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All#ABCDEFGHIJKLMNOPQRSTUVWXY#3D Toons (330)4Some (3,335)69 (6,682)AAcrobatic (365)Adultery (688)Aerobics (452)Afro (9,114)Aged (15,889)Airplane (394)Alien (268)All Holes (3,096)Alluring (20,597)Amateur (364,314)American (9,469)Amputee (32)Anal (141,769)Anal Beads (366)Anal Dilation (731)Arab (2,651)Argentinian (370)Armpits
(318)Asian (102,627)Ass (118,195)Ass Grabbing (15)Ass Grinding (15)Ass Smacking (622)Ass Smelling (20)Ass Smothering (20)Ass Spreading (13)Ass To Mouth (3,510)Ass Worship (8,188)Asshole Fetish (818)Assjob (920)Australian (1,219)Austrian (124)BBabe (181,351)Babysitter (2,088)Backroom (594)Backseat (2,007)Backstage (436)Balcony
(950)Ball Licking (4,522)Ballbusting (734)Ballerina (388)Balloon (300)Banana (1,344)Bar (2,326)Baseball (364)Basement (340)Basketball (387)Bathroom (24,041)Bbw (47,010)Bdsm (43,221)Beads (351)Beauty (28,171)Beaver (5,128)Bedroom (28,874)Behind The Scenes (719)Belgian (134)Belly (2,914)Belly Fetish (315)Bend Over (8,289)Berlin
(279)Best Friend (5,715)Beurette (642)Bicycle (139)Big Ass (95,666)Big Clit (543)Big Cock (77,885)Big Natural Tits (7,444)Big Nipples (1,101)Big Pussy (7,830)Big Tits (258,249)Biker (904)Bikini (7,476)Birthday (2,067)Bisexual (8,170)Black Cock (20,255)Blindfolded (1,950)Blonde (185,970)Blooper (23)Blowjob (376,691)Blue Eyed (2,053)Body
Painting (132)Bodybuilder (972)Bodystocking (316)Boots (5,310)Booty Shake (2,415)Boss (6,488)Bottle (782)Bouncing Boobs (352)Bound (6,166)Bra (4,500)Braces (441)Brazilian (7,493)Breath Play (1,275)British (16,929)Brunette (213,718)Brutal (5,154)Bubble Gum (78)Bukkake (9,567)Bulgarian (338)Bunny (1,350)Burping (4)Bus (2,374)Business
Woman (1,668)Butt Plug (919)Buttcam (89)Buxom (708)CCage (2,463)Calendar (379)Cameltoe (3,890)Canadian (473)Caning (882)Car (11,948)Cast Fetish (104)Casting (13,909)Catfight (571)Catholic (133)Catsuit (320)Caught Masturbating (331)Cbt (580)Cei (221)Celebrity (4,377)Cfnm (6,949)Chained (813)Changing Room (4,108)Chastity
(544)Chaturbate (20,760)Cheating Wife (715)Cheerleader (1,910)Chewing (120)Chilean (62)Chinese (3,734)Choking Play (6,177)Cinema (253)Clamp (1,477)Classroom (2,021)Classy (3,889)Cleaner (1,632)Cleavage (730)Clit (9,963)Close Up (25,266)Clothed Pissing (1)Clothed Sex (2,511)Clothes Destruction (3)Clown (136)Club (6,543)Cmnf (41)Coach
(2,218)Collar (684)College (243,192)Colombian (1,398)Comic (194)Competition (2,506)Compilation (14,948)Corset (721)Cosplay (4,188)Cotton Panties (687)Couch (19,792)Cougar (6,117)Coughing Fetish (43)Couple (91,899)Cowgirl (17,479)Creampie (41,104)Croatian (2,090)Crop Whip (2,899)Crossdressing (1,629)Crotchless Panties (412)Crush
(926)Cuban (981)Cuckold (11,141)Cum Brushing (16)Cum Covered (3,277)Cum Eating (1,142)Cum Gargling (16)Cum In Her Eyes (51)Cum In Mouth (10,433)Cum On Tits (3,607)Cum Swapping (1,667)Cum Twice (260)Cumshot (131,839)Cunnilingus (61,971)Cuntbustin (283)Curly (2,712)Cute (143,155)Czech (10,886)DDangling (380)Danish
(1,663)Dating (1,950)Deepthroat (46,459)Delivery Guy (639)Denial (785)Desk (3,501)Desperate (1,057)Diaper (86)Dildos And Toys (136,905)Dirty Talk (1,269)Discipline (145)Dity Talk (2)Doggystyle (62,792)Doll (5,226)Domination (9,315)Double Blowjob (1,696)Double Fisting (204)Double Penetration (37,373)Double Toying (321)Downblouse
(1,236)Drilled (41,218)Drinking (2,380)Dutch (1,471)Dyed Hair (769)EFFace Fucked (9,912)Faceslapping (141)Facial (116,830)Fake Tits (6,061)Fantasy (3,854)Farting (98)Fashion (3,247)Fbb (276)Felching (14)Female Choice (44)Female Orgasm (513)Femdom (30,303)Fetish (67,078)Fighting (477)Fingering (62,602)Finnish (30)First Time
(8,142)Fishnet (2,962)Fisting (9,519)Fitness (7,512)Flexible (1,817)Florida (379)Fondling (1,449)Food Fetish (28)Foot Fetish (19,105)Foot Worship (839)Football (948)Footjob (6,301)Foreplay (1,516)Four Fingering (2)Freckled (270)French (13,488)Friend (56,514)Friend's Mom (1,602)Fucking Machine (870)Fucking Machines (1,763)Funny
(5,144)GGame (5,986)Gangbang (17,729)Gaping (9,911)Garden (1,593)Garter (352)German (23,936)Giantess (432)Girl Nextdoor (9)Girlfriend (61,181)Glamorous (8,057)Glasses (6,656)Glory Hole (3,132)Gloves (494)Gokkun (529)Golf (304)Gothic (2,458)Granny (12,979)Greek (355)Groping (579)Group Sex (66,921)Gyno Exam (1,721)HHair Brushing
(26)Hair Pulling (189)Hairy (57,301)Halloween (535)Hand Over Mouth (28)Handjob (56,441)Handsome (4,390)Happy Ending (573)Hardbodied (62)Hardcore (322,903)Hawaiian (168)Hazing (2,638)Hd (98,108)Hentai (404)Hermaphrodite (28)Hiccups (5)High Heels (16,458)Hippy (268)Hitch Hiker (1,059)Hogtied (338)Holiday (3,630)Homeless
(135)Hospital (3,002)Hot Pants (882)Hotel (5,863)Human Ashtray (10)Human Furniture (10)Humiliation (6,437)Humping (5,806)Husband (13,597)I]JJacuzzi (4,243)Japan Anaru (326)Japan Fera (3,762)Japan Futa-Ana (136)Japan Gakuseifuku (1,958)Japan Jyukujyo (235)Japan Nakadashi (1,848)Japan Onanii (1,038)Japan Paipan (502)Japan Pansuto
(1,297)Japan Rezubian (212)Japan Shiofuki (540)Japanese (103,049)Jeans (3,082)Jerk Off Encouragement (58)Jerking (9,775)Joi (2,527)Jungle (146)KKinky (15,529)Kiss (17,398)Kitchen (5,735)Kitty (1,495)Korean (2,229)LLabia (2,227)Lace (977)Lap Dancing (1,246)Latex (10,106)Latina (45,392)Laughing (967)Leashed (64)Leather (2,318)Legs
(16,809)Leotard Fetish (1,120)Lesbian (95,111)Lesdom (1,171)Lezdom (1,070)Librarian (518)Lifeguard (141)Lift And Carry (6)Limousine (500)Limp Fetish (180)Lingerie (28,769)Lip Fetish (6)Lipstick Fetish (286)Live Shows (1,916)Loads Of Cum (2,060)Locker Room (1,950)Lollipop (616)Long Hair (6,750)Long Legged (4,438)Long Nails (7,782)Lotion
(1,935)Lucky (13,653)MMakeup (434)Malaysian (72)Maledom (495)Mardi Gras (703)Mask Fetish (1,623)Massage (23,953)Master (3,559)Masturbation (135,807)Masturbation Instruction (131)Mature (88,547)Medical (3,195)Medieval (73)Medium Tits (2,992)Mesmerize (782)Messy (13,216)Mexican (1,283)Midget (598)Milf (114,225)Military
(1,027)Milk (4,572)Mirror (1,835)Missionary (6,522)Moaning (5,783)Mom (18,978)Money (14,613)Monster Dildo (6,642)Monster Tits (2,643)Mud (143)Mummification (206)Muscled (1,023)Music (1,916)NOOffice (11,452)0iled (10,331)01ld And Young (14,668)01ld Man (3,291)Oldy (4,626)On Her Knees (7,119)Open Pussy (1,386)Oral Creampie
(1,411)0Orgasm (49,297)0rgy (19,475)Outdoor (44,504)Own Cum (129)PPain (2,433)Pale (2,288)Panties (31,788)Pantyhose (10,001)Parody (1,065)Party (28,020)Passionate (9,037)Peeing (5,826)Perfect Body (5,578)Perky (6,515)Persian (90)Peruvian (159)Perverted (5,436)Pet Play (19)Philippine (987)Phone (3,477)Photoshoot (1,164)Piano (411)Pick
Up (4,738)Pierced Nipples (500)Pierced Pussy (529)Piercing (17,032)Pig Tails (1,026)Pillow (460)Pink Pussy (5,822)Piss Drinking (66)Pissed On (219)Plump Teen (6,743)Plushies (76)Police (1,658)Polish (712)Ponytail (298)Pool (7,682)Pornstar (272,353)Portuguese (397)Posing (6,777)Pov (80,006)Pre-Cum (186)Pregnant (3,506)Premium
(718)Princess (4,988)Prolapse (344)Prostate (221)Prostate Massage (112)Public (45,606)Punk (1,179)Pussy Lips (2,711)Pussypump (3,441)Pvc (789)QRRaunchy (5,531)Ravage (2,286)Real Orgasm (1,647)Reality (75,408)Rectal Exam (17)Redhead (38,269)Repairman (392)Restaurant (1,466)Retro (3,240)Revenge (1,668)Reverse Gangbang (24)Rich
(1,948)Rimming (17,471)Robots (51)Role-Play (1,032)Romanian (1,818)Romantic (27,742)Rough (12,496)Rough Anal Sex (3,221)Rubberdoll (177)Ruined Orgasm (35)Russian (39,171)SSaggy Tits (1,114)Sailor (244)Sandals (285)Satin (1,112)Sauna (707)School Girl (10,904)Secretary (2,909)Security Guard (744)Seduce (4,603)See Through (2,248)Self
Facial (36)Self Fisting (89)Self Fuck (184)Selfshot (2,102)Serbian (389)Sex Teacher (4,465)Shackle Fetish (673)Share (12,742)Shaved (74,152)Shiny (946)Shoe Fetish (10)Shoejob (139)Shop (5,823)Short Hair (1,424)Shorts (2,229)Shy (6,217)Skinny (52,799)Skirt (8,103)Slap (3,838)Sloppy (4,658)Slut (70,342)Small Cock (4,333)Small Tits
(52,566)Smell Fetish (1,459)Smoking (8,638)Sneezing (14)Snowballing (160)Socks (1,227)Sofa Sex (75)Softcore (13,894)Solarium (191)Soles (12,487)Solo (87,517)Sorority (1,314)Spanish (3,556)Spanking (10,547)Speculum (454)Sperm (23,329)Spit (1,791)Sport (3,785)Spreading (3,792)Spy Cams (5,652)Sri Lankan (30)Ssbbw (356)Stewardess
(393)Stockings (70,031)Stomping (98)Story (1,838)Straitjacket (25)Stranger (7,574)Strapon (21,726)Stripping (49,250)Struggling (606)Stuck (1,186)Stud (20,826)Stupid Girl (309)Sunbathing (1,125)Superhero (406)Surprise (6,523)Swallow (18,582)Swedish (1,386)Swingers (9,576)TTaboo (1,582)Taiwanese (158)Tan Lines (283)Tanned (4,130)Tattoo
(36,800)Tease (13,561)Teen (180,812)Tennis (445)Thai (3,383)Thong (4,317)Threesome (82,627)Tickling (1,104)Tied Up (2,483)Tight (44,433)Tight Pussy (13,182)Tiny Dick (255)Titjob (7,816)Toes (3,682)Toilet (3,360)Tongue (9,092)Toons (444)Topless (1,640)Tourist (3,770)Trailer Girl (75)Trampling (345)Transformation (214)Trib (1,299)Tricked
(2,200)Truth Or Dare (390)Tugjob (2,363)Turkish (1,284)UVWWatersport (1,502)Webcam (112,491)Wedding (1,406)Wedgies (29)Weird (4,553)Wet (65,064)Wet T-Shirt (289)Whaletail (1)Whip (1,077)Wife (52,110)Wild (32,164)Window (1,619)Wired (148)Worship (4,040)Wrestling (1,812)XYYacht (1,194)Yoga (1,410) Community of living organisms
together with the nonliving components of their environment This article is about natural ecosystems. For the term used in man-made systems, see Digital ecosystem. For the system of classifying ecologically homogeneous land units, see Biome. "Biosystem" redirects here. For the journal, see BioSystems. Left: Coral reef ecosystems are highly
productive marine systems.[1] Right: Temperate rainforest, a terrestrial ecosystem. Part of a series onBiologyScience of life Index Outline Glossary History (timeline) Key components Cell theory Ecosystem Evolution Phylogeny Properties of life Adaptation Energy processing Growth Order Regulation Reproduction Response to environment Domains
and Kingdoms of life Archaea Bacteria Eukarya (Animals, Fungi, Plants, Protists) Branches Anatomy Biotechnology Botany Cell biology Ecology Evolutionary biology Genetics Marine biology Microbiology Molecular biology Mycology Neuroscience Paleontology Phycology Physiology Protistology Virology Zoology Research Biologist (list) List of biology
awards List of journals List of research methods List of unsolved problems Applications Agricultural science Biomedical sciences Health technology Pharming Biology portal Categoryvte An ecosystem (or ecological system) consists of all the organisms and the physical environment with which they interact.[2]:458 These biotic and abiotic
components are linked together through nutrient cycles and energy flows. Energy enters the system through photosynthesis and is incorporated into plant tissue. By feeding on plants and on one another, animals play an important role in the movement of matter and energy through the system. They also influence the quantity of plant and microbial
biomass present. By breaking down dead organic matter, decomposers release carbon back to the atmosphere and facilitate nutrient cycling by converting nutrients stored in dead biomass back to a form that can be readily used by plants and microbes. Ecosystems are controlled by external and internal factors. External factors such as climate,
parent material which forms the soil and topography, control the overall structure of an ecosystem but are not themselves influenced by the ecosystem. Internal factors are controlled, for example, by decomposition, root competition, shading, disturbance, succession, and the types of species present. While the resource inputs are generally controlled
by external processes, the availability of these resources within the ecosystem is controlled by internal factors. Therefore, internal factors not only control ecosystem processes but are also controlled by them. Ecosystems are dynamic entities—they are subject to periodic disturbances and are always in the process of recovering from some past
disturbance. The tendency of an ecosystem to remain close to its equilibrium state, despite that disturbance, is termed its resistance. The capacity of a system to absorb disturbance and reorganize while undergoing change so as to retain essentially the same function, structure, identity, and feedbacks is termed its ecological resilience. Ecosystems
can be studied through a variety of approaches—theoretical studies, studies monitoring specific ecosystems over long periods of time, those that look at differences between ecosystems to elucidate how they work and direct manipulative experimentation. Biomes are general classes or categories of ecosystems. However, there is no clear distinction
between biomes and ecosystems. Ecosystem classifications are specific kinds of ecological classifications that consider all four elements of the definition of ecosystems: a biotic component, an abiotic complex, the interactions between and within them, and the physical space they occupy. Ecosystems provide a variety of goods and services upon which
people depend. Ecosystem goods include the "tangible, material products" of ecosystem processes such as water, food, fuel, construction material, and medicinal plants. Ecosystem services, on the other hand, are generally "improvements in the condition or location of things of value". These include things like the maintenance of hydrological cycles,
cleaning air and water, the maintenance of oxygen in the atmosphere, crop pollination and even things like beauty, inspiration and opportunities for research. Many ecosystems become degraded through human impacts, such as soil loss, air and water pollution, habitat fragmentation, water diversion, fire suppression, and introduced species and
invasive species. These threats can lead to abrupt transformation of the ecosystem or to gradual disruption of biotic processes and degradation of abiotic conditions of the ecosystem. Once the original ecosystem has lost its defining features, it is considered "collapsed". Ecosystem restoration can contribute to achieving the Sustainable Development
Goals. Definition An ecosystem (or ecological system) consists of all the organisms and the abiotic pools (or physical environment) with which they interact.[3][4]:5[2]:458 The biotic and abiotic components are linked together through nutrient cycles and energy flows.[5] "Ecosystem processes" are the transfers of energy and materials from one pool
to another.[2]:458 Ecosystem processes are known to "take place at a wide range of scales". Therefore, the correct scale of study depends on the question asked.[4]:5 Origin and development of the term The term "ecosystem" was first used in 1935 in a publication by British ecologist Arthur Tansley. The term was coined by Arthur Roy Clapham, who
came up with the word at Tansley's request.[6] Tansley devised the concept to draw attention to the importance of transfers of materials between organisms and their environment.[4]:9 He later refined the term, describing it as "The whole system, ... including not only the organism-complex, but also the whole complex of physical factors forming
what we call the environment".[3] Tansley regarded ecosystems not simply as natural units, but as "mental isolates".[3] Tansley later defined the spatial extent of ecosystems using the term "ecotope".[7] G. Evelyn Hutchinson, a limnologist who was a contemporary of Tansley's, combined Charles Elton's ideas about trophic ecology with those of
Russian geochemist Vladimir Vernadsky. As a result, he suggested that mineral nutrient availability in a lake limited algal production. This would, in turn, limit the abundance of animals that feed on algae. Raymond Lindeman took these ideas further to suggest that the flow of energy through a lake was the primary driver of the ecosystem.
Hutchinson's students, brothers Howard T. Odum and Eugene P. Odum, further developed a "systems approach" to the study of ecosystems. This allowed them to study the flow of energy and material through ecological systems.[4]:9 Processes Rainforest ecosystems are rich in biodiversity. This is the Gambia River in Senegal's Niokolo-Koba National
Park. Flora of Baja California Desert, Catavifia region, Mexico External and internal factors Ecosystems are controlled by both external and internal factors. External factors, also called state factors, control the overall structure of an ecosystem and the way things work within it, but are not themselves influenced by the ecosystem. On broad
geographic scales, climate is the factor that "most strongly determines ecosystem processes and structure".[4]: 14 Climate determines the biome in which the ecosystem is embedded. Rainfall patterns and seasonal temperatures influence photosynthesis and thereby determine the amount of energy available to the ecosystem.[8]: 145 Parent material
determines the nature of the soil in an ecosystem, and influences the supply of mineral nutrients. Topography also controls ecosystem processes by affecting things like microclimate, soil development and the movement of water through a system. For example, ecosystems can be quite different if situated in a small depression on the landscape, versus
one present on an adjacent steep hillside.[9]:39[10]: 66 Other external factors that play an important role in ecosystem functioning include time and potential biota, the organisms that are present in a region and could potentially occupy a particular site. Ecosystems in similar environments that are located in different parts of the world can end up
doing things very differently simply because they have different pools of species present.[11]:321 The introduction of non-native species can cause substantial shifts in ecosystem function.[12] Unlike external factors, internal factors in ecosystems not only control ecosystem processes but are also controlled by them.[4]: 16 While the resource inputs



are generally controlled by external processes like climate and parent material, the availability of these resources within the ecosystem is controlled by internal factors like decomposition, root competition or shading.[13] Other factors like disturbance, succession or the types of species present are also internal factors. Primary production Global
oceanic and terrestrial phototroph abundance, from September 1997 to August 2000. As an estimate of autotroph biomass, it is only a rough indicator of primary production potential and not an actual estimate of it. Main article: Primary production Primary production is the production of organic matter from inorganic carbon sources. This mainly
occurs through photosynthesis. The energy incorporated through this process supports life on earth, while the carbon makes up much of the organic matter in living and dead biomass, soil carbon and fossil fuels. It also drives the carbon cycle, which influences global climate via the greenhouse effect. Through the process of photosynthesis, plants
capture energy from light and use it to combine carbon dioxide and water to produce carbohydrates and oxygen. The photosynthesis carried out by all the plants in an ecosystem is called the gross primary production (GPP).[8]: 124 About half of the gross GPP is respired by plants in order to provide the energy that supports their growth and
maintenance.[14]:157 The remainder, that portion of GPP that is not used up by respiration, is known as the net primary production (NPP).[14]:157 Total photosynthesis is limited by a range of environmental factors. These include the amount of light available, the amount of leaf area a plant has to capture light (shading by other plants is a major
limitation of photosynthesis), the rate at which carbon dioxide can be supplied to the chloroplasts to support photosynthesis, the availability of water, and the availability of suitable temperatures for carrying out photosynthesis.[8]: 155 Energy flow Main article: Energy flow (ecology) See also: Food web and Trophic level Energy and carbon enter
ecosystems through photosynthesis, are incorporated into living tissue, transferred to other organisms that feed on the living and dead plant matter, and eventually released through respiration.[14]: 157 The carbon and energy incorporated into plant tissues (net primary production) is either consumed by animals while the plant is alive, or it remains
uneaten when the plant tissue dies and becomes detritus. In terrestrial ecosystems, the vast majority of the net primary production ends up being broken down by decomposers. The remainder is consumed by animals while still alive and enters the plant-based trophic system. After plants and animals die, the organic matter contained in them enters
the detritus-based trophic system.[15] Ecosystem respiration is the sum of respiration by all living organisms (plants, animals, and decomposers) in the ecosystem.[16] Net ecosystem production is the difference between gross primary production (GPP) and ecosystem respiration.[17] In the absence of disturbance, net ecosystem production is
equivalent to the net carbon accumulation in the ecosystem. Energy can also be released from an ecosystem through disturbances such as wildfire or transferred to other ecosystems (e.g., from a forest to a stream to a lake) by erosion. In aquatic systems, the proportion of plant biomass that gets consumed by herbivores is much higher than in
terrestrial systems.[15] In trophic systems, photosynthetic organisms are the primary producers. The organisms that consume their tissues are called primary consumers or secondary producers—herbivores. Organisms which feed on microbes (bacteria and fungi) are termed microbivores. Animals that feed on primary consumers—carnivores—are
secondary consumers. Each of these constitutes a trophic level.[15] The sequence of consumption—from plant to herbivore, to carnivore—forms a food chain. Real systems are much more complex than this—organisms will generally feed on more than one form of food, and may feed at more than one trophic level. Carnivores may capture some prey
that is part of a plant-based trophic system and others that are part of a detritus-based trophic system (a bird that feeds both on herbivorous grasshoppers and earthworms, which consume detritus). Real systems, with all these complexities, form food webs rather than food chains.[15] Decomposition See also: Decomposition Sequence of a
decomposing pig carcass over time The carbon and nutrients in dead organic matter are broken down by a group of processes known as decomposition. This releases nutrients that can then be re-used for plant and microbial production and returns carbon dioxide to the atmosphere (or water) where it can be used for photosynthesis. In the absence of
decomposition, the dead organic matter would accumulate in an ecosystem, and nutrients and atmospheric carbon dioxide would be depleted.[18]: 183 Decomposition processes can be separated into three categories—leaching, fragmentation and chemical alteration of dead material. As water moves through dead organic matter, it dissolves and
carries with it the water-soluble components. These are then taken up by organisms in the soil, react with mineral soil, or are transported beyond the confines of the ecosystem (and are considered lost to it).[19]:271-280 Newly shed leaves and newly dead animals have high concentrations of water-soluble components and include sugars, amino acids
and mineral nutrients. Leaching is more important in wet environments and less important in dry ones.[10]: 69-77 Fragmentation processes break organic material into smaller pieces, exposing new surfaces for colonization by microbes. Freshly shed leaf litter may be inaccessible due to an outer layer of cuticle or bark, and cell contents are protected
by a cell wall. Newly dead animals may be covered by an exoskeleton. Fragmentation processes, which break through these protective layers, accelerate the rate of microbial decomposition.[18]:184 Animals fragment detritus as they hunt for food, as does passage through the gut. Freeze-thaw cycles and cycles of wetting and drying also fragment
dead material.[18]: 186 The chemical alteration of the dead organic matter is primarily achieved through bacterial and fungal action. Fungal hyphae produce enzymes that can break through the tough outer structures surrounding dead plant material. They also produce enzymes that break down lignin, which allows them access to both cell contents
and the nitrogen in the lignin. Fungi can transfer carbon and nitrogen through their hyphal networks and thus, unlike bacteria, are not dependent solely on locally available resources.[18]: 186 Decomposition rates Decomposition rates vary among ecosystems.[20] The rate of decomposition is governed by three sets of factors—the physical
environment (temperature, moisture, and soil properties), the quantity and quality of the dead material available to decomposers, and the nature of the microbial community itself.[18]: 194 Temperature controls the rate of microbial respiration; the higher the temperature, the faster the microbial decomposition occurs. Temperature also affects soil
moisture, which affects decomposition. Freeze-thaw cycles also affect decomposition—freezing temperatures kill soil microorganisms, which allows leaching to play a more important role in moving nutrients around. This can be especially important as the soil thaws in the spring, creating a pulse of nutrients that become available.[19]:280
Decomposition rates are low under very wet or very dry conditions. Decomposition rates are highest in wet, moist conditions with adequate levels of oxygen. Wet soils tend to become deficient in oxygen (this is especially true in wetlands), which slows microbial growth. In dry soils, decomposition slows as well, but bacteria continue to grow (albeit at a
slower rate) even after soils become too dry to support plant growth.[18]:200 Dynamics and resilience Further information: Resistance (ecology) and Ecological resilience Ecosystems are dynamic entities. They are subject to periodic disturbances and are always in the process of recovering from past disturbances.[21]:347 When a perturbation
occurs, an ecosystem responds by moving away from its initial state. The tendency of an ecosystem to remain close to its equilibrium state, despite that disturbance, is termed its resistance. The capacity of a system to absorb disturbance and reorganize while undergoing change so as to retain essentially the same function, structure, identity, and
feedbacks is termed its ecological resilience.[22][23] Resilience thinking also includes humanity as an integral part of the biosphere where we are dependent on ecosystem services for our survival and must build and maintain their natural capacities to withstand shocks and disturbances.[24] Time plays a central role over a wide range, for example, in
the slow development of soil from bare rock and the faster recovery of a community from disturbance.[14]:67 Disturbance also plays an important role in ecological processes. F. Stuart Chapin and coauthors define disturbance as "a relatively discrete event in time that removes plant biomass".[21]:346 This can range from herbivore outbreaks,
treefalls, fires, hurricanes, floods, glacial advances, to volcanic eruptions. Such disturbances can cause large changes in plant, animal and microbe populations, as well as soil organic matter content. Disturbance is followed by succession, a "directional change in ecosystem structure and functioning resulting from biotically driven changes in resource
supply.”[2]:470 The frequency and severity of disturbance determine the way it affects ecosystem function. A major disturbance like a volcanic eruption or glacial advance and retreat leave behind soils that lack plants, animals or organic matter. Ecosystems that experience such disturbances undergo primary succession. A less severe disturbance like
forest fires, hurricanes or cultivation result in secondary succession and a faster recovery.[21]:348 More severe and more frequent disturbance result in longer recovery times. From one year to another, ecosystems experience variation in their biotic and abiotic environments. A drought, a colder than usual winter, and a pest outbreak all are short-
term variability in environmental conditions. Animal populations vary from year to year, building up during resource-rich periods and crashing as they overshoot their food supply. Longer-term changes also shape ecosystem processes. For example, the forests of eastern North America still show legacies of cultivation which ceased in 1850 when large
areas were reverted to forests.[21]:340 Another example is the methane production in eastern Siberian lakes that is controlled by organic matter which accumulated during the Pleistocene.[25] A freshwater lake in Gran Canaria, an island of the Canary Islands. Clear boundaries make lakes convenient to study using an ecosystem approach. Nutrient
cycling See also: Nutrient cycle, Biogeochemical cycle, and Nitrogen cycle Biological nitrogen cycling Ecosystems continually exchange energy and carbon with the wider environment. Mineral nutrients, on the other hand, are mostly cycled back and forth between plants, animals, microbes and the soil. Most nitrogen enters ecosystems through
biological nitrogen fixation, is deposited through precipitation, dust, gases or is applied as fertilizer.[19]: 266 Most terrestrial ecosystems are nitrogen-limited in the short term making nitrogen cycling an important control on ecosystem production.[19]:289 Over the long term, phosphorus availability can also be critical.[26] Macronutrients which are
required by all plants in large quantities include the primary nutrients (which are most limiting as they are used in largest amounts): Nitrogen, phosphorus, potassium.[27]:231 Secondary major nutrients (less often limiting) include: Calcium, magnesium, sulfur. Micronutrients required by all plants in small quantities include boron, chloride, copper,
iron, manganese, molybdenum, zinc. Finally, there are also beneficial nutrients which may be required by certain plants or by plants under specific environmental conditions: aluminum, cobalt, iodine, nickel, selenium, silicon, sodium, vanadium.[27]:231 Until modern times, nitrogen fixation was the major source of nitrogen for ecosystems. Nitrogen-
fixing bacteria either live symbiotically with plants or live freely in the soil. The energetic cost is high for plants that support nitrogen-fixing symbionts—as much as 25% of gross primary production when measured in controlled conditions. Many members of the legume plant family support nitrogen-fixing symbionts. Some cyanobacteria are also
capable of nitrogen fixation. These are phototrophs, which carry out photosynthesis. Like other nitrogen-fixing bacteria, they can either be free-living or have symbiotic relationships with plants.[21]: 360 Other sources of nitrogen include acid deposition produced through the combustion of fossil fuels, ammonia gas which evaporates from agricultural
fields which have had fertilizers applied to them, and dust.[19]:270 Anthropogenic nitrogen inputs account for about 80% of all nitrogen fluxes in ecosystems.[19]:270 When plant tissues are shed or are eaten, the nitrogen in those tissues becomes available to animals and microbes. Microbial decomposition releases nitrogen compounds from dead
organic matter in the soil, where plants, fungi, and bacteria compete for it. Some soil bacteria use organic nitrogen-containing compounds as a source of carbon, and release ammonium ions into the soil. This process is known as nitrogen mineralization. Others convert ammonium to nitrite and nitrate ions, a process known as nitrification. Nitric oxide
and nitrous oxide are also produced during nitrification.[19]: 277 Under nitrogen-rich and oxygen-poor conditions, nitrates and nitrites are converted to nitrogen gas, a process known as denitrification.[19]:281 Mycorrhizal fungi which are symbiotic with plant roots, use carbohydrates supplied by the plants and in return transfer phosphorus and
nitrogen compounds back to the plant roots.[28][29] This is an important pathway of organic nitrogen transfer from dead organic matter to plants. This mechanism may contribute to more than 70 Tg of annually assimilated plant nitrogen, thereby playing a critical role in global nutrient cycling and ecosystem function.[29] Phosphorus enters
ecosystems through weathering. As ecosystems age this supply diminishes, making phosphorus-limitation more common in older landscapes (especially in the tropics).[19]:287-290 Calcium and sulfur are also produced by weathering, but acid deposition is an important source of sulfur in many ecosystems. Although magnesium and manganese are
produced by weathering, exchanges between soil organic matter and living cells account for a significant portion of ecosystem fluxes. Potassium is primarily cycled between living cells and soil organic matter.[19]:291 Function and biodiversity Main article: BiodiversitySee also: Ecosystem diversity Loch Lomond in Scotland forms a relatively isolated
ecosystem. The fish community of this lake has remained stable over a long period until a number of introductions in the 1970s restructured its food web.[30] Spiny forest at Ifaty, Madagascar, featuring various Adansonia (baobab) species, Alluaudia procera (Madagascar ocotillo) and other vegetation Biodiversity plays an important role in ecosystem
functioning.[31]:449-453 Ecosystem processes are driven by the species in an ecosystem, the nature of the individual species, and the relative abundance of organisms among these species. Ecosystem processes are the net effect of the actions of individual organisms as they interact with their environment. Ecological theory suggests that in order to
coexist, species must have some level of limiting similarity—they must be different from one another in some fundamental way, otherwise, one species would competitively exclude the other.[32] Despite this, the cumulative effect of additional species in an ecosystem is not linear: additional species may enhance nitrogen retention, for example.
However, beyond some level of species richness,[11]:331 additional species may have little additive effect unless they differ substantially from species already present.[11]:324 This is the case for example for exotic species.[11]:321 The addition (or loss) of species that are ecologically similar to those already present in an ecosystem tends to only
have a small effect on ecosystem function. Ecologically distinct species, on the other hand, have a much larger effect. Similarly, dominant species have a large effect on ecosystem function, while rare species tend to have a small effect. Keystone species tend to have an effect on ecosystem function that is disproportionate to their abundance in an
ecosystem.[11]:324 An ecosystem engineer is any organism that creates, significantly modifies, maintains or destroys a habitat.[33] Study approaches Ecosystem ecology Main article: Ecosystem ecology See also: Ecosystem model A hydrothermal vent is an ecosystem on the ocean floor. (The scale bar is 1 m.) Ecosystem ecology is the "study of the
interactions between organisms and their environment as an integrated system".[2]:458 The size of ecosystems can range up to ten orders of magnitude, from the surface layers of rocks to the surface of the planet.[4]:6 The Hubbard Brook Ecosystem Study started in 1963 to study the White Mountains in New Hampshire. It was the first successful
attempt to study an entire watershed as an ecosystem. The study used stream chemistry as a means of monitoring ecosystem properties, and developed a detailed biogeochemical model of the ecosystem.[34] Long-term research at the site led to the discovery of acid rain in North America in 1972. Researchers documented the depletion of soil cations
(especially calcium) over the next several decades.[35] Ecosystems can be studied through a variety of approaches—theoretical studies, studies monitoring specific ecosystems over long periods of time, those that look at differences between ecosystems to elucidate how they work and direct manipulative experimentation.[36] Studies can be carried
out at a variety of scales, ranging from whole-ecosystem studies to studying microcosms or mesocosms (simplified representations of ecosystems).[37] American ecologist Stephen R. Carpenter has argued that microcosm experiments can be "irrelevant and diversionary" if they are not carried out in conjunction with field studies done at the ecosystem
scale. In such cases, microcosm experiments may fail to accurately predict ecosystem-level dynamics.[38] Classifications Further information: Ecosystem classification and Biogeoclimatic ecosystem classification Biomes are general classes or categories of ecosystems.[4]:14 However, there is no clear distinction between biomes and ecosystems.[39]
Biomes are always defined at a very general level. Ecosystems can be described at levels that range from very general (in which case the names are sometimes the same as those of biomes) to very specific, such as "wet coastal needle-leafed forests". Biomes vary due to global variations in climate. Biomes are often defined by their structure: at a
general level, for example, tropical forests, temperate grasslands, and arctic tundra.[4]: 14 There can be any degree of subcategories among ecosystem types that comprise a biome, e.g., needle-leafed boreal forests or wet tropical forests. Although ecosystems are most commonly categorized by their structure and geography, there are also other ways
to categorize and classify ecosystems such as by their level of human impact (see anthropogenic biome), or by their integration with social processes or technological processes or their novelty (e.g. novel ecosystem). Each of these taxonomies of ecosystems tends to emphasize different structural or functional properties.[40] None of these is the “best”
classification. Ecosystem classifications are specific kinds of ecological classifications that consider all four elements of the definition of ecosystems: a biotic component, an abiotic complex, the interactions between and within them, and the physical space they occupy.[40] Different approaches to ecological classifications have been developed in
terrestrial, freshwater and marine disciplines. Examples The following articles are examples of ecosystems for particular regions, zones or conditions: Aquatic ecosystem Boreal ecosystem Freshwater ecosystem Groundwater-dependent ecosystems Lake ecosystem (lentic ecosystem) Large marine ecosystem Marine ecosystem Montane ecosystem
River ecosystem (lotic ecosystem) Terrestrial ecosystem Urban ecosystem Human interactions with ecosystems Human activities are important in almost all ecosystems. Although humans exist and operate within ecosystems, their cumulative effects are large enough to influence external factors like climate.[4]: 14 Ecosystem goods and services The
High Peaks Wilderness Area in the 6,000,000-acre (2,400,000 ha) Adirondack Park is an example of a diverse ecosystem. Main articles: Ecosystem services and Ecological goods and services See also: Ecosystem valuation and Ecological yield Ecosystems provide a variety of goods and services upon which people depend.[41] Ecosystem goods include
the "tangible, material products" of ecosystem processes such as water, food, fuel, construction material, and medicinal plants.[42][43] They also include less tangible items like tourism and recreation, and genes from wild plants and animals that can be used to improve domestic species.[41] Ecosystem services, on the other hand, are generally
"improvements in the condition or location of things of value".[43] These include things like the maintenance of hydrological cycles, cleaning air and water, the maintenance of oxygen in the atmosphere, crop pollination and even things like beauty, inspiration and opportunities for research.[41] While material from the ecosystem had traditionally
been recognized as being the basis for things of economic value, ecosystem services tend to be taken for granted.[43] The Millennium Ecosystem Assessment is an international synthesis by over 1000 of the world's leading biological scientists that analyzes the state of the Earth's ecosystems and provides summaries and guidelines for decision-
makers. The report identified four major categories of ecosystem services: provisioning, regulating, cultural and supporting services.[44] It concludes that human activity is having a significant and escalating impact on the biodiversity of the world ecosystems, reducing both their resilience and biocapacity. The report refers to natural systems as
humanity's "life-support system", providing essential ecosystem services. The assessment measures 24 ecosystem services and concludes that only four have shown improvement over the last 50 years, 15 are in serious decline, and five are in a precarious condition.[44]:6-19 The Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) is an intergovernmental organization established to improve the interface between science and policy on issues of biodiversity and ecosystem services.[45] It is intended to serve a similar role to the Intergovernmental Panel on Climate Change.[46] The conceptual framework of the IPBES includes six primary interlinked
elements: nature, nature’s benefits to people, anthropogenic assets, institutions and governance systems and other indirect drivers of change, direct drivers of change, and good quality of life.[47] Ecosystem services are limited and also threatened by human activities.[48] To help inform decision-makers, many ecosystem services are being assigned
economic values, often based on the cost of replacement with anthropogenic alternatives. The ongoing challenge of prescribing economic value to nature, for example through biodiversity banking, is prompting transdisciplinary shifts in how we recognize and manage the environment, social responsibility, business opportunities, and our future as a
species.[48] Degradation and decline The Forest Landscape Integrity Index measures global anthropogenic modification on remaining forests annually. 0 = Most modification; 10= Least.[49] See also: Ecosystem collapse, Climate change and ecosystems, and Human ecology As human population and per capita consumption grow, so do the resource
demands imposed on ecosystems and the effects of the human ecological footprint. Natural resources are vulnerable and limited. The environmental impacts of anthropogenic actions are becoming more apparent. Problems for all ecosystems include: environmental pollution, climate change and biodiversity loss. For terrestrial ecosystems further
threats include air pollution, soil degradation, and deforestation. For aquatic ecosystems threats also include unsustainable exploitation of marine resources (for example overfishing), marine pollution, microplastics pollution, the effects of climate change on oceans (e.g. warming and acidification), and building on coastal areas.[50] Many ecosystems
become degraded through human impacts, such as soil loss, air and water pollution, habitat fragmentation, water diversion, fire suppression, and introduced species and invasive species.[51]:437 These threats can lead to abrupt transformation of the ecosystem or to gradual disruption of biotic processes and degradation of abiotic conditions of the
ecosystem. Once the original ecosystem has lost its defining features, it is considered collapsed (see also IUCN Red List of Ecosystems).[52] Ecosystem collapse could be reversible and in this way differs from species extinction.[53] Quantitative assessments of the risk of collapse are used as measures of conservation status and trends. Management
Main articles: Ecosystem management, Ecosystem-based management, and Ecosystem approach When natural resource management is applied to whole ecosystems, rather than single species, it is termed ecosystem management.[54] Although definitions of ecosystem management abound, there is a common set of principles which underlie these
definitions: A fundamental principle is the long-term sustainability of the production of goods and services by the ecosystem;[51] "intergenerational sustainability [is] a precondition for management, not an afterthought".[41] While ecosystem management can be used as part of a plan for wilderness conservation, it can also be used in intensively
managed ecosystems[41] (see, for example, agroecosystem and close to nature forestry). Restoration and sustainable development See also: Restoration ecology and UN Decade on Ecosystem Restoration Ecosystem restoration will contribute to all 17 Sustainable Development Goals, in particular to SDG 2 (Zero Hunger), SDG 6 (Clean Water and
Sanitation), SDG 14 (Life below water) and SDG 15 (Life on Land).[55][56] Paragraph 27 of the Ministerial Declaration of the High-Level Political Forum on the SDGs held in July 2018 sets out commitments made to achieve sustainable management of all types of forests, halt deforestation, restore degraded forests, and substantially increase
afforestation and reforestation globally by 2020.[57] Integrated conservation and development projects (ICDPs) aim to address conservation and human livelihood (sustainable development) concerns in developing countries together, rather than separately as was often done in the past.[51]:445 See also Earth sciences portal Ecology portal
Environment portal Complex system Earth science Ecosystem-based adaptation Ecosystems in specific regions of the world: Leuser Ecosystem Longleaf pine ecosystem Tarangire Ecosystem Tropical salt pond ecosystem Ecosystems grouped by condition: Agroecosystem Closed ecosystem Depauperate ecosystem Novel ecosystem Reference ecosystem
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