Chapter 46

ANIMAL REPRODUCTION
REPRODUCTION IN THE ANIMAL KINGDOM

Sexual and asexual reproduction occurs in the animal kingdom.

In asexual reproduction a single parent produces an offspring that is genetically identical to the parent.

In sexual reproduction there is a fusion of gametes (fertilization) to form a zygote. A different parent provides each gamete.

· The female gamete is called the ovum.

· The male gamete is called the spermatozoon (spermatozoid, sperm).
Mechanisms of Asexual Reproduction
Sponges and cnidarians reproduce by budding. A bud is an outgrowth that develops and separates from the parent organism to form a new individual.

Sponges form a gemmule. A group of cells of several types bunch together and become surrounded by a protective coat before being released into the water.

Some echinoderms reproduce by fragmentation. Regeneration is the regrowth of body parts that restores the fragments to a complete individual.

Asexual reproduction allows organisms living in isolation to reproduce.

Reproductive Cycles and Patterns

Most animal exhibit cycles in reproductive activity often related to changing seasons. 
The period of sexual receptivity by the female mammals excluding humans is called estrus.
Reproductive cycles are controlled by a combination of hormonal and environmental cues.

· Temperature, day length, rainfall and lunar cycles.

The periodic nature of reproduction ensures that offspring are born when conditions are most favorable for survival, and allows the mother to conserve resources. 
In parthenogenesis the unfertilized egg develops into a new individual.

Parthenogenesis occurs in some insects, mollusks, and some reptiles and fishes.

· In ants, honeybees and other insects, males are produced by parthenogenesis; but females develop from fertilized eggs produced through sexual reproduction.

The diploid stage is restored by the doubling of chromosomes after meiosis to create a diploid zygote. 

Hermaphrodite animals have both male and female reproductive systems.

Some are capable of self-fertilization, but in many cases they mate with other individual and exchange sperms.

Sex reversal occurs is some species of fish. This is called sequential hermaphroditism. 

In some species, the sequential hermaphrodite is protogynous, female first, while other species are protandrous, male first. 

In some species sex reversal is associated with age and size. 

· Caribbean wrasses are protogynous in which all animals are female except the largest and oldest which changes from female to male. 

· Some species of oysters are protandrous. The larger females produce larger number of eggs. 

MECHANISMS OF INTERNAL FERTILIZATION

It is the most common type of animal reproduction.

· In external fertilization gametes are released into the water and meet outside the body.

· In internal fertilization, the sperms are delivered into the body of the female.

Timing is crucial in external fertilization.

Many fishes and amphibians that use external fertilization exhibit specific mating behaviors in which one male fertilizes the eggs of one female.

Courtship behavior triggers the release of gametes at the same time:

· Increases the probability of fertilization.

· The choice of mate may be selective.

Environmental cues like temperature or day length may cause all the individuals in a population to release the gametes at the same time.

Chemical signals from one individual releasing gametes may trigger others to do the same.

Pheromones are small, volatile or water-soluble molecules that disperse easily into the environment and, like hormones, are active in minute amounts. 

Many pheromones act as mate attractants. 

Species with internal fertilization usually produce fewer zygotes but provide more parental protection than species with external fertilization. 

Ensuring the Survival of the Offspring

Species with external fertilization usually produce enormous numbers of zygotes, but the proportion that survives and develops further is often quite small. 

Birds, reptiles and monotremes have amniote eggs with calcium and protein shells that resist water loss and physical damage.

The eggs of fishes and amphibians have a gelatinous coat. 

Marsupial and placental mammals retain the embryo within the reproductive tract of the female. 
Gamete Production and Delivery

Polychaete worms do not have gonads, organs that produce gametes. Their gametes develop from undifferentiated cells lining the coelom. 

Complex reproductive systems have evolved in many animal phyla.

The most complex systems have many tubes and glands that carry and protect the zygotes.

The reproductive systems of parasitic flatworms are among the most complex in the animal kingdom. 

Most insects have separate sexes. 

· Males store their sperms in seminal vesicles.

· Females have spermatheca, a sac in which sperm may be stored for a year or more. 

In many non-mammalian vertebrates, the digestive, excretory and reproductive systems have a common opening to the outside, the cloaca. 
Mammals have separate openings for the digestive tract and most female mammals have separate opening for the excretory and reproductive systems.
The uterus of many vertebrates is divided into two chambers, but in mammals that produce few offspring, birds and many snakes, the uterus is a single structure. 
Male reproductive systems differ mainly in the copulatory organ.

Many non-mammalian vertebrates do not have a well-developed penis and simply turn the cloaca inside out to ejaculate. 

MAMMALIAN REPRODUCTION

Human reproduction involves anatomy and behavior.

HUMAN FEMALE

The female produces ova, incubates the embryo, gives birth, and produces milk for the young after birth.

The internal reproductive organs are: 

· Ovaries produce gametes and sex hormones.

· The oviduct (fallopian tube, uterine duct) transports the secondary oocyte.

· Oviducts open into the uterus, which is lined with a mucous membrane, the endometrium.

· The lower portion of the uterus, the cervix, projects into the vagina.

· The vagina is an elastic muscular organ that receives the penis and sperm.

The external genitalia are called collectively the vulva.

· It consists of the labia majora, labia minora, clitoris and mons pubis.

· The opening of the vagina is separate from the opening of the urethra. Both ducts open into the vestibule, which is bordered by the folds of the labia minora.
· The hymen is a thin membrane that forms a ring around the opening of the vagina.

The ovaries lie in the abdominal cavity and are attached by the mesenteries to the uterus.

Each ovary is covered with tough connective tissue and contains many follicles.

A follicle consists of the primary oocyte (egg) and the cells surrounding it.

All female gametes originate during embryonic development.

By the time of birth they are in prophase of the first meiotic division. At this point they enter a resting stage that lasts through childhood and into adult life.

Usually one egg is released every menstrual cycle.

During ovulation the secondary oocyte is ejected through the wall of the ovary into the pelvic cavity.

The follicle then becomes the corpus luteum, a temporary endocrine gland that secretes estrogens and progesterone.

The egg is released into the abdominal cavity.

The oviduct has a funnel-like opening with cilia on the inner epithelium lining the duct. The beating of the cilia collects the egg by drawing fluid from the abdominal cavity.

The cilia bring the egg down to fallopian tubes and to the uterus or womb.

During sexual arousal the clitoris, vagina and labia minora engorge with blood and enlarge.

The clitoris is made of small shaft, a head or glans, and a skin covering the glans, the prepuce.

The clitoris consists mostly of erectile tissue. It is richly supplied with nerve endings

Bartholin's glands are located near the vagina opening. They secrete mucus into the vestibule during sexual arousal to lubricate and facilitate coitus.

Mammary glands are present in both males and females.

Within the glands, small sacs of epithelial tissue secrete milk, which drain into a series of ducts opening at the nipple.

Breasts function in lactation, the production and secretion of milk

After giving birth, the hormone prolactin stimulates milk production.

Breasts are made mostly of fatty tissues in non-lactating mammals.

Small levels of estrogens in males prevent the development of breasts. 

Mammary glands are not part of the reproductive system but are important in reproduction.
HUMAN MALE

Sperms are produced in the testes through a process called spermatogenesis.

Spermatogenesis occurs in the seminiferous tubules of the testes.

The Leydig cells scattered between the seminiferous tubules produce testosterone and other androgens. 

Testes develop inside the body of fetus and descend into the scrotum two months before birth.

Sperms cannot develop at body temperature.

The testes are kept in the scrotum, which maintains a temperature of about two degrees below body temperature in the abdominal cavity.

The scrotum is connected to the pelvic cavity by the inguinal canal.

Some animals like whales, elephants and monotremes whose body temperature is low enough, retain their testes inside their body cavity permanently. 

A series of ducts transport the sperm.
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ACCESSORY GLANDS

Accessory glands produce the fluid portion of the semen.

The normal ejaculate is about 3.5 ml of semen containing some 400 million sperms.

There are three sets of accessory glands.

1. Seminal vesicles secrete a nutritive fluid rich in fructose and prostaglandins. It makes about 60% of the ejaculate.

· Prostaglandins stimulate contractions of the uterus that help propel the sperms deeper into the reproductive tract.

2. The prostate gland secretes an alkaline fluid containing prostaglandins, which neutralizes the acidic medium in the vagina and increases sperm motility. It accounts for about 30% of the ejaculate.

3. The bulbourethral glands, located on each side of the urethra, secrete mucus that lubricates the penis.

A man usually ejaculates 2-5 ml of semen, and each milliliter may contain 50-130 million sperm.

A major cause of male infertility is insufficient sperm production.

· A man with less than 35 million sperm/ml is considered sterile.

Prostaglandins in the semen cause thinning of the mucus at the opening of the uterus and stimulate contractions of the uterine muscle, which help move the semen up the uterus. 

The alkalinity of the semen helps neutralize the acidic environment of the vagina

When first ejaculated, the semen coagulates, making it easier for uterine contractions to move it along; the anticoagulants liquefy the semen, and the sperm begin swimming through the female tract. 

Penis consists of three columns of erectile tissue called cavernous bodies.

The erectile tissue is derived from modified blood veins and capillaries.

This tissue becomes engorged with blood from arteries.

The pressure of the filling erectile tissue closes the veins that drain the penis and it grows erect.

New drugs like Viagra promote the action of the local regulator nitric oxide, NO, enhancing relaxation of the smooth muscles in the blood vessels of the penis, and allows blood to enter the penis and cause the erection.

Some animals like raccoons, rodents, and walruses have a baculum, a bone that is contained in the penis and helps stiffen it. 

The main shaft of the penis is covered by relatively thick skin.

The head or glans penis has a much thinner covering and is consequently more sensitive to stimulation

The human glans is covered by a fold of skin called the foreskin or prepuce.

The prepuce may be removed during circumcision. 

Circumcision has no verifiable basis for health and hygiene. 

THE SEXUAL RESPONSE

During copulation or coitus, the male deposits the semen into the upper end of the vagina near the cervix.

Vasocongestion and increase muscle tension, myotonia, are physiological responses to sexual stimulation.

· The four phases are excitement, plateau, orgasm and resolution.

In both sexes...

· During the excitement phase, the penis and clitoris become erect; the testes, labia and breast enlarge; the vagina lubricates, all in preparation for intercourse.

· Myotonia may cause erection of the nipples and tension in the muscles of the legs and arms.

· The plateau phase continues these responses.

In the female...

· The outer third of the vagina becomes vasocongested, and the inner two-thirds become slightly expanded.

· The uterus becomes elevated.

· These changes cause a depression at the back of the vagina that receives the semen.

· Heart rate may increase to up to 150 beats per minute, and blood pressure rises and more than doubles during orgasm.

· This response is triggered by the involuntary nervous system.

Orgasm is characterized by rhythmic, involuntary contractions of the reproductive structures in both sexes. 

Male orgasm has two stages: 

· Emission is the contraction of the glands and ducts of the reproductive tract, which forces semen into the urethra.

· Expulsion or ejaculation occurs when urethra contracts and the semen is ejected.

During the female orgasm, the uterus and the outer vagina contract, but the inner two-thirds of the vagina do not.

Orgasm usually lasts only a few seconds.

In both sexes contractions occur at about 0.8 second intervals, and may involve contractions of the anal sphincter and several abdominal muscles. 

The responses of the earlier stages are reversed during the resolution phase. 

The initial loss of the erection is rapid in both sexes, but the return of the organs to their non-aroused size may take as long as an hour. 

OOGENESIS AND SPERMATOGENESIS 

Oogenesis is the process of ovum production.

In developing female embryo, oogonia, the stem cells that give rise to ova, multiply and then begin meiosis, but the process stops at prophase I. The cell at this stage is called primary oocyte.

At birth, an ovary already contains all the primary oocytes it will ever have.

Primary oocytes remain inactive until puberty.

At puberty, one follicle develops every month in response to FSH from the anterior pituitary.

The maturing follicle completes its first meiotic division and produces a polar body and a secondary oocyte.

· The secondary oocyte continues into the second phase of meiosis but remains in metaphase until it is fertilized.

· Polar bodies are small and may or may not divide, eventually disintegrating.
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As the oocyte matures it becomes separated from the surrounding follicle cells by a layer of glycoproteins called the zona pellucida.

Fluid collects in the antrum or space between the zona pellucida and the wall of the follicle. 

Follicle cells also secrete estrogens, female sex hormones.

As the follicle matures, it moves closer to the surface of the ovary, eventually forming a bulge on the ovary surface.

Penetration of the egg by the sperm causes the secondary oocyte to complete meiosis. 

Cytokinesis is unequal in oogenesis.

Oogenesis has long resting periods. Spermatogenesis does not.

Spermatogenesis is the production of mature sperm

An adult human male may release between 100 and 650 million sperm in each ejaculation.

Males can ejaculate daily with little loss of fertilizing capacity. 

It begins with the undifferentiated stem cells, spermatogonia, in the outer walls of the seminiferous tubules.

Spermatogonia divide by mitosis to produce more spermatogonia.

Some enlarge and become primary spermatocytes and undergo meiosis. The developing sperm cells move gradually towards the lumen of the tubule.

Spermatogonium (2N) ( primary spermatocyte (2N) ( two secondary spermatocytes (N) ( four spermatids (N) ( four sperms (N).

Each sperm consists of a head, neck, midpiece, and a flagellum.

The head contains the haploid nucleus and a cap or acrosome.

· The acrosome helps the sperm penetrate the egg.

The midpiece or neck of the human sperm contains one mitochondrion. Some species have several mitochondria.

During its development, the sperm cytoplasm is discarded and phagocytized by the Sertoli cells of the tubules.

Mammalian sperms vary in shape from species to specie, e. g. comma shaped, oval like in humans, or nearly spherical.

HORMONAL CONTROL IN THE FEMALE.

In the female, the pattern of hormonal secretion and reproductive events are cyclic.

Two different cycles occur in female mammals:

1. Humans and many primates have menstrual cycles.

2. Other mammals have estrous cycles. 

Ovulation occurs at a moment in the cycle when the endometrium has thickened and become rich with blood vessels.

On difference in both cycles is the shedding of the endometrium in the menstrual cycle. This is called menstruation.

In the estrous cycle, the endometrium is reabsorbed by the uterus.

The estrous cycle involves pronounced behavioral changes, and is strongly influenced by seasons and climate.

The menstrual cycle does not exhibit pronounced changes in behavior.

Most mammals copulate only during the days surrounding ovulation. This period of sexual activity is called estrus, the only time vaginal changes allow mating.

The frequency of the cycles varies from species to species:

· Human cycle averages 28 days, but it could last between 20 and 40 days.

· Rat estrous cycle occurs every 5 days;

· Bears and dogs, once a year.

· Elephants several times per year.

MENSTRUAL CYCLE

See figure 46.13, page 976.
THE OVARIAN CYCLE.

Preovulatory or follicular phase - 13 days

Begins with the first day of menstrual bleeding.

Gonadotropin-releasing hormone, GnRH, from the hypothalamus stimulates the anterior pituitary to release FSH and LH.

Follicles are stimulated to develop, and develops internal fluids and grows very large, forming a bulge near the surface of the ovary. 

The primary oocyte enters meiosis, which stops at metaphase II. 

Developing follicles secrete estrogens. A low level of estrogens inhibits the production of FSH and LH.

A rapid rise in the estrogen level occurs when the developing follicle increases secretion.

Estrogens stimulate the growth of the endometrium and the production of more estrogens (autocrine regulation).

Rise of estrogens signal the pituitary to increase the level of LH, a surge necessary for the final maturation of the follicle and ovulation.

Ovulation - 1 day   Occurs on the fourteenth day of the cycle.

The wall of the ovary ruptures and releases the secondary oocyte into the abdominal cavity.

The follicular remains become the corpus luteum, a temporary endocrine gland.

Postovulatory or luteal phase - 14 days

LH stimulates the development of the corpus luteum, which secretes estrogens and large amounts of progesterone for about two weeks.

The corpus luteum reaches its maximum development about 8 to 10 days after ovulation.

Progesterone stimulates glands in the endometrium to secrete a nutritive fluid

Estrogens stimulate the production of GnRH, FSH and LH in the preovulatory phase but inhibit their production in the postovulatory phase, a negative feedback mechanism.

This different effect may be due to a change in the sensitivity of the hypothalamus to these hormones.

If the secondary oocyte is not fertilized, the corpus luteum degenerates after two weeks and ceases to produce progesterone.

Lack of progesterone brings about menstruation.

With the degeneration of the corpus luteum and drop in progesterone concentration, the inhibition of the hypothalamus and pituitary stops and a new cycle is initiated with the secretion of FSH.

The rise in FSH causes the development of a new follicle and the beginning of a new phase.

Premenstrual syndrome (PMS) occurs in some women and its cause is unknown.

· Anxiety, depression, irritability, fatigue, edema, headache.

If fertilization occurs, the embryo becomes implanted on about the seventh day.

Membranes that develop around the embryo secrete the human chorionic gonadotropin hormone (hCG) that maintains the corpus luteum producing progesterone.

THE MENSTRUAL OR UTERINE CYCLE

By convention, the first day of menstruation is called day 1.

Three phases can be observed in the endometrium: 

1. The menstrual phase during which menstrual bleeding occurs; about 5 days.

2. The proliferative phase when the endometrium regenerates; about 8 days.

3. The secretory phase during which the endometrium thickens more, becomes much vascularized and develops glands that secrete glycogen; about 14 days.

Paralleling the menstrual cycle is the ovarian cycle.

Different authors divide the menstrual cycle differently.

Menopause

Menopause is the cessation of ovulation and menstruation in human females.

On the average menopause occurs between the ages of 46 and 54.

During these years, the ovaries lose their responsiveness to gonatropins (FSH and LH) from the pituitary.

In most species of mammals, females remain fertile throughout their lifetime. Menopause is an unusual phenomenon. 

An evolutionary hypothesis for the development of menopause in humans proposes that menopause liberated women from the burden of bearing more children and allowed them to dedicate time to the care of the children and grandchildren already born. 

HORMONAL CONTROL IN THE MALE

Androgens control the primary and secondary sexual characteristics in males.

· Primary sexual characteristics include the development of reproductive ducts, external genitalia and sperm production. 

· Secondary sexual characteristics are not directly involved in reproduction but are found only in males, e. g. deepening of the voice, distribution of body hair, and muscle growth. 

Androgens also determine behavior in mammals and other vertebrates.

Androgens increase aggressiveness.

For a summary of hormonal control of the testes see Fig. 46.14, page 978.

Hypothalamus releases gonadotropin-releasing hormone (GnRH) that acts on the anterior pituitary.

Anterior pituitary releases follicle-stimulating hormone (FSH) and luteinizing hormone (LH).

· FSH stimulates development of the seminiferous tubules and spermatogenesis.
· LH stimulates interstitial cells in the seminiferous tubules to release testosterone.

· Testosterone stimulates spermatogenesis and maintains the secondary sexual characteristics.

Sertoli cells produce the hormone inhibin, which inhibits the production of FSH by the anterior pituitary.

In a negative feedback mechanism, FSH stimulates inhibin secretion which in turn inhibits FSH production.

Testosterone is responsible for the primary sex characteristics in the male: descent of testes into the scrotum, growth of reproductive organs, sperm production.

Secondary sex characteristics include facial and body hair distribution, vocal cord length and thickness and muscle development.

EMBRYOLOGY

Fertilization takes place in the oviduct.

Conception is the establishment of pregnancy.

Pregnancy or gestation is the condition of carrying one or several embryos in the uterus.

Human pregnancy averages 266 days or 38 weeks from conception, or 40 weeks from the start of the last menstrual cycle. 

The length of pregnancy in mammals is correlated to body size:

· Rodents average 21 days.
Dogs 60 days.

· Cows 270 days

Giraffes 420 days
Elephants 600 days

Human development is divided into trimesters for convenience of study.

First trimester

Development begins in the oviduct.

The embryo enters the uterus on about the fifth day and floats there. Its cells form the blastula or blastocyst.

The embryo implants in the endometrium on about the seventh day.

Tissues grow from the embryo into the endometrium and the placenta is formed from these two tissues. 

The placenta is the organ of exchange between the mother and the embryo.

· It provides nutrients and oxygen to the fetus and removes wastes.

· It functions as an endocrine organ that maintains pregnancy.

Organogenesis, the development of organs, takes place during the first trimester.

By the end of the eighth week, all the major structures of the adult are present in rudimentary form. By this time the embryo is called a fetus.

Once implanted, the embryo produces the human chorionic gonadotropin hormone (HCGH) that signals the corpus luteum that pregnancy has begun.

The corpus luteum responds by releasing large amounts of progesterone and estrogen.

Without the HCG, the corpus luteum will degenerate and the embryo would be aborted and flushed out with the menstrual flow.

Some of the HCG is excreted in the urine and can be detected in a pregnancy test.

High levels of progesterone cause the formation of the plug in the cervix, the enlargement of the uterus and breasts, and the cessation of the ovulation and menstrual cycle.

Second trimester

The fetus grows very rapidly and begins to move. 

The corpus luteum deteriorates and the placenta takes over the production of progesterone, which maintains the pregnancy.

Third trimester

The fetus continues to grow and fills the abdominal cavity. The organs of the mother become compresses and misplaced.

Several hormones, including oxytocin and prostaglandins, regulate parturition, the birth process.

Oxytocin is produced by the fetus and the mother, and triggers contractions of the uterus smooth muscles.

Oxytocin also stimulates the placenta to produce prostaglandins that enhance the contractions of the uterus.

The emotional and physical stress associated with the uterine contractions act as a positive mechanism that triggers a greater production of oxytocin and prostaglandins.

Labor (birth or parturition) can be divided into three stages:

· Contraction of the uterus moves the baby down toward the cervix; amnion ruptures; the cervix expands and becomes completely dilated.

· The fetus passes through the cervix and vagina; it is "delivered".

· The placenta and fetal membranes, the afterbirth, are expelled.

Lactation is unique to mammals.

The decrease in progesterone releases the inhibition of the anterior pituitary, which begins to secrete prolactin to stimulate milk production. 

Why the fetus does not trigger an immune response in the mother remains unexplained.

· The fetus is foreign to the mother.

The Mother’s Immune Tolerance of the Embryo and Fetus

Half of the embryo’s genes are inherited from the father.

Many of the chemical markers present on the surface of the embryo will be foreign to the mother.

There is evidence that some embryonic tissues called trophoblast suppress the immune reaction by the mother by interfering possibly with the action interleukin-2, a cytokine involved in the immune response.

The trophoblast release immunosuppressive substances like several interleukins, interferon, prostaglandin, a variety of protein factors and HCG.

Another hypothesis proposes that the trophoblast secretes an enzyme that breaks down tryptophan, an amino acid necessary for T cells survival and function.

CONTRACEPTION AND ABORTION

Rhythm or natural family planning method: refrain from intercourse when conception is more likely.

Chemical methods.

Oral contraceptives are hormone imitations that are metabolized slowly by the liver.

The most common oral contraceptives are progestin, a progesterone-like hormone, and synthetic estrogens.

When the level of progestin is high, the body is tricked into responding as if conception has occurred thus preventing ovulation.

They act as negative feedback to stop the hypothalamus from producing GnRH, and LH and FSH by the anterior pituitary.

Another pill called the minipill contains only progestin. Progestin causes the production of mucus by the uterus, which blocks the cervix and prevents the sperm from entering the uterus.

Possible side effects of birth control pill are abnormal blood clotting, atherosclerosis and heart attacks

Smoking while taking the pill increases the mortality rate tenfold.

Sterilization: tubal ligation and vasectomy.

Barrier methods: condom, diaphragm, intrauterine devices (IUD), cervical cap; these methods can be used with spermicide (sperm killing) foam or jelly.

Modern reproductive technology helps to detect problems before birth and can help infertile couples by in vitro fertilization.

