A brief overview and history of

. commuhity ecology
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NARLURE

The Adventures of

ALEXANDER VON HUMBOLDT
The Lost Hero of Science




..physics, geology, earth science, botany, geography, zoology,
climatology, oceanography, and astronomy”

“Everything is connected”

—

—




What is a community?

PlantO1 PlantO02
PlantO3

Plant10 Plant11
Plan12




Regional Global




QUANTIFYING ECOLOGICAL
COMMUNITIES
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First order properties: single communities

Community 1 Community 2

ABUNDANCE

ALWAYS integers




12

First order properties: single communities

Community 1 Community 2

3 ]

SPECIES RICHNESS

ALWAYS integers




First order properties: single communities

Community 1 Community 2

3 3
12 12
DIVERSITY |
1.0986 0.8675

Shannon Diversity Index: H = -> [(p.) * log(p)] | p, =n / N
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First order properties: multiple communities

Community 1 Community 2

3 3

COMPOSITION

0.8675 0.8675




12

First order properties: multiple communities

Community 1 Community 2

3 3

COMPOSITION




First order properties: multiple communities

Community 1 Community 2 Community 3

e m E E e e e e m E E E E E E e e e m E e e e e e e m m m m e e e e e e e m e ==

___________________________________________________________________________________________________

beta (B) diversity



Site A

Site B

Site C

First order properties: multiple communities

Site Species 1 Species 2 Species 4
A 1 1 o)
B o) 1 1
C 1 1 o)
Site Species 1 Species 2 Species 4
A 7 1 o)
B o) 3
C 4 o)
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Second order properties: trait diversity and composition

Community A: tiny and colorful Community B: large and plain

Trait based ecology combines basic community structure with organismal information






Second order properties: species-environment relationship

Community A: live coral Community B: dead coral

Species environment relationships describe links between communities and environmental properties



Cheat sheet

1*" order variables, one community:
1) Abundance (integer, non-negative)

2) Species richness (integer, non-negative) COMMUNITY STRUCTURE

3) Diversity or evenness (decimal, non-negative)
4) Species-abundance distribution (distribution)

1*" order variables, many communities:

1) Community composition (no value) COMMUNITY COMPOSITION

2) Beta-diversity (decimal, non-negative)

2"d order variables:
1) Trait diversity and composition (requires species characteristics)
2) Species-environment relationships (requires site characteristics)



So many options...

Species richness, species density (area-standardized), or rarefied species richness

Diversity & evenness: Shannon index, Rényi entropy, Simpson’s diversity, Simpson-Gini index,
Berger Parker Index, Pielou’s evenness

Composition: PCA, CCA, DCA, PCoA, MDS, nMDS, RDA, Cluster analysis (k-means,
hierarchical, fuzzy)

Beta diversity: Whittaker’s index, Simpson’s index, Serensen index

Trait based analyses: functional richness, functional evenness, Rao’s Q, functional
divergence, functional diversity, functional originality

Species-environment relationships: redundancy analyses, canonical discriminant analysis,
Mantel’s test
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Patterns and predictors of global marine
species richness

What do you think influences species

richness patterns at a global scale?

f

TALK AMONGST YOURSELVES e







Estuarine fishes

Fish species richness

O
)

Marine Biogeographic Realm

. Arctic

. Central Indo-Pacific
. Eastern Indo-Pacific

Southern Ocean

Temperate Australasia
Temperate Northern Atlantic
Temperate Northern Pacific

Temperate South America

Temperate Southern Africa
Tropical Atlantic
Tropical Eastern Pacific

Western Indo-Pacifc

Vasconcelos et al. 2015



Estuarine fishes
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Vasconcelos et al. 2015

4th root (Drainage basin area) 4th root (Annual river flow)
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Coral reef fishes

Parravicini et al. 2015



Coral reef fishes

(a)

Coral reef area
Region

Coast length

Relative influence (%)

10

15

20

25

e coral reef area

* biogeographic realm

* sea surface femperature

* connectivity

Parravicini et al. 2015






Coastal cephalopods
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Rosa et al. 2019

* phylogenetic history
* region
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Tunas and billfishes

180° 135°W 90°W 90°E 135°E 180°

Boyce et al. 2008



Tunas and billfishes A y = ~0.0022x3 + 0.0671x2 - 0.0461x
r2 = 0.9768, p < 0.0001 oBillfish

56 oy =-0.0028x3
+0.114x2 - 0.8676x
2 = 0.9191, p < 0.0001

y = -0.0033x3 + 0.1156x2 — 0.4675x
r2 = 0.9795, p < 0.0001

* temperature

- y =-0.0024x3 + 0.082x2 - 0.2209x
r2 = 0.9785, p < 0.0001
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Primarily coastal Primarily oceanic
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Why do species richness patterns differ between pelagic and coastal ecosystems?




Primarily coastal Primarily oceanic
Coastal fishes

and billfishes
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IDEAS AND CONCEPTS IN COMMUNITY ECOLOGY




Observing patterns
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Observing Patterns : Frederic Clement

Frederic Clement (1916)
The Phytogeography of Nebraska

Plant Succession: An Analysis of the Development
of Vegetation

Ecological communities as “superorganisms”




Observing Patterns : Frederic Clement

Community 1 Community 2
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Observing Patterns : Frederic Clement




Observing Patterns : Henry Gleason

Henry Gleason (1926)

The Individualistic Concept of the Plant Association

Species and area

Ecological communities as conglomerates of
species with individual tolerances




Observing Patterns : Henry Gleason
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Observing Patterns : Henry Gleason







Observing Patterns: Robert H. Whittaker

TABLE 3. Composite transect of moisture gradient between 3500 and 4500 ft, distribution of trees along gradient.
Transect along the moisture gradient from mesic valley sites (Sta. 1) to xeric aouthwest slope sites (Sta. 12), based
on 46 site counts including 4906 stems from elevations between 3500 ft and 4500 ft. AIl figures are percentages of
total stems in station from 1-in. diameter class up.

StaTioN NUMBER

Tree species

._.
ol
w
=%
en

6 7 8 9 10 11 12

[

Fagus grandz'folia .................. 10
Ilex opaca . .
Picea rubens . e
Cornus altermfolm ,,,,,,,,,,,,,,,,,
Aesculus octandra. .. .. ....... ... ...
Tilia heterophylla. .. .. ......... ... .
Acer spicatum. . .. ... .. .. ... .. ...
Acer saccharum.. ... .. ... .. .. .. ..
Prunus serotina. . . ........
Frazinus americana.. ... ....... ...
Betula allegheniensis. . . ...
Magnolia acuminata. . . ... ..... ...
Magnolia fraseri. .. ............. ...
T'suga canadensis. . .. ..............| 2
Halesia monticola. .
Ilex montana. .
Acer ;pensylvamcum
Amelanchier laevis. .. ... ... ...
Quercus borealis . .
Acer rubrum .
Prunwpeﬂsyimmca..............
Betula lenta. . P ..
Clethra acuminala. . ... . ... .. . .. 1
Hamamelis virginiana . . . .
Cornus florida. .
Liriodendron miszera e
Rhododendron calcndulaceum. e
Carya glabra . . .
Carya !omen!osa
Carya ovalis. . A B .. .
Nyssasylmtwa P .. 1 .
Oa:ydendrumarboreum R .. X 1 ..
Castaneadentam(dend) AU B .. .. .. 2
Sassafras albidum. .
Ouercmalba.._.‘....‘....‘.......
Robinia pseudoacacia...............
Quercus prinus. . .. ................
Quercus velulina, . .. ...............
chuscoccinea...........‘.......
Pinus rigida .
Pmuspungens
Percents by classes
Mesic. .
Submesic. . .. ......... 19 62 70
Subxeric..........................] .. .. 2 16 23
Xeric. .......... ... il .. .. .. .. .. 1
1 Trees in stations. . . ... . ... ....|377 |597 |52 504 | 472
WthTler ]956 Sitesamplesused. ................. 1 7 4 4
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Observing Patterns : Robert H. Whittaker

1500 2000 2500 3000 3500 4000 4500 5000
ELEVATION IN FEET

Whittaker 1956



1500 2000 2500 3000
ELEVATION

3500 4000 4500 5000
IN FEET

s this a good, quantitative
analysis of the community?

< i R
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Quantifying Patterns

Ordinations
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TABLE 3. Composite transeet of moisture gradient between 3500 and 4500 ft, distribution of trees along gradient.
Transect along the moisture gradient from mesic valley sites (Sta. 1) to xeric southwest slope sites (Sta. 12), based
on 46 site counts including 4906 stems from elevations between 3500 ft and 4500 ft, AIl figures are percentages of
total stems in station from 1-in. diameter elass up.

StaTioNn NUMBER
Tree species —-—

2 3 4 5 6 7 : L J
Fagus grandifolia. 5 1 1 1
Ilex opaca. 1 . X ..
Picea ruben. X X x

1 x x
Aesculus oclandra. 9 2 6
Ii;‘il‘ia heterophylla. 11 1 {-%

cer spicatum 16 ..
Acer saccharu 7 1 5 % L 2
Prunus serolina. . . . 1 .. 1 X 0
Frazinus americana 1 .. 1 1
Betula allegheniens 17 10 15 4
Magnolia acumina X .. .. X
Magnolia fraseri .. 20 4 1
Tsuga canadenst 22 34 52 8 &
Halesia monticola. 8 4 1 9
Ilex montana. .. .. .. X .. 1 1 = 4500
Acer pensylvanicum . X 1 3 8 S
Amelanchier laevis . . x x x To) & B 4250
Quercus borealis 1 2 g
Acer rubrum . .. 1 1 o | ]
Prunus pensylva 4 N <o 4000
Betula lenta. . ..
Clethra acuminal X é_) 0] s 3750
Hamamelis virgini 2
Cornus ﬂonda ; - - 3500
f

Rhododendron mlertdulaceum ..

Carya glabra . .

Carya lomento.

Carya ovalis. .

Nyssa sylz'atu" .
Ozydendrum arboreum
Castanea dentata (dead
Sassafras albidum. .
Quercus alba . . .

Robinia pseudoacac
Quercus prinus. . .
Quercus velutina . .
Quercus coccinea

Pinus rigida .
Panuspungm.s .
Percents by classes
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Gobies (Family Gobiidae)




Modeling dynamics

Amblyeleotris guttata Amblyeleotris wheeleri

Competition!




Modeling dynamics

Models: Mathematical basis for population dynamics (e.g. Lotka-Volterra)



Modeling dynamics

N = population size
subscript = time
N. = population at time t

r = population growth rate

Nivr = Ny + Ny

—> exponential equation

HIHMHNHNY

‘s

N



N,r

%e+14

6e+14

Population (N)

3e+14

Oe+00

40
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20
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30
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Modeling dynamics

N = population size
= time

subscript

N. = population at time t
r = population growth rate

K = carrying capacity
1 — N,/K = how far from carrying capacity

r(1 = N,/K) = real population growth

Nt+1 - N’r T N,rl‘(] - Nt/K)

- logistic equation



100000

Population (N)

NT+]

r(1-N, /K

75000

50000

25000

40

50

10

20

Year (1)

30






Population (N)

100000

75000

50000

25000

Year (t)

40

50



Modeling dynamics

competition

coefficient




Modeling dynamics

100% 100% 50% 0, =0.5

'Exponential \
growth \




Modelmg dynqmlcs

Nig+1) = Ny T Ny r(1 = N](T)/K1 - 0‘12N2(r)/K1)



75000

|
O

50000

=

Population (N)

25000 /




Population (N)

100000

75000

S10/0]0]0)

25000

¢
e

N

1
(@)
&)

10

20
Year (1)

30

40 50



75000

50000

Population (N)

25000

0.5

0.5

10

20

50



Modeling dynamics

Niche differences

e diet
* habitat
* space

* time

intfraspecific competition vs. interspecific competition

Chesson 2000; HilleRisLambers et al. 2012



Modeling dynamics
Robert MacArthur David Tilman

Limiting similarity theory Resource competition theory
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Modeling dynamics

Fithess differences

* growth rate
* fecundity

* mortality
* energy use

Increased fitness when rare:
Negative frequency dependence



Modeling dynamics

Niche differences

>

Fithess differences

Chesson 2000; HilleRisLambers et al. 2012



Modeling dynamics

Peter Chesson Janneke HilleRisLambers

Modern coexistence theory






Y 3
Niches & fithess are the cle’rermmls’rlc

drlvers‘?f community qssembly

>

,( -\"
Ny '



Large Scale Patterns & Processes

a,, = 0.5
o,; = 0.5
ri =1
ro =1
K= 50,000

What happened? ®



Large Scale Patterns & Processes

Regional Global




Large Scale Patterns & Processes




Large Scale Patterns & Processes

Prevailing current




Large Scale Patterns & Processes




N Oh shit! The et
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Large Scale Patterns & Processes







Large Scale Patterns & Processes

Rate

Equilibrium species richness
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Large Scale Patterns & Processes

Equilibrium species richness

Rate

Local species richness



Large Scale Patterns & Processes

Robert MacArthur E.O. Wilson

Theory of Island Biogeography



Large Scale Patterns

Estuarine fishes

AFR EUR NAM S

Continer

10

4th root (Estuary m

& Processes

biogeographic realm

sea surface temperature

estuarine area

connectivity

Vasconcelos et al. 2015

Coral reef fishes
Relative influence (%)
10 15 20 25

Distance to MD |:,-<

coral reef area
biogeographic realm
sea surface temperature

connectivity

Parrayicini et al. 2015




Do ecological differences matter?




Large Scale Patterns & Processes

Steve Hubbell

Neutral theory of biodiversity



Large Scale Patterns & Processes

Rate

N Equilibrium species richness

 / ™~

Local species richness









Regional




Large Scale Patterns & Processes

ty

Iversl

alpha-d

gamma-diversity



Large Scale Patterns & Processes

Robert Ricklefs

Regional biodiversity hypothesis
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Homework

Read Lawton (1999). Are there general laws in
ecology? (Oikos) and submit a 250-word statement
as to whether or not you agree with the main
message of the paper and why.

Hint: it’s in Canvas under "Files”



NEXT CLASS

Monday, Feb 3"
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