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

e 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
Benthic- pelagic coupling
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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




Oosterschelde case: regeneration of nutrients by
shellfish:

- Dissolved N release from mussel beds = up to 40%
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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

e structuring research

* management decisions: legislation, farm

management

* integration of complex processes (feedbacks)

* prediction of impacts, external influences,
effects of measures




TYPES OF MODELS:

® index models: exploration
 correlative models: description

» spatial models (GIS): legislation

» conceptual models: structuring knowledge

e deterministic models

from simple to complex : prediction




INDEX MODELS

Clearance time = time to filter waterbody vs residence tirr
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TURNOVERS (OUTLIERS DELETED)

T

Residence time
Clearance time

Primary production
time

(phytoplankton
turnover)




Carrying capacity index:

If CT<RT (filter feeder regulation) and

CT>PPT: ‘undergrazed’

CT=PPT: Maximum exploitation

CT<PPT: overgrazed
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CORRELATIONS
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Upwelling Index (m3s~1 per m shoreline x 10)

Figure . The relationship of mussel conditioa (MO b upwelling (U over an | 1-year perod
from 1973 through 1983, The regression fine (-] has an equation; MCL = %1 4 7.7 Ul

Blanton et al., 1987: Ria de Arosa
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SPATIAL MODEL: management decisions

GIS based mussel habitat model Wadden Sea

frf Stability estimates by habitat
model, based on habitat
characteristics

Grey/blue = suboptimal habitat
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Conceptual model :
identify knowledge gaps
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TYPES OF DETERMINISTIC MODELS

= Individual/population level:

e growth, recruitment, mortality

= Ecosystem level
Farm scale:

» depletion models
Bay scale:

 iIntegrated models
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POPULATION DYNAMIC MODEL.:

Includes: seeding, mortality and harvesting

HE %S
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MODEL of the POPULATION DYNAMICS - CONCEPT
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MODEL of the POPULATION DYNAMICS
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POPULATION DYNAMICS - SIMULATION (3)
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TYPES OF DETERMINISTIC MODELS

= Individual/population level:
growth, recruitment, mortality

Farm scale:

» depletion models
Bay scale:

* balance/box models

 spatially integrated models
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Mabene model: raft farm Ria deVigo
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Detailed hydrodynamics: food depletion
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Oosterschelde model

Mabene |

model

200m resolution
50m resolution
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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

o for carrying capacity estimates

- define questions

- apply models that fit the questions

- Keyzones aims at delivering tools for farmers
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