Community Ecology Terms and Concepts
Ecology-The scientific study of the mechanisms that determine the distribution and abundance of organisms. 
Community-an assemblage of species that occurs together because of interactions that have led to ecological or evolutionary accommodations among the species and an assemblage of species that may also reflect regional processes (e.g. dispersal, disturbance and evolution beyond a local community).
Community ecology- A sub branch of ecology that studies patterns of species diversity, interactions among species, Change through space and time of a given species or environment and Infers process and pattern of species and their environments.
Species richness (S, Sobs, Sest)-The total number of species identified in the sample *Note Number of species observed (Sobs) may not be ‘true’ richness.
Incidence data-presence / absence data on species in a community 
Abundance data-the number of each species is recorded (also often standardise per unit area)
Singletons (Doubletons)- 1 individual of that species is present (2 individual of that species is present)
Richness estimators- help calculate the ‘true’ number of species in a community based on incidence and abundance data
Preston’s veil line-Most species in a sample area are rare; sampling will often miss some species and that more intensive sampling would "unveil" these species
Species diversity- An ecological concept that incorporates both species richness in a particular sampling area and the evenness with which individuals are distributed among the various species.
Species Evenness (E)- quantifies how equal species abundances are
Diversity indices-quantitative measure that reflects how many different types (such as species) there are in a dataset, and simultaneously takes into account how evenly the basic entities (such as individuals) are distributed among those types.
Shannon (H’, Hmax)- a measure of relative patch diversity H’ = - Σ (Pi) (ln Pi) 
Simpson (D)- is one of a number of diversity indices, used to measure diversity D = 1 / Σ Pi2 
Pielou’s evenness (J) -J’ = H’ / Hmax = (- Σ (Pi) (ln Pi)) / (ln S) 

Experimental design trade-offs -
1. Regulation of independent variables – capacity to manipulate and/or control variables
2. Matching of sites - attempt to minimize intersite differences 
3. Ability to follow trajectory
4. Maximum temporal scale 
5. Maximum spatial scale
6. Scope (range of manipulations) (e.g. range of taxonomic groups considered)
7. Realism – natural communities, or natural phenomenon/perturbation
8. Generality – whether results apply to many communities 
We gain control (i.e. regulation of independent variables) and the ability to make definitive statements about the influence of particular variable at the cost of realism and generality
Replication-Sufficient replicates were used to detect the smallest difference of practical importance
Factorial design-two or more factors are used in all possible combinations.

Artefacts-responses due to experimental method rather than treatments.
Treatment relevance-Are treatment levels realistic?
Non-linearity-response to a variable is non-linear or occurs only after a certain threshold value is reached.
Effect size (biological relevance)- a measurement of the size of the difference among groups.(do these results mean anything to biology)
Meta-analyses-Quantitative analysis and summary of multiple, independent studies addressing a particular question. 
Models (mathematical – natural model systems)- Abstract, simplified representations of real systems
Use of models:
· reductionist approach forces clarity and highlights missing factors
· hypothesis testing
· hypothesis generation
· sensitivity analysis
Data transformations-In statistics, data transformation refers to the application of a deterministic mathematical function to each point in a data set -- that is, each data point zi is replaced with the transformed value yi = f(zi), where f is a function.
The usual suspects
· Log transformation: This consists of taking the log of each observation.  E.g. Log10 (x) + 1
· Square-root transformation: This consists of taking the square root of each observation. 
· Arcsine transformation: This consists of taking the arcsine of the square root of a number. 
Gradient analysis-displays species distributions along one (or more) environmental gradients
Ordination (Eigenanalysis vs. Distance-based)- arranges communities graphically based on similarities in species composition, relative abundance, and/or environmental conditions.
Eigenanalysis :A projection of samples onto a new set of axes, such that the maximum variance is projected or "extracted" along the first axis, the maximum variation uncorrelated with axis 1 is projected on the second axis, etc
Distance-based: Uses rank-order correlations
· Starts with creating a distance matrix based on similarity (or dissimilarity)
· Few assumptions about the data
· NMDS is a iterative technique that stops when an acceptable solution has been found or after a predetermined number of steps
· The user specifies the number of axes (not eigen-based)
· ‘fit’ is based on a stress value (stress decreases as the rank-order agreement between distances and dissimilarities improves) 
Commonness vs. rarity - communities are composed of a few common species and many rare species
Species abundance curves - are a plot of the number of species in each abundance class.
· a quantitative statement about the differences in abundance between species in a community
Relative vs. rank abundance curves- Relative abundance curves refer to how common or rare a species is relative to other species in a defined location or community while Rank abundance curves show individual species abundances are sorted highest to lowest
*note for Rank Abundance Plots 
A steep gradient 
· low evenness / high dominance of a few species
A shallow gradient 
· high evenness - abundances of different species are similar 
Species accumulation vs. rarefaction curves -Species accumulation curves plot of cumulative number of species with increased sampling effort and Provide a basic and intuitive measure of sampling completeness and species richness (but not the best) that tends to increase and asymptotes. Rarefaction curves can help assess species richness from sampling effort by ‘shuffling the deck’ and re-plotting
· a function of the accumulated number of individuals or samples 
· based on resampling from the observed sample set
Rarefaction curves produce smoother lines than raw species accumulation curves 
Also calculate 95% confidence limits based on this ‘reshuffling’
Species Area / Time Relationships- Species area relationship shoes that Large areas contain more species than small areas. The relationship between species richness and area (generally) well-described by a power function: S = cAz 
Where:
S = species richness, A = area, c = constant, z = rate of increase (slope on log-log scale)
While Species Time relationships are the temporal analogue of the SAR
Latitude / Altitude gradients of richness- Latitude gradients of richness : Species diversity declines with increasing distance from the Equator and possibly because of mid-domain effect - geometric constraints of species ranges, area’s carrying capacity, geologic time for diversification, and rates of diversification. 
Altitude gradients of richness : Species diversity declines with increasing altitude
Alpha diversity- Species diversity at the local or community scale
Beta diversity- Change in species composition across a landscape from one area to another
Gamma diversity- Landscape or regional-scale diversity
Local / Regional / Global scales-
	A HIERARCHICAL FRAMEWORK FOR PROCESSES INFLUENCING BIODIVERSTIY

	Spatial scale
	Scale of species richness
	Environmental variables predominantly responsible
	Temporal scale at which processes occur

	Local scale
	Species richness within communities, within habitat patches
	Fine-scale biotic and abiotic interactions, e.g., habitat structure, disturbance by fires, storms
	Processes occurring on time scales of ~1-100 years

	Landscape scale
	Species richness between communities; turnover of species within a landscape
	Soils, altitude, peninsula effect
	Processes occurring on time scales of ~100-1000 years

	Regional scale
	Species richness of large geographical areas within continents
	Radiation budget and water availability, area, latitude
	Processes occurring over the last 10,000 years, i.e., since end of last glacial

	Continental scale
	Differences in species lineages and richness across continents 
	Aridification events, glacial/interglacial cycles of the Quaternary, mountain-building episodes, e.g., Tertiary uplift of the Andes
	Processes occurring over the last 1-10 million years

	Global scale
	Differences reflected in the biogeographical realms, e.g., distribution of mammal families between continents
	Continental plate movements, sea- level change
	Processes occurring over the last 10-100 million years



How sampling can affect the SAR- You will find more species if you sample a larger area
SARs have been used:
· in comparing species-richness values of different areas 
· in extrapolating species richness 
· in producing biodiversity maps and identifying biodiversity hotspots 
· for predicting species loss after habitat loss and assessing human impacts on biodiversity.
There are four* types of species-area curves
a) Nested – each data point based on a single measurement for a given size
b) Contiguous, but based on mean richness for a given area (spatially explicit)
c) Non-contiguous, but based on mean richness for a given area (spatially implicit)
d) Among Islands – single data points from unique, different sized areas 
What are the processes underlying observed patterns? 
Three main categorical hypotheses:
· Null 
· Niche (Niche-assembly, environment)
· Neutral (Dispersal-assembly, space) 
For the SAR:
·  Random placement
·  Habitat heterogeneity
·  Island biogeography 
Power law (log-log scale)- is linear on a log-log plot andslope (z) typically varies between 0.1 and 0.4
S, c, A, z-  Are values for Fitting the Species-Area Curve 
S is the number of species, A is the area, and b, c, and z are constants.
The meaning of z- its high debated but could be related latitude, habitat complexity, habitat isolation, species source pool size, body size and dispersal capability.
Random Placement Hypothesis- An increase in species richness on larger habitat patches is an artefact of the increase in the size of the sample. Individuals are distributed at random, and larger samples will contain more individuals and more species
Habitat Heterogeneity Hypothesis- that an increase in habitat heterogeneity leads to an increase in species diversity

extinction / colonisation balance - (IBT)- The number of species found on an island is a balance between the immigration and the extinction rate.  
Immigration and extinction rates are affected by the size of the island and its isolation from a colonising source.
Therefore the number of species is determined by island size and isolation.
Area / Isolation effects (target / rescue effects)- 
Area effect
Larger populations on larger island = decreased risk of extinction and Larger islands have increased probability of immigration, by having greater ‘findability’ - the target effect 
Isolation effect
Closer island have greater immigration rates, due to proximity and convenience and Closer islands have decreased extinction rates due to the rescue effect of greater immigration
Triphasic SARs - are triphasic across very large spatial (temporal) scales
Frederick E. Clements (1916)
· organismic concept of communities/succession
· interdependent nature of species
Henry Gleason (1926)
· continuum concept of communities/succession
· each community is unique, arising from environmental selection
Arthur Tansley (1935)
· concept of the ecosystem
· functional relationship between plants, animals and climate
G. Evelyn Hutchinson (1959)
· mosaic nature of the environment
Robert H. MacArthur (1967) 
· Evelyn Hutchinson’s student
· Developed niche and neutral models
· Died at age 42 
Edward O. Wilson (1959)
· This dude rocks!
· Theory of Island Biogeography
· Sociobiology 
· Extinction / Biodiversity in Crisis 
Niche:  species trait–environment relations and interspecific trade-offs dictates diversity at local spatial scales.
Neutral:  no difference among species in their traits (i.e. species were neutral) rather species diversity as a function of stochastic events
Three central themes of contemporary community ecology: 
1. Ecological systems are variable in space and time (the equilibrium/homogeneity paradigm).
2. Ecological patterns and processes are scale-dependent (scale is irrelevant or too messy).
3. Ecological systems are open to external influences (the closed-system paradigm).
n-dimensional hypervolume - by axes of resource use and/or environmental conditions, within which a population of a species can persist (i.e. R0 ≥ 1)
Fundamental vs. realised niche- Fundamental niche: range of conditions in which a species can survive and reproduce.Realised niche: portion of the fundamental niche to which a species is restricted by biotic interactions.
Resource continuum - all abiotic factors need by species to survive
Niche breadth, optimum - Niche breadth: The range of resources utilized. Optimum: The most favorable conditions or level for growth, reproduction, or success.
Niche overlap- Use of some of the same resources by two or more species

Competitive exclusion principle (Gause’s Law)- that two species that compete for the exact same resources cannot stably coexist. Thus suggests that the greater the overlap of niches, the more competition between (or among) species.
Gause’s 1934 experiment
[image: Face]
Paradox of the Plankton- where a limited range of resources (light, nutrients) supports a much wider range of planktonic organisms. The paradox stems from a result of the competitive exclusion principle (sometimes referred to as Gause's Law), which suggests that when two species compete for the same resource, ultimately only one will persist and the other will be driven to extinction. The high diversity of phytoplankton at all phylogenetic levels stands in contrast to the limited range of resources for which they compete with one another
Resource partitioning (space and time)- In a biological community, various populations sharing environmental resources through specialization, thereby reducing direct competition and thus coexisting.
Types of interactions 
· Predation (+/-)-takes place when one organism (the predator) consumes another (the prey) for nutrients (herbivory, parasitism)
Herbivory - A plant is eaten by another organism. Unlike predation, in which the whole organism is destroyed, plants often survive grazing by an herbivore. Herbivory is sometimes referred to as plant parasitism
Parasitism - A parasite is physiologically dependent upon its host for nutrition and rarely kills the host. 
· Competition (-/-)-Competition occurs when two organisms compete for the same resource (food, space, mates, etc.). 
· Amensalism (-/0)- one individual is negatively affected by interaction with another individual who is not affected by the relationship
· Mutualism (+/+)- both partners benefit from the relationship
· Commensalism (+/0-one organism is positively affected by the relationship while the other organism is not affected by the interaction.

But in real communities:
· Each species interacts with several others
· Direct interactions can give rise to indirect interactions 

Direct vs. indirect effects- Direct Effects: Include all interaction types above and deals with the direct impact of one individual on another when not mediated or transmitted through a third individual. Indirect effects: the impact of one organism or species on another that is mediated or transmitted by a third.

Top-down effects-that predation and grazing by higher trophic levels on lower trophic levels ultimately controls ecosystem and community function.
Cascading effects (trophic cascade)- the effect that a change in the size of one population in a food web has on the populations below it.
Intraspecific / interspecific interactions- Intraspecific: form of competition in which members of the same species vie for the same resource in an ecosystem. Interspecific: form of competition in which individuals of different species compete for the same resource in an ecosystem
Exploitative / interference competition - exploitative: resource is limited and depleted by competitors or, Interference competition: if competitors physically interfere with attempts to obtain resources
Interaction strength- Mutualisms are weaker than antagonisms  and Strength greater with fewer interactions 
Ecological networks-a representation of the biotic interactions in an ecosystem, in which species (nodes) are connected by pairwise interactions (links). These interactions can be trophic or symbiotic. Ecological networks are used to describe and compare the structures of real ecosystems, while network models are used to investigate the effects of network structure on properties such as ecosystem stability.
Islandness-  Islands have discrete boundaries; isolated.Evolutionary processes work at different rates - there is little or no gene flow to dilute the effects of selection and mutation. Endemism is rampant. Often are biodiversity hotspots. Have unique conservation issues.
Immigration (I) / Extinction (E) rate-  Immigration rate is the number of new species colonising.
Extinction rate is the number of species already on the island going extinct.
Equilibrium number of species (Ŝ)- The number of species found on an island (Ŝ) is a balance between the immigration (I) and the extinction (E) rate where the 2 lines intersect making  Ŝ is a stable, but dynamic equilibrium.  

Distance effects - Ŝ is low for distant islands and higher for closer islands 
Island size effects- Ŝ is lowest for small while larger for bigger islands
Predictions of IBT-
· Ŝ is roughly constant through time.
· Continual species turnover at Ŝ. 
· Large islands support more species than small islands.
· Species number declines with distance from mainland. 
Assumptions of IBT-
· Note: Assumptions are at the population level
· Probability of I is inversely proportional to distance
· Probability of E is proportional to size
· I and E are independent of species composition on island
Target effect- that larger islands have higher immigration rates because they are a bigger target
Rescue effect- high immigration rates to closer islands to mainland save species from extinction.
Colonisation -A spatial process in which a population becomes established in an area where it was previously absent.
Dispersal (active, passive)- movement of organisms/propagules among communities. Active dispersal involves movement of the entire organism through its own ability (vagility). Passive dispersal involves both plants and animals that cannot themselves move but use dispersal vectors (wind, water). 
Closed systems: focus on single spatial scales and do not explicitly consider space.
Open systems: interacting organisms and materials across multiple spatial scales.
· Community structure is caused by processes operating at multiple spatial scales
· Explicitly consider spatial structure in describing community dynamics.
Open community: A community that experiences immigration and emigration. 
Metacommunity- Set of local communities linked by dispersal of multiple, potentially interacting species
Local vs. regional (scale and processes)- Local processes: occur within a community and include density-dependent growth and interspecific interactions. Regional processes: occur across communities and include dispersal. 
Alpha, beta, gamma diversity:
Alpha (α) diversity:  (local patch)
Gamma (γ): diversity: (regional area)
Beta (β) diversity: (the variation among patches) 
Priority effects and Assembly rules- Priority effect is the impact that a particular species can have on ecological community development due to prior arrival at a site (inhibitory or facilitative). 
Assembly rules are rules assert that competition is responsible for determining the patterns of assemblage composition. These rules are 
Rule 1: Forbidden species combinations
The first rule is "forbidden species combinations". Diamond's hypothesis was that competition, not random immigration, was the main force structuring the species composition of islands.
 Rule 2: Reduced niche overlap
Case tested the assembly rule that species occurring together on islands should have less niche overlap than random assemblages because they have undergone specialization.
Connectivity and Habitat corridors-
Connectivity: the physical and functional relationships among habitat patches.
Corridors: components of the landscape that facilitate the movement of organisms and processes between areas of intact habitat.
Matrix: ‘non-habitat’ and/or the portion of the landscape in which habitat patches and corridors are ‘embedded’. 
Environment vs. Space (Niche vs. Neutral)- The influence of environmental differences reflects processes associated with species interactions. The influence of spatial structure of local communities reflects processes related with dispersal.
Environmental variables —individuals may experience reduced survival and reproduction due to physical and physiological constraints.
Physical barriers – features that prevent organisms from relocating. 
Network: any collection of units potentially interacting as a system.
Network theory: mathematics concerned explicitly with connectivity.
Gradients- is a gradual change in abiotic factors through space (or time).
Boundaries-  a transition area possessing some characteristics of both community elements but is neither completely one nor the other ex. ecotones
Ecotones -Transition zones between communities or habitat types.
· sharper between closed communities
· Often associated with higher species richness 
· Influence of one area on the other (edge effect)
Species response curves- displayed species distributions  as ‘hump-shaped (Gaussian) response curves along  environmental gradients.
Problems:
1. Zero truncation
2. Curves are ‘solid’
3. Too simplistic
4. Species responses may be linear over short gradients. 
Direct gradient analysis- Displays species distributions along  one (or more) environmental gradients
Spatial autocorrelation-Species composition of communities are more similar when communities are close together than further apart
Distance decay plots- A plot of Spatial autocorrelation of a community.
[image: ]
Species turnover-rate or magnitude of change in species composition along a gradient (or through space) and the variation in beta diversity over a distance.
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