BIOL410
Population and Community Ecology

Dr. Che Elkin

Office: 8-332

Phone: 960-5004

Email: che.elkin@unbc.ca

Office hours: Wed. 9:30-10:30, or by appointment

Lecture room 5-171
Lecture time Tuesday and Thursday 14:30 to 15:50
Tutorial room 8-362

Tutorial time Thursday 11:30to 12:30

Course webpage
http://www.unbc.ca/che-elkin/courses

Course Objectives

Theoretical understanding of the core ideas associated with
population and community ecology

— Fundamental principles and theory

Theoretical and quantitative basis for more advanced population
and community courses and work

— Ability to work with and interpret data

— Understand assumptions and limitations inherent to population
and community ecology

— Develop comfort working with population and community ecology
guantitative frameworks

Tools to critically evaluate and address applied problems in
population and community ecology

— Population and community management
— Conservation
— Biological resource exploitation

10-Sep-15



Why population and community ecology? ) C
Spatial and temporal distributions of organisms o u rs e St r u Ct u re
Density-independent population growth
Density-dependent population growth 1
Density-dependent population growth 2
Age structured population growth i .
- " Single species
Population sampling S . )
o population dynamics
Calculating vital rates
Maximum sustainable yield
Spatially structured populations :movement and migration
Source sink populations
Metapopulations
Population viability analysis
Predation: Lotka-Volterra models
Parasitoids and hosts ] ] )
Disease and SIR Species interactions
Population cycles and other dynamics
Island Biogeography
Community composition
Community structure and dynamics
Succession Community ecology
Management of populations and communities 1
Management of populations and communities 2
Review: Why population and community ecology
.
Tutorials
Tutorial 1 Population modeling project
Tutorial 2 Population Growth
» Ask question, elaborate on Tutorial 3 Life Tables
lecture material Tutorial 4 Population size estimates
Tutorial 5 Movement
* Evaluate population and
community ecology papers Tutorial 6 Metapopulations
Tutorial 7 Predation
* Introduce analysis frameworks Tutorlal 8 Population cycles
Tutorial 9 Island biogeography
Tutorial 10  Community metrics
Tutorial 11 Final exam preparation
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Suggested

Gotelli, N.J. 2008. A Primer of Ecology (4rd Edition). Sinauer Associates, Inc.

M. Henry H. Stevens

A Primer of Ecology
Useful with R

Stevens, M. H. A Primer of Ecology with R. 1st ed. 2009 edition. Springer




Resources

®

https://cran.r-project.org/

@Studld https://www.rstudio.com/

Course evaluation

* Exams
— Midterm 25%
— Final 35%

* Problem sets
— 5 questions, 4 sets
— 20% (4 x 5%)

* Population model
— 4 components
- 20%

Assignment 1 Oct. 8
Model part 1 Oct. 15

Midterm  [eR3p2

Assignment 2 Oct. 29

Model part 2 Nov. 5

Assignment 3 Nov. 12

Model part 3 Nov. 19

Assignment 4 Nov. 26

Model part 4 Dec. 3

41
42
43
44
45
46
47
48
49
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Why population and community
ecology?

* Why should | care?
— Conservation?
— Management?

— Exploitation?

Why population and community
ecology?

e Conservation?

* Management? (Resource, ecosystem)
— Population management
— Disease control
— Impact assessment

* Exploitation?
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Ministry of Environment

Conservation

Species and Ecosystems at Risk in B.C.

British Columbia is home to tens of thousands of plant and animal species living in
a rich diversity of habitats. Many of these species and their habitats are at risk of
extinction or extirpation.

This site is a gateway to information about species and ecological communities
(ecosystems) at risk in B.C.

What is B.C.’s approach to managing species at risk in B.C.7

British Columbia has developed a Five-Year Plan for species at risk. This
plan is a strategic document that sets out those high-level management
actions that British Columbia plans to take to improve management of
species at risk in B.C.

/]

How do we determine what species and ecological communities are at
risk?

The British Columbia Conservation Data Centre systematically collects and
disseminates information on plants, animals and ecosystems (ecological
communities) at risk in British Columbia.

Sebastes aleutianus

How can I find information on species and ecological communities at
risk?

!
Gulo gulo luscus

is a source of authoritative
conservation information on plants and animals, and ecological communities
(ecosystems) in British Columbia

How do we ine priorities for tion action?

Is a species at risk? The Conservation Eramework is British Columbia's approach for guiding
* How many individuals?

effective conservation actions in the province.

What do we do once we know a species is at risk?

¢ Structure of population? Recovery planning is a process to identify and facilitate the implementation
A of priority actions to ensure the survival and recovery of species and
¢ |sthe pOpulatIOn ecosystems at risk.
increasing or decreasing? How do we provide legal protection for species at risk in B.C.?

This page provides information about leqgislation pertaining to species at
risk in British Columbia.

N ? http://www.env.gov.bc.ca/atrisk/

Ministry of Environment

Conservation

Species and Ecosystems at Risk in B.C.

British Columbia is home to tens of thousands of plant and animal species living in
a rich diversity of habitats. Many of these species and their habitats are at risk of
extinction or extirpation.

This site is 3 gateway to information about species and ecological communities
(ecosystems) at risk in B.C.

What is B.C.’s approach to managing species at risk in B.C.?

British Columbia has developed a Eive-Year Plan for species at risk. This
plan is a strategic document that sets out those high-level management
actions that British Columbia plans to take to improve management of
spacies at risk in B.C.

. . . How do we determine what species and ecological communities are at
What information is needed riske
The British Columbia Conservation Data Centre systematically collects and

to determine why the species disseminates information on plants, animals and ecosystems (ecological

communities) at risk in British Columbia.

is at risk?
. How can I find information on species and ecological communities at
¢ Habitat? risk?
. BC Species and Ecosystems Explorer is a source of authoritative
* Reproduction? conservation information on plants and animals, and ecological commurities

. (ecosystems) in British Columbia
* Mortality?
How do we determine priorities for conservation action?

The Conservation Framework is British Columbia’s approach for guiding
effective conservation actions in the province.

What do we do once we know a species is at risk?

Recovery planning is a process to identify and facilitate the implementation
of priority actions to ensure the survival and recovery of species and
ecosystems at risk.

How do we provide legal protection for species at risk in B.C.?

This page provides information about legislation pertaining to species at
risk in British Columbia.

http://www.env.gov.bc.ca/atrisk/
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istry of Environment

Conservation

Species and Ecosystems at Risk in B.C.

British Columbia is home to tens of thousands of plant and animal species living in
a rich diversity of habitats. Many of these species and their habitats are at risk of
extinction or extirpation.

This site is a gateway to information about species and ecological communities
(ecosystems) at risk in B.C.

What is B.C."s approach to managing species at risk in B.C.?

British Columbia has developed a Five-Year Plan for species at risk. This
plan is a strategic document that sets out those high-level management
actions that British Columbia plans to take to improve management of
species at risk in B.C.

How do we determine what species and ecological communities are at

risk?
The British Columbia Conservation Data Centre systematically collects and
disseminates information on plants, animals and ecosystems (ecological
HOW can the r|Sk Status of a communities) at risk in British Columbia.
Species be defi ned ? :::;can 1 find information on species and ecological communities at
. i iabilitv? BC Species and Ecosystems Explorer is a source of authoritative
POpUlathn via blllty : conservation information on plants and animals, and ecological communities
(ecosystems) in British Columbia
* Impact assessment?

How do we P! for ion action?
The Conservation Eramework is British Columbia’s approach for guiding
effective conservation actions in the province.

How can the relative risk of

What do we do once we know a species is at risk?

different species be Recovery planning is 3 process to identify and facilitate the implementation
5 of priority actions to ensure the survival and recovery of species and
compa red? ecosystems at risk.

How do we provide legal protection for species at risk in B.C.2
This page i about pertaining to species at
risk in British Columbia.

http://www.env.gov.bc.ca/atrisk/

stry of Environment

Conservation

Species and Ecosystems at Risk in B.C.

British Columbia is home to tens of thousands of plant and animal species living in
a rich diversity of habitats. Many of these species and their habitats are at risk of
extinction or extirpation.

This site is a gateway to information about species and ecological communities
(ecosystems) at risk in B.C.

What is B.C.’s approach to managing species at risk in B.C.2

British Columbia has developed a Eive-Year Plan for species at risk. This
plan is a strategic document that sets out those high-level management
actions that British Columbia plans to take to improve management of
spacies at risk in B.C.

How do we determine what species and ecological communities are at
sk?

The h Columbia Conservation Data Centre systematically collacts and
disseminates information on plants, animals and ecosystems (ecological
communities) at risk in British Columbia.

What is the best course of How can I find information on ﬁpedei and ecﬂloﬂimlcommnl‘“les at
risk?
. . . BC Species and Ecosystems Explorer i f authoritati
action to benefit a species Cees vt Tifocntaion o BlanS oril il st selital LR
at risk? (ecosystems) in British Columbia.

. . How do we determine priorities for conservation action?
* Habitat protection The Conservation Framewarl is British Columbia’s approach for guiding

. . . effective conservation actions in the province.
e Assisted migration?

What do we do once we know a species is at risk?

* Resettlement? Recovery planning is a process to identify and facilitate the implementation
of priority actions to ensure the survival and recovery of species and
* Increased food? ecosystems at risk.
. Dec reased predatio n How do we provide legal protection for species at risk in B.C.?
This page ides i about pertaining to species at
pressure? risk in British Columbia.

http://www.env.gov.bc.ca/atrisk/
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Ministry of Environment

Conservation

Species and Ecosystems at Risk in B.C.

British Columbia is home to tens of thousands of plant and animal species living in
a rich diversity of habitats. Many of these species and their habitats are at risk of
extinction or extirpation.

This site is a gateway to information about species and ecological communities
(ecosystems) at risk in B.C.

What is B.C."s approach to managing species at risk in B.C.?

British Columbia has developed a Five-Year Plan for species at risk. This
plan is a strategic document that sets out those high-level management
actions that British Columbia plans to take to improve management of
species at risk in B.C.

How do we determine what species and ecological communities are at
risk?

The British Columbia Conservation Data Centre systematically collects and
disseminates information on plants, animals and ecosystems (ecological
communities) at risk in British Columbia.

At what level should po | icy How can I find information on species and ecological communities at
. risk?
changes be implemented? BC Species and Ecosystems Explorer is a source of authoritative
conservation information on plants and animals, and ecological communities

* Federal? (ecosystems) in British Columbia.
e Provincial? How do we ine priorities for ion action?

. The Conservation Framewaork is British Columbia's approach for guiding
* Regional? effective conservation actions in the province.
e |loca | ‘) What do we do once we know a species is at risk?

Recovery planning is a process to identify and facilitate the implementation
of priority actions to ensure the survival and recovery of species and
ecosystems at risk.

¢ What ECO|OgIC3| scale How do we provide legal protection for species at risk in B.C.2
Sh0u|d p0|lcy ta rget? This page i about pertaining to species at

risk in British Columbia.

http://www.env.gov.bc.ca/atrisk/

Population and Community
information

Cougar

Wolf

Golden
Eagle




Population management

¢ BC Wildlife Act: Controlled Alien Species Regulation
e Chilabothrus angulifer (Cuban tree boa)
e “prohibited” or “restricted” ?

¢ What population and community characteristics would help inform this
decision?

Population management
Invasive aquatic organisms

BC FLNRO, Controlled Alien Species
High risk invasive species

* Snakeheads (Family Channidae)

* Dreissenid mussels (zebra, quagga, and Conrad’s false mussels)
* Gobies (round, monkey, tubenose and Amur gobies)

* Oriental weatherfish

* Bullhead and channel catfishes (Family Ictaluridae)

* Western mosquitofish

* Asian carps (specifically grass, silver, bighead and black carps)

* Bitterlings

* White cloud mountain minnow

10-Sep-15



10-Sep-15

Invasive aquatic organisms

Dreissenid mussels
e.g. zebra, quagga mussles

A Review of the State of Idaho
Dreissenid Mussel
Prevention and Contingency Plans

Invasive aquatic organisms

N\

How?
STOP AQUATIC
HITCHHIKERS!"

Prevent the transport of nuisance species.
Clean all recreational equipment.

www.ProtectYourWaters.net

www.parks.ca.gov

10



Invasive aquatic organisms

* Dreissenid mussels
* Limiting life stages

Aquat Sci
DOI 10.1007/500027-011-0237-0 Aquatic Sciences

RESEARCH ARTICLE

Biological and ecological mechanisms for overcoming sperm
limitation in invasive dreissenid mussels

Noel P. Quinn - Josef D. Ackerman

Disease/disturbance control
Resource exploitation

10-Sep-15
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Eggs Hatch
Angust

Larvae Overwinter
September-May

* Larvae feed on buds and new shoots.

‘Adult Moths rad E

Larve Emerge Feed [l

Budworm Life Cycle

Spruce budworm

Choristoneura fumiferana

July/August

and Develop
May-July

« Defoliation begins at top of tree and moves down.
* Damaged needles turn red (silk attaches to tree)

* Trees usually recover unless repeated severe il

defoliations occur for a period of 3 to 5 years, or longer
(tree weakened)

Insect disturbances are dynamic and protracted (sometimes)

40

20

Spruce budworm
Choristoneura fumiferana

-4 =2 0 2 4 6
Time since start of budworm outbreak {vears)

Time frame important

Immature
stands

10-Sep-15
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Gypsy moth

Lymantria dispar

Caterpillars Emergi
o Ee Mg

Life Cycle
of the
Gypsy Moth

Female Moth

Male Moth

* Wide range of deciduous hosts

* At high densities trees can be defoliated over
large area

* Trees often not killed (produce new leaves)

* Tree growth and vigour reduced

Insect disturbance dynamics

Small scale - .Large.scale .
Low intensity/severity High intensity/severity

ol

Scale

Intensity __ Insect population
Severity dynamics
Frequency

10-Sep-15
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Importance of insect life history to
population dynamics

5 | Strong climate/ environment effects ‘ Attack dynamics

* tree defences
* population synchronized

Dispersal

Overwintering survival * habitat availability
) * habitat search
eggs < i,- . .
ad ul

* habitat selection

Growth + development
* habitat quality @
« tree defences - IJ Life ¢ .ml \
* competition (intra/inter) * Mountain Beet Predators
» / Parasitoids
Predators /nvu \ ;. " Insect population
A_‘. !

Parasitoids pupa vigour

Systems analysis

* Population and community ecology
* Ecological systems A2

* Systems analysis
— “a problems solving technique that decomposes a

system into its component pieces for the purpose of
studying how the component parts work and interact,
and influence the systems

* Abiotic

* Intraspecific

* Interspecific

10-Sep-15
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What is a model?

%=,.1N1(1_N1 _a12N2)
dt K, K
%=erz(1_ NZ _a21N1)
dt K, K,

Who is comfortable using mathematical models?

What is a model?

model = simplified version of reality
Verbal model
Qualitative model
Quantitative model

Complex quantitative model

The persistence of marmot populations depends on
winter temperatures and the availability of food

10-Sep-15

15



What is a model?

model = simplified version of reality
Verbal model
Qualitative model

Quantitative model

Complex quantitative model § f

Marmot populations increase when food is abundant.

What is a model?

model = simplified version of reality
Verbal model
Qualitative model
Quantitative model

Complex quantitative model

300

Ni,q = (b +8)*N; § :::

. . S 150

s = overwinter survival = 0.50 L

b = birth rate = 0.32 + food*0.015 =0.52 ¢ =
[ o e e B e e ]

10-Sep-15
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What is a model?

model = simplified version of reality
Verbal model
Qualitative model

Quantitative model

Complex quantitative model

- kitN(}eritt
" ki + Ny(eriet — 1)

Ni¢

population size

What is a model?

model = simplified version of reality
Verbal model |
Qualitative model
Quantitative model
Complex quantitative model 7
* Assumptions explicitly stated

* Interactions between factors explicit
* Increased quantification

Therefore, easier to analyze and understand!

10-Sep-15
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Models is wildlife ecology

* Monitoring the status of populations
* Assessing habitat requirements

* Understanding how populations are
structured (genetic, demographic)

* Understanding animal movement
(behavioral, genetic)

* Evaluating disease spread

* Effectively managing animal populations

* Managing animal and human interactions/

\

Models
Mathematical
Statistical
> Process based
Phenomenological
Physiological
Analytical

Model complexity

m
uuuuuuu

Simple mo

Simplicity
Generality

« Insufficient detail to sufficiently
represent biological system
* Important variables omitted
* Interactions not included
* Not specific to time or place

el () Complex model

Realism
Precision

* Many parameters

* Hard to get good data

* Complex model behavior
(hard to analyze)

* Location/ time specific

10-Sep-15
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Model development
Trade-offs /resource allocation

Life history trade-off’s

¢ Growth
* Somatic maintenance
* Reproduction

* Defence
Modelling trade-off’s
e * Spatial scale (grain, extent)
\ varisbies | _ index pread
~o || * Temporal scale
eI~ .
- * Process detail
' }_4 S * Process parameterization
T ~ » Computational feasibility
— B\ouc;‘}‘_

Model complexity

Simple model — Complex model

* Question / Problem
* Nature of ecological systems

* Relevant ecological scale

* Relevant ecological unit

* Relevant ecological processes
* Data

10-Sep-15

19



Always start from the most basic

Nt+1:Nt+B _D

What basic assumptions are built into this
model structure?

Basic population model

Nt+1:Nt+B_D+I_E

10-Sep-15
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