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This week
Finish up species ID assignment

◦ Make sure you return your species to their rightful place

◦ CLEAN YOUR SPACE AND GEAR!!

◦ Return GoPros

Population demographics

Matrix modeling assignment
◦ Guest lecture Emma Atkinson (Tuesday)

Biodiversity
◦ Intro

◦ Sampling methods design



Today
Lecture

◦ Demographic parameters and species life history
◦ Understanding past dynamics:

◦ Historical ecology

◦ Projecting future dynamics
◦ Population models

◦ Life history tables

Species ID presentations: 0945

Intro to modeling lecture: 1130

Group 2 paper discussion: 1430

Due today @1700!!!
◦ Species id guides
◦ Group 1 paper discussion summary



Common questions in (marine) 
population ecology: 

• What factors affect species’ distribution and 
abundance? 

• How might species’ populations change into the 
future? 

• What can be done to recover populations once they 
have declined?

• Why are some species more vulnerable to extinction 
than others?



Demographic parameters
• Population size

• Density 

• Age structure

• Fecundity (birth rate)

• Mortality (death rates)

• Sex ratio

• Immigration and emigration



Births

Deaths

EmigrationImmigration

Demography: the study of these processes

General model 
of population growth:
Nt+1 = Nt + Bt – Dt + It – Et

Population size or Density



What is the term we use when 
thinking about an individual's ability 

to not die and reproduce?



Fitness

The term "fitness" in evolutionary biology means the ability of an 
organism to pass on its genetic material to its offspring.

Biological or "Darwinian" fitness is being able to live long enough 
to reproduce and keep the population or species alive.



Key “question” for species
Should you measure out your reproductive effort 
over many seasons, or save it all up for a one-time 
mating frenzy as soon as you're able? 

These trade-offs relate to the r/K selection theory of life 
history strategies.



r-K selection
Arises directly from logistic population growth model (MacArthur & 
Wilson 1967; Pianka 1970)
• r0: density-independent rate of population growth

• K: carrying capacity

Evolution of life history strategies leads to:

r-selected species
• selection for ability to colonize and reproduce rapidly

• good colonizers, poor competitors

K-selected species
• selection for ability to contribute to N when the population is near K

• good competitors, poor colonizers



What are life history traits?
From a “fitness” perspective, there are only two important events in 
life: reproduction and death.  

Traits that determine the timing and details of these events are termed 
life history traits: 

r K

1. Age at first reproduction Young Old 

2. Total life span Short Long

3. Mode and frequency of reproduction Fast Slow

4. Fecundity High Low 

5. Parental care Low High 



r-K selection
The predictions of r-K selection stimulated vast amounts of research on 
life history evolution

But...

• Many species don't fall neatly into these categories (combinations of r-
selected traits and K-selected traits)

• Predictions are vague enough that many different results are 
"consistent" with them

• Carrying-capacity is not a demographic parameter so traits that 
influence resource use do not directly translate to a specific K





Life history traits:
Organisms must make tradeoffs among certain traits that 
typically cause them to come to evolutionary equilibrium at 
intermediate values. 

Life history traits are evolutionary solutions to the 
ecological problems of the risk of mortality and the 
acquisition of food, and they are expressed in reaction 
norms that determine the particular traits that an organism 
will exhibit when its genes encounter a specific 
environment during development.



Purple sea urchin
(Strongylocentrotus purpuratus)

Life span: mean: 8.8 years; 
max: 50+ years
Reproduction: Annual 
broadcast spawner (fall) with 
larval period 2-3 months. 
Gonads 15-20% of body 
weight in spawning season.

Blue whale 
(Balaenoptera musculus)

Life span: 80-110 years; 
Sexual maturity 5-10 years.
Reproduction: Mating in late 
fall/Winter; internal 
fertilization and live birth of 
1 calf every 2-3 years after 
10-12 months gestation.

Life history variation 



◻Maturity- age at 1st reproduction
- Copepods (7-30 days), White shark (33 yrs)

◻ Parity- # of episodes for reproduction
- Sockeye salmon (1), Brown booby (16-20)

- Semelparity vs. Iteroparity (annual, perennial)

◻ Fecundity- # offspring/episode
- Harbor seal (1), Lionfish (30,000-40,000)

◻ Aging/Senescence- survival/life span
- Ostracod (~40 days), Blue Whale (80-120 yrs)

16

Life history traits:







Variation in demographic rates between 
populations/species

Life history 

Environment

Biotic interactions

Age and stage-specific patterns and timing of events during an 

organisms’ life cycle including birth, maturation, reproduction, 
senescence, and death.

(e.g. temperature, light availability [affecting productivity of the 
system])

Predation, competition, disease….

Via 
natural 
selection



Hydrate!



How have populations changed over 
time?

Where do we get the information to 
assess historical population sizes and 

rates?

Historical ecology!



Historical ecology uses a variety of 
information sources to estimate ecosystem 
state and changes from past times until the 

present.





Jackson et al. 2014

Tracking Ecosystem Change 
The case of coral reefs



Jackson et al. 2014

Flora Keys fish landings



Florida Keys fish landings

Jackson et al. 2014











At least twelve different 
rockfish species utilized 
during the past 2,500 years



Four species found only at sites where commercial and 
recreational fishing continues.



Shifting baseline:

Pauly, Daniel.  (1995) "Anecdotes and the shifting 
baseline syndrome of fisheries”, Trends in Ecology & 
Evolution. 
- Paper brought major attention to this idea for viewing 

how our reference points for ‘intact’ populations and 
ecosystems shifts over time (cited >1800 times!)

- Idea is now popularized to discuss intergenerational 
change in views/relationship with nature.

Change in reference (i.e. baseline) against which a system’s 
state is measured, which itself may represent significant 

change from an even earlier state of the system.



15 min break


