Name: _______________________________________________ Date: ___________________________ Period: _____

Unit 1 Notes, Part 1 – Population and Community Ecology
Populations
P
1. Population Density vs. Population Size: 
· Population size simply refers to the number of individuals in the population

· Population density however takes into account the area in which that population lives. The density refers to the number of individuals per unit area (for organisms that live on land) or per unit volume (for organisms that live in the air or in the water). 

Population Density
sPop: # of individuals per unit area; there are two methods to measure population density
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2. Quadrant Technique
· Quadrat sampling is a classic tool for the study of ecology.
· In general, a series of squares (quadrats) of a set size are placed in a habitat of interest and the species within those quadrats are identified and recorded. 
· The number of organisms found at the study site can then be calculated using the number found per quadrat and the size of the quadrat area. 
· Works well when working with large organisms that do not move from one area to another.

3. Mark and Recapture Technique

· A limited number of individual (e.g. 20) are captured at random and marked/tagged then released into the environment.  Later a second group of animals is captured and the percentage of marked individuals determined. 
·  If 10% of the animals in this second group have the tag, then the original 20 represented 10% of the population and the population then is 200.  
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Population Growth: The rate at which populations grow can usually be represented by one of two general growth patterns. 
4. Organisms have the potential for extremely rapid growth (i.e. exponential growth).  Because the graph modeling this pattern of growth looks like a J (increasing the size of the population drastically over a short period of time), it is often called a “J curve.” 
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Exponential growth cannot continue forever due to limited resources.  The exponential growth of populations levels off as the density approaches the carrying capacity. The carrying capacity of a population is the maximum density of a population that the environment can support and sustain over a time period.  When a population grows exponentially at first but levels off at the carrying capacity, this is called logistic growth.  Because the graph modeling this pattern of growth looks like an S, it is often called an “S curve.”   
Question: For the logistic growth curve shown above how does the birth rate compare to the death rate at points A, B, and C?

A:

B: 

C.
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Note: In class we will be using Birth Rate and Death Rate to calculate population growth and estimate population size.

· Most populations oscillate (move up and down) around the carrying capacity rather than staying exactly at the carrying capacity.  When a population is above the carrying capacity, the environment cannot sustain it, the population decreases.  If it falls below the carrying capacity, then resources are plentiful and population increases.
Demography: the study of factors that affect birth and death rate.
1. Age Structure and Sex Ratio
· General Trend: A population with more older, non-reproductive individuals, grows slower than a population with a larger percentage of young, reproducing individuals
· Generation time= the average span of time between birth and the birth of their offspring. 
· Correlation with body size (larger organisms typically have longer generation times)  
· A shorter generation time usually results in faster population growth providing birth rate is greater than death rate with all other factors being equal.
· Fecundity: The average number of offspring each surviving individual produces at each life stage
· For example: humans would have a higher fecundity in their mid-20s and 30s compared to their 50s. 
· Life History Trade-offs: Organisms must make trade-offs between reproduction and growth. The differences in these life history trade-offs determine which type of survivorship curve the organism would follow. 
· For example: humans invest in growth as a child and have fewer offspring compared to flies which invest heavily in early reproduction with many offspring and thus have a shorter life span.

· Survivorship: The fraction of individuals that survive from birth to different life stages (childhood, reproductive age, old age, etc.)
Determining the survivorship rates and mortality rates (i.e., death rates, the opposite of survivorship rates) for the various age groups in the population gives a survivorship curve. 
1. Type I curve (K selection) = all the organisms live to old age and die quickly
2. Type II curve shows a constant mortality rate at all ages
3. Type III (r selection) curve is typical of populations where the mortality among the young is very high, but those who survive the early stages tend to live for a long time. In nature, high mortality among the young is very common. 
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Characteristics of r-selected and K-selected populations: 
	
	r-selected
	K-selected

	Maturation time
	Short
	Long

	Lifespan
	Short
	Long

	Death rate
	High
	Low

	Reproductions per lifetime
	One
	Several

	Timing of first reproduction
	Early in life
	Late in life


A major factor in the variation of the growth rates among countries is the variation in their age structure.  We can use a diagram called an age structure pyramid to depict the age structures of various countries: 
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Question: What can you conclude about the populations of Kenya, the United States, and Italy from their age structure pyramids?



Population Regulation
h

Recall from earlier in the notes that the carrying capacity of a population is the maximum density of a population that the environment can support over a time period without damage to the environment. The following are two types of factors that regulate the population size and therefore determine the carrying capacity for the population.

1. Density independent limiting factors regulating population size are unrelated to population density (they affect the same number of individuals regardless of the population size) Weather, climate and natural disasters such as freezes, seasonal changes, hurricanes and fires are examples. 
2. Density-dependent limiting factors regulate population size because a population that is growing (i.e. increasing in size) has high levels of competition for limited resources, high levels of disease, etc.   In other words, limiting factors like food / water / space shortages and infectious disease only “kick in” when the population is large / dense. 
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Question:Question:  What type of limiting factor is producing the population changes seen in the hare and lynx on the graph to the right?
3. A population’s ability to respond to changes in the environment is affected by genetic diversity. Species and populations with little genetic diversity are at risk for extinction (ex: cheetahs!)  Cheetahs lost much of the genetic diversity of ancestral cheetah populations when they experienced a population bottleneck at the end of the ice age that nearly resulted in extinction.  Reduced numbers of cheetahs resulted in a lower number of reproducing individuals and high levels of inbreeding.  Therefore, if one cheetah is susceptible to an infectious disease, it is likely that all cheetahs will be susceptible to the disease.  Therefore, if a disease is introduced into the cheetah population (i.e. a change in the environment), the cheetah population may go extinct.  
4. Technology has increased Earth’s carrying capacity for humans. The human population is unique among populations of large animals. It continues to grow and grow even faster in most recent years. The human population has increased with every new technology advancement including food production, improved health and the rise of agriculture. There are constantly new hypotheses about how large the human population will grow. Scientists also hypothesize about when it will begin to decline and what will cause the decline.  
Behavior within Populations
· Populations often exhibit cooperative behavior to enhance the survival / reproductive capacity of the species.  
· For example, certain prey species communicate with other members of their species using sounds or visual displays to indicate that a predator is nearby.  Adult meerkats use alarm calls to warn the rest of the group of an approaching predator.  They are more likely to make these calls when pups (meerkat babies) are present, suggesting that the behavior is intended to enhance the survival of the group not the individual adult. This is type of behavior is called altruism (aka altruistic behavior), where one organism puts himself/herself at risk for the benefit of the group.
· Members of a population also exhibit behaviors to enhance their personal reproductive success.  For example, male dogs mark their territory with urine, signaling to other males of their species to stay away from females within the territory. 
· Animals can signal in a variety of different ways (ex: visual, audible, tactile, electrical and chemical signals) for a variety of different purposes (ex: to indicate dominance, find food, establish territory and ensure reproductive success).  
· For example, worker bees perform a “waggle dance” upon returning to the hive that signals to the other workers where nectar can be found outside the hive.  The dance is very intricate (almost language-like) and changes depending on the location of the nectar. 
· Below is a description of the “waggle dance,” courtesy of PBS NOVA
· A bee performs the waggle dance when she wants to inform other bees of a nectar source she has found. The waggle occurs on a special dance floor, which is conveniently located near the entrance to facilitate quick entry and exit of foragers, and only bees with news of highly profitable sources of nectar execute the dance. Arriving back at the nest, a bee with news to share immediately proceeds to the dance floor, where other bees waiting for news gather around her. During the waggle, she dances a figure-eight pattern, with a straight "walk" in between the loops and a sporadic fluttering of her wings. 
· The worker communicates several key pieces of information during the dance. The longer she waggles - typically bees make between one and 100 waggle runs per dance - the farther the flower patch lies from the hive, with every 75 milliseconds she prolongs the dance adding roughly another 330 feet to the distance. She shows how rich the source is by how long and/or how vigorously she dances. Perhaps most astonishingly, she indicates the direction of the source by the angle her waggle walk deviates from an imaginary straight line drawn from the dance floor to the sun at its current position. In other words, if the source lies in the exact direction of the sun, the bee will walk facing exactly straight up (remember that a hive hangs vertically). If it lies 20 degrees to the right of that imaginary line to the sun, the angle of the bee's walk will be 20 degrees to the right of vertical. Finally, the dancer shares the odor of the flowers in question with the other bees, who sample it with their antennae. 
· Attendees will watch only one waggle dance and only for a brief period before leaving the hive. In this way, the bee works for the good of the hive rather than for the good of herself. If she stayed for the whole dance, she would know exactly how rich the source is, for instance. But if all bees waited for the entire dance to take place, and then only went to the richest sources, the colony would not be maximizing its use of available resources. This behavior is one of many instances of how, when it comes to honeybees, natural selection operates on the level of the colony, not the individual bee.
Communities
What is a community? 

1. A group of species that occur together in a geographic area. A community differs from a population in that a community involves many different species, whereas a population involves organisms from a single species.

How do we define a species’ “role” within a community?

2. The sum total of a species’ use of and contribution to the biotic (living) and abiotic (nonliving) resources in its environment is called the species’ ecological niche.  As a result of competition and other factors, a species’ fundamental niche, which is the niche potentially occupied by that species, may be different from its realized niche that is the niche the species actually occupies.  For example, eating worms is part of our fundamental niche but (hopefully) not part of our realized niche. 

How is energy transferred within a community?

3. Food chains show the transfer of energy from one group of organisms to another (i.e. as one group eats the other!).  Each level of organisms to which energy is transferred is called a trophic level.  When energy is transferred from just one group to the next, the result is a food chain.  Food webs, in contrast, allow us to depict multiple food sources for each group of organisms and more accurately reflex the complex interactions within the community.  A food chain and food web are shown below.

[image: image1.jpg]Quaternary.
consumers

8

Carnivore Carnivore

7]

§,
n
\

Camnivore Carnivore
Camivore Cardvars

>

Herbivore Zooplankton

Plant Phytoplankton

#

i?‘

A terrestrial food chain A marine food chain



                [image: image2.jpg]



 4. Below are the trophic levels within a community. The word trophic comes from a greek word meaning nourishment. Therefore the term trophic level refers to the feeding interactions that are the basis for food chains and food webs.

A. Producers: Organisms that are able to make their own food either from the energy in sunlight (photosynthesis) or from simple organic compounds (chemosynthesis).  Examples of producers include: Plants, algae, and some types of bacteria

Note: A synonym for producer is autotroph (i.e. “self feeder”). 
B. Primary Consumers: Organisms that eat the producers.

Note: A synonym for consumer is heterotroph (i.e. “different feeder”)
C. Secondary Consumers: Organisms that eat the primary consumers.

D. Tertiary Consumers: Organisms that eat the secondary consumers.

E. Quaternary Consumers: Organisms that eat the tertiary consumers.

F. Detritivores / decomposers: Organisms that break down dead organic matter (aka detritus) and recycle the nutrients into the ecosystem (ex: soil bacteria that return nitrogen to the soil from decaying animals). 

5. Some organisms can fill multiple trophic levels.  For example, in the food web shown on the previous page, squid can be secondary consumers (if you follow this food chain within the food web: phytoplankton ( copepods ( squid) or tertiary consumers (if you follow this food chain within the food web: phytoplankton ( copepods ( carnivorous plankton ( squid)

6. A community cannot have higher trophic levels beyond the quaternary level because the efficiency of energy transfer between the levels (aka trophic efficiency) is so low.  Several reasons for this are given below.  

-Plants convert light energy to chemical energy stored in the bonds of the molecule glucose.  Only a portion of this chemical energy is stored in the tissues of the plants as glucose and other molecules (ex: starch, proteins, fats), however.  Some of the glucose created using light energy is used in cellular respiration within plant cells and therefore its energy is “lost” to the environment.

Note: Chemical energy stored in the tissues of any organism is known as biomass.  It can be measured by taking the dry mass of the organism.  Once all the water has been removed from an organism, all that is left are the molecules that make up the organism’s cells and tissues.  Because chemical energy is stored in the bonds of these molecules, biomass is not only a measure of mass, but also a measure of stored energy.

-For consumers, the chemical energy that they gain from digesting plants or animals is not all stored in the animal’s cells and tissues in the form of energy-rich molecules.  Some of the energy is lost due to cellular respiration, and some is lost in the form of waste (ex: poop!)

-Additionally, not all parts of a consumer’s food can be digested (ex: humans cannot digest animal bones).  This is another reason for the low rate of trophic efficiency. 

7. A change in any one of the trophic levels can cause a trophic cascade. This occurs when a predator or its food source either increases or decreases drastically. Because of the multiple interactions of organisms what happens to a predator is felt not only by their prey, but also by the prey of their prey and by many other species connected to them.

8. Usually only about 10% of energy from one level can be transferred up to the next trophic level (i.e. stored as biomass in organisms at the next trophic level).  Therefore, a large number of producers can only support a very small number of top consumers.  We can depict this inefficiency of energy transfer using three types of diagrams:

A. Pyramid of Production (aka Pyramid of Energy): shows the amount of energy stored in the tissues of organisms on each trophic level, where energy is measured in Joules, kilojoules (aka calories), kilocalories, etc. 
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B. Pyramid of Biomass: each tier (level) represents the total dry weight (biomass) of all organisms in one trophic level.  
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C. Pyramid of Numbers: shows the actual number of organisms at each trophic level
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How much energy can photosynthetic producers harvest from sunlight?

9. Energy enters communities through primary producers. The primary production is the amount of light energy converted to chemical energy by autotrophs in a particular area during a given period of time. 
10. Solar energy is absorbed, scattered or reflected back by various surfaces or by the atmosphere.  Bare ground and bodies of water absorb or reflect most of the incoming energy and make it useless for living organisms.  Mostly the red and blue wavelength of the visible light range is used for photosynthesis but only 1 % of the visible light will really be converted to chemical energy stored in primary producer’s tissues.
11. Gross primary production (GPP) – the total primary production in an ecosystem which is the amount of light energy that is converted to chemical energy by photosynthesis per unit area per unit time.  The units used are J/m2/yr or g/m2/yr.  
12. Net primary production (NPP) – is the amount of chemical energy producers can actually store in their tissues as biomass.  NPP is equal to the gross primary production minus the amount of energy used by producers for respiration.  The units used are J/m2/yr or g/m2/yr. 
Note: If we know the dry mass (aka biomass) of the producers in grams, we can convert this value to joules, kilojoules (also called calories), or kilocalories (all direct units of energy).

13. The net primary production can also be described as the amount of energy that will be available to the primary consumers in an ecosystem when they eat the producers.
14. Secondary production (SP) – the amount of chemical energy in primary consumers’ food that can be stored in their tissues as biomass.  Most of their food (i.e. the producers they eat) cannot be converted to biomass because it is indigestible or its energy is used for waste or cellular respiration.

15. Below I have included diagrams related to GPP, NPP, and SP. 
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16. Different ecosystems vary considerably in their net primary production and in their contribution to the total net primary production of the Earth.  Terrestrial areas that are warm and wet tend to have a higher average net primary production measured in g/m2/year (figure “b” below).  However, because oceans comprise the highest percentage of the Earth’s surface area (figure “a” below), they contribute the highest percentage of Earth’s net primary production (figure “c” below).  
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How can we determine the stability of a community?

17. A community that has a high species diversity tends to be less vulnerable to ecosystem disturbances.  

18.  Species diversity is controlled by two factors… species richness – the total number of different species and relative abundance – the proportion of each species to the total number of individuals.
19.  A higher species richness and a more “even” relative abundance (equal numbers of organisms of each species) contribute to a higher species diversity.  

Note: For the diagram below, both communities (1 and 2) have the same species richness (four species each), but community 1 has a higher (more even) relative abundance.  Therefore, community 1 has a higher species diversity than community 2. 
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Note: Species Richness tends to vary with latitude. It has been shown that species richness increases toward the equator. This is believed to be the case because over long time spans, climate conditions have been more stable in the tropics than in temperate regions. Further the warm, moist environment often promotes rapid growth of primary producers, which means that the NPP often increases towards the equator as well. 

How do different species interact within a community?

20. Symbiosis is defined as any close relationship between members of different species.  The types of symbiosis are given below:

A. Mutualism (+/+) – A relationship where both species benefit (ex: plants and their insect pollinators)

B. Commensalism (+/0) – A relationship where one species benefits and the other is neutral—neither helped nor harmed (ex: cattle and the birds that follow them and eat the insects they stir up in the dirt)

C. Ammensalism (-/0) – A relationship where one species is harmed while the other is unaffected (ex: elephant walking through the grass where the grass is crushed and elephants are neither helped nor harmed)

D. Parasitism (+/-) – A relationship where one species (the parasite) benefits and the other species (the host) is harmed (ex: a tapeworm living in human intestines).  In this relationship, the host does not die because the parasite cannot survive for long without a host. 

E. Predation (+/-) – A relationship where one species benefits and the other is harmed.  The first species (the predator) eats the second species (the prey). (ex: a lion killing a gazelle)

F. Competition (-/-) – A relationship where both species are harmed because they use the same resources.  There are two types of competition…

· Intraspecific competition – competition between members of the same species (ex: two foxes competing for the same rabbit)

Note: IntrAspecific is between the sAme species (both have As)
· Interspecific competition – competition between members of different species (ex: a pine tree and an elm tree competing for sunlight) 

Note: IntErspecific is between diffErent species (both have Es)
· Strong competition can lead to the local elimination of one of the two competing species – competitive exclusion principle.  Even slight advantage in using resources more efficiently can result in a reproductive advantage for one species and drive the other to extinction. 
·  At times two species that compete for resources will evolve differently from each other so they do not compete for the same resources anymore and they can coexist in the same community – resource partitioning.  

Are some species more “important” than others within a community?

21. Dominant species – those species in a community that are the most abundant or collectively have the highest biomass (total mass of all individuals in a population).  The dominant species set a control over the type and distribution of other species but replacing it with another dominant species may not result in significant change in the community.
22. Keystone species – They are not necessarily the most abundant species in a community but they exert strong control on community structure by their crucial ecological roles.  Ex. Sea otter is a crucial predator in the kelp forests.  Once their numbers are decreasing, the number of sea urchins increases and the kelp density decreases.

***Thank you to the AP Biology teachers at Aurora High School!***
