Animal Reproduction (Ch. 46)

→Overview of Animal Reproduction←

Both asexual and sexual reproduction occur in the animal kingdom

- asexual reproduction is the creation of new individuals whose genes come from one parent (without fusion of egg and sperm)

- sexual reproduction is the creation of offspring by the fusion of haploid gametes (formed by meiosis) to form a diploid zygote 

- the ovum (unfertilized egg cell) is the female gamete and is usually relatively large and nonmotile

- the sperm cell (spermatozoon) is the male gamete and is generally small and motile

- sexual reproduction increases genetic variation of offspring, which may enhance their reproductive success

Diverse mechanisms of asexual reproduction enable animals to produce identical offspring rapidly

- fission (separation of a parent into 2 or more approximately, equally-sized individuals), budding (new individuals splitting off from existing ones; may detach or remain connected), and fragmentation (body parts develop into complete adults) accompanied by regeneration (regrowth of body parts) are all examples of asexual reproduction

- benefits: individuals in isolation and rapid colonization

Reproductive cycles and patterns vary extensively among animals

- reproductive cycles are controlled by a combination of hormonal and environmental cues (e.g. temperature, rainfall, day length, and lunar cycles); usually occur when offspring have the best chance of surviving

- parthenogenesis is the process by which eggs develop without being fertilized (e.g. certain species of Cnemidophorus, or whiptail lizards, are all females and double their chromosomes after meiosis to form diploid “zygotes”)

- hermaphroditism refers to when an individual has both reproductive systems, but most still must have a mate (each individual is a potential mate)

→Mechanisms of Sexual Reproduction←

Internal and external fertilization both depend on mechanisms ensuring that mature sperm encounter fertile eggs of the same species


- fertilization is the union of sperm and egg

- external fertilization (in the environment) and internal fertilization (occurs within female reproductive tract)

- cooperative behavior, courtship behavior, copulatory organs and receptacles, timing, and environmental cues are possible mechanisms used to ensure fertilization

- pheromones are chemical signals (small, volatile, or water soluble molecules) released by one organism, which influence the behavior of other individuals of the same species; minute concentrations aid in attracting mates
Species with internal fertilization usually produce fewer zygotes but provide more parental protection than species with external fertilization

Complex reproductive systems have evolved in many animal phyla

- gonads are gamete producing organs (seen in most animals)

- many species of insects have female reproductive systems including a spermatheca (a sac in which sperm is stored for a year or more)

- many vertebrates have a cloaca (a shared opening with the digestive, excretory, and reproductive systems)
→Mammalian Reproduction←

Human reproduction involves intricate anatomy and complex behavior


Reproductive Anatomy of the Human Male
- testes (plural), the male gonads, mainly consist of tightly coiled tubes called seminiferous tubules (where sperm is formed), which are surrounded by several layers of connective tissue

- Leydig cells produce testosterone and other male sex hormones (androgens) and are scattered between the seminiferous tubules 

- the scrotum (a fold of the body wall housing the testes) is set away from the abdominal cavity allowing for cooler temperatures for sperm maturation (approximately 2oC cooler); descend just before birth

- the epididymis is a coiled tube where sperm pass through and mature (20 days to get through the 6 meter tube)

- during ejaculation, the sperm within the epididymous are propelled through the muscular vas deferens (ducts leading from the epididymous to the ejaculatory duct)

- the ejaculatory duct leads to the urethra (tube draining both the excretory and reproductive system out through the penis)
- the fluid ejaculated is called semen, which is formed primarily by the seminal vesicles (but also the prostate and bulbourethral glands); semen contains mucous, fructose, coagulating enzyme, ascorbic acid, and prostoglandins

- the bulbourethral glands are a pair of small glands along the urethra (below the prostate) which secrete a clear mucous before ejaculation functioning in the neutralization of any acid urine remaining in the urethra

- once the ejacualte is in the vagina, the prostoglandins stimulate uterine contractions (help move semen up the uterus), the alkaline semen neutralizes the acidic environment of the vagina (protects sperm), the semen coagulates to be more easily moved by uterine contractions, and then anticoagulants liquefy the semen to allow the semen to freely swim

- the penis is composed of three cylinders of spongy erectile tissue, which fills with blood via arteries during sexual arousal; the increased pressure seals off the vein draining the penis causing it to engorge with blood, which results in an erection; the head of the penis is called the glans penis, which is covered with a thin, sensitive layer of skin (which may be covered by foreskin, called the prepuce, if not removed by circumcision)


Reproductive Anatomy of the Human Female

- ovaries are the female gonads, which lie in the abdominal cavity attached to the uterus via mesentery (connective tissue); each ovary is enclosed in a tough protective capsule containing follicles (a follicle consists of one egg surrounded by one or more layers of follicle cells, which nourish the developing egg cell)

- women are born with all the follicles they will ever have before birth (approximately 400,000) and only several hundred of these follicles will produce eggs during their reproductive years (puberty to menopause); follicles produce female sex hormones (estrogens)

- ovulation occurs when an egg cell is expelled from the follicle (the remaining follicular tissue forms the corpus luteum, which secretes additional estrogens and progesterone to maintain the lining of the uterus during pregnancy); the corpus luteum disintegrates if the egg is not fertilized and a new follicle will mature during the next cycle

- the egg is released from the ovary into the funnel-like opening of the oviduct (or fallopian tube), which is ciliated in the inner epithelium to help collect the egg and move it down to the uterus (a.k.a. the womb)

- the uterus is a thick, muscular organ able to expand during pregnancy to accommodate a fetus; the inner lining of the of the uterus is called the endometrium

- the neck of the uterus is called the cervix, which opens into the vagina (a thin-walled chamber forming the birth canal and the repository for sperm during copulation); a highly vascularized membrane called the hymen partly covers the vaginal opening in humans until it is ruptured by intercourse or vigorous physical activity

- the region where the urethral and vaginal openings are located is called the vestibule, which is bordered by a pair of slender skin folds called labia minora (and further enclosed by thick, fatty ridges called labia majora) 

- the clitoris (anterior portion of vestibule) consists of a short shaft supporting a rounded glans, covered by a small hood called the prepuce

- during sexual arousal and intercourse, the clitoris (consists largely of erectile tissue and nerve endings), vagina, and labia minora engorge in blood and enlarge, while Bartholin’s glands near the vaginal opening secrete lubricating mucus into the vestibule

- mammary glands are present in both sexes, but are well developed and functional in women due to the high levels of estrogen (relative to males)


Human Sexual Response

- vasocongestion (filling of tissue with blood) and myotonia (increased muscle tension) are the two predominant physiological reactions in both sexes

- sexual response cycle can be divided into 4 phases:

1. Excitement phase- prepares the penis and vagina for coitus (sexual intercourse); vascongestion occurs in the penis and clitoris; enlargement of the testis, labia, and breasts; vaginal lubrication; myotonia may occur in the form of nipple erection and tension in arms and legs

2. Plateau- continues the above responses; outer third of the vagina becomes vasocongested, while inner third becoming slightly expanded; these changes along with the elevation of the uterus, forms a depression at the back of the vagina to receive sperm; breathing and heart rates increase (an involuntary, autonomic response)

3. Orgasm- rhythmic, involuntary contractions of the reproductive structures in both sexes; males have two stages, emission (contraction of the glands and duct of the reproductive tract, forcing semen into the urethra) and expulsion (semen expelled by the contraction of the urethra); the uterus and outer vagina contract during orgasm; orgasmic contractions occur at about 0.8 second intervals in both sexes; shortest phase in the sexual response cycle

4. Resolution- reverses responses of the earlier stages (vasocongestion discontinues)

Spermatogenesis and oogenesis both involve meiosis but differ in three significant ways

- spermatogenesis is the continuous, prolific production of mature sperm cells in the adult male (an ejaculate contains 100 – 650 million sperm cells); occurs in the seminiferous tubules of the testes

- the sperm cell has a head containing the haploid nucleus tipped with an acrosome (contains enzymes, which help the sperm penetrate the egg), a middle piece containing large numbers of mitochondria to provide ATP for the tail, or flagellum

- oogenesis is the development of mature, unfertilized ova (egg cells); between birth and puberty, primary oocytes (egg cells) enlarge and the surrounding follicles grow; the primary oocytes replicate their DNA and enter prophase I and do not change until reactivated by hormones; beginning at puberty, follicle stimulating hormone (FSH) periodically stimulates a follicle to begin growing again and induces its primary oocyte to complete its first mitotic division; meiosis then stops again, and the secondary oocyte (released during ovulation) does not undergo the second meiotic division until it is penetrated by the sperm (which completes oogenesis)


- spermatogenesis and oogenesis differ in three ways:

1) cytokinesis involved in the meiotic divisions of oogenesis is unequal, where the cytoplasm is monopolized by the secondary oocyte (the other daughter cells degenerate and they are called polar bodies); all 4 products of meiosis in spermatogenesis equally sized and develop into mature sperm

2) sperm cells are continually produced throughout a male’s life, while females have a fixed number of cells (which will develop into eggs) at birth

3) there are no breaks in meiosis in spermatogenesis

A complex interplay of hormones regulates reproduction


The Male Pattern

- androgens are the principal male sex hormones (steroids) produced mainly by the Leydig cells of the testes, and they are directly responsible for the primary and secondary sex characteristics

- primary sex characteristics are those associated with the reproductive system, such as the vas deferentia and other ducts, external reproductive structures, and sperm development

- secondary sex characteristics are those not directly associated with the reproductive system, such as deepening of the voice, distribution of facial and pubic hair, and muscle growth

- androgens are potent determinants of behavior (e.g. sexual behaviors and sex drive, general aggressiveness)

- hormones of the anterior pituitary and hypothalamus both control androgen secretion and sperm production


The Female Pattern
- the menstrual cycle refers specifically to changes occurring in the uterus and averages 28 days (varies from one woman to another); 1st day of menstruation (the bleeding resulting from the shedding of the endometrium of the uterus via the vagina) marks the 1st day of the menstrual cycle

1. Menstrual flow phase- period of menstrual bleeding (usually a few days)

2. Proliferative phase- the remaining endometrium begins to regenerate and thicken for a week or two

3. Secretory phase- endometrium continues to thicken, become more vascularized, and develops glands (which secrete a fluid rich in glycogen) for about 2 weeks; the menstrual flow will commence if an embryo is not implanted in the uterine lining by the end of this phase

- the ovarian cycle parallels the menstrual cycle

1. Follicular phase- the egg cell enlarges and the coat of follicle cells become multilayered (only one follicle usually continues to enlarge and mature while others disintegrate); the maturing follicle develops an internal fluid-filled cavity forming a bulge near the surface of the ovary

2. Ovulation- when the follicle and the adjacent wall of the ovary rupture releasing the oocyte

3. Luteal phase- the remaining follicular tissue in the ovary develops into the corpus luteum (endocrine tissue, which secretes female hormones)

- hormones coordinate the menstrual and ovarian cycles, ensuring the growth of the follicle and ovulation are synchronized in the preparation of the uterine lining for the implantation of the embryo

1- the pituitary secretes small amounts of FSH and LH in response to stimulation by GnRH (gonadotropin-releasing hormone) from the hypothalamus during the follicular phase of the ovarian cycle → FSH stimulates follicle growth of immature ovarian follicles → growing follicles then secret estrogens, which inhibits secretion of the pituitary hormones (FSH and LH) → the level of estrogen secreted by the follicle increases abruptly and stimulates the hypothalamus to increase the secretion of GnRH, which in turn stimulates the pituitary to secrete FSH and LH again (especially LH, due to the increased levels of estrogen) → the increased sensitivity of the follicle to the increased LH concentration induces final maturation of the follicle → ovulation occurs about 1 day after the LH surge

2- LH stimulates the follicular tissue left behind to form the corpus luteum → the corpus luteum continues to secrete estrogens and a second steroid hormone, progesterone → the corpus luteum usually reaches maximum development about 8 to 10 days after ovulation → the continuing raise of estrogens and progesterone have a negative feedback on the hypothalamus and pituitary, inhibiting the secretion of LH and FSH → the corpus luteum begins to disintegrate near the end of the luteal phase causing the concentrations of estrogens and progesterone to decline sharply → the decline of ovarian hormones, and its inhibitory effect on the hypothalamus and pituitary, allows for the pituitary to secrete FSH to stimulate the growth of new follicles (follicular phase of next ovarian cycle)

3- estrogens produced by the growing follicles stimulate the thickening of the endometrium (thus the follicular phase of the ovarian cycle is coordinated with the proliferative phase of the menstrual cycle) → the estrogens and progesterone secreted by the corpus luteum after ovulation stimulate the continued development and maintenance of the endometrium (thus the luteal phase of the ovarian cycle is coordinated with the secretory phase of the menstrual cycle) → the rapid drop in ovarian hormones caused by the disintegration of the corpus luteum causes spasms in the arteries in the uterine lining depriving the endometrium of blood (resulting in menstruation)

- the secondary sex characteristics caused by estrogen include deposition of fat in the breasts and hips, increased water retention, affect calcium metabolism, stimulate breast development, and mediate sexual behavior

- on average, females undergo menopause (cessation of ovulation and menstruation) between 46 and 54; apparently ovaries lose their responsiveness to gonadotropins (FSH and LH) form the pituitary and menopause results from the decline in the production of estrogens from the ovaries

Embryonic and fetal development occur during pregnancy in humans and other eutherian (placental) mammals


From Conception to Birth

- pregnancy (or gestation) is the condition of carrying one or more embryos, which is preceded by conception (fertilization of the egg by the sperm); pregnancy averages 266 days (38 weeks) from conception, or 40 weeks from the start of the last menstrual cycle

- human gestation is often divided for convenience of study into three trimesters

1st Trimester

- fertilization occurs in the oviduct → the resulting zygote begins dividing in a process called cleavage 24 hours later → the embryo becomes a ball of cells by the time it reaches the uterus 3 to 4 days after fertilization → continual cleavage produces the embryonic stage called the blastocyst (sphere of cells containing a flattened cavity) 1 week after fertilization → the blastocyst will implant into the endometrium about 5 days later → the endometrium begins growing over the blastocyst and nourishes the embryo during the first 3 to 4 weeks of development → tissues begin growing from the embryo and mingle with the endometrium and form the placenta (disk-shaped organ containing embryonic and maternal blood vessels, which grows to the size of a dinner plate weighing just less than 1 kg); diffusion of nutrients, respiratory gases, and metabolic wastes of the embryo occur between maternal and embryonic circulation via the placenta; blood from the embryo travels to the placenta through arteries of the umbilical cord and returns via the umbilical vein to the liver of the embryo)

- the 1st trimester is the main period of organogenesis (development of body organs); heart begins beating the 4th week and detected by a stethoscope by the end of the 1st trimester; all major structures are present in rudimentary form by the end of the eighth week (embryo is called the fetus at this point), the fetus is approximately 5 cm by the end of the 1st trimester, and is consider the critical period in the fetus’s development because of the rapid organogenesis (i.e. most sensitive to drugs and radiation)

- the embryo secretes human chorionic gonadotropin (HCG) during the first trimester to signal its presence, which acts like LH to maintain the secretion of progesterone and estrogens by the corpus luteum (without this hormonal override, the embryo would be aborted and menstruation would result); this hormone can be detected in urine by pregnancy tests

- the high levels of progesterone increase mucous in the cervix forming a protective plug (a.k.a. mucous plug), growth of the maternal side of the placenta, enlargement of the uterus, and cessation of ovulation and menstrual cycling (via negative feedback on the hypothalamus and pituitary)

2nd Trimester

- the fetus grows rapidly to about 30 cm and is very active; the mother may feel movements during the early part and fetal activity may be visible through the abdominal wall by the middle of this time; the placenta begins to secrete its own progesterone, which maintains pregnancy (HCG declines as the corpus luteum disintegrates); pregnancy becomes visually obvious by the end of this time period

3rd Trimester

- rapid growth of the fetus to about 3-3.5 kg in weight and 50 cm in length; fetal activity may decrease due to the decreased available space; the mother’s abdominal organs become compressed and displaced leading to frequent urination, digestive blockages, and strain on the back; the formation of oxytocin is triggered by the highest levels of estrogens achieved during the last 2 weeks of pregnancy, which stimulates powerful contractions by the smooth muscles in the uterus; oxytocin also stimulates the placenta to produce prostoglandins, which enhance the contractions; in addition, physical and emotional stress stimulate the release of more oxytocin and prostoglandins

- parturition (a.k.a birth) occurs through a series of strong, rhythmic uterine contractions (commonly known as labor); the opening and thinning of the cervix end with complete dialation and expulsion (a.k.a. delivery) of the baby; the umbilical cord is cut and clamped; the final stage of labor is the delivery of the placenta, which follows the baby

- lactation begins due to the decrease in progesterone, which allows the anterior pituitary to secrete prolactin (prolactin stimulates milk production within 2 or 3 days of its secretion); release of milk is controlled by oxytocin

Reproductive Immunology

- biologists are somewhat puzzled by the lack of response by the mother’s immune system to foreign antigens of the embryo inherited by the father

Contraception (“biologically” speaking)
- the deliberate prevention of fertilization or pregnancy (i.e. prevent the release of eggs and sperm form gonads, keeping sperm and egg apart, or prevent implantation of embryo)
Modern technology offers solutions for some reproductive problems

- amniocentesis and chorionic villus sampling are invasive procedures where fetal cells are collected for genetic analysis to aid in diagnosing genetic diseases or congenial (present at birth) disorders
- ultrasound imaging is a non-invasive procedure, which can be used to detect the condition of the fetus

- the mother’s blood can be sampled to identify specific fetal cell antibodies and then tested for genetic disorders

- in vitro fertilization, where ova are fertilized via laboratory culture dishes, may be used to assist childless couples wanting to have children 

