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Chapter Five: Phylum Chordata, Subphylum Vertebrata, 

Class Mammalia

With their highly developed nervous system and incredible adaptability, mammals have invaded virtually every environment on Earth that supports life.  Not a large group (4500+ species), the class Mammalia is the most biologically successful group overall the Animal Kingdom (with the possible exception of insects).  They range in size from the Kitti’s hognosed bat (1.5 g.) to the blue whale (300,000 lbs.).  

Yet, despite their adaptability and in some instances because of it, this group has been the most influenced group due to man.  Man has domesticated mammals for food, clothing, work and companionship; human medical advances are dependent upon mammals for scientific research; man has altered ecosystems by introducing alien mammalian species, often times with adverse affects on native species; valuable mammal species have suffered extinction at the hands of man due to over hunting of populations; and, man is the only species that alters the habitat to the detriment of other species.

 Like the other groups we have studied, the mammals evolved from a group of reptiles with mammal-like characteristics.  Called the therapsids (Greek theraps, meaning “an attendant”), their evolution and that of their descendants resulted in structural changes to the body plan that brought them ever closer to full mammalian status.  For instance, the clumsy limbs of retiles were replaced with straight limbs that are held close to the body; motor control in the brain, the cerebellum, took on an expanded role; food and air passages in the mouth became separated; a stronger jaw joint made longer chewing and pre-digestion possible; and at some point probably late in the Permian Period, the two adaptations emerged by which all mammals are known: hair and mammary glands.
Most of the living mammals today have descended from a common ancestral stock from the Jurassic Period (150 million years ago) and belong to the Sub-Class Theria.  The exceptions to this theory are the monotremes, the members of the Sub-Class Prototheria that includes the egg-laying mammals.  Their characteristics are too similar too reptiles and so different from the rest of the mammals that scientists believe that they descended from an entirely different mammal-like reptile.

All mammal species share the following characteristics:

1. Body covering of hair, reduced in some;

2. Integument with sweat, scent, sebaceous, and mammary glands;

3. Skeletal features of skull with two occipital condyles, seven cervical vertebrae (usually), and often an elongated tail;

4. Mouth with diphyodont teeth on both jaws;

5. Moveable, fleshy eyelids and fleshy external ears;

6. Four limbs (reduced or absent in some) adapted for many forms of locomotion;

7. Circulatory system of a four-chambered heart, persistent left aorta, and nonnucleated, biconcave red blood corpuscles;

8. Respiratory system of lungs and a voice box;

9. Muscular partition (diaphragm) between thorax and abdomen;

10.  Excretory system of metanephros kidneys and ureters that usually that usually open into a bladder;

11.  Brain highly developed, especially neocerebrum; 12 pairs of cranial nerves;
12.  Endothermic and homeothermic;

13.  Cloaca only present in monotremes;

14.  Separate sexes; reproductive organs of a penis, testes (usually in scrotum), ovaries, oviducts, and vagina;

15.  Internal fertilization; eggs develop in uterus with placental attachment (except in monotremes); fetal membranes (amnion, chorion, allantois); sex determination by males (heterogametic);

16.  Young nourished by milk from mammary glands.

Let us explore the ramifications of these various adaptations that have led to the reign of mammals for the past 50 million years.
Endothermic – having a body temperature determined by heat derived from metabolism instead of the environment.  This enables mamales to exploit habitats denied to ectotherms.  There are, however, drawbacks such as having high energy costs that require much more food than ectotherms to maintain the body temperature.
In order to invade colder climates species must be able to maintain their body temperatures when environmental temperatures fluctuate.  Adaptations to maintain temperature (homeothermy) in cold climate include:
1. Increase effectiveness of insulation; winter coat sometimes 50% thicker;
2. Increase heat production; exercise, shivering, increased metabolism;
3. Live beneath the snow which serves as insulation; some rodents;

4. Maintain core temperature while extremities much lower;
Adaptations for conserving energy include:
1. Torpor: a period of inactivity, decreased body temperature and metabolism; decreased energy use; 

2. Daily torpor: small mammals like bats and rodents; provides great energy savings; 

3. Hibernation (aestivation during warm periods): periods of prolonged torpor, preceded by build up of large amounts of body fat; often in response to decreased food supply and severe weather; 

4. Winter dormancy: bears from colder regions; not true hibernation, pulse and body temperature don’t drop; main foods not available (male Polar bears don’t den); cubs need warm environment: also opossums, skunks. 

Adaptations for hot environments include:

Smaller Mammals
1. Tend to be fossorial or nocturnal; 

2. Often derive water from food; 
3. Concentrated urine and/or dry feces.
Larger Mammals
1. Variable body temperature reduces evaporation of water; 

2. Insulating coat, light color reflects heat; 

3. Concentrated urine and/or dry feces; 

4. Concentrated fat in hump; 

5. Deep slow breathing reduces respiratory water loss; 

6. Avoid midday sun, select succulent food.
Hair as thermal insulation (cold climate) provides for the following:

1. Reduces the conduction of body heat (blubber serves similar function); 

2. Helps maintain constant internal temperature; 

3. Ability to exploit varied niches; 

4. Piloerection; contraction of arrector pili muscles; increases resistance to heat conduction.
A secondary palate allows for the following:

1. Separates air and food passages; 

2. Allows for breathing while nursing and eating 
3. Crocodilians are the only other known group with this adaptation.
Mammary glands, which are present in all mammals, are probably modified apocrine glands, although more recent studies suggest that they are derived from sebaceous glands.  These occur in all female mammals and in a rudimentary form in males.  They develop through the thickening of the epidermis to form a milk line along each side of the abdomen of the embryo.  On certain parts of these lines mammae (teats) appear while the intervening parts of the ridge disappear.  Teats are absent in monotremes.  The milk produced by the mammary glands actually drains onto tufts of hair.  Lactation enables infants to grow rapidly under protection of the mother.  And with extensive parental care, offspring survival to sexual maturity is greatly enhanced.
SKIN DERIVATIVES

Other functions of hair include:
1. Protective coloration and concealment; zebra, new born antelope; 

2. Water-repellant and buoyancy; otters; 

3. Touch receptors: whiskers or vibrissae; especially long in nocturnal and burrowing animals: most mammals; 

4. Defensive; deters predators, porcupine quills; protection, lion’s mane; 

5. Behavioral signaling; appearance of greater size, lion’s mane; piloerection; chimpanzees.
Other glands found in the mammal’s body plan include:

1. Sweat glands: evaporative cooling and associated with sex cycle; 

2. Sebaceous glands; help condition skin and hair; 

3. Scent glands: same species communication; protection, skunk

Other structures that have proven to be successful adaptations include:

1. Antlers - found only in deer family; when mature consist entirely on bone and develop from two permanent stumps of bone called pedicles; during growth they are covered with velvet; a vascular, sensitive skin, coated with hair, which helps nourish and protect; grow and shed annually, corresponding to changes in day length; and they grow at the tips and often have extensive branching.

2. True horns - found in most ruminants, such as antelope and cattle; consist of horn sheath covering a core of bone, with spongy middle layer of dermal tissue containing blood vessels; the sheath is composed of keratin which also makes up hair, hooves, nails, and claws; it never sheds; and they grow from the base and do not branch. 

3. Unique horns: 

a. Pronghorn antelope horns similar to true horns, except they have a forward branch or prong, and horn sheath, not the bone core is shed annually; 

b. Giraffe and male okapi horns consist of bony core covered with skin and hair: similar to antlers during velvet stage; 

c. Rhino horns consist of hair-like fibers horny fibers cemented together; grow from epidermal pad; firmly attached to skin and don’t consist of any bone

PATTERNS OF REPRODUCTION

Egg-laying Monotremes:
1. Platypus and echidnas;

2. Eggs incubated and then hatch after only 10 days; 

3. Platypus: 2 eggs, nest; echidnas: 1 egg, pouch; 

4. Nurse 3-4 and 6 months, respectively; 

5. Extensive maternal investment in lactation.
Pouched Marsupials

1. Rudimentary placenta, loose contact with uterine wall; 

2. Young born early in development; blind: well developed forelimbs; 

3. Make way to teat, which enlarges to create attachment; 

4. Extensive maternal investment in prolonged lactation; 

5. Teats enclosed in pouch; some species teats only surrounded by fold of skin.
Placental Mammals
1. Placenta facilitates respiratory, nutritional, and excretory exchange; 

2. Allows for prolonged gestation and birth of more precocial young; 

3. Extensive maternal investment in gestation.
FEEDING SPECIALIZATION

Mammals have evolved heterodont dentition: teeth differentiated for specialized functions; incisors, canines, premolars, molars, which allows a great deal of variations on diets.
Insectivores: feed on invertebrates; generalized dention; opportunistic; shrews, anteaters (no teeth).
Carnivores: feed on vertebrates; biting, piercing and shearing teeth; acute senses; discreet meals allowing for “leisure time”, felids, canids.
Omnivores: feed on both plants and animals; less specialized dentition; opportunistic ; pigs, raccoons, bears, most primates, including humans.
Piscivores: feed on fish; numerous similar teeth; toothed whales, including dolphins and killer whales, fishing eating bats.
Filter-feeders: feed on plankton, krill fish; baleen plates, skin derivatives;

Baleen whales including blue whales and humpback whales.
Frugivores: feed on fruits; crushing and grinding teeth; fruit eating bats.
Herbivores: feed on grasses and other vegetation (fibrous) molars well adapted for grinding; large, long digestive; hoofed mammals, rodents, rabbits, colobus monkeys.
Herbivores Adaptations for Digesting Fibrous Diet:

Hindgut Fermentation: bacteria and protozoa in enlarged cecum and colon; fermentation and absorption areas; zebras, elephants, many rodents.
Ruminants: four chambered stomach (rumen, recticulum, omasum, abomasum); rumination: regurgitating and chewing; bacteria and protozoa in  rumen; highly efficient but slow; deer, giraffe, cattle, antelope.
Colobus and Old World leaf monkeys: sacculated stomach, upper separated from lower; foregut fermentation; also allows them to eat toxic plants.
Coprophagy: eating feces to recover lost nutrients; rabbits, some rodents.
OTHER ADAPTATIONS

Echolocation - Bats exploit night time niches catching flying insects: also navigation

Some nocturnal moths have developed ultra sonic detectors; toothed whales, including river dolphins and sperm whales are able to exploit low visibility rivers and ocean depths by utilizing echolocation.
Migration – Enables species to avoid seasonal, unfavorable environmental conditions which influence food supply and breeding conditions; includes species like caribou and wildebeest, whales and seals, with some traveling over 1700 miles each year.  Lemmings seem to periodically migrate to avoid overpopulation.
MAMMALIAN ORDERS
Sub-class Prototheria, Order Monotremata
These are the egg-laying mammals - duck-billed platypus and spiny anteater (or echidna).  There are six species confined to Australia, Tasmania, and New Guinea.
Subclass Theria, Infraclass Metatheira, Order Marsupialia
These are the pouched mammals – opossums, kangaroos, koalas, Tasmanian wolves, wombats, bandicoots, numbats and others.  Species are found in Australia, New Guinea, Timor, Celebes, North, South and Central America.
Subclass Theria, Infraclass Eutheria, 

Order Insectivora
These are the insect eating mammals – moles, shrews, hedgehogs, solendons, and tenrecs.  They are the first mammals to have placentas.  Their distribution is both vast and spotty, but in general they are found everywhere in the world except Australia, New Zealand, New Guinea, South America (except for the extreme northwest) and the polar regions.  Despite occurring in large numbers, these species are seldom seen due to small size and nocturnal habits.
Order Chiroptera

These are the only true flying bats.  Over 980 species of bats have been identified, and they are found worldwide, except in Polar Regions.  Bats have evolved into 6 groupings according to feeding habits:

1. Frugivores

2. Flower Feeders

3. Carnivorous

4. Sanguivore  (only 3 species are true vampire bats)

5. Piscivorous

6. Insectivorous

Order Dermoptera

This is the only order made up entirely of gliding mammals and the closest relatives to bats.  They are known as the colugos or flying lemurs.  They are nocturnal species, sleeping in holes in trees during the day and emerging at dusk to feed.  Consisting of only one genus (Galeopithecus), they are only found in the Malay peninsula and the East Indies.

Order Carnivora

The members of this group are all adapted to eating meat.  They are divided into two sub-orders: Fissipedia (members whose feet contain toes) and Pinnipedia (those with modified limbs for an aquatic lifestyle).

In the Sub-order Fissipedia, there are seven families:

1. Canidae – dogs, wolves, foxes

2. Ursidae - bears

3. Procyonidae – raccoons, coatis

4. Mustilidae – weasels, martens, otters, badgers, skunks, ferrets

5. Viverridae – genets, civets, mongooses

6. Hyaenidae - hyenas

7. Felidae – cats

The Sub-order Pinnipedia includes the deals, sea lions, sea elephants, and walruses.

Various predatory behaviors have been studied from solitary ambush to cooperative hunting amongst many members.
Order Tubulidentata

The aardvark is the only mammal with the unique distinction of being the sole representative of its order.  It is confined to Africa, and little is known of its ancestry.  The order name refers to the strange structure of its cheek teeth.  There are no canines or incisors, and the skull is slender and the gape of the mouth small.  Its name is from Afrikaans aarde, which means “earth”, and vark, which means “pig”.

Order Rodentia

Found worldwide, rodents are the most numerous of all mammal species with 2 of every 5 being rodents (40%).  The word “rodent” comes from the Latin rodere, which means “to gnaw”.  It is a reference to the sharp and ever growing incisor teeth.
Order Pholidota

The pangolins, or scaly anteaters, are found in tropical Africa, southern Asia, Sumatra, Java, Borneo, and the Philippines.  They have been aptly described as looking like animated pinecones.  The order’s name means “scaly ones” as many of the hairs have changed during the course of evolution into large, flattened, overlapping scales of armor.  The underside of the body has remained, however, soft and hairy.

Order Lagomorpha

Two families make up this order: Ochotonidae (pikas) and Leporidae (rabbits and hares).  These used to be grouped with rodents, however, due to anatomical differences they are classified separately today.

Order Edentata

The name means “lacking teeth”, but with the exception of the anteaters, all other members have some teeth.  What they all lack are canine teeth.  This group includes the sloths, anteaters, and armadillos.  Thought to be a New World order, all are mainly found in Central and South America with the exception of the nine-banded armadillo that extends its range into the southern US.

Order Cetacea

Cetaceans are the marine mammals – whales, dolphins, and porpoises.  They possess large, complex brains and are very intelligent.  There are two sub-orders – Odontoceti (toothed whales) and Mysticeti (baleen whales).
Order Proboscidae

The name references the elongated proboscis that characterizes these animals, the elephants.  Equipped with 40,000 muscles, it is a tremendous adaptation able to pick up something as tiny as a grain rice to something as heavy as a 1 ton log.  One species is restricted to Africa while the other species is restricted to Asia.

Order Hyracoidea

All found in the African region, the 6 species of hyraxes appear to be closely related to elephants and sea cows.  They are gregarious, rock and tree-dwelling, nimble and active.
Order Sirenia

With only 4 species to represent this order, the manatees and dugongs are found in the waters of the Americas and Africa (with one species in the latter extending its range as far as Asia).  As the name implies, these species have been confused with the sirens of ancient mythology.  It is said they reminded sailors of mermaids, because of there humanoid appearance and method of nursing young.

Order Perissodactyla

The odd-toed ungulates, this group includes the horses, rhinoceroses, and tapirs.  The diagnostic feature that links these members is that the axis of the foot passes through the middle digit.  They all walk on hooves or toes with heels never touching the ground.

Order Artiodactyla

The even-toed ungulates are a much larger group and represented by deer, pigs, sheep, antelope, cattle, etc.  Naturally distributed worldwide except for Australia, New Zealand and the Polar Regions, today only the Polar Region remains elusive territory as they have been introduced in commercially import domestic species in Australia and New Zealand.  The diagnostic feature that links these members is that the axis of the foot passes between the third and fourth digits.
Order Primata
There are 193 species of living primates found worldwide.  These are divided into the following groups:
1. Prosimians (Sub-order Prosimii) – lemurs, lorises and tarsiers

2. Suborder Anthropoidea

a. Superfamily Ceboidea (New World Monkeys)

i. Family Callitrichidae

ii. Family Cebidae

b. Superfamily Cercopithecoidae (Old World Monkeys)

i. Family Cercopithecidae

c. Superfamily Hominoidae

i. Family Hylobatidae

ii. Family Pongidae

iii. Family Hominidae
HUMAN HEALTH CONCERNS
Tuberculous Mycobacteria - a species of bacteria that cause tuberculosis in some species of mammals; Tuberculosis = “tubercles” (inflammatory nodules)

Mycobacterium bovis

Usually infects hoofed animals but can cause disease in humans, non-human primates, felids, etc.
Mycobacterium tuberculosis:

Usually infects primates but also isolated from Asian elephants.

Transmission by animals:

1. Aerosolization is the most common mode of transmission.
2. Milk from tuberculous cows used to be a major source of disease (M. bovis) - ingestion.

Clinical symptoms in humans:

1. TB causes a chronic wasting disease in most species.  Humans develop granulomatous pneumonia, weight loss, internal abscesses and death.
2. Nontuberculous (Atypical) Mycobacteria: Potential for Zoonosis; incidence in the human population has been rising since 1985 due to AIDS, however, many have caused disease in immunocompetent people.
3. M. avium complex - mainly GIT
4. M. kansasii - mainly pulmonary disease.
Viral Agents

Rabies (“hydrophobia”) - a virus that infects and destroys the central nervous system of mammals.  One of the oldest recognized zoonoses that still kills tens of thousands of humans and is still widespread.

Transmission by animals:

1. Most cases are still identified in wildlife such as foxes, raccoons, skunks and bats.
2. Shed in saliva of infected animals.
3. Virus must be delivered onto broken skin.
4. Generally infected animals show signs of disease at the time of the bite - rationale for 10 day quarantine of dogs and cats.
5. Disease in Zoos more likely from resident native wildlife to humans, or to Zoo collections animals and then humans.

Genus Lyssavirus includes rabies virus and a group of antigenically and genetically related viruses that are neurotropic agents.

1. Lagos bat virus: probable reservoir are fruit bats; no known human deaths; marginal cross protection with rabies vaccine.

Herpes B or Monkey B Virus:

A virus carried asymptomatically (maybe an occasional mouth sore) by macaque species.

Human cases are rare and result in death most of the time (encephalitis).

Transmission by animals:

1. Virus present in body fluids, especially saliva.
2. Avoid exposure by wearing gloves and masks when handling macaques and/or their body fluids.
3. Viral hepatitis, Hepatitis A & B, etc.
4. Some monkeys and chimpanzees may be carriers.
5. Use common sense and good hygiene to avoid infection.

Other Viral Zoonoses

Hantavirus –carried by rodents, passed in droppings; flu-like symptoms to pulmonary disease, can be fatal.

Viral Encephalitis (West Nile, St. Louis,etc.) -carried by mosquito; symptoms range from flu-like disease to encephalitis to death.
Fungal agents - most common infection in this group is ring worm (dermatophytosis), a cutaneous fungal infection.
Cryptococcosis and histoplasmosis are systemic fungal infections that are environmentally transmitted diseases associated with bird contact (fecal matter in soil).
Parasitic Agents (Protozoans and Helminths)

Protozoal parasites are single celled animals that typically parasitize the gastro-intestinal tract (GIT); some may produce systemic disease.
Balantidium coli: Parasitizes the GIT of primates and pigs; transmitted by fecal-oral route; may be asymptomatic in humans but usually causes abdominal pain, straining, diarrhea and weight loss.
Giardia: similar in disease course to Balantidium.
Cryptosporidium species: small coccidian parasites that infect the GI and respiratory organs of vertebrates; C. parvum causes a short-term diarrheal illness in immunocompetent people; life-threatening, cholera-like illness in immunocompromised people; oocyst are ingested, or perhaps inhaled.
Toxoplasmosis: Toxoplasma gondii has worldwide distribution; only felids can pass infective oocysts in feces into environment; transmission by animals by eating undercooked meat containing infective cysts or by fecal-oral (feline feces); transplacental; disease in humans: ssymptomatic in healthy adults, severe encephalitis in immuno-suppressed people; this disease is of concern to pregnant women - abortion, fetal death and severe fetal malformations.
Helminths: worm-like parasites

Nematodes such a hook worms and roundworms; cutaneous larval migrans and visceral larva migrans; occurs through fecal-oral transmission.

Preventive Health Programs for Keepers (and animals in their care) are practiced and intended to protect the keepers and the animals.  These programs are many and varied:
1. Screening for intestinal pathogens
a. May involve screening for protozoal and helminth parasites.
b. Bacterial pathogens - asymptamatic carriers.

2. TB skin test - performed annually; now a USDA requirement for elephant keepers.  Once you test positive, the skin test is of little to no value in assessing active disease.
3. Vaccinations for:
a. Tetanus - all keepers

b. Rabies - at-risk keepers

c. Hepatitis - not commonly done.
d. Rabies vaccine is for unknown exposure only.
e. Get treated if you know you were exposed

f. Report animal bites to appropriate supervisor to determine course of action

