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Motivation
1. Review theory and math of carrying capacity.

2. Highlight two challenges to apply this concept.

Estimated 
number of 
green turtles 
nesting on 
East Island, 
French Frigate 
Shoals, 1973–
2009
(Tiwari et 
al. 2010)



Carrying Capacity in Ecology

Definition 1: Basic Ecology 

Maximum population size (number or organisms) that 
can be supported indefinitely by a given environment. 

• Simple definition 

• Complex application



Sliding Baselines and Anecdotes

How many sea turtles lived in the Caribbean in 1492?

Historical catches  (6.5 million)

Carrying capacity models (660 million)

Reefs before 
Columbus   
(Jackson 1997) 



Implications: Management & Conservation

Conceptual Framework

• Relationship between population growth and                 
resource availability (assume limiting resources).

• Limiting factors: food, space, water

(predation and competition).

Application for Understanding Carrying Capacity

• Estimate resources necessary per individual.

• Calculate number of individuals supported. 



Carrying Capacity Definitions
Definition 2: Population Dynamics

Equilibrium population size where birth rate equals 
death rate due to density dependent processes.

Exponential Logistic



Modelling Population Growth

Number of 
individuals: 

N

Birth 

rate:

bN

Death 

rate:

dN

Change in population  

(plus births, minus deaths)

dN / dt = (bN) – (dN) = (b – d) * N 

dN / dt = (bN) – (dN) = r * N



Carrying Capacity (K)

Logistic growth model 

(Pearl & Reed, 1920):

N: population size or density

r: intrinsic rate of increase 

(maximum per capita growth rate in absence of competition)

Expression in brackets: density-dependent growth potential: 

~ 1 at low N (logistic growth -> exponential growth)

~ 0 when N = K, where population growth ceases.



Carrying Capacity (K)
Logistic growth model 

(Pearl & Reed, 1920):

(a) Logistic population growth 

model, shows population size (N)

leveling off at a fixed carrying 

capacity (K) over time (t). 

(b) Logistic population growth rate 

(dN/dt) as function of population size. 

The growth rate peaks at N = 0.5 K              

and equals zero at N = K and N = 0. 



Carrying Capacity (K)
Logistic growth model (Pearl & Reed, 1920):

0                                K
N

dN / dt

> 0

dN / dt

< 0



K affects birth / death rates

Per Capita 

Rates

b0

d0

Neq

N = K is a stable equilibrium



Stable Equilibrium Point

Per Capita 

Rates

b0

d0

Neq Nlarge
Nsmall



Implications: Management & Conservation

Conceptual Framework

• Focus on dynamics rather than static value.

• Equilibrium between death and birth rates.

Application for Understanding Carrying Capacity

• Empirical evidence of density dependence.



Carrying Capacity Definitions

Definition 3: Average population size over time. 

Birth and death rates                                                      
need not be equal, if 

there is migration 

(unlike logistic model).

Despite population 

fluctuations, no change

in “average” population 

abundance over time.



Implications: Management & Conservation

Conceptual Framework

• Focus on abundance.

• Equilibrium of death and birth and emigration.

Application for Understanding Carrying Capacity

• Empirical evidence of population stability.

• No abundance trend over time.



Mass-nesting by olive ridley sea turtles at Ostional, 
Costa Rica. Photograph by Vanessa Bézy.



Challenges – Equilibrium Points

Simple population models 

can produce complex 

(unpredictable) behavior.

Ocean’s dominant 

physical forcing 

is “red” 

(long wavelength 

low frequency)



Nt+1 = a * Nt * (1 – b * Nt) 

Logistic Growth Without K



As population growth 
rate (a) increases…               
something odd happens

Deterministic model          
causes unpredictable 
chaotic behavior

Nt+1 = Nt *  a * (1 – b * Nt) 

a = Lambda

b = density dependence 

Logistic Growth Without K



Implications: Management & Conservation

- Single populations cycle (without predators / prey)

- Initial conditions influence predictive capability

- If natural processes (e.g., precipitation,  storms) 
are chaotic… populations tracking these physical 
drivers may also follow chaotic patterns indirectly

Main Idea: Deterministic nature
of many natural systems does 
not make them predictable.



Low Frequency Physical Forcing 

(Steele 1985)



Many marine species 
undergo periodic 
(large wavelength) 
oscillations even 
without harvest.

Species dynamics 
recreated with 
simple models, when 
forcing frequency 
less than population 
response rate (r).

(Steele 1985)

Implications of a “Red” Ocean

Slower 

forcing

Faster 

forcing

Similar 

forcing



Decadal Oscillations

(Mantua et al. 1997)

(Polovina et al. 1994)



Conclusions

Basic Definition:  

Maximum population size (number that can be 
supported indefinitely by a given environment. 

Updated Definition: 
Average population size over time. 

Birth and death rates.

Emigration, Range Expansion.

New Resources, New Behaviors. 



Conclusions

Are vital rates (or behavior) influenced 
by number of individuals in population ?



Population Growth Model Assumptions

(Hastings et al. 2011)

1. Closed Population: migration in /out of population.

2. Homogeneous Population:  All individuals identical.
(All we need to know is the number of individuals)

Thus, the number of offspring per individual 
(or the per capita birth and death rates) are: 

(i) constant through time, and 
(ii) independent of population size.



Fishery Implications - MSY
Assumptions: Static Carrying Capacity, No Stochasticity

Population Size (Biomass)

P
o
p
u
la

ti
o

n
 C

h
an

g
e 

  
  

(d
B

 /
 d

t)

0                                                 K

dB / dt =  r B (B – K) 
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Finding Maximum:  (slope = 0)
Derivative of B with respect to B

dB / dt =  rBB – rBK 

d (dB / dt) / dB =  2rB - rK

How do we make 
d (dB / dt) / dB = 0 ?

d (dB / dt) / dB =  r *(2B – K) 

(2B – K) = 0  

(B = K / 2)



Fishery Implication - MSY
Relates current biomass and yield to the optimum 
yield that could be sustained indefinitely

Population Size (Biomass)
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Fishery Implications:  MSY

Overfishing:
Defined by                                
fishing
mortality (F)

Overfished 
Stock:
Defined by 
stock 
biomass (B)

(www.nefsc.noaa.gov)

K / 2                   K


