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126 living species of marine mammals 
fins- named by location
claudal fin- made up of 2 flukes
pinnepeds have flippers, also named by location on the body
dugong, and maatee- have pectorial flippers and have dorsal fins ( pelvic appendages
1 fluke-> claudal fin
sea otters/ polar bears have limbs+tail
NOAA: 20 endangered 
7 threatened
Loost half of marine animal species from 1996 to now
Threatened- on verge of being lost. Not endangered yet
 

Marine mammal- aquatic mammals that spend most of/ all of their life in water (fresh and marine)

Species:
Morphology- study of form and structure of an organism without consideration of function
DNA: nucleic acid that caries fundamental and distinctive characteristics of an organism (often regarded as unchangeable)
E.g. morphology 10 dolphin species
Dna- 12 species

Climate change= harder to adapt
Comparison of mitochondrial DNA from polar, brown and black:
Polar bears- older distinct species that previously thought (by maybe several thousands of years)
This evolutionary time has given polar bears more than enough time to adapt 
[ANIMAL SPECIES + CLASSIFICATION HERE]
What is not a marine mammal:
Class Mammalia includes all species that are described as:
Body covered with hair which moults
Skin containing various glands
Mouth with teeth
4 limbs (may be visually absent in some)
feet w/ toes adapted for climbing/ swimming
four chambered heart…etc
classification can be divided further 
Sub-classes
Orders
Sub-orders
Families… etc 
Based on adaptive characteristics required to live w/in various enviro
Beavers-mammals in NA spend most of the tme n freshwater (streams etc) and spends time swimming+ building damns, and dens in water
Belong in order of Rodentia (gnawing mammals)
In family castoridae, completely covered n soft fur, broad tails, feeds on trees (aspen+ willow). Also includes squirrels, mice, rats
Have four limb, 5 toes, no canine, incisors that continually grow, no spiecies in salt water, most eat vegetable matter 
General adaptations of Marine Mammals:
Lungs that can compress and spring open- important for deep diving
More hemoglobin (oxygen carrying molecule)
Storage areas of blood
Excessive amounts of myoglobin (oxygen storage molecule)
Some also have blubber, cardiovascular modifications, thermoregulation, echolocation, etc)
Why study Marine Mammals:
Moder times, there is
Special appeal
Emotional response
High interest in their welfare 
Legislative enviro protection for ongoing/ changing problems
E.g fukashma power plant. In two years, 300 tons of radiation water released into the ocean (5 times higher than normal exposure) since march 2011
Live in unique environment:
Exposed to various pressures
Various temp
Various light conditions 
Have specialized environments that are varied
Thus, evolution of many species
Adaptation is caused by
Wher ethey live
What they eat
Reproduction
Breathing
Hunting
They are:
Highly intelligent
Curious 
Playful 
Live in highly organized, distinct societies (killer whales), families (dolphins) or solitary animal (polar bears, sea otters baleen whales)

Recent upspring of interest in marine mammal science:
The environment/ habitat
Interaction with fisheries
Pop + behavioural studies
Reproduction
Pollution 
Climate change
Underwater noise 
Faced with environmental dangers:
Pollutants
Noise pollution
Habitat destruction
Climate change
Human interaction**

Human interaction: 
Boat tours on Dusky dolphin feeding found that presence of bots –vely effect their feedng efficiencies or how well they hunt
Reproduction output (number of dolphin calves) has continued to decline despite decrease in dolphin bycatch in tuna fisheries.
Enviro dangers increase care in rehab facilities
Data collected fromwild pop is applied to captive animals and vise versa 
Stress, their enviro and heir welfare
Defininf the diff b/n care and welfare 
All info based on few species of animal
Enviro dangers can be problem for humans
Contaminants possibily increase tin seal due to climate change (from melting snow, that is polluted 
Mercury lvls in various species of whale meat sold in Jap market
There is recent upsurge
Controversies 
Caring of marine mammals in captivity
Knowledge vs entertainment 
Wild- more complicated, causes stress, require more equipment and people etc to study animasl 
In captivity- study movement, breathing patter, social activity etc
Conservative measures must be developed to protect them
Convservation mut take into account
Physio and anatomy
Specialized adaptation
Environment 
Traditional and cultural resources
National lvl requirements
Regional level
Local lvl

Research: 
Physio
Metabolism 
Diving behabiour 
Environmental threats habitat degradation
Orca found in smaller groups and communicate less
Possibly from lower number of salmon available
Arctic ice could disappear w/in 10 years (2012)
Actually have an ice free passage across north for at least 1 day
Pollutant lvls in sirce-
Amount of various types of contaminants
How research should study these pollutants w/ conservation in mind 
Pollutants:
Earth’s ocean have become a dumping ground for the 1000s of chemicals and compounds that mankind processes yearly
Difficult to find definitive proof that pollutants have direct affect on health o marine mammals or they play a role in the mortality of an animal or numerous animals as it is difficult to do studies on wild animas in their natural enviro  why animal rehab centers are so important
Animals tend to not like being approached
Dophin playing w/ pastic bag, if swallowed can wrap around esophogus (around the junction it breathes and make it difficult to swallow things dolphin starves to death
Pollutants:
Heavy metals
Mercury- problems with mental development 
Lead- defective kidney secondary problems f rom not filter well, defective births, cancer
Cadmium
Organochlorines (DDT weakened egg shells in birds)
PCB- acts on sexual organs; reduces number of children born, or causes still births.
PFOS (teflon)- on non-stick items, also used to keep thins from being corroded (like telephone poles), make you sick
Oil- stops fur from working; makes feathers unusable; harmful if ingesting, oil/ grease spills/ irritates skin 
Radioactive material- spills, or used in generating nuclear energy 
Impact on species
Impaired reproduction (seals, having less of them)
Impaired development in young (polar bears; ypung born small or not developed correctly)
Indirect mortality (dolphin- ingestion-like the plastic bag)
Direct mortality (sea otter- thermoregulation- oil spills cause them to die from hypothermia) 
Some of these pollutants (like mercury) bioaccumulate up the food chain and they become concern for humans (esp. pregnant females, females breast feeding babies and young children (seen in aboriginal children, who are still born, or born with mental deficiencies) 
Higher up the food chain, toxins get accumulated/ absorbed 
In review, learnin more about marine mammals:
will help you understand hwo they live in marine environment
will help you see how they have adapted to their environment over thousands/ millions of years
will help create protective conservation measures as dramatic events such as global warming may cause them to become threatened/ endangered or become extinct over the next decades 
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Marine mammals have evolved and adapted physiologically and anatomically over the past 60 million years
These adaptations have allowed them to spend all or some of their lives in he water 
Examples of special adaptations:
Locomotion (swimming, buoyancy)
Skin (type and colour)
Sensory (smell/ hearing)
Respiration 
Cardiovascular 
Movement (propulsion)
Basic orientation
Bodies (animals & humans) come in various forms
Must have a scientific and uniform way of describing them
Body is divide into planes with the body of the animal/ human on feet/hands facing away
Anterior- front part (“head”)
Dorsal known as the “back”
Posterior- known as the back end (“butt”)
Ventral- knon as the abdomen (“stomach”)
Marine mammals have evolved drastically in some cases
some cetaceans no longer have hind limbs, forearms changed into finds, and have tails
Fins are named based on the position on the body
Pectoral fins- equivalent to arms located on the side of chest
Dorsal fins- if present, located on the dorsal plane (“back”) and roughly in he middle
Caudal fins- located on the posterior plane, or area 
Cetaceans (dolphins, whales, and porpoises)
Have nostrils (blowholes) on DORSAL sie of he head
Large breath capacity 
Blubber (known as FAT in otters and polar bears) for termregulation and food
Cardiovascular adaptations (thermoregulation and diving)
Body size (buoyancy)
Propulsion
Stability (dorsal fin- keep them from wabbling)
Echolocation 
Pinnipeds (Seals, sea lions, walrus)
More amphibious (less extreme aquatic adaptations that are cetaceans)
Propulsion (hind legs/ flippers)
Dense fur 
Nostrils
Dentition (carnivorous)
Sensory (touch- have whiskers to feel in water, vision)
More varied diving capabilities 
Sirenians (manatees, Dugongs)
Share similar body shape w/ cetaceans
Paired nostrils (reduces gas exchange—we breathe from one nostril at a time, hence clogged nostril when sick)
Dense bones (buoyancy- less energy put into diving)
Flexible lips with bristles (used to pull plants up)
Dentition (plants) 
Polar bears
Covered in fur (reduces heat loss
Skin colouration is black (absorbs heat)
Layer fo fat (fasting and buoyance- can survive long periods of not eating)
Streamlined head and body (swimming)
Forepaws (swimming)
Sea/ Marine Otters
Flexible bodies and long tails (allow for both movement on land and water)
Has highher metabolic rate (eat large amounts of food compared to their body weight; sometimes food isn’t even processed)
Densest fur: 164,662 hairs/cm2 (thermoregulation)
Vision (hunting,, sighting enemies above and below water)
The general anatomy of marine mammals is  quite unique compared to humans
We will look at:
Body shape/ size/ mass/ coloration
Skin
Eyes
Ears
Nostrils and blowholes
Dentition
Organs
Systems
Body shapes: depends on species
Long And slender to short and tubular for MOST marine mammals (i.e cetaceans, sirenians, pinnipeds, and otters
Dolphin- tube
Killer whale- long
Manatee- short 
The exception is the polar bear
Cetaceans= ins
Sirenians= flippers+claudal fin w/ a broad fluke (which fans out) 
Seals/ walrus= flippers 
Otter/ polar bears= Paws (feat) (long and thin) 
Marine mammals have the largest range in body size
Whales range from 33 m  to > 1 m (newborn Vaquita) (note: the blue whale is the largest species ever)
Dolphins range from larger than 9m (killer whales; these are dolphins) to >1.5 m (Spinner dolphin)
Seals range from 5m (elephant seal) to 1m (Baikal seal-live at lakes)
Variation come from adaptation
Body mass marine mammals also have the largest range for body mass (weight) 
Whales range from 220 tons (Blue whale) to 6 tons (minke whale)
Seals range from 3200 kg (elephant seals) to 45 kg (Baikal Seals)
Marine mammals have 3 basic colour patterns 
Uniform – one colour (belugas, polar bears/ sea otters/ manatees
Spotted or striped all over body- on head, side, belly, or flukes, like killer whales 
Stripe=> distinct pattern running along the body
Saddled or counter shading 
Pattern where animal is dark on its dorsal side and light on ventral side (like dolphins/ whales)
Age difference
In colouration (e.g. Walrus, beluga). This can help with estimating age. Walrus young darken as they get older; belugas whiten then become a cream
Where colour patterns change w/ age as in harp seals where:
Newborns-white 
Adolescents- spotted
Adults- develop pattern (saddle)
Sex difference 
Some cases, sex plays a role (e.g. seals), colour is usually darker in males than females (perhaps for intimidation?)
Types of colour/ skin pattern is an adaptive response 
To blend into habitats (seals)
To hunt for food (killer whales/ polar ears)
Protection from enemies (whales/ otters_
For communication while swimming in groups (dolphins or differentiate between sexes (seals) [darker males]
Colouration
Cetacean 
Dolphin and porpoises 
Various stripes
Basic colour with various overlay
Bridle- blow hole stripe that runs from blow hole to base of melon
Eye stripe- eye to base of melon
Signalling- when turning, if there is a pattern, If neighbouring member turns, there is a flash of white (like in dolphins) so the neighbour knows to turn
Flipper stripe- pectoral fin eye, corner of mouth, or to rostrum
Pinniped
Various colours in hair (pelage) 
Lanugo- fetal pelage (soft fur) lose in a few days
May change between wet and dry
Between sexes 
Harder to tell when theyre wet, as drying off cases different colours (tend to be darker when wet)
Change in colour in water allows to know who is of same species
Walrs- contrict blood vessels- turns white (during cold weather)
Sunlight for long period red to reduce heat
Overview of external features
Integumentary (skin) system
There are 3 layers of sin in marine mammals (like humans)
These layers are composed of various structures or tissue (like hair, glands, vibrissae (whiskers), fat/ blubber, or paws and claws

Skin
Marine mammals composed of three layers (like terrestrial mammals)
Cetaceans- no sweat or sebaceous glands (oil lubricates keratinized cells- waterproof pliable layer) nor hair, except bristle like hairs around the mouth 
Sirenians- no skin glands (but have sebaceous) and have sparse hairs on dorsal surface 
Epidermis (outer layer)
Multilayered (3-5) as in land mammals
Flat, solid keratinized cells
Generally used for protection against abrasions 
 Contains pigmented (coloured) cells used for coloration 
cetaceans- renewed every 2 hours (12 x a day) or 9 times faster than a human
Dermis (middle layer)
Contains hair follicles, sebaceous glands (lubricate hairs) , sweat glands and claws (pinnipeds/ sea otters/ polar bears)  well vascularized and contains fat cells  
Hypodermis (deep layers)
Blubber -composed of fat cells and collagen 
Collagen stiffens things
As hypodermis enlarges (in walrus, phocids, cetaceans, and sirenians) act as insulation and streamlining of body to aid in swimming
Fat jiggles keeps you from propelling straight
Mysticetes have thickets blubber of all marine mammals 
Blue whale- thickness is 50 cm
Sirenians- very thin blubber
Sea otters + polar bears no blubber, store fat like humans (large amounts) 
Anterior (head) area
Compared to terrestrial mammals, marine mammals have evolved huge diversity in their head structure 
Evolution has produced drastic changes in the way they breathe, hear, see, produce noise, and eat
This is linked to their biology, ecology, and adaptations 
Eyes
Because of their dependence on surfacing to breathe, the vision of marine mammals has the ability to function in both air and water, but varies b/n species 
Little is known of various abilities in marine mammals as it is difficult to conduct research in the wild so most is confined to animals in captivity 
Cetaceans 
In the wild and in captivity, dolphins display excellent above water visual ability 
In captivity dolphins actually reduce he use of echolocation (use of sound) as above water vision takes a more demanding role 
Pinnipeds
Use both in water and aerial vision as they live in both water and on land
In water vision is used for prey detection, avoiding enemies and special orientation during migration
On land eyes play role in breeding, birthing, feeding pups, intrapop relationships and orientation
In captivity seals able to recognize shapes, distinguish small objects and analysis of visual images
Colour discrimnaation the same as in dolphins w/in the blue/green spectrum
Sirenians: 
Little known except that they track underwater using vision and have blue/green colour vision 
Sea otters:
Very little is known but they do need good vision to both water and air to hunt and to discern enemies and can discriminate objects of diff size
Polar bears:
Little known. Seems to have good vision capabilities in both air and water for hunting purposes
Can distinguish small obj up to 6-9 m deep under water
Eyes: 


Aquatic mammal vision—seeing above and below water
Light- type of electromagnetic radiation (energy) that is detectable (w/in the visible range) by the human eye and that it travels in waves 
Visible colours form shortest to longest wavelength: violet, blue, green, yellow, orange, and red
Brightness s determined by hight of the amplitude 
Atmosphere is composed of a mixture of:
Molecules (O, N, CO2, etc)
Water (vapour, crystals, droplets)
Solid particles (dust, pollen, salt, etc)
Composition depends on:
Location
Weather (rain, fog, sunny, etc)
Pollution
Unless it hits an object (dust, water molec, pollution, etc) light will travel in a straiht line and will appear as a white light
If does hit an obj. (ie. As molecule)
It wll change in either amplitude, wavelength or both
The molec will absorb some of it and release that absorbed part of the light in a diff direction
The higher frequency of colour (eg. Vilets or blues) are absorbed more oftehn than lower frequencies (red) therefore various colours are created (rainbows and sunsets)
Going from atmosphere to water, light refracts or gets absorbed 
Refraction- process by which light is chaned or bent when it travels from through the boundary of two different mediums or materials
Light travels slower or faster in materials of different densities
In atmosphere, light goes through, almost unchanged 
When the light goes through water it is slowed down by amost 30%. This causes the light to refract or ‘bend’. This bending oat the surface between the atmosphere and water is reversible (i.e. going from water to atmosphere and vice versa
This bent or refracted image appears underwater to be larger() and () than it actually is
Absorption is the absorption of light by various materials floating in the water 
Under water, the amount of visibility depends on the ammoung ot light reaching a particular depth
Only 18% of light reaches depth of 18 m
Only 1% light rays reach 100 m
[ABsorbtion of light and colour]

Aquatic Mammal Vision:
Mill YA, anceestors of the whales (cetaceans) manatees (Sirenians) and seals (Carnivora- Pinnipedia) went back into the oceans and adapted to an aquatic life:
Some living mostly under water, some living both on land/ below water and some living mostly on land
Each have developed their own specialized way to see under water/ on land
We know that the underwater enviro is quite diff from that on land and that lght acts dif in the water vs the atmosphere (rerefraction and absorbtion) 
The way light acts depends on various conditions such as depth, clarity of water, etc
Therefor vision needs to adapt to the various conditions 
[EYE ANATOMY diagram]
Sight/ Vision
The lends controls how your eye focuses
The flexibility of the lens is what allows the light ot hit the retina at the correct location located at the back of the eye
Probem with amphibious eyesight:
Amphibious eyesight requires: seeing from air to water or from water to air
Main problem is caused by the lense not being lexible
If the eye adapted to air, trying to see underwater= hyperopia or farsighted
If an eye s is adapted to waer, trying to see in the air= mypia or near-sighted
[DIAGRAM]
Marine mammal vs land mammal vision:
The cornea (bulging part of the eye) of a marine mammal eye is stronger than a land mammal’s
The cornea of a marine mammal resembles more of that of a ish
Dolphins have muscles that can bed their cornea so they can focus aboe the water 
In baleen whales, the retina, or light sensitive tissue lining the innter surface of the eye contains mostly rod cells or photoreceptor cells in the retina of the eye that can focus on less intense light
There are less cone cells which can differenciate b/n diff colours and are sensitive to bright light
Marine mammals have a tapetum lucidum- reflective layer behind the retina that reflects light back through the retina and a second time to aid vision in low light conditions (humans do not have this layer)
Whales do not have tear ducts but they have a gland in the cornea and eyelid that secretes an oily lubricating substance /.≤.≤µ÷///]f
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