Environmental Physiology                  CLASS 1
Course Objectives:
-organisms with relationship to chemistry, temperature, pH, etc. 
-stresses
Physiology: The study of the functioning of organisms – understanding of biological systems
TREES: Temperature and amount of water adjusts the shape of the leafs
-greater surface areas for certain leafs for more photosynthesis

BIOLOGICAL VARIABILITY
-twins raised in different areas

EARTH: AN ECOLOGICAL UNIT
Biosphere-biome-terrestrial or aquatic-ecosystems: biotic/abiotic features

TRANSFER OF ENERGY: Energy is moving up the food web
-producers at base and consumers/top-consumers at higher levels

FLUX OF ENERGY
-as you go up the pyramid of ELTON, you have less and less energy
-large quantity of energy at base
BIOCHEMICAL CYCLES:
1st thermodynamic principle: nothing is created, everything is being transformed
-nothing is being lost

4 BIOGEOCHEMICAL CYCLES
1 – AQUATIC CYCLE: 70% earth, 70% of tissues. Evaporation and precipitation cycles
2 – Carbon Cycle 
Co2: 0.03% atmosphere
Source: metabolism: co2 and organic c
Sink: photosynthesis
Global warming: a snow ball for biological cycles
-respiration is a source for carbon
3 – Nitrogen cycle
78% of the atmosphere
Bacteria: fix N, produce NH3 which enters the food web
Denitrification and release to atmosphere
-limits for oceans (salt water)
4 – Phosphorus Cycle
-mineral origin
-limits primary production – the demand compared to the availability is very high
-limits for fresh water
BIOMES
-terrestrial biome: defined by 2 variables: CLIMATE and VEGETATION*****
FRESHWATERS:
-lotic systems (lakes and wetlands): stratification and light abundance.
-lentic systems (rivers): watershed influence, not stratified, lots of O2
SALT WATERS: 
70% of the Earth’s surface
-lungs of the planet

ORGANIZATION OF SYSTEMS
-all species are sorted in a hierarchy
-the limits of categories are often unclear

5 DIVISIONS
-complete in 1957: HERBERT COPELAND added fungi


CLASS 2
Eukaryotes have a true nucleus and prokaryotes don’t

TIMING OF APPEARANCE
We have ancient cyanobacteria that still exist to this day

Monera 
-binary fission
-produce very fast (large number of cells produced and sustain the population when things aren’t going to well)
-aquatic***
-comfort zone of temperature

PROTISTA
-unicellular
-difficult to classify
-look like bacteria but are more evolved
-difficult to follow, so we mark them with a nuclear material to track them
-they are HETEROTROPHS
-consume oxygen
-reproduce sexually or asexually 
-can play a role in spread of disease: plasmodium, red tide (very toxic water), etc.
-the amoeba is a very large Protista
-plasmodium, paramecium (which is known for its very large vacuole)

DIVISION PLANTAE
-FIRST group to reach land****
-developments of roots, cuticle, a vascular system and a seed.
-CHARACTERISTICS:
-multicellular, AUTOTROPHIC via photosynthesis (produce their own biomass) 
-in an autotrophic system, everything grows
-in a heterotrophic system, everything gets used up
-the chloroplasts contains chlorophyll a and b pigments
(there are also chlorophyll c and d that are less common)
-wall cell is made of CELLULOSE***
-starch (poly-glucose) use as main energy reserve
-“alternance of generation” – sporophyte diploid, gametophyte haploid

EVOLUTION OF PLANTS
-DEVELOPMENT OF VASCULAR TISSUES:
-allow for the movement of water and nutrients 
-key features between primitive plants and more recent species
SPECIES SEGREGATION 

APPEARANCE OF FLOWER
-most plants have flowers (90%)
4 groups of plants
-mosses bryophytes
-ferns pteridophytes
-gymnosperms
-angiosperms

MOSSES
-non vascular
-haploid generation domine
-sexual and asexual reproduction
FERNS
GYMNOSPERMS
-naked seeds
-adapted to low nutrient conditions (deep roots to capture as many nutrients as possible)
-good dispertion system

THE GINKO BILOBA – gymnosperms
-foreign – Asian/Japanese
-reproduction must involve water
-goes through sexual reproduction (male and female)
-known to be very stinky
-interesting medicinal properties (many benefits)
ANGIOSPERMS
-very attractive 

SUMMARY
-AUTOTROPHS can change percentage of oxygen in the atmosphere
-21% oxygen concentration in a room
-plants are used medicinally
-complex structure and function 


FUNGI (mycetes)
-they can break down the organic matter and make use of the nutrients in it for themselves and other organisms as well
-organic matter is very difficult to hydrolyze
-many, many decomposition stages in our earth 
-provides inorganic compounds in a way it can be used (great benefit in the entire ecosystem)

MORPHOLOGY OF FUNGI
-very high surface area that is in contact with the organic matter
-breaks down barriers 
-penetrate organic matter to reach it and hydrolyze
REPRODUCTION
-vegetative reproduction 
-no males vs female spores but the spores are produced sexually
-for the reproduction to work properly, there needs to be very specific conditions (must have water for example)

IMPORTANCE OF FUNGI IN THE ECOSYTEM
-symbiotic relationships with algae (LECHENS)***
-many sicknesses come out of fungi 
-most plants do need fungi (80% symbiosis with fungi)
-production of antibiotics

ANAMALIA KINGDOM
-largest taxonomic group (over 35 phyla)

EVOLUTION TREE
-flat worms are separate from other worms
-sponges are radial
-at the level of the flat worms, we get bilateral symmetry

KEY STEPS IN ANIMAL EVOLUTION
-symmetry, cephalization, gastrulation
COELOM DEVELOPMENT
-it is advantageous to have a true closed coelom because: 
A. separation of muscle and the digestive track
B. Liquid coelom acts as simple circulatory system (responsible for exchange of gas and waste)
-need as much surface area as possible for exchanging material
-develops into mouth or anus from INVAGINATION 

MOLLUSCS
-require a lot of water
-some can produce a shell for harsher conditions to retain water into the shell
-some can be very large
-largest invertebrates

ARTHROPODS
-chitin can control water loss of time and retain water, and for protection
-insects, etc. 

ECHINODERMS
-some have spines 
-water based (not a lot to eat in sea cucumbers)
CORDATES
-very jelly organisms
AGNATES
-not much in them, water 


LECTURE 3
-very rapid or very slow reaction depending on level of stimulus and the response system

BACTERIA DETECTION
-efficient system allowing flexibility and modulation of the detection and the response
-they can react very quickly based on the presence of food and the temperature
-sense what type of food molecules are around them which can trigger gene expression and reproduction

-GREEN: area/field where we bacteria can sense the presence of a stimulus to be programmed to move towards a food source in a straight movement, instead of a random movement due to a lack of a stimulus
-abundance of food sources cause the bacteria to reproduce more

HIGH LABILITY: a series of molecules that have been produced fairly recently and can be degraded easily and consumed quickly to take advantage of the molecules of that organic matter
LOW LABILITY: something consumed and digested many times through cycles in the environment which causes it to have low contents of usable molecules
HIGH LABILITY: PLANTS (excretes lots of sugar in water)
LOW LABILITY: Washed out organic matter from reefs (ex. Carbon, LIGNIN/rignin?) that drains into the ocean (molecules that are very difficult to decompose)
-lots of plankton and algae in ocean which are high in lability
EXAM QUESTION ON LABILITY!!!*****************

5 classes of phytohormones



NYCTINASTIC MOVEMENT: plants that have the ability to move their leaves when they are exposed to light

The more light, in general, the more photosynthesis. 
THE PHOTIC ZONE: layer that has light, where photosynthesis can happen: from 100 percent down to 1 percent of light
-under 1 percent, photosynthesis cannot happen
-aphotic zone: photosynthesis cannot happen 

GRAPHS
-plants are adapted to the availability of light in their ecosystem
PAR- light conditions available for photosynthesis (look up PAR)
-the more light, the more photosynthesis, until a limit is reached (P MAX) where photosynthesis plateaus even with increased Irradiance
-eventually pigments are destroyed, and chlorophyll is lost very quickly which is called PHOTOINHIBITION****
-more photosynthesis with greenlight photosynthesis
-more pigments in plants to capture a larger range of wavelengths in order to maximize photosynthesis

SEASONALITY AND PHOTOSYNTHESIS

-seasonal effect (more production in summer than winter for ex)
-curves on graphs go down due to photo inhibition
-water availability plays an important role for terrestrial plants, so this affects the graph

VERTICAL DISTIBUTION 
-ask him about first graph*****
-when the season starts to get warmer in the spring, you get warmer water at the surface, and cooler water at the bottom
-increase in oxygen in summer months that represents an increase of photosynthesis
-maximum oxygen peak corresponds with maximum chlorophyll peak 

THE CASE OF CYANOBACTERIA
-they can sit at the depth where photosynthesis is most optimal by using a gaz vacuole for vertical migration 
-by floating, they sit on the surface and take advantage of the wind

GOMEZ ET AL
OBJECTIVES:
-to describe the photosynthesis of new plants in Antarctica where not a lot of info is already known 
METHODS:
-they measured carbon and chlorophyll at various depths
STATISTICS:
-varied between plants, 
Some plants produced more at 10m vs 20m, etc. 
-NO PHOTOINHIBITION OBSERVED IN THE GRAPHS
-ON HISTOGRAM:
-comparing means and standard deviation/or standard error
-stars show significant difference/ also VARIANCE

LECTURE 5
TEMPERATURE ADAPTATIONS 2
-the temperature will influence the temperature of the phospholipid bi-layer (cell membrane)
-permeability of membrane with change in temperature

LOOK AT GRAPHS FROM LAST CLASS
-PC/PE (look them up and the ratios)
 -pc-choline form

MOST adaptation related to behaviour
-not so much internal adaptations
-most organisms (humans) like to stay at their optimal temperatures
-we will have to adapt our behavior when the temperatures are not optimal (air conditioning, etc.)

TEMPERATURE AND BACTERIA GROWTH RATE
-cold to warm temperatures
-MESOPHILES are the most common bacteria on the planet
-hyperthermophiles (deep ocean vents, and geysers)
-growth rate goes down as the bacteria reaches its non-optimal, extreme conditions

TEMPERATURE AD BACTERIA GROWTH RATE
-genetic differences that are due to adaptation:
-developed proteins for survival
-DNA adaptation—higher GC/AT ratio*******
-membranes that are extremely fluid

TEMPERATURE AND BACTERIA GROWTH 
-ETHER LINK that increases rigidity and structure to the membrane in order to cope with high temperature*****

TEMPERATURE AND GLYCEROL PRODUCTION
-a shock in temperature is key in the metabolism in glycerol (good quality in wine)
-fermentation is triggered by the bacteria in the yeast

TEMPERATURE AND PLANTS
-linear increase in the growth of plants up to a certain point
-after that, they go down in growth
-there are other processes, like temperature, that doesn’t involve photosynthesis (CO2) that affect growth in plants

-the morphology of plants is strongly related to the environment
-for example: cacti
-some plants only regulate CO2 at night, so that the stomata only work at conditions that are less stressful and so water loss is at a minimal at night time

TEMPERATURE EFFECT FOR ANIMALS
-the nervous system is very sensitive to temperature variations

-camels have hair that insulative hairs that would cause them to have 50% heat gain if you remove those hairs
-Evaporation: 580 cal/g water (energy) loss during the transition from liquid to vapour
-we also lose ions in heat through sweating, and the larger you are, the larger the surface area you have, and therefore you can lose more heat

-in rabbits, neurons and the hypothalamus control neuroregulators that allow rabbits to lose water through their ears at high temperatures

-what’s confusing in this graph is that the smaller organisms are losing more water
-in humans, we can reduce our loss in salts and maintain more water

-SOME ORGANISMS can store heat
-desert antelope and ground squirrel can so this
-dehydrated camels can store a lot of heat
-thyroid hormones adapt metabolism to temperature

DIAPAUSE: metabolic rate goes really low for a couple of months
AESTIVATION:
-go to shelter to avoid heat for a day or two

NS-nervous system

M

Q10- the change in the metabolic rate of a given reaction with the increase or decrease of 10 degrees
-it is the most frequently measured value

GRAPH
-there is a regression that can allow us to measure the relationship of a straight line
-when we take the activity of a particular enzymes, these reactions all share the same slopes, and they will be parallel, the only thing that changes is the intercept at the activity of zero 
-analysis of core variables***
-y as a function of x 
-same relationship, but for different species
-THE Q10 FOR ALL OF THEM IS THE SAME BECAUSE THE SLOPES ARE PARALLEL************

LACTATE DEHYDROGENASE AND CITRATE SYNTHEISI GRAPHS
-Q10 is same because of parallel lines 

LOW TEMPERATURE ADAPTATIONS
 MONERA
-transporters to move material 

LECTURE 6
-histogram is showing us a change in the fish after the temperature change, and they are comparing the brain and the gills 
-the little bars are top represent the standard error
-measures band intensity
-a couple of fish for control, brain, and gill, then they give you the mean
-brain is increasing on a clear trend
-there was an analysis of variance***
MUCH EASIER to heat or cool in water because it is extremely conductive, and air is less conductive, so it will be harder and will take longer to heat or cool 

-in artery, flow is going one way opposite to the flow of the vein 
-a very high gradient is kept similar all the way through the vein 

 -ask about that last conductance graph because I have no idea wtf is going on

LIFE ON THE THERMAL EDGE
-fresh water animals don’t avoid freezing
-terrestrial and marine mammals do
-humans avoid freezing

COLLIGATIVE CRYOPROTECTANTS – solute molecules that reduce the freezing point*******

POLYPOLS – can interfere with normal activities of the cell*****
PROTEIN ANTIFREEZE – tend to have a lot of ALANINE molecules
ISCHEMIA tolerance – loss of blood flow (LOOK THIS UP)
TORPOR – a way to allow the metabolic rates of the body to go down
TORPIDITY – daily or seasonal process where the temperature of the body drops and the depression of the metabolic rate occurs
-torpor and heat production is the same (same slope)
-when the organism goes into the torpor, body temperature slowly drops (state of SLEEP)
-when we go into torpor, we allow the metabolic rate to go lower than that in the THERMAL NEUTRAL ZONE
-efficient process when exposed to cold temperature
-torpor is an active process
-ENERGY CONSERVATION IS ENORMOUS***********
-torpor is happening daily, not like hibernation

LECTURE 7
EXAMPLE IN AQAUTIC SYSTEMS GRAPH
-scatter plot?
-we can predict the respiration based on the gross photosynthesis (there is a very good fit)
-0.63 is a very good number and shows a strong relationship in nature
-understand the accumulating biomass
-will be on exam
-GO TO HIM FOR HELP WITH THIS

NET PRODUCTION
POSITIVE
-the older we become we become, there becomes an excess in non-photosynthetic/non-autotrophic tissue (more wood vs a young tree with more green/leaves-photosynthetic material)***

MARINE ECOSYSTEMS
1. the ALGAE
2. sink of carbon, there are areas though that are close to the shore that have nutrients from close to the bottom that hits the bottom floor and bounce to the surface where it hits the light and the algae can then take advantage of this source of nutrients. There are some dead zones in the ocean because there is a lack of oxygen and these areas become completely dead, and eventually they become a source of carbon (CO2) with a new colonizing bacteria)
3. temperature? Presence of oxygen/carbon?

St. LAWRENCE RIVER
-flow of nutrients where some algae can grow, therefore more production typically when you are close to the shore

EXCEPTIONS
-hydrothermal vents
-in these ecosystems, there is absolutely no light
-very productive ecosystem however
-lots of bacteria, zoo plankton, crabs, sea mollusks
-very warm area 
-CHEMOAUTOTROPHY, using H2S (sulfur and hydrogen) to produce sugar (NO LIGHT USED/NEEDED)
-low pH conditions
GALAPACOS VENT
-temperature can be as high as 350 degrees
-no oxygen
-H2S highly available as a source of energy 

FOOD CHAINS
-very high number of bacteria that are able to fix 
-RIFTIA (tubeworm) has hemoglobin can take the hydrogen sulfite as a source of energy using the electrons
-a lot of production happening

BACTERIAL NUTRITION 
-most of the energy usually comes from the sun (not including hydrothermal vents)
-specific response to nutrients
-nutrition for growth; high rate of reproduction just like many single-celled organisms

NUTRITION DEPENDS ON THE CYCLING OF ORG/INORG MATTER
-the two main elements that are very important for plants/autotrophs are NITROGEN and PHOSPHATE*******

BUDGET OF ELEMENTS AVAILABLE FOR GROWTH

Where are these elements?
-there are areas where soil is very rich
-in tropical regions, there is a large accumulation at the surface rather than deep inside the soil
RATE?
-things settle down and there will be an accumulation at the bottom (of things stay normal and calm all year round)
CYCLING?
-some can be very rapid changes in the form of nutrients
-if you are in the deep lake, nothing will happen
-abiotic and biotic variables
-temperature is a key factor in the metabolic rates and nutrient cycling

NUTRIENT CYCLING
-NITROGEN is the most mobile nutrient (high availability)*******

LAW OF MINIMUM: LIEBIG
-there is never a lack of carbon***
-we have a lot of nitrogen and phosphate on the atmosphere, but not a lot as you down, so the consequence is that these are defined as LIMITING NUTRIENTS because there is a high demand vs supply

NITROGEN (N)
-N2 cannot be fixed by plants***
-so there must be a recycling happening in order to change N2 to a form that can be changed by plants
-rare in Boreal Shells where we have no soil***
-nitrogen is not from a geographical origin*** 

SOURCES OF NITRGOGEN
-ATMOSPHERE************
-fertilizers
-dust
-rivers and groundwater
-agriculture
-water treatment plants
-SOIL REGENERATION***

NITROGEN GLOBAL BUDGET
-some N2 can be fixed by very few plants, but then processes bring nitrogen back into the atmosphere as N2, then human processes as well as water and lake processes move nitrogen, and then the only plant in the water that can fix N2 is the CYANOBACTERIA*******

OXIDATION OF NITROGEN 
-many oxidation states
-organisms other than cyanobacteria have evolved to use other forms of N such as NO2 and NO3

NITRIFICATION
-in AEROBIC conditions
-NH4 to NO2 or NO3
-soils are constantly losing nitrogen, therefore N needs to be regenerated in the soil 
DENTRIFICATON
-when there is too much N? LOOK IT UP***
-NO3 to NO2 to volatile-nitric oxide, to finally N2***

CYCLE
-N2 fixed by bacteria and some plants, then nitrification occurs, then denitrification, then ANIMAL-N can be excreted to NH4
-EXPLAIN NITRIFICATION AND DENTRIFICATION OF NITROGEN ON THE EXAM**************

SUGAR CANE
-100 to 200kg of N per hector per year (WHICH IS HUGE)
-adding fertilizer will not do anything because these plants can grow without it; great agricultural yields with sugar canes 
-SUGAR CANE MULCHE can be used as a great fertilizer

N FIXATION 
-typical in N poor soils
-after a fire, we use completely the organic matter activity in the soil, so the N2 must be fixed so that the soil becomes rich again 
-very sensitive to the oxygen conditions as well as the acidity***

INDUSTRIAL FIXATION OF N
-BOSCHE and HABER very known for gas chambers gas, but they got a Nobel prize for being able to apply a form of Nitrogen that can be available for plants

TOXICITY
-you can have as much phosphorous as you want in water, but NOT with NITROGEN
-if too high, the organisms have a difficulty in fixing oxygen 
-BLUE BABY SYNDROME
-can happen at spraying in the wrong time of the year
-fixation of oxygen is very poor

-water can be very anoxic, and N can be in a form of NH3 in the early spring which can be very toxic for some fish
 MEMORIZE N CYCLING DIAGRAM



MIDTERM EXAM*******
3 parts
-a few answer questions
-lots of plant relationships between light and production etc.
-DEFINE limiting nutrients-WHY is nitrogen limiting (because it can come in a form that cannot be used by certain organisms but can be modified)
-one page development questions
-TEMPERATURE AND ADAPTATION TO DIFFERENT TEMPERATURE CONDITIONS (ECTOTHERM, ENDOTHERM, HIBERNATION, ETC.)
-GRAPH - 7 POINTS- fairly simple-captures more than one concept (TEMPERATURE VS LIGHT VS NUTRIENT ETC.) PR-ratio between cellular respiration and other factors
-DEVELOPMENT OF COELOM – layers-circulatory and respiratory system etc.
-till last lecture (8), from last Wednesday

INVASIVE SPECIES
-Great lakes has highest rate of invasion out of any lakes on the planet

ANIMAL NUTRITION
-almost all animals are heterotroph
-some animals are CHEMOAUTOTROPH; they fix carbon in order to produce their energy

INDIRECT CALORIMETRY
-sometimes with smaller organisms, you can burn the organism completely and measure the release of energy
GRAPH
-parallel
-share same slope
-there is a little bit of variance
-slight difference in the intercept

MOUSE ELEPHANT GRAPH
-logarithmic scale
-magnitudinal difference between points
-small animals will have a high mass metabolic rate
-if the elephant’s individual metabolic rate was put into the mouse, the mouse would die of overheating

SUSPENSION FEEDERS
-they are defined by their JAWS
-ROTIFIERS
-DAPHNIA: feeds on algae, and reduces biomass in water (kind of like cows and grass)

BULK FEEDERS
-must have a very developed digestive system to digest large amounts of food and use it quickly for energy
SANDPIPER
-remember Cellular bio
-migrates from SA to the Bay of Fundy 
-fat reserves are very high for energy use
-linear relationship between lipid and body mass
-P-probability  (if P is less than 0.05, then the line exists, which is the case here)
-R2-the amount of variance that is explained by this line
-positive fit

FATTY ACIDS
-we are not able to metabolize all fatty acids; sometimes there is no other choice than to get it from the food source, such as from plants
-fish has a lot of fatty acids

GIZZARD
-reduces the size of the material digested
-very important in birds
INSECTS
-we have another area to store food sources
-gizzard is present
-some GASTRIC compounds to help with the breakdown of food

NEW LECTURE
-THE SHRIMP
-they are very adaptive
-come from EURASIA (they invaded Europe first)
-went to Great Lakes
-can be exposed to a high range of salinity
-high range of temperatures
-high range of pH

GAS ENVIRONMENT PLANTS – GRAPHS
-regulation of water losses of C3 vs C4 is going to predict the outcome of the photosynthetic rates

DIATOMS
-type of ALGAE
-can fix HCO3 (bicarbonate)
-THE MOST ABUNDANT COMMON SPECIES IN THE OCEAN (IMPORTANT PART OF OUR BIOMASS)
-at the pH of the ocean, the most common/abundant form of carbon is the bicarbonate, therefore it is an advantage to be able to fix this form of carbon************
pH long term effects of change?
-Relates back to fixing bicarbonate vs carbon

LOOK UP FICK LAW BECAUSE I CAN’T UNDERSTAND SHIT FROM THIS LECTURE

FISH
Two types:
-one that control the flow to increase the rate of diffusion 
-and ones that don’t

BE ABLE TO DESCRIBE THE ADAPTATIONS THAT FAVOUR THE DIFFUSION OF FISH FOR THE DIFFERENT SPECIES************** EXAM QUESTION**************

GRAPHS
-in counter current (fish), the difference with diffusion is always constant, so you would never meet equilibrium
-in current, you WILL reach a level of EQUILUBRIUM
LECTURE FOR MARCH 9th
LOOK UP ACCLIMATION VS ACCLIMIZATION********************
ACCLIMATION: physiological adaptations through experimentation
ACCLIMIZATION: physiological adaptations to the environment

ACIDOSIS: increases blood acidity
ALKALOSIS: increases blood alkalinity 
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