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Life History Strategies

� How organisms allocate resources to growth, 
reproduction andmaintenancethroughout life

�� Interplay between biotic and abiotic factors

� Reproductive Success:Passing along the most   
offspring who are also reproductively successful



How Much Energy Should an Organism 
Devote to Reproducing ?

?



r-strategists k-strategists 
Density-independent Density-dependent 

Exponential growth curve Logistic growth curve 

Opportunistic species type Equilibrium species type 

Many offspring produced Few offspring produced 

Little Investment per Offspring Much Investment per Offspring 

Little parental care Much parental care 

Type III survivorship curve Type I survivorship curve 

Short time to reach maturity Long time until maturity 

Adapted for dispersal Adapted for competition 
 

The r-selected / K-selected Continuum



Age of first reproduction:  4 yrs
Age of senescence (death): 39 yrs (Marmontel et al. 1998)

Type I and III Survivorship Curves

Type III



� Resource allocation to oneself

• Reproduction vs. self-maintenance / growth ?  

• Age / size to start reproducing ? 

• Reproduce more than once ? What intervals ? 

� Resource allocation to offspring

• Few of high quality or many, with lower        
prospects  of survival and reproduction ? 

• Allocate resources differently to male or female ?

Strategies to Maximize Fitness



I:  Resource Allocation to Fecundity

Unpredictable, non-
selective mortality

Predictable, selective 
mortality

Number   

(r-strategy)

Competitive ability

(k-strategy)

Resource 
allocation 
direction

Offspring fitness     
will increase with 
an increase in the:

Environment

� The r-selected /  K-selected continuum



II:  Bet-Hedging
� In iteroparous fish - the lower the variability in       
spawning success the shorter the reproductive span 

Clupeoid fish reproductive parameters (Murphy, 1968)

Population
(Location)

Age First 
Breeding

Breeding
Span

Max / Min 
Spawning 

Herring (Scandinavia) 5 - 6 18 25x

Herring (North Sea) 3 - 5 10 9x

Pacific Sardine 2 - 3 10 10x

Herring (Baltic) 2 - 3 4 3x

Anchoveta (Peru) 1 2 2x



• Small 2 year old jacks - sneak into female nests

• 3 year old hooknose males fight for proximity to nests

• Jacks have lower (66%) fertilization success                 

• Jacks have higher at-sea survivorship and growth rates 

• Finally, similar reproduction success across strategies

Two Male                    
Strategies

III:  Diverse Strategies within Populations



IN SUMMARY

THERE IS NO 

FREE LUNCH



Demography for Conservation (Lande, 1998)

Theories of extinction deal with statistics of large assemblages of 
species, ignoring details of species' ecology and population structure. 
Thus, these theories cannot predict the extinction of particular species.

Predicting the extinction of populations or species requires ecological 
and evolutionary information. Primary demographic factors affecting 
population dynamics include social structure, life history variation 
caused by environmental fluctuation, dispersal in spatially     
heterogeneous environments, and local extinction and colonization. 

- Allee Effect & Demographic Stochasticity

- Genetic Variability: Ne = 500 has been advocated as a general rule 
giving the minimum population size for long-term genetic viability



Assessments Beyond Mere Numbers

1000,000 (year 0)                           62 (year 1)    

Because individuals are not equally valuable to the population



� Strategies:

Semelparous:reproduce once  (e.g., Salmon) 

Iteroparous:reproduce multiple times  (e.g, Cod)

�� Evolutionary ImplicationsEvolutionary Implications

Strategy  Uncertainty in survival

Semelparous offspring adults

Iteroparous offspring adults

Parity



Demography Informs Conservation

What threats 
are having the 
largest 
population 
level impact ?

What actions 
will have the 
biggest 
population 
level pay-off ?



Life Table Review
� Definition: Age (stage, size) specific schedule of a 

population used to calculate vital rates 

� Important Terms:

x = age interval  

nx = number survivors start of age interval x

dx = number dying during interval x to x+1

qx : (dx / nx) = rate of mortality during interval x to x+1

sx : 1 - (dx / nx) = survivorship rate during interval x to x+1

mx:  Fertility Rate = mean number offspring / female age x



Age (x)     Nx            Lx         Mx     LxMx

1

2

3



Life Tables

1) Just-Settled: 0-1 years old, year 1of life

2) Middle-Aged: 4-5 years old, year 5 of life  

3) Old-timers:  7-8 years old, year 8 of life 

Comparison of three age classes:  

� What processes drive demography of the age classes ?

� What age class is more valuable for reproduction ?



Estimating Vital Rates
Age 
(x)

Nx Sx Lx

0 1 X 10 6 0.000062 1

1 62 - 0.000062

Sx =      62 

1000000

Sx =  0.000062

Lx =  Proportion surviving to start of age interval x

Think of cumulative survivorship to age x

Age 1 Age 2 Age 3
S1 S2

S1 * S2



Comparing Vital Rates of Age Classes
Age Group Sx Lx Mx

Just – Settled 
(0)

0.000062 1 0

Middle-Age   
(4)

0.709677 0.0000155 12700

Old-Timers   
(7)

1 0.000002 12700

LxMx: Discount age-specific fertility rates by the 
probability of survivorship to that age 

Helps us to understand which age classes are 
contribute most to the population growth 



Age (x)     Nx            Lx         Mx     LxMx

1

2

3



Vx = F present + V future

Trade-off Between Current and Future Reproduction

Balancing Current / Future Reproduction

Reproductive Value (Vx): The expected relative 
contribution of an individual to the population, by 
reproducing now and in the future



When Should an Organism Start 
Reproducing ?

(Clinton & Leboeuf, 1993)



Male Elephant Seal Life Tables

(Clinton & Leboeuf, 1993)



Age Now Future

Pup 0 Small

Breeding Large Large

Senescence Small 0

Vx = F present + V future

Pup Breeding

Senescence

(Clinton & Leboeuf, 1993)



SenescencePup
Breeding

The Cost of Reproduction

(Clinton & Leboeuf, 1993)



Modeling Death 
� Simplest Model:  Exponential Growth 

Nt = No e r t

r: Intrinsic rate of increase 

Units: sec –1 (1 / Time)

r  =   ln Nt – ln No
t

b: instantaneous birth rate

d: instantaneous death rate
r :  b – d {



Modeling Life and Death 
� Population outcome depends on F:M balance 

Remember: d = M + F

(Heppell et al. 2005)



(Heppell et al. 2005)

Implications for Management

� Speciesoutcome depends on life history

(age of maturity, fecundity)



Implications for Management

(Heppell et al. 2005)

Birds

Mammals

Sharks

Sharks 
Turtles

Large Bony 
Fishes

Rockfishes



(Phillips, J.B. 1964. Life 
History Studies on 10 Species  
of Sebastodes Rockfish)

• In the shortbelly rockfish, 
50 % of 3-year-olds are 
mature. In other nine 
remaining species, maturity 
occurs at 4 to 6 years. 

• Number of eggs larger 
females spawn in a season 
varies from 50,000 in the 
shortbelly rockfish to over             
2 million  in the bocaccio.

Rockfish Longevity



Rockfish Longevity

(http://www.farnorthscience.com)

• A huge female shortraker 
rockfish (Sebastes borealis) 
accidentally trapped in mid-
March 2007 over 700 m           
down the  Pribilof Canyon, 
south of St. Paul Island 

• The fish stretched 44 inches  
and weighed 59.5 pounds

• By removing the middle                 
ear bone (otolith) NOAA 
researchers estimated its                 
age  at 90 to 115 years



Mothers Matter

(Palumbi 2004. Why mothers matter? Nature 430: 621 -622 )

• Older female rockfish produce 
larvae that have higher rates of 
growth and survival than those 
produced by younger females 
(Palumbi 2004)

• Younger females produce                  
larvae with smaller fat reserves             
(oil droplets) and less likely to 
survive to the juvenile stage                          
(Berkeley et al. 2004)

Yelloweye rockfish                                        
(Sebastes ruberrimus )

Black rockfish larva 
(Sebastes melanops )



Trade-Offs in Conservation

Habitat 

Degradation

(Oil, Plastic)

Introduced 

Predators

(Cats, Rats)

Human

Exploitation

(Feathers, Eggs)

Bycatch

(Longlines)



Using a Common Currency - Lambda

(Russell 1999)

Wandering Albatross (Diomedea exulans)

Clutch size:1
Age of First Breeding:Minimum (7), Mean (10)
Breeding Frequency: Biennial 
Adult Survivorship: 0.968

S
R

(Weimerskirch et al. 1997)
Within a population               Across multiple populations



• Complex Life     
History 

• Multi-national 
Habitats

• Highly 
Migratory

• Long Age to 
Maturity

• Non-annual

(U.S. Fish & Wildlife Service, National Marine Fisheries Service)

Loggerhead Turtle Life-Cycle 



Distinct Threats in Different Habitats 

(Lewison et al. 2005)

Pelagic Longlines                   
(High Seas)

Shrimp Trawls               
(Shelves)



(U.S. Fish & Wildlife Service, National Marine Fisheries Service)

Spatially-Structured Populations



Difficult to Study – “Black Boxes”

(Carr, A. F. 1987. New perspectives on the pelagic stage of 
sea turtle development. Conservation Biology 1: 103–121)

The “lost years” of a sea 
turtle’s life potentially have 
critical importance for the 
conservation of these species



Difficult to Study – “Individual Variation”



Loggerhead Turtle Settlement

• Assumed that transition is a 
discrete ontogenetic niche shift 

• Tagged juveniles in neritic 
foraging ground, NC (USA) 

• Shift from oceanic to neritic 
waters is complex / reversible:

• Some individuals move back 
into coastal waters and then 
return to the open ocean for 
unclear reasons … sometimes               
for multiple years 

(n = 13)

(n = 10)

Juvenile loggerhead sea turtles spend more than a decade in the 
open ocean, before returning to neritic waters to mature and breed.

(McClellan & Read 2007)


