retrieve her young and does not crouch over 
them. 
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