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Fishing effects on populations and 

communities 
ÅVulnerability to fishing:
ïBehaviour ïCatchability, susceptibility

ïLife histories

ÅIntraspecific effects:
ïAge and size structure

ïReproduction

ïGenetic structure

ÅCommunity effects:
ïDiversity

ïCommunity structure

ïSize structure



Bottom trawling in North Sea

Average annual trawling 

frequency of the sea bed 

by the total Dutch beam 

trawl fleet in the 4-year 

period between 1993 and 

1996 as estimated on a 

1x1 nautical mile scale. 

Å30% of the seabed is      

trawled 1-2 x per year

Å10% of the seabed is 

trawled more than 5 x per 

year

From Rijnsdorp et al. 

1998



Vulnerability to fishing:

Catchability
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F = fishing mortality, C = catches, B = average biomass, 

f = nominal effort (fishing power), and q = catchability

(fishing efficiency) 

Catchability (q) is defined as the relationship between the 

catch rate (CpUE) and the true population size (B). 

So the unit of catchability is fish caught per fish available 

per effort unit and per time unit. 



Vulnerability to fishing:

Catchability

The probability of a fish being caught at any time 

depends on several factors, which broadly can be 

grouped into biological and technological factors:

The biological factors include:

Åfish availability on the fishing ground, 

Åfish behaviour (incl. towards the fishing gear), 

Åthe size, shape, and external features of the fish, 

Åwhere some of these factors again are depending on 

season, age, environment and other species.



Behaviour: Many fish shoals

http://www.imagequest3d.com/catalogue/gutsy/pages/q060_jpg.htm
http://www.imagequest3d.com/catalogue/gutsy/pages/q144_jpg.htm


Shoaling protects against predators
But not all!



Behaviour:

Fish Aggregation Devices (FADs)

óHome madeô FAD used on the Nippon Maru



Fish Aggregation Devices (FADs)

Algae fixed to FAD

Juvenile fish

Small pelagic 

fish

Large predators



Effects of FADs - catchability

Effects of FADs in La Reunion Island

http://www.spc.int/coastfish/News/FAD/FAD3.pdf



Life histories

ÅLife history traits are the underlying 

determinants for population response 

to environmental forcing.

ïOn top of this natural variation will be a 

modification of the response due to fishing 

removals.

King and McFarlane (2003)



Life history and environment

Dying is more certain than giving birth!

Most ecological processes and life history traits can 

be related to the prevailing mortality pattern: 

ÅThe unstable environment: characterised by 

discrete, density independent, non-predictive, non-

selective mortality induced by physical changes

ÅThe stable environment: characterised by 

continuous, density-dependent, predictive, and size-

selective mortality induced by the biotic community.



PCA groups on life history traits

King and McFarlane 2003



Typical population dynamics

Opportunistic strategist

King and McFarlane 2003



Assign management scenarios

Opportunistic strategist

King and McFarlane 2003



Typical population dynamics

Periodic strategist

King and McFarlane 2003



Assign management scenarios

Periodic strategist

King and McFarlane 2003



Typical population dynamics

Equilibrium strategist

King and McFarlane 2003



Assign management scenarios

Equilibrium strategist

King and McFarlane 2003



Life history and vulnerability

Susceptible Resilient Most resilient

ÅLong-lived    

species

ÅSpecies with 

spawning 

migrations

ÅHighly 

specialised 

endemic and 

territorial species

Unspecialised 

ecologically 

flexible species, 

adapted to 

fluctuating 

environments

Small species with 

high population 

turnover rates 

(P/B)



Age and size structure changes

under selective fishing to younger 

and smaller individuals. 

Intraspecific effects: 

age and size structure

effort

CPUE q B



As age and size structure changes

under selective fishing to younger 

and smaller individuals there will be

a decrease in:

Åsize (age) at maturity

Åfecundity,

Åegg quality

Åegg volume, 

Ålarval size at hatch, 

Ålarval viability, 

Åfood consumption rate, 

Åconversion efficiency,

Ågrowth rate.

Intraspecific effects: 

age and size structure



Intraspecific effects: age and size 

structure ïdensity dependence
Abesamis and Russ 2005

MPA in the Philippines

on Apo Island



Intraspecific effects: age and size 

structure ïdensity dependence

Lorentzen and Enberg 2002

g = the growth response to changes in biomass density

Average biomass (kg ha-1)
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Density dependence 

(Logistic growth)

Max growth rate at BÐ/2
K

2

Carrying capacity = BÐ= K

dB

dt
 0

Surplus = yield = 0

Surplus = yield = Max

Reducing the biomass to half its virgin state

is where the stock has highest regenerative rate

Density



The r-K selection principle:

genetic changes?

Age (size)
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Slope = total mortality rate Z = r

Increased juvenile mortality

= K-selection

Increased adult mortality

= r-selection

K-selection: Stable environment, biotic mortality (predation) ïpredictive, size selective

r-selection: Unstable environment, abiotic mortality ïnon-predictive, non-selective

Kolding (1993)



Size selection: genetic changes?

Small

Random

Large

Increased mortality on:

Mean individual weight at age for 

six harvested populations after 4 

generations. Circles, squares, and 

triangles represent the small-, 

random-, and large-harvested 

populations, respectively.After Conover and Munch 2002



Size selection: genetic changes?

Trends in average total weight harvested (A) and mean weight of harvested 

individuals (B) across multiple generations of size-selective exploitation. Closed 

circles represent small harvested lines, open squares are the random-harvested 

lines, and closed triangles are the large-harvested lines. Conover and Munch 

2002

Small

Random

Large

Mortality on:



Size selection: genetic changes?

L R S L R S

Correlated responses to 

harvest selection on

(L) Large individuals

(R) Random individuals

(S) Small individuals

(a) egg volume, 

(b) size at hatch, 

(c) growth efficiency 

(unlimited food),

(d) growth efficiency 

(restricted food). 

After Walsh et al. 2006



Size selection: genetic changes?

L R S L R S

Correlated responses to 

harvest selection on

(L) Large individuals

(R) Random individuals

(S) Small individuals

(e) % survival (10 days), 

(f) consumption rate, 

(g) # vertebrae

(h) Forage response time

After Walsh et al. 2006



Intraspecific effects: Genetic 

structure

Median age-at-maturation (sexes combined) of Northeast Arctic cod based 

on spawning zones in otoliths (from Jørgensen, 1990).



Community effects: Diversity

ÅExtirpation: Local loss of population
ïSedentary coral reef species

ïElasmobranchs

Baum et al. 2003
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Diversity

32 100 1000 10000320 3200

Worms et al. 2006



Worms et al. 2006

Global loss of species from LMEs. Trajectories of collapsed fish and invertebrate taxa over the 

past 50 years (diamonds = collapses by year; triangles = cumulative collapses). Data are shown 

for all (black), species-poor (<500 species, blue), and species-rich (>500 species, red)

Diversity and fishing



Diversity

Order

Family 

Genus

Species



Impacts are not random

Fishing has different impact depending on the trophic level. Traits that make species 

vulnerable co-vary both between and within trophic levels. Body size (size of the 

circles) of top carnivore species tends to be larger than that of species at lower 

trophic levels. Range of body sizes and number of species are larger at lower trophic 

levels. From Raffaelli (2004)



Fishing and diversity

Relationship between species richness ( 95%CL) and fishing intensity for 

groupers on Fijian reefs. After Jennings and Polunin (1997).

Except for perhaps first 2 obs no significant difference ïsame habitats?

0-hypothesis: All reefs have same number of groupers at all times ??



Diversity changes naturally!
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M. anguilloides

O. niloticus

L.altivelis

D. mossambicus

Distichodus schenga

L. congoro

H.dischoryncus

T.rendalli

S. mystus

C.gariepinus

B. imberi

S. zambezensis

M.longirostris

M.macrolepedotus

O.mortimeri

S.codringtonii

H.vittatus



Community structure

Trends in mean growth rate, maximum length, age-at-maturity, and length-at-

maturity in the North Sea demersal fish community (Jennings et al. 1999)
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Fishing down the food web
Pauly et al. (1998)



Fishing down the food web

Mean trophic level of the landings in North-east Atlantic fishing area



A Lindeman pyramid illustrating

a fish community. 

The biomass-size distribution

Size

Biomass

The biomass-size distribution is an important indicator in both 

single species and community studies.

Changes in intercept is informative about changes in biomass

While changes in slope is informative about mortality pattern 


