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BIOLOGICAL MODELS IN CARRYING CAPACITY 
STUDIES: FEEDBACKS

Aad Smaal, Institute for marine resources and 
ecosystem studies (former RIVO), Yerseke, NL

• Carrying capacity & feedbacks

• Types of models

• Conclusions
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CARRYING CAPACITY

ASYMPTOTE OF POPULATION SIZE:
POPULATION PARAMETER

AMOUNT OF BIOMASS SUPPORTED BY THE 
ECOSYSTEM
ECOSYSTEM PARAMETER

STOCK WHICH GIVES MAX YIELD
EXPLOITATION PARAMETER

YIELD WHICH GIVES MAX BENEFIT
ECONOMIC PARAMETER
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Carrying Capacity is static: 

how to account for feedbacks
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Role of shellfish: 

Feedbacks through the filter feeders

• GRAZING OF PHYTOPLANKTON 

• PRODUCTION OF BIODEPOSITS

• REGENERATION OF NUTRIENTS

• PROMOTION OF ALGAL GROWTH

• STIMULATION OF PRODUCTIVITY

• STABILIZATION OF THE ECOSYSTEM 
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Oosterschelde case: regeneration of nutrients by 
shellfish:

- Dissolved N release from mussel beds = up to 40%
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PHYTOPLANKTON TURNOVER
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OS case: Increased phytoplankton turnover after 
coastal engineering project: 

- Increased residence time, increased grazing 
pressure
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MODELS are TOOLS for

• exploration and comparison 

• description of relationships

• structuring research

• management decisions: legislation, farm 
management

• integration of complex processes (feedbacks)

• prediction of impacts, external influences, 
effects of measures
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TYPES OF MODELS:

• index models: exploration

• correlative models: description

• spatial models (GIS): legislation

• conceptual models: structuring knowledge

• deterministic models

…..from simple to complex : prediction
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INDEX MODELS

Clearance time = time to filter waterbody vs residence time
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Residence time

Clearance time

Primary production 
time 

(phytoplankton 
turnover)



12

Carrying capacity index:

If CT<RT (filter feeder regulation) and

CT>PPT: ‘undergrazed’

CT=PPT: Maximum exploitation

CT<PPT: overgrazed
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Blanton et al., 1987: Ria de Arosa

CORRELATIONS
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Stability estimates by habitat 
model, based on habitat 
characteristics

Grey/blue = suboptimal habitat

GIS based mussel habitat model Wadden Sea

SPATIAL MODEL: management decisions
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Conceptual model : 
identify knowledge gaps
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TYPES OF DETERMINISTIC MODELS

= Individual/population level:

• growth, recruitment, mortality

= Ecosystem level

Farm scale:

• depletion models

Bay scale:

• integrated models
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Processes in bivalves Filter Feeders

State

Input

Output

Process

1

2

3
4

5

6

7

1

1. Gills

2. Palps

3. Stomach & Intestine

4. Anus

5. Blood

6. Gonad

7. Shell

Dynamic energy budget model of shellfish growth
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Assessing the production and the impact 

of cultivated oysters in the Thau lagoon

(France) with a population dynamics

model.

A. Gangnery, C. Bacher, D. Buestel

POPULATION DYNAMIC MODEL:

Includes: seeding, mortality and harvesting
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MODEL of the POPULATION DYNAMICS - CONCEPT
_________________________________________________________________

Nk : number of individuals, weight wk

Growth : 

G, growth rate (g.d-1)

K, individual variability (g2.d-1)

Mortality :

r, harvesting rate (d-1)

m, mortality rate  (d-1)

Boundary conditions :

e, seeding (nb ind.d-1)
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MODEL of the POPULATION DYNAMICS 
_________________________________________________________________
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POPULATION DYNAMICS - SIMULATION (3)
_________________________________________________________________

Simulation from April to December

1999 : stock per weight class

Weight (g)

Time

Stock (tonnes)
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= Individual/population level:
growth, recruitment, mortality

TYPES OF DETERMINISTIC MODELS

Farm scale:

• depletion models

Bay scale:

• balance/box models

• spatially integrated models
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Mabene model: raft farm Ria deVigo

R
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Detailed hydrodynamics: food depletion 
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Mass balance modelsMass balance models

by Holby & Hall (1991)       and by           Hall et al. (1992)by Holby & Hall (1991)       and by           Hall et al. (1992)

Fish food 
94-97 % 

Loss of fish 
1 - 4 % 

Sedimentation

External 
food

Solute 
release 

25-30 % 

Sediment accumulation 
47-54 % 

benthic flux 
   2-4 % 

50-57 %

P Juveniles 
  3-6 % 

Harvest 
17-19 % 

Fish food 
93-95 % 

Loss of fish 
2-5 % 

Sedimentation

External 
food

Solute 
release 
48 % 

Sediment accumulation 
12-20 %

benthic flux 
   1-3 %

23 %

N Juveniles 
  5-7 % 

Harvest 
27-28 % 



26

Oosterschelde model

Mabene

model



27

Optimal sites mussel plots
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Conclusions

• models are useful tools for various applications

• quality depends on input data

• next step in model development : 

- increase spatial resolution 

- coupling dynamic models to GIS

• for carrying capacity estimates

- define questions

- apply models that fit the questions

- Keyzones aims at delivering tools for farmers


