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Ecological Systems BIO.B.4.1.1 – Describe the levels of ecological organization (i.e., organism, population, community, ecosystem, biome, and biosphere). BIO.B.4.1.2 – Describe characteristic biotic and abiotic components of aquatic and terrestrial ecosystems. BIO.B.4.2.1 – Describe how energy flows through an ecosystem (e.g., food webs, food chains, energy pyramids). BIO.B.4.2.2 – Describe biotic interactions in an ecosystem (e.g., competition, predation, symbiosis). BIO.B.4.2.3 – Describe how matter recycles through an ecosystem (i.e., water cycle, carbon cycle, oxygen cycle, nitrogen cycle). BIO.B.4.2.4 – Describe how ecosystems change in response to natural and human disturbances (e,g., climate changes, introduction of nonnative species, pollution, fires). BIO.B.4.2.5 – Describe the effects of limiting factors on population dynamics and potential species extinction.



precipitation, humidity, wind, nutrient availability, soil type, and sunlight. 



Ecology  



Ecology is the study of living organisms and their interactions in the environment. All living organisms depend on and are influenced by factors in their environment. The two types of factors which influence life are biotic and abiotic factors. o Biotic factors are factors that affect an organism in relation to its living environment. These factors are other organisms and can be members of the same population or members of a completely different population.  Abiotic factors are factors that affect an organism in relation to its non-living environment. These factors can include but are not limited to temperature,



All living things in an ecological system can be organized into a hierarchy. This level of ecological organization from simple to more complex includes: organism, population, community, ecosystem, biome, and biosphere. o An organism is an actual living thing. o A population is a group of individuals that belong to the same species and live in the same area.  A species is a group of organisms so similar to one another that they can breed and produce fertile offspring. o A community is an assemblage of different populations that live together in a defined area. o An ecosystem is a collection of all the organisms that live in a particular place (the biotic), together with their nonliving (the abiotic), or physical, environment. o A biome is a group of ecosystems that have the same climate and similar dominant communities. o The highest level of organization that ecologists study is the entire biosphere itself.  A biosphere is a collection of biomes.



Questions 1.



Based on your reading above, which biotic and abiotic components would make up an aquatic or terrestrial (land-based) ecosystem?*



* Bold-faced questions indicate questions directly related to the Keystone Assessment Anchors for the Biology Keystone Exam
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Ecological Systems 2.



Describe the levels of ecological organization.*



Interactions in Ecosystems  







Relationships and interactions in an ecosystem are incredibly complex. In studying these relationships and interactions, we can examine energy flow, biotic interactions, and abiotic interactions. Certain mechanisms permit organisms to maintain a biological balance between their internal and external environments. Balance in Living Systems



  







Homeostasis - the ability or tendency of an organism or cell to maintain internal equilibrium (balance) with its external environment by adjusting its physiological processes. Many homeostatic processes are regulated by the hypothalamus. Different homeostatic process include: thermoregulation, water regulation, and oxygen regulation.



Water regulation 



Thermoregulation 



The ability of an organism to keep its body temperature within certain boundaries, even when the surrounding temperature is very different.  Endotherms – create their heat by metabolism. Referred to as warm blooded. Examples:



Panting – in animals like dogs, vaporization along the moist lining of the tongue draws heat from the body. This can lower the core body temperature.  Sweating – sweat evaporates on the body surface drawing heat from the body. This lowers the core body temperature. Increase thirst and water intake replenishes this water loss.  Fluttering – in birds, vibrate their neck, or gular muscles. This is similar to panting.  Shivering also generates body heat. Shivering triggers muscles to secrete a hormone that stimulates energy use in brown fat cells. The burning of these fat cells generates heat. Ectotherms - use external sources of temperature to regulate their body temperatures. Referred to as cold blooded. Examples:  Conduction - losing or gaining heat by being in contact with cooler/warmer surface.  Convection - increasing blood flow, moving to higher ground, building an insulated burrow. 



Regulation of water concentrations in the bloodstream, effectively controlling the amount of water available for cells to absorb.  Permeability of water into and out of cells is controlled by hormones & structures like the pituitary gland and hypothalamus.  Maintaining osmotic balance is important in helping to maintain cell shape, transporting nutrients, and maintaining integrity.



* Bold-faced questions indicate questions directly related to the Keystone Assessment Anchors for the Biology Keystone Exam
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Ecological Systems  



When dehydrated, more water is needed. Hence the hypothalamus triggers the thirst sensation. Same trigger occurs when sweating too much. Water must be replenished. Oxygen regulation



  







Increasing and decreasing breathing rates via the lungs  For example - taking in more oxygen when needed and expelling excess carbon dioxide when needed as physical activity increases.  Cell use up oxygen to carry out respiration. These oxygen needs to be replaced. If oxygen is depleted, cells can start to go to lactic acid fermentation.  Failure to rid the body of excess carbon dioxide can decrease blood pH. This can create problems.



Energy Interactions & Flow   



Unlike autotrophs (producers), many organisms cannot harness energy directly from the physical environment. Organisms that rely on other organisms for their energy and food supply are called heterotrophs. Heterotrophs are also called consumers. There are different types of heterotrophs. o Herbivores eat plants. o Carnivores eat animals. o Omnivores eat both plants and animals. o Detritovores feed on plant and animal remains and other dead matter. o Decomposers, like bacteria and fungi, break down organic matter.



 



 



Energy flows through an ecosystem in one direction, from the sun or inorganic compounds to autotrophs (producers) and then to various heterotrophs (consumers). A food chain is a series of steps in which organisms transfer energy by eating and being eaten. In some marine food chains, the producers are microscopic algae and the top carnivore is four steps removed from the producer. o Ex. – Shark  Squid  Small Fish  Zooplankton  Algae Ecologists describe a feeding relationship in an ecosystem that forms a network of complex interactions as a food web. A food web links all the food chains in an ecosystem together. Each step in a food chain or food web is called a trophic level. o Producers make up the first trophic level. o Consumers make up the second, third, or higher trophic levels. o Each consumer depends on the trophic level below it for energy. o About 10% of the total available energy is passed on to the next level. An ecological pyramid can represent the amount of energy or matter in an ecosystem. An ecological pyramid is a diagram that shows the relative amounts of energy or matter contained within each trophic level in a food chain or food web.



* Bold-faced questions indicate questions directly related to the Keystone Assessment Anchors for the Biology Keystone Exam
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Ecological Systems No two species can share the same niche in the same habitat. Competition occurs when organisms of the same or different species attempt to use an ecological resource in the same place at the same time. A resource is any necessity of life, such as water, nutrients, light, food, or space. An interaction in which one organism captures and feeds on another organism is called predation. The organism that does the killing and eating is called the predator, and the food organism is the prey. Any relationship in which two species live closely together is called symbiosis. Symbiotic relationships include: o Mutualism: both species benefit from the relationship. o Commensalism: one member of the association benefits and the other is neither helped nor harmed. o Parasitism: one organism lives on or inside another organism and harms it. Almost all bodies of water contain a wide variety of communities governed by biotic and abiotic factors including light, nutrient availability, and oxygen. Terrestrial biomes are defined by a unique set of abiotic factors—particularly climate—and a characteristic assemblage of plants and animals. o



     Questions 1. Describe how energy flows through an ecosystem.* 2.







Explain how organisms maintain homeostasis.  



Matter Interactions – Recycling



Abiotic & Biotic Interactions   



Ecosystems are influenced by biological (biotic) factors. The area where an organism lives is called its habitat. A habitat includes both biotic and abiotic factors. A niche is the full range of physical and biological conditions in which an organism lives and the way in which the organism uses those conditions.



 



Energy and matter move through the biosphere very differently. Unlike the one-way flow of energy, matter is recycled within and between ecosystems. o All the chemical substances that an organism needs to sustain life are its nutrients.



* Bold-faced questions indicate questions directly related to the Keystone Assessment Anchors for the Biology Keystone Exam
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Ecological Systems  



Every living organism needs nutrients to build tissues and carry out essential life functions. Similar to water, nutrients are passed between organisms and the environment through biogeochemical cycles. o Chemical elements and compounds (matter) can be recycled between living organisms and the physical environment. o Chemicals absorbed or ingested by organisms are passed through the food chain and returned to the soil, air, and water by such mechanisms as respiration, excretion, and decomposition. This is referred to as biogeochemical cycle. o Examples are carbon, oxygen, nitrogen cycles and the water cycle. Carbon cycle o o



o



Carbon is a key ingredient of living tissue. Biological processes, such as photosynthesis, respiration, and decomposition, take up and release carbon and oxygen. Geochemical processes, such as erosion and volcanic activity, release carbon dioxide to the atmosphere and oceans. Oxygen cycle



o



A biogeochemical cycle of oxygen within its three main reservoirs: the atmosphere, the total content of all the biotic matter within the biosphere, and the Earth's crust. Water cycle



o o



Water is crucial to life as you learned early in the year. Three important processes in the water cycle are evaporation, transpiration, and precipitation.



o o o o



Heat causes water to evaporate and add to the atmosphere. Water that evaporates through plants is called transpiration. At least 90% of the water that evaporates from ecosystems passes through plants. Water leaves through precipitation.  The amount the atmosphere can hold depends on abiotic factors like temperature and pressure. Nitrogen cycle



o



All organisms require nitrogen to make proteins.  Although nitrogen gas is the most abundant form of nitrogen on Earth, only certain types of bacteria can use this form directly.  Such bacteria live in the soil and on the roots of plants called legumes. They convert nitrogen gas into ammonia in a process known as ammonification.  Some bacteria in the soil take up ammonia and convert into nitrites and nitrates. This is called nitrification.  Other soil bacteria convert nitrates into nitrogen gas in a process called denitrification.  This process releases nitrogen into the atmosphere once again.  Plants can absorb nitrates from the soil. Animals then obtain the nitrogen they need from the plants by eating them.



* Bold-faced questions indicate questions directly related to the Keystone Assessment Anchors for the Biology Keystone Exam
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Ecological Systems



Questions 1.



Describe how matter recycles through an ecosystem.*



Human and Natural Impacts (Interactions) on Ecosystems



  



Ecosystems change and respond to any type of human or natural disturbance. Sometimes these changes are beneficial and sometimes detrimental to an ecosystem. While many changes are natural and beyond an ecosystem’s control, other changes are man-made and controllable. o Insect infestations, weather, inhibiting vegetation, disease, and wildfire are factors that contribute to changes within ecosystems that have reduced biodiversity. o Humans have helped to reduce biodiversity through hunting, slash and burn agriculture, pollution, introducing invasive species, and contributing to climate change.  Introduction of an invasive species can wipe out an existing species.  Hunting can reduce populations of natural predators, resulting in prey populations changing unnaturally.  Pollution from factories adds greenhouse gases to the atmosphere, which in turn



  



increase global temperatures. This leads to a change in global climate.  Increase in water temperature can disrupt thermal cycles due to an introduction of freshwater from the ice caps. This cycle is that which northern and southern latitudes depend on for heat.  Increase in temperature increases the rate of dissolved gases like carbon dioxide in oceans. This decrease in pH and bleaches coral. Coral in barrier reefs are home to thousands of species. Once an area has undergone a disturbance, the area can undergo stages of re-growth. The gradual, sequential growth of species in an area is called succession. Ecologists recognize two types of succession, primary and secondary. o



Primary succession is the development of a community in area that has not supported life previously, such as bare rock, a sand dune, or island created by a volcanic eruption.  This process occurs slowly, because the minerals necessary for plant growth are not present.



* Bold-faced questions indicate questions directly related to the Keystone Assessment Anchors for the Biology Keystone Exam
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Ecological Systems o











Secondary succession is the sequential replacement of species that follows disruption of an existing community.  This disruption can be attributed to manmade or natural.



New habitats are invitations for many species to enter. The species that predominate early in succession is called the pioneer species. o Pioneer species tend be small, but are well suited to the new environment. o Yet, this new species if susceptible to genetic drift, which can reduce the population dramatically until it stabilizes. When the organisms reach a stable end point, a climax community has been reached. o Each stage of development in a species sets the stage for the next.



Questions 1. Describe how ecosystems change in response to natural and human disasters.*



 



The primary productivity of an ecosystem can be reduced when there is an insufficient supply of a particular nutrient. Ecologists call such substances limiting nutrients. o A limiting nutrient is an example of a more general ecological concept: a limiting factor. o A limiting factor that depends on population size is called a density-dependent limiting factor.  Density-dependent limiting factors include: competition, predation, parasitism, disease  Density-dependent factors operate only when the population density reaches a certain level. These factors operate most strongly when a population is large and dense.  They do not affect small, scattered populations as greatly. o Density-independent limiting factors affect all populations in similar ways, regardless of the population size.  Examples of density-independent limiting factors include: unusual weather, natural disasters, seasonal cycles, and certain human activities— such as damming rivers and clear-cutting forests



Limiting Factors 



In the context of populations, a limiting factor is a factor that causes population growth to decrease.



* Bold-faced questions indicate questions directly related to the Keystone Assessment Anchors for the Biology Keystone Exam
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Ecological Systems Density-Dependent Limiting Factors  Competition  



When populations become crowded, organisms compete for food, water space, sunlight and other essentials. Competition among members of the same species is a densitydependent limiting factor. o Competition can also occur between members of different species. This type of competition can lead to evolutionary change. o Over time, the species may evolve to occupy different niches.  A niche refers to the way in which an organism fits into an ecological community or ecosystem. Through the process of natural selection, a niche is the evolutionary result of a species’ physiological and behavioral adaptations to its surroundings.



These factors, whether density dependent or not, can contribute the extinction of any possible species.



Questions 1.



What effects do limiting factors have on populations? How does this lead to the potential for extinction of a species?*



Predation  



Populations in nature are often controlled by predation. The regulation of a population by predation takes place within a predator-prey relationship, one of the best-known mechanisms of population control. Parasitism and Disease











Parasites can limit the growth of a population. o A parasite lives in or on another organism (the host) and consequently harms it. Diseases can also harm populations, reducing those numbers.



* Bold-faced questions indicate questions directly related to the Keystone Assessment Anchors for the Biology Keystone Exam
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