Ecology of Phytoplankton, Colin Reynolds

Chapter 7, part 2 Overview: Assembly Processes 

1. How communities are formed

a. Assembly: how the species that make up a community arrive, survive, and interact with other species
b. Ripl and Wolter’s minimal community: primary producers, water, organic detritus, decomposers, food web
c. Pioneer species: colonist species tend to arrive in large number and/or grow quickly; C-strategists; modes of dispersal are wind and predators
d. Species richness:
i. Colonization 

1/n(t)dn/dt =  û(ñ - n)
ii. Number of species

nsp = k’Az


2. Properties of accumulating communities

a. Ascendency: power and exergy
i. Ascendency - measure of structure within an ecosystem; based on degree of organization and functioning
ii. Exergy - maximum flux of energy that can be held in chemical bonds; representation of information stored in system
iii. 2nd Law of Thermodynamics - universal law of entropy
iv. Biological systems exist because they only temporarily reroute entropic flux to create biomass
v. Qs: incoming radiative flux
dSe: externally dissipated flux
dSi: flux dissipated through living organisms
vi. Greater biomass requires an increasingly greater maintenance energy dSi but can intercept a limited amount of light energy (-dSe)
vii. Biomass can only accumulate if -dSe + dSi > 0
b. Ascendency: environmental constraints
i. Blelham enclosure: Over the growing season, gross primary production and biomass reach a steady-state maximum, net production after loss processes decreases to zero (Figure 7.12)
c. Succession
i. Autogenic processes that result in species substitution
ii. Contrast with allogenic processes such as physical forcing mechanisms
iii. Positive succession - environmental changes made by organisms promote the establishment and growth of different species
d. Filtration and community assembly
i. Filtration invoked when strict successional selection does not explain observations
ii. Reynolds states that “most species can grow anywhere provided the habitat is suitable”
iii. Unsuitable habitats select against the persistence of intolerant species
iv. Table 7.8 summarizes the rules of community assembly discussed up to this point in the section
e. Species richness, diversity, and evenness in assembling communities
i. C-S-R triangle predicts successional trajectories
1. Flushing with nutrient-rich water or lack of grazing promotes status quo (C-strategists favored) if neither light not nutrients become limited 
2. If grazing begins early, self-shading is minimized and phytoplankton require higher nutrients to grow larger and avoid predation (S-strategists favored)
3. If grazing is late, self-shading leads to limited light availability (R-strategists favored)
ii. Shannon-Weaver index of biotic diversity balances evenness and richness; “relative abundance”  
1. Results depend on sampling effort and thoroughness
2. Margalef’s index solves “diligent searching” problem but does not consider biomass.

3. Species diversity and disequilibrium in natural communities
“Biodiversity (originally BioDiversity, coined as a shorthand for Biological Diversity: Wilson and Petr, 1986) has no precise definition and it has no units of measurement.”

a. The Problem of the Plankton (Hutchinson 1961) – Multiple species of phytoplankton coexist within a homogenous environment, which is at odds with competitive exclusion theory. Competitive exclusion theory (G. Hardin) postulates that two species who compete for the same resources cannot coexist. Hutchinson hypothesizes that external forces can interrupt the processes of competition.
i. Species coexistence is found in the following circumstances:
1. Food web interactions (Paine 1966)
2. Niche differentiation (Tilman 1977)

3. Temporal and spatial variability (Connell 1978)

b. Disequilibrium
i. Environment is variable (Reynolds) as opposed to environment is homogenous (Hutchinson).

ii. temporal and spatial variability 

iii. immigration

c. Mechanisms of coexistence
i. Resource competition  
ii. Disturbance
1. Flushing

2. Mixing

3. Nutrient pulsing

d. Intermediate disturbance hypothesis (Connell 1978)
1. Competitive exclusion works if there is no disturbance

2. Intense disturbances that occur often only allow for pioneer species to become established.

3. Disturbances that happen infrequently allow for a community to develop but then another disturbance will occur which will reset succession.

ii. Reynolds states that there are consequences but no predictable relationship between diversity and external factors.  p374
iii. “In essence, a relationship between diversity and disturbance is confirmed as being unimodal but the productivity level that maximizes diversity itself increases with increasing disturbance.”
e. Explaining the plankton paradox: where does the diversity come from?
i. No physical steady state (agrees with Hutchinson)
ii. Variation is sufficient for coexistence of many species
iii. Resistance and resilience of a functional community after disturbance
iv. Alpha, beta, gamma richness
v. Type 1 behavior – local richness is proportional to regional richness
vi. Type 2 behavior – local richness is higher than regional richness
vii. Island Biogeography – can lakes be envisioned as isolated islands?
