
Honors packet Instructions 
 
The following are guidelines in order for you to receive FULL credit for this bio packet: 
 

1. Professionally skim through the following packet.  
a. Annotate only the information necessary for you to write your preferred essay question. 

There are two to choose from and I have included readings for both… it is a lot, so 
please use your brainpower wisely with this packet 

2. Answer the multiple choice questions correctly and JUSTIFY your answer 
Example Question: “Which of the following organelles is involved in photosynthesis? 

a) The mitochondria 
b) The endoplasmic Reticulum 
c) The liver 
d) The chloroplast 

Example answer: The correct answer is D because the chloroplast is an organelle that 
contains chlorophyll a pigment directly associated with Absorbing light from the sun. the 
other organelles listed have other functions throughout the cell, and the liver isn’t an 
organelle at all.  

3.  Complete one the essay responses  
 
 
**you do not have to print out the packet in order to take notes and complete the quiz** 
 
 
I HIGHLY ENCOURAGE YOU TO WORK IN STUDY GROUPS FOR THIS PACKET 
 
 
See wynn for questions! 



review Chapter 11: plants

the Diversity of Plants
Plants, from tiny mosses to giant redwoods, are found on almost every 

continent on Earth. Plants evolved from a species of green algae and 

have since adapted to terrestrial life. The phylogenetic tree shows the 

relationships among major groups of land plants.

Bryophytes

(Nonvascular Plants)

Includes Hornworts, Liverworts, Mosses

Lycophytes and Pterophytes 

(Seedless Vascular Plants)

Includes Club Mosses, Ferns

Angiosperms 

(Covered Seed Plants)

Includes Grasses and Flowering Plants

V
ascu

lar Plants

Gymnosperms 

(Naked Seed Plants)

Includes Conifers

Bryophytes, which include true mosses, liverworts, and hornworts, are 

nonvascular plants. They lack vascular (transport) tissues and therefore 
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remain small. Bryophytes have an important adaptation to land: a tough- 

walled spore that can travel outside of water without drying out. A 

spore is a haploid cell that undergoes mitosis to produce a multicellular, 

haploid organism. (Bryophytes have haploid and diploid generations, as 

described in the next section.)

The remaining groups are the vascular plants. The lycophytes and 

pterophytes (including ferns) still share an important characteristic with 

bryophytes: they produce spores instead of seeds. However, these plants 

are able to transport water and dissolved nutrients from their roots to 

their leaves through a vascular system.

Among vascular plants, gymnosperms and angiosperms produce seeds 

instead of spores. A seed is an embryonic plant that is enclosed, along 

with food, in a protective covering (called an integument). Gymnosperms 

(“naked seed” plants) have seeds that are partially exposed to the air. 

Gymnosperms include conifers such as pine, fir, and spruce trees, as well 

as cycads and gingko trees.

Angiosperms, or flowering plants, produce seeds that are completely 

encased in an integument. Many angiosperms produce fruits or starchy 

grains associated with seeds. Angiosperms include deciduous trees, 

grasses, and all other flowering plants. Almost all agriculturally impor-

tant plants are angiosperms.

alternation of Haploid and Diploid generations
All plants alternate between haploid and diploid generations, or forms. 

However, plants vary in the generation that forms the mature, or adult, 

plant. The diploid sporophyte form undergoes meiosis, giving rise to 

haploid spores. The spores divide mitotically to form a haploid plant 

body called a gametophyte. The gametophyte produces gametes (sperm 

and egg cells) via mitosis. (Compare to animals, which form gametes 

directly from the diploid body through meiosis.) Gametes join in fertil-

ization to produce the diploid zygote, which divides mitotically to form 

the sporophyte generation.
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The diagram below summarizes the cycle of plant generations. Note 

that in mosses, the haploid gametophyte is the dominant generation. 

The green mosses visible on trees or in soil are all haploid gametophytes.
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Sporophyte 
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plAnTs dominAnT 
generATion

HAploid form  
(viA meiosis)

diploid form  
(viA 
ferTilizATion)

Nonvascular 
plants (for 
example, 
mosses)

Haploid 
gametophyte

spores that form 
the adult plant, 
which produces 
sperm and eggs; 
occurs by mitosis

Zygote, which 
forms inside the 
gametophyte; the 
sporophyte is a 
small structure 
dependent on 
the gametophyte; 
it produces and 
releases spores

seedless 
vascular plants 
(for example, 
ferns)

Diploid 
sporophyte

spores that divide 
mitotically to 
form small, leaf- 
like, free- living 
gametophytes, 
which produce 
gametes

Zygote and young 
and adult plants; 
adult plants 
produce haploid 
spores

gymnosperms 
and 
angiosperms

Diploid 
sporophyte

Pollen grains and 
the interiors of 
ovules

seeds and young 
and adult plants
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Reproduction in Flowering Plants
Angiosperms are characterized by flowers, seeds, and fruits. (Note that 

not all angiosperms produce “showy” flowers or fruits.) The structure of 

a typical flower is shown below.

Pistil

Stamen

Stigma

Style

Ovary

Anthers

Filament

Pollen is produced in the anthers of the stamens. Pollination, the trans-

fer of pollen to the stigma, may be carried out by insects, or the pollen 

may be dispersed by wind. A tube cell in the pollen grain forms a tube 

from the stigma, through the style, and into the ovary. Pollen also con-

tains two sperm cells. One sperm cell fertilizes the egg cell to form the 

zygote, which divides mitotically to form the plant embryo contained in 

the seed. The other sperm cell combines with two nuclei in the ovule, 

forming a triploid cell. This gives rise to endosperm, the nutrient- rich, 

starchy tissue that provides food for the embryo within the seed.

angiosperms: monocots and Dicots
Most flowering plants fall into one of two main groupings: monocoty-

ledons and dicotyledons. These groups are named for the number of 

seed leaves (cotyledons) in the embryonic plant. Monocots include palm 

trees, orchids, and grasses (which include economically important cereal 

crops, such as corn, wheat, and rice). Monocots do not produce true 

wood. Dicots include many fruit-  and vegetable- producing plants and 

trees that produce hardwoods (for example, oaks, maples, birches). The 

criteria for distinguishing monocots and dicots are summarized in the 

table shown.
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coTyledons peTAls leAves rooTs Xylem 
And 
pHloem

MOnOcOtS

one multiples of 
three

Veins run 
parallel 
along the 
leaf

Fibrous root 
system with 
no main root

Distributed 
throughout 
stem

DicOtS

two multiples of 
four or five

Veins 
branch out 
in a net

one main 
taproot, with 
smaller roots 
growing from it

arranged in 
a ring

Plant tissues and organs
The basic body plan of a plant consists of a root system, which absorbs 

water and dissolved nutrients from the soil; and a shoot system, which 

carries out photosynthesis and transports nutrients to the roots. Vascular 

tissues distribute needed materials throughout the root and shoot sys-

tems. Nearly every part of a plant consists of tissue from three types or 

systems: dermal, vascular, and ground.

•	 Dermal. This is the “skin” of the plant, and includes the root cover-

ing, epidermis, and leaf cuticle.

•	 Vascular. This includes xylem and phloem in the plant’s roots, 

stem, and leaves.

•	 Ground. This includes all other tissues that regulate dermal and vas-

cular tissue and carry out photosynthesis.

Leaves
Plant leaves play primary roles in photosynthesis and water regulation. 

The structure of a plant leaf is shown, with its components described on 

the following page.
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Stoma

V
ei

n

Guard cell

Epidermis

Bundle sheath cell

Xylem

Phloem

Epidermis

Spongy layer

of mesophyll

Palisade layer

of mesophyll

•	 Epidermis. These cells form the upper and lower surfaces of the leaf. 

They are covered in a protective cuticle and contain openings called 

stomata. The openings allow gas exchange between the air and the 

leaf cells and may be closed to prevent the loss of water from the leaf.

•	 Mesophyll. This middle layer of the leaf carries out photosynthesis. 

The mesophyll cells in the upper palisade layer are elongated and 

tightly packed. The lower, spongy layer is more loosely arranged. 

Spongy mesophyll cells are key in gas exchange between the meso-

phyll and the air spaces in the leaf.

•	 Vein (vascular bundle). The leaf vein consists of xylem and phloem 

cells surrounded by bundled sheaf cells. Materials pass through this 

outer ring of cells, into and out of the mesophyll.

Vascular Tissues
Vascular tissues transport saps consisting of water, minerals, sugars, and 

other compounds throughout the plant body. Vascular tissues include 

xylem and phloem.

•	 Xylem. Xylem conducts water and minerals from a plant’s roots to 

its leaves. Xylem is composed of dead, elongated cells called tra-

cheids and vessel elements.

•	 Phloem. In contrast, the sugar- transporting phloem consists of liv-

ing cells. Sap moves along long, narrow sieve cells; in angiosperms, 
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these are called sieve- tube members. These cells are regulated by 

companion cells that lie alongside them.

Water transport and Regulation
Water is essential to land plants, which must absorb it from the soil and 

transport it, sometimes hundreds of feet, to the highest leaves. Two forces 

affect water transport: root pressure and transpiration. Transpiration is 

regulated by the opening and closing of stomata.

•	 Root pressure. Water and dissolved minerals from soil enter plants 

through the roots. A waxy layer within the root, the Casparian strip, 

prevents water from entering vascular tissue via the spaces between 

cells. Water must pass through the selective plasma membrane of 

root endodermis cells. Endodermis cells pump mineral ions (such as 

potassium, K+) into the vascular tissue. This increases the amount of 

water entering the vascular tissue by osmosis. This process creates 

root pressure, a “push” of water into the plant. Root pressure plays 

a much smaller role in water transport than transpiration.

•	 Transpiration. Water in the leaf is lost to the environment as vapor 

that exits through the stomata. This water loss is called transpira-

tion. Transpiration causes water from within cells to enter the spaces 

within the leaf. However, this water must be replaced by water 

in the xylem. Transpiration pulls water from the veins into plant 

leaves. Because of water’s high cohesion (stickiness between water 

molecules) and adhesion (stickiness to vascular tissue surfaces), the 

pull of transpiration acts down the length of the plant. It is primar-

ily responsible for the upward flow of sap through the xylem.

•	 Stomata. These openings in the leaf epidermis control transpiration 

by regulating the loss of water from the leaves. The pore in each 

stoma is surrounded by two guard cells, which can expand to open 

when turgid or wilt to close.

The guard cells pump potassium ions into their vacuoles. This causes 
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water to enter via osmosis, increasing the pressure in the cell and causing 

turgor. The swollen guard cell opens, allowing gas exchange through the 

stomata. When water pressure is low, temperature is high, or it is night, 

potassium ions exit the guard cells, pulling water after them. The wilted 

guard cells block the stomata opening, preventing water loss from the plant.

Plant growth
Plants have indeterminate growth thanks to tissues called meristems, 

which consist of cells that can differentiate to form new shoots, roots, 

and leaves. Apical meristems are located on the tips of shoots and roots 

and are responsible for primary growth, which increases a plant’s length. 

The apical meristem is surrounded by leaf primordia, which form new 

leaves. During primary growth, meristem cells are left behind at the 

bases of leaves, forming axillary buds. Apical dominance refers to the 

fact that apical meristems suppress the development of nearby axillary 

meristems. As the plant grows, the axillary buds may develop and form 

new leaves or branches.

Lateral meristems are located inside the trunks and roots of woody 

plants and are responsible for increases in thickness. Vascular cambium 

and cork cambium are both lateral meristems.

Hormones and Growth
Plant growth is regulated by hormones, chemical signals that are pro-

duced in one plant tissue and cause a response in other tissues. The hor-

mone auxin was discovered in studies of phototropic responses in grass 

seedlings (coleoptiles). A tropism is a response toward or away from a 

stimulus; phototropism refers to a plant’s bending toward a light source. 

Plant hormones are summarized below.

•	 Auxin stimulates the growth and differentiation of roots and shoots 

in fruit and causes tropic responses.

•	 Gibberellin stimulates growth of stems and leaves and stimulates 

flower and fruit development.
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•	 Abscisic acid inhibits growth and germination and causes stomata 

to close.

•	 Ethylene ripens fruit and may stimulate or inhibit plant growth.

•	 Cytokinin regulates root growth and stimulates the germination 

of seeds.

•	 Brassinosteroid inhibits root growth as well as leaf abscission.

Review Questions

1. Which of these plant forms are diploid?

I. Spore

II. Sporophyte

III. Gametophyte

A. I only

B. II only

C. III only

D. I and II

E. II and III

2. Which of these correctly matches the plant cells to their tissue 

systems?

I. Guard cell

II. Palisade mesophyll cell

III. Sieve- tube member

A. I = dermal; II = ground; III = vascular

B. I = dermal; II = vascular; III = ground

C. I = ground; II = dermal; III = vascular

D. I = ground; II = vascular; III = dermal

E. I = vascular; II = ground; III = dermal
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3. Which of these is/are responsible for an increase in the thickness of 

a plant?

I. Apical meristem

II. Vascular cambium

III. Cork cambium

A. I only

B. II only

C. III only

D. I and II

E. II and III

4. Which of these describes a difference between monocots and dicots?

A. Monocot embryos form two leaves; dicot embryos form a 

single leaf.

B. Monocot flowers may consist of five petals; dicot flowers may 

consist of six petals.

C. Monocot leaves have a branching network of veins; dicot leaves 

have parallel veins.

D. Monocot roots consist of many small roots growing from a tap-

root; dicot roots lack a taproot.

E. Monocot vascular tissue is arranged randomly in the stem; dicot 

vascular tissue is arranged in a ring.
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5. Which of these increase the movement of sap within the xylem?

I. Water moves into guard cells’ vacuoles.

II. Humidity increases in surrounding air.

III. Root endodermis prevents ions from entering xylem.

A. I only

B. II only

C. I and III

D. II and III

E. I, II, and III

Answer Explanations
1. B. Only the sporophyte is diploid. The sporophyte produces hap-

loid spores, which divide mitotically to produce the gametophyte. The 

gametophyte produces haploid gametes.

2. A. Guard cells, which make up the stomata of the epidermis, are 

classified as dermal tissue. Palisade mesophyll cells, which carry out pho-

tosynthesis, are classified as ground tissue. Sieve- tube members, which 

make up the phloem, are classified as vascular tissue.

3. E. The vascular cambium and the cork cambium are forms of lateral 

meristem, which increase the thickness (secondary growth) of woody plants. 

The apical meristem increases the length of a plant (primary growth) only.

4. E. Monocot vascular tissue is arranged randomly in the stem, while 

dicot vascular tissue is arranged in a ring. All other answer choices have 

characteristics reversed.

5. A. Water moving into guard cells increases turgor pressure, caus-

ing them to swell. Swollen guard cells open the stomatal pore, allowing 

water vapor to exit the leaf via transpiration. This, in turn, draws water 

up from the roots. In contrast, increasing humidity decreases water loss 

from the leaves. Root endodermis increases root pressure by pumping 

ions into the xylem.
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review Chapter 12: animal 
organ systems, part 1

a nimals are complex, multicellular organisms. They must coor-

dinate the actions of many specialized cells and tissues in order 

to meet the basic cellular needs: obtain nutrients and oxygen; 

dispose of carbon dioxide and other metabolic wastes; maintain osmotic 

(water) balance; and keep conditions within a narrow, optimal range 

for biochemical reactions. These functions are summed up by the term 

homeostasis. This chapter describes how the major mammalian body sys-

tems help to maintain homeostasis and carry out other life functions. A 

comparison with other types of animals is also provided.

the muscular and skeletal systems
The muscular and skeletal systems function in locomotion, as well as in 

gas exchange and digestion. Mammalian muscle tissues are divided into 

three types, as follows:

•	 Skeletal muscle is found beneath the skin and attached to bone. 

Voluntary contractions of skeletal muscles allow movement. 

Skeletal muscle has striations (stripes) due to the arrangement of 

muscle fibers.

•	 Smooth muscle lines the bladder, digestive tract, and arteries. It lacks 

striations and is not under voluntary control.
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•	 Cardiac muscle is found in the heart. It shares characteristics of both 

smooth and skeletal muscle.

Contracting Muscle Fibers
Muscle fibers are long, thin, multinucleated cells packed together to 

make up muscle tissue. Each muscle fiber contains long strands made 

up of the proteins actin and myosin. Actin and myosin filaments are 

arranged in units called sarcomeres, as shown below; note how they par-

tially overlap. When a muscle fiber is stimulated, the region of over-

lap increases, causing the fibers to contract. This is the sliding- filament 

model of muscle contraction.

Actin Myosin

Actin Myosin

Sarcomere 

Relaxed Muscle Fiber

Contracted Muscle Fiber

Sarcomere 

Opposing Muscles Contract
Tendons attach muscles to the bones of the skeleton. Because muscles can 

only voluntarily contract but cannot extend, they often work in oppos-

ing pairs. As one muscle contracts, the opposing muscle is extended, and 

the limb moves toward the contracting muscle. To move the limb in the 

opposite direction, the opposing muscle must contract.
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Skeletal Joints
Joints between bones allow for a range of motion. The following describes 

some of the joints in the body. Note that some structures in the body 

may include a combination of joint types.

•	 Ball- and- socket joints allow for the rotation of limbs. They occur 

where the upper arm bone attaches to the shoulder and where the 

upper thigh bone attaches to the hip.

•	 Hinge joints allow swinging motion in one dimension. Hinge joints 

can be found at the elbows and the knees.

•	 Pivot joints allow rotational motion in one dimension. They can be 

found at the elbows and neck.

•	 Saddle and condyloid joints allow movement in two planes. They are 

found in the hands, feet, wrists, and ankles.

Comparison: Hydrostatic Skeleton
Contraction of opposing muscle pairs also occurs in organisms with exo-

skeletons (for example, arthropods). Animals that lack a skeleton (for 

example, annelids) may use a hydrostatic skeleton— fluid in a closed sac. 

Pressure applied to one part of the sac is distributed throughout the fluid, 

affecting other regions of the sac. For example, an earthworm contracts 

segments of its body, elongating other segments and thus moving forward.

the Nervous system
The cells of the brain, spinal cord, and body receive signals from the envi-

ronment, process information, and carry out movements. They make up 

the nervous system, which includes cells called neurons.

Neurons and Action Potentials
A neuron consists of dendrites, which receive signals from other neu-

rons; a cell body that contains the nucleus; and an axon that transmits 

a signal down its length and through the terminal branches. Cells called 

glia form myelin, which wraps around and insulates the axons of some 
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cells. The long axons of neurons make up nerve fibers, and clusters of 

neuron cell bodies constitute ganglia.

Axon

Dendrites

Cell Body

Axon Terminal

Nucleus
Myelin Sheath

Electrical signals called action potentials travel through neurons. An 

action potential results from a temporary shift in the balance of posi-

tively and negatively charged ions inside and outside the cell membrane. 

Action potentials are initiated when sodium ion (Na+) channels are 

opened, allowing sodium into the cytoplasm. The balance is restored 

when potassium ions (K+) exit the cytoplasm.

Neurotransmitters
Besides action potentials, the nervous system uses chemical messengers 

called neurotransmitters. When an action potential reaches the terminal 

axon branches, neurotransmitter molecules are released into a space called 

a synapse. Here, they bind to receptor proteins on the membrane of the 

adjacent cell’s dendrites. Neurotransmitters affect the sodium and potas-

sium channels of the cell and can create a new action potential. Serotonin, 

acetylcholine, and dopamine are examples of neurotransmitters.

Divisions of the Nervous System
The two major divisions of the nervous system are the central nervous sys-

tem (CNS), which includes the neurons of the brain and spinal cord; and 

the peripheral nervous system (PNS), which includes all other neurons and 

originates in the cranium and between the vertebrae. The PNS is further 

divided into somatic and autonomic systems. The somatic system links the 

skeletal muscles to the CNS. The autonomic system regulates involuntary 

muscles and endocrine glands. It consists of the following divisions:
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•	 Sympathetic. This division results in arousal and alertness, stimulat-

ing production of the “fight or flight” hormones (epinephrine and 

norepinephrine), increasing heart rate, and easing breathing.

•	 Parasympathetic. This division promotes “rest and digest” activi-

ties. It slows the heart rate, constricts the lungs, and stimulates the 

digestive organs.

•	 Enteric. This division controls the digestive organs and can be regulated 

by the other two autonomic divisions.

Comparison: Nerve Nets and  
Nervous System Complexity
Almost all animals are capable of motion due to the existence of a ner-

vous system, whether simple or complex. The simplest type of nervous 

system is the nerve net of cnidarians (jellyfish, anemones, and hydras). 

The next level of complexity features nerve nets that coordinate the 

movements of multiple body parts. Still more complex nervous systems 

feature a brain, nerve cord (CNS), and ganglia (neuron clusters) that 

innervate specific sections of the body.

the endocrine system
Endocrine organs or glands secrete hormones into the bloodstream. A 

hormone is a substance that has specific effects on certain tissues types. 

Hormones function by binding to receptor proteins on the plasma 

membranes of target cells. This binding changes the cell’s activity. 

Some hormones pass directly into the cell’s nucleus and affect gene 

transcription.

The endocrine system includes the following glands and their hormones:

•	 Adrenal medulla. Epinephrine and norepinephrine, responsible for 

the “fight or flight” response.

•	 Pancreas. Insulin, which lowers blood glucose, and glucagon, which 

raises blood glucose.

MyMaxScoreSATBiology.indd   207 12/26/12   12:58 PM



  sat biology e/m sUbJeCt test208

•	 Thyroid. Calcitonin, which lowers blood calcium, and thyroid hor-

mones, which increase metabolism.

•	 Parathyroid. Parathyroid hormone, which increases blood calcium.

•	 Gonads (testes and ovaries). Androgens, which promote male 

secondary sex characteristics; estrogens, which promote female 

secondary sex characteristics and growth of the uterine lining; and 

progesterone, which maintains the uterine lining in pregnancy.

•	 Hypothalamus. Regulates the pituitary via gonadotropin- releasing 

hormone (GnRH) and other hormones.

•	 Pituitary. The “master gland”; secretes a variety of hormones, 

including thyroid- stimulating hormone (TSH); growth hormone 

(GH); antidiuretic hormone, which promotes water retention; and 

follicle- stimulating hormone (FSH), luteinizing hormone (LH), 

prolactin, and oxytocin, all of which have roles in reproduction 

and pregnancy.

Calcium Regulation Feedback Loop
The body uses negative feedback loops to regulate internal conditions 

and maintain homeostasis. The level of calcium ions (Ca2+) in the blood 

is maintained within a very narrow range. When levels fall too low or 

rise too high, the endocrine system responds by secreting hormones 

that correct the imbalance. When calcium falls too low, the parathyroid 

glands release parathyroid hormone (PTH). This hormone acts on the 

kidneys and small intestine to increase their absorption of calcium. PTH 

also acts on bones, causing them to break down and release calcium 

into the bloodstream. When calcium levels rise too high, the thyroid is 

stimulated to release calcitonin. This hormone causes the bones to take 

up calcium from the bloodstream, and the kidneys to decrease their 

calcium absorption.
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Reproduction and Development
In mammals, both gamete production and secondary sex characteristics 

are regulated by sex hormones: androgens (such as testosterone), estro-

gens, and progesterone. Androgens are secreted in larger quantities by 

testes; ovaries secrete mainly estrogens and progesterone.

Production of Sperm
In males, sperm are produced inside the seminiferous tubules that make 

up the testes. Sperm cells then travel through the epididymis, where 

they develop further. From there, they exit the male reproductive tract 

through the vas deferentia, which pass through the prostate gland and 

connect to the urethra of the penis. The structure of a sperm cell is 

shown. Note that the head, which fuses with the egg, does not contain 

organelles other than a nucleus. Mitochondria packed in the midpiece 

(“neck”) provide energy to the flagellum and allow the sperm to “swim.”

HeadAcrosome Midpiece 

Flagellum

Haploid Set of Chromosomes

The Female Reproductive Cycle
The female reproductive cycle involves hormones secreted by the hypo-

thalamus and pituitary, which affect the ovaries, which in turn drive 

changes in the uterine lining. Positive feedback regulates this cycle, 

which consists of two phases: follicular and luteal. The follicular phase 

drives the maturation of a follicle, which releases the egg cell into the 

Fallopian tubes leading to the uterus. The estrogen and progesterone 

secreted by the follicle cause the uterine lining to build up.

The luteal phase is driven by the corpus luteum, which develops from 

the follicle. It causes the uterine lining to thicken; if the egg is fertilized, 

it will implant in the uterine wall, and the corpus luteum will continue 
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to secrete hormones to maintain pregnancy. Usually, the egg is not fertil-

ized, and the corpus luteum degenerates. This causes a drop in estrogen 

and progesterone, which in turn causes the uterine lining in humans to 

be shed via menstruation. This cycle takes an average of 28 days.

Development of the Embryo
An animal develops from a single- celled, diploid zygote, which undergoes 

mitosis and differentiates to form tissues and organs. The zygote first under-

goes cleavage, mitotic divisions that do not increase the size of the embryo. 

A cavity begins to form inside the solid ball of cells, resulting in a hollow 

sphere containing an inner cell mass. This stage is called a blastocyst in mam-

mals. The blastocyst implants in the uterine wall, and the outer layer begins 

to form the placenta. After implantation, the inner cell mass undergoes gas-

trulation. Cells migrate to form three distinct cell populations called germ 

layers. Each layer will give rise to a specific set of tissues, as follows.

•	 Endoderm. This germ layer gives rise to the lining of the digestive 

system and other internal organs, as well as the pancreas, liver, thy-

mus, thyroid, and parathyroid glands.

•	 Mesoderm. This germ layer gives rise to the muscular, skeletal, cir-

culatory, lymphatic, excretory, and reproductive systems; the outer 

muscle layer of the digestive system; and the dermis of the skin.

•	 Ectoderm. This germ layer gives rise to the nervous system, several bones 

of the cranium, and skin epidermis. The ectoderm forms a hollow neu-

ral tube along the dorsal side of the embryo, which will form the CNS.

Comparison: The Amniotic Egg
Mammals— along with turtles, reptiles, and birds— are considered amni-

otes because they evolved from an ancestor that laid an amniotic egg. 

This type of egg has a leathery or hard shell that prevents the contents 

from drying out. Embryos produce specialized membranes that aid in 

gas exchange, nutrition, and protection from injury. These layers are 

described and shown on the next page.
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•	 Yolk sac. Holds a nutrient- rich yolk that “feeds” the embryo through 

blood vessels.

•	 Amnion. Holds the embryo and amniotic fluid; protects the embryo.

•	 Allantois. Holds metabolic wastes; aids in gas exchange.

•	 Chorion. Exchanges gases (oxygen and carbon dioxide) with the air 

outside the egg.

Yolk Sac
Allantois

Chorion

Shell

Amnion

Embryo

Review Questions

1. Which of these correctly matches each structure to the germ layer 

from which it arises?

I. Femur

II. Brainstem

III. Lungs

 A. I = endoderm; II = ectoderm; III = mesoderm

 B. I = endoderm; II = mesoderm; III = ectoderm

 C. I = ectoderm; II = endoderm; III = mesoderm

 D. I = mesoderm; II = endoderm; III = ectoderm

 E. I = mesoderm; II = ectoderm; III = endoderm
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2. Which precedes an action potential traveling down the axon of 

a neuron?

A. Neurotransmitters bind to receptors on the dendrite of 

the neuron.

B. Neurotransmitters are released from the axon terminals of 

the neuron.

C. The action potential travels through the synapse from a 

nearby neuron.

D. Vesicles in the axon terminal release their contents at the synapse.

E. The cell body releases neurotransmitters down the length of 

the axon.

3. A nerve leading to the small intestine causes the rate of digestion 

to increase. This nerve MOST LIKELY belongs to which of the 

following systems and divisions?

I. Autonomic

II. Sympathetic

III. Peripheral

IV. Enteric

A. I and II only

B. II and III only

C. I, II, and III

D. I, III, and IV

E. II, III, and IV
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4. Which of these is the MOST LIKELY result of blood calcium levels 

falling too low?

A. The thyroid gland releases calcitonin, which binds to bone cells.

B. The parathyroid glands release PTH, which binds to kidney cells.

C. The thyroid gland releases thyroid hormone, which binds to 

small intestine cells.

D. The pancreas releases glucagon, which binds to liver cells.

E. The pituitary gland releases growth hormone, which binds to 

bone cells.

5. Which correctly describes a process or event in the female repro-

ductive cycle?

A. The cycle is regulated via a negative feedback loop.

B. The corpus luteum releases an egg into a fallopian tube.

C. Estrogen and progesterone cause a follicle to mature.

D. Pituitary hormones cause the uterine lining to be shed monthly.

E. A maturing follicle causes the uterine lining to build up.

Answer Explanations
1. E. The long bones are derived from the mesoderm; the nervous 

system, from the neural tube of the ectoderm; and the lungs, from 

the endoderm.

2. A. Action potentials are transmitted from input at the dendrites of 

a neuron, travel down the axon, and release neurotransmitters into the 

synapse between adjacent cells. These neurotransmitters bind to recep-

tors on the dendrite of the second neuron, helping to produce a new 

action potential. Action potentials cannot travel through synapses.

3. D. The nerve is outside the CNS and so belongs to the peripheral 

nervous system (PNS). Because it is not under voluntary control, it 

must belong to the autonomic system. Because it promotes “rest and 

digest” functions, it must belong to the parasympathetic (rather than 
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sympathetic) nervous system. Finally, because it innervates the intes-

tines, it is likely part of the enteric nervous system.

4. B. Parathyroid hormone (PTH) is secreted in response to low blood 

calcium levels. This hormone acts on the kidneys to take up more cal-

cium and causes bones to release calcium into the blood.

5. E. Pituitary hormones cause a follicle in the ovary to mature and 

release an egg. The maturing follicle secretes estrogen and progesterone, 

causing the uterine lining to build up. After the egg is released, the fol-

licle forms a corpus luteum, which disintegrates if pregnancy does not 

occur. This loss of the corpus luteum causes estrogen and progesterone 

levels to drop, which in turn causes the uterine lining to be shed.
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organ systems, part 2

Chapter 12 focused on those systems that regulate internal con-

ditions and coordinate actions; this chapter focuses on the 

exchange of the body’s materials with the environment. For 

example, the digestive system takes in food and digests it to produce 

nutrients, which can then be distributed to cells. The respiratory system 

exchanges oxygen and carbon dioxide with the air, and the excretory 

system eliminates the chemical by- products of metabolism. The circula-

tory system is essential to all of the other organ systems, as it transports 

these materials throughout the body.

the Digestive system
Animals ingest food and digest it (break it down) into simple nutrients. 

Digestion occurs in the tube- like digestive tract. Once food is digested, 

nutrients are absorbed into the body and transported through the blood-

stream. Food may be digested mechanically or chemically (by enzymes). 

Three classes of nutrients are digested, as follows:

•	 Proteins are broken down into amino acids. Amino acids are used to 

build proteins in the cells.

•	 Carbohydrates (starches and sugars) are broken down into simple 

monosaccharides, such as glucose. Glucose is a preferred energy source.
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•	 Fats or lipids are broken down into fatty acids and monoglycerides. 

Fats are also used for energy.

Mouth and Esophagus
The mouth, teeth, and tongue mechanically digest food, breaking it 

down into a soft mixture. Chemical digestion begins in the mouth, as 

salivary amylase begins to break down carbohydrates.

Food is swallowed, passing over the epiglottis that closes off the tra-

chea and then into the esophagus. Peristaltic contractions of the esopha-

gus push food to the stomach.

Stomach
The stomach lining secretes highly acidic gastric juice, with a pH between 

1 and 3. This breaks down food chemically, and the enzyme pepsin 

begins to cleave proteins into smaller polypeptides. The stomach stores 

and churns food for several hours, producing a mixture called chyme.

Salivary Glands

Tongue

Esophagus

Epiglottis

StomachGall Bladder

Pancreas

Liver

Rectum

Small Intestine

Large Intestine

Appendix
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Small Intestine: Digestion in the Duodenum
The chyme is then released into the duodenum (upper portion) of the 

small intestine. Here, it mixes with secretions from the duodenum, liver, 

and pancreas and is further digested.

Accessory Organs: Pancreas, Liver, and Gall Bladder
These are accessory organs in digestion; food does not pass through them, 

but they release substances into the digestive tract. The liver produces 

bile, which both helps to emulsify fats and raises the pH of the chyme. 

The emulsification of fats increases their surface area, allowing them to 

be digested by lipase from the pancreas. The pancreas secretes enzymes 

that digest carbohydrates, fats, proteins, and nucleic acids.

The gallbladder stores bile produced by the liver and releases it into 

the duodenum when needed. This allows a larger volume of bile to be 

released at one time.

Small Intestine: Absorption of Nutrients
After food is digested, it is absorbed in the remaining length of the 

small intestine. Tiny fingerlike projections, called villi, line the inner 

wall of this organ. The cells of the villi have projections called microvilli. 

Together, the villi and microvilli maximize the surface area available 

for absorption. Dissolved nutrients enter the cells of the villi and pass 

into tiny capillaries, where they enter the bloodstream to be distributed 

throughout the body. The first stop on this journey is to the liver, which 

regulates the balance of nutrients in the blood.

Large Intestine: Reabsorption of Water
Undigested material passes into the large intestine (colon), which houses 

a rich bacterial flora. These symbiotic bacteria use the nutrients in unab-

sorbed or undigested food and in return produce several essential vita-

mins, such as vitamin K. The remaining undigested matter, along with 

some bacteria, make up feces. Feces are stored in the rectum until they 

can be eliminated.
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The large intestine is crucial in water regulation, absorbing much of 

the water released into the digestive tract up to this point. Too little 

water reabsorption leads to diarrhea; too much reabsorption results 

in constipation.

Glucose Regulation Feedback Loop
The level of glucose in the blood is regulated so that it remains within 

a tight range. The ingestion of a large meal leads to the absorption of 

glucose, raising blood glucose levels. The pancreas responds by secret-

ing the hormone insulin, which stimulates the cells of the liver, brain, 

muscles, and other body tissues to take up more glucose. This depletes 

the glucose in the blood.

The liver converts glucose molecules to a polymer called glycogen, a 

storage form of glucose. When blood glucose drops too low, the pancreas 

secretes glucagon. This hormone causes the liver to convert stored gly-

cogen to glucose and release it into the bloodstream, raising the glucose 

level. The regulation of blood glucose is an example of a negative feed-

back loop.

Comparison: Carnivores and Herbivores
The herbivore digestive system must work harder to extract nutri-

ents from food. Herbivores generally have longer, more extensive 

digestive tracts, which may consist of multiple stomachs. In contrast, 

carnivores have shorter digestive tracts and can easily digest their 

protein- rich diets.

the Respiratory system
The respiratory system is responsible for obtaining the oxygen required 

for cellular respiration, and expelling carbon dioxide. Pulmonary (lung) 

respiration moves air into and out of the lungs. Gas exchange takes place 

within the alveoli of the lungs.

Air enters the body through the nasal cavity and pharynx (throat) and 

passes into the cartilage- lined trachea, which splits into two bronchi that 
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enter the lungs and branch into a series of bronchioles. Cells along this 

tract are covered in cilia, microscopic “hairs” that keep the airways free 

of debris.

Carbon Dioxide

Red Blood Cells

Capillaries

Alveoli

Oxygen

The bronchioles transport air to the sac- like alveoli. Oxygen dissolves 

into the liquid lining the alveoli and crosses into the network of capil-

laries just beyond it. Hemoglobin in red blood cells binds to the oxygen 

molecules and carries them away. Carbon dioxide moves in the opposite 

direction, from the bloodstream, through the alveoli, and into to the air 

of the bronchioles.

Breathing: Inhalation and Exhalation
Air is inhaled and exhaled from the lungs by the action of the diaphragm 

(the muscle below the lungs) and the muscles of the ribcage. During 

inhalation, the diaphragm contracts and moves downward, and the rib 

cage expands. This increases the volume of the chest cavity, creating a 

negative pressure in the chest, which pulls air into the lungs. On exha-

lation, the diaphragm relaxes and moves upward and the ribs move 

inward, constricting the chest cavity and pushing air out of the lungs.
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Comparison: Gills and Tracheal Systems
Fish use gills instead of lungs to exchange oxygen and carbon dioxide. 

Gills are composed of many delicate filaments. When water moves over 

these filaments, carbon dioxide passes into the water and dissolved oxy-

gen enters them. Gills use a countercurrent exchange system, which 

allows gas exchange through passive transport. Blood flows in the oppo-

site direction as the moving water. This ensures that the concentration 

of oxygen in the water is higher, at every point, than that of the blood.

Insects do not use these familiar types of respiratory and circulatory 

systems to exchange gases, but instead rely on a system of air- filled tubes 

called tracheae. These tubes connect to the outside air through openings 

called spiracles.

the Circulatory system
The circulatory system transports oxygen from the lungs and nutrients 

absorbed from the digestive tract to all the cells of the body. It also car-

ries away wastes produced by the biochemical processes within these 

cells. The circulatory system consists of the heart, arteries (which carry 

blood away from the heart), veins (which carry blood toward the heart), 

and tiny capillaries (which allow substances to pass between the blood 

and individual cells).

Blood may be oxygenated, as when it returns from the lungs, or 

deoxygenated, as when it returns from the capillaries that feed the 

body’s tissues. Capillaries from the lungs merge to form the pulmonary 

veins to the heart, which then pumps the oxygen- rich blood throughout 

the body.

The heart is divided into four chambers: the left and right atria (top) 

and the left and right ventricles (bottom). Veins connect to the atria, 

and blood passes from atrium to ventricle, where it is pumped out of the 

heart through an artery. The right and left sides of the heart are divided 

by a septum (wall), and make up two different circuits: pulmonary 

(right) and systemic (left). The pulmonary circuit collects deoxygenated 
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blood from the two major veins called venae cavae. The heart pumps 

this blood via the pulmonary arteries to the lungs. The systemic circu-

lation collects newly oxygenated blood from the pulmonary veins and 

pumps it via the aorta to the tissues of the body.

The aorta branches into ever- smaller arteries, vessels, and capillaries. 

Oxygen passes through the capillary walls into cells, and waste com-

pounds pass into the capillary blood. They are transported back to the 

heart as the capillaries merge to form larger vessels and veins, which 

form the venae cavae leading into the heart. Blood cycles through the 

body from the lungs, to the left atrium, left ventricle, aorta, body tissues, 

venae cavae, right atrium, right ventricle, and back to the lungs.

Head and Upper Body

Inferior Vena Cava

Pulmonary Artery

Aorta Right

Atrium

Right
Ventricle

Left Ventricle

Left Atrium

Superior Vena Cava

Right Lung
Left Lung

Abdomen and Lower Body

Comparison: Open Circulatory Systems
The simplest invertebrates— sponges and cnidarians— lack a circula-

tory system. Solutes simply diffuse the short distances through cells. 

Arthropods and some mollusks have open circulatory systems, in which 
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a tubular heart pumps a fluid called hemolymph into sinuses, or spaces, 

that contain the organs.

Contrast this with the closed circulatory systems of annelids and 

other animals (including vertebrates, squids, and octopuses). This type 

of system involves one or more hearts pumping blood through vessels. 

Although materials are exchanged between the blood and the cells, the 

blood does not directly contact the cells. Organisms with faster metabo-

lisms have closed circulatory systems, in which higher pressure facilitates 

the exchange of materials.

the excretory system
This system filters waste compounds from the blood and helps to 

maintain water balance (osmoregulation). Vessels transport blood to the 

kidneys, where wastes are filtered and water is returned to the circu-

latory system. Urine, consisting of waste compounds and some water, 

passes through the two ureters into the bladder, where it is stored until 

it can be eliminated through the urethra.

The task of the kidneys is to eliminate waste while conserving water. 

This is accomplished by filtering a larger volume of water and solutes 

from the blood and then selectively reabsorbing water and other useful 

substances from the filtrate. While the first step requires little energy, 

the second relies on both passive and active transport.

The mammalian kidney is packed with functional units called nephrons. 

Each nephron consists of a ball of capillaries called a glomerulus, which 

is enclosed in one end of a long tube. The glomerulus and tube covering 

it form the Bowman’s capsule. Extending from the Bowman’s capsule, 

the tube forms a hairpin at one point along its length, called the loop of 

Henle. The loop of Henle descends deeper into the center of the kidney 

and ascends back to the level of the Bowman’s capsule. Last, the tube 

feeds into a urine- collecting duct.
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Glomerulus

Bowman’s Capsule

Loop of Henle

Collecting Duct 

Water and small molecules pass from the glomerulus to the tube via 

passive transport; cells and proteins are too large to pass into this filtrate. 

The filtrate contains glucose, salts, vitamins, and minerals that the body 

needs, as well as water that must be conserved. As the filtrate passes 

through the rest of the nephron, these substances are collected through 

both passive and active transport.

The loop of Henle is key in the reabsorption of water and salt. This 

is accomplished by varying both the permeability of the membrane 

throughout the loop and the concentration of the fluid outside of the 

loop. As filtrate moves down the loop, it becomes more concentrated. 

However, the fluid surrounding the loop also increases in concentration, 

due to its location within the kidney. Therefore, water can still move 

out of the loop through passive transport. (Recall that water will move 

osmotically from an area of low solute concentration to an area of high 

solute concentration.)

Comparison: Water Conservation
The purpose of urine is to prevent a buildup of nitrogen compounds 

from digested proteins and nucleic acids in the body. The simplest form 
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of these nitrogen compounds is ammonia (NH3). However, ammonia is 

highly toxic and must be dissolved in large volumes of water for excre-

tion. Mammals solve this problem by converting ammonia to a less toxic 

compound, urea. Urea can be excreted in a smaller volume of water.

Mammals produce urine that is hyperosmotic (more concentrated) 

relative to the body’s fluids, a process that allows them to conserve 

water. Desert mammals generally have longer loops of Henle, resulting 

in more concentrated urine. Birds have short loops, but produce uric acid 

(which is excreted as a paste) instead of urea (which must be dissolved). 

Freshwater fishes, in contrast, can excrete large volumes of water; they 

do not convert their ammonia to urea.

The Immune System
Multicellular animal bodies are susceptible to invasion by bacteria and 

viruses. Viruses enter a cell and use its transcription and translation capa-

bilities to make multiple copies of themselves; the viruses then burst 

from the cell to invade others. The immune system protects the body by 

recognizing and destroying foreign cells and viruses. Innate immunity is 

present at birth and protects against a wide range of microbes. Acquired 

(or adaptive) immunity develops after exposure to a pathogen, or agent 

of infection. Acquired immunity is specific, while innate immunity 

is generic.

Innate Immunity
The skin and mucous membranes provide an external first line of defense 

against a wide range of microbes. Pathogens that pass these defenses are 

destroyed by white blood cells called phagocytes (“eater cells”), which 

engulf and digest the invaders. Macrophages are phagocytes that display 

molecules from the ingested pathogen on their surfaces. Cells called 

natural killer cells destroy body cells that are infected with bacteria 

or viruses.

The complement system aids in immunity by producing blood pro-

teins that either destroy pathogens or prevent them from reproducing. 
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For example, virus- infected body cells secrete interferon proteins that 

induce other cells to prevent the production of viruses.

Inflammation also prevents infection. At sites of injury, mast cells 

release histamines, which dilate capillaries and allow immune cells and 

proteins to flood the site. Inflammation also promotes clotting, which 

forms a barrier to infection.

Acquired Immunity
Lymphocytes play a key role in acquired immunity by recognizing and 

responding to foreign molecules called antigens. The surface of B and 

T lymphocytes (cells) have antigen receptors, Y- shaped proteins that 

can bind to foreign molecules. B cells becomes activated by recognizing 

and binding to an antigen. Helper T cells may bind to an antigen dis-

played on the surface of a macrophage. Helper T cells stimulate B cells 

by releasing cytokines.

B cells may also produce antibodies and, instead of displaying these 

proteins on the cell surface, release them into the bloodstream. In this 

case, the proteins are called immunoglobins. Once exposed to an antigen, 

some of these cells retain a “memory” that allows the body to mount 

an immediate immune response the next time it is encountered. This 

memory is the basis for vaccines, which provide immunity by exposing 

B and T cells to antigens.
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Review Questions

1. Which of these carries deoxygenated blood?

I. Pulmonary veins

II. Anterior vena cava

III. Pulmonary arteries

A. I only

B. II only

C. III only

D. I and II

E. II and III

2. What sequence is followed by the path of blood from the heart?

A. Vena cava, right atrium, right ventricle, aorta, lungs

B. Lungs, pulmonary vein, right atrium, right ventricle, aorta

C. Vena cava, right atrium, right ventricle, lungs, pulmonary vein

D. Vena cava, left atrium, left ventricle, lungs, pulmonary artery

E. Left ventricle, lungs, pulmonary vein, pulmonary artery, 

right atrium

3. Which of these does NOT secrete any digestive enzyme?

A. Salivary glands

B. Liver

C. Pancreas

D. Small intestine

E. Stomach
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4. Which of these describes an adaptation to an arid environment?

A. A short loop of Henle, which allows more filtrate to be removed 

from the blood

B. A short loop of Henle, which allows less water to be removed 

from the filtrate

C. A long loop of Henle, which allows more filtrate to be removed 

from the blood

D. A long loop of Henle, which allows more water to be removed 

from the filtrate

E. A long loop of Henle, which allows less filtrate to be removed 

from the blood

5. Which of these would a researcher test the blood for to determine 

if a person has been infected with a virus in the past?

A. Antigens

B. Antibodies

C. Macrophages

D. Pathogens

E. Natural killer cells

Answer Explanations
1. E. The anterior and posterior venae cavae return blood to the heart 

after it has traveled to the tissues of the body. Because the blood has sup-

plied oxygen to cells, it is deoxygenated. The heart pumps this deoxy-

genated blood to the lungs through the pulmonary arteries. It picks up 

oxygen and returns to the heart via the pulmonary veins.

2. C. Deoxygenated blood collects in the vena cava, which feeds into 

the right atrium of the heart. Blood from the right atrium enters the 

right ventricle, where it is pumped to the lungs via the pulmonary arter-

ies. Oxygen-rich blood returns to the heart via the pulmonary veins.
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3. B. The liver secretes lipase, which emulsifies fats and allows them to 

be digested by pancreatic lipase. However, the liver does not produce 

digestive enzymes.

4. D. A long loop of Henle allows more water to be removed from the 

filtrate before it is excreted as urine. This causes the urine to be even 

more hyperosmotic and conserves water.

5. B. Antigens or immunoglobulins produced by B and T cells are spe-

cific and provide a “memory” that helps to fight previously encountered 

pathogens, or infectious organisms. Antigens, produced by pathogens, 

would not linger in the blood. Macrophages and natural killer cells 

are part of the innate immune system and would not be specific to a 

particular virus.
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Honors Bio Essay Response 
 
 
Respond to ONE of the following prompts using complete sentences. Diagrams, flow charts, sketches and 
images should only be used to enhance your written response.  
 
 

A. Homeostasis, or the maintenance of a steady-state environment, is a characteristic of all living 
organisms. Choose three of the following physiological parameters and describe how 
homeostasis is maintained for each 

a. Blood glucose levels 
b. Body temperature 
c. Blood pH 
d. Osmotic concentration of the blood 
e. Blood calcium levels  

B. Angiosperms have a wide distribution in the biosphere and include the largest number of 
species in the plant kingdom. Answer all four of the following prompts 

a. Describe common characteristics shared by angiosperms and discuss evolutionary 
changes that were vital to their development and survival. 

b. Discuss how the anatomy and reproductive strategies of bryophytes limit their 
distribution 

c. Explain alternation of generations in mosses and angiosperms 
d. Discuss the impact of hormones on plant growth and development.  


