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Introduction 

Definition: 

 

Population dynamics is the study of marginal and long-term changes in the numbers, individual lengths 

and weights, and age composition of individuals in one or several populations, and biological and 

environmental processes influencing those changes. 

A population is affected by three dynamic rate functions: 

1. Natality or Birth rate [often recruitment; reaching a certain 

size or reproductive stage]. 

2. Mortality, which includes harvest mortality and natural 

mortality. 

3. Growth rate, which measures the growth of individuals in 

size and length. 
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Introduction 

 Population dynamics is crucial for fisheries management purposes. 

Relatively easy to obtain for most fish species: 

- maximum age and size. 

- length-weight relationships. 

 

More difficult to obtain: 

- growth parameters. 

- (natural) mortality estimates. 

- Recruitment variability and recruitment time series. 
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Introduction 

These points were so important for tropical fisheries research that they provided a good reason to 

create a database in 1987. This database became FishBase. 

“a summary of growth and mortality information for each species […] 

with the ultimate goal of covering 2,500 species.” 

This vision however: 

- Underestimated the number of species to be included in FishBase (now 33,500 species). 

- Overestimated the number of species for which growth parameters and related information exist: 

 - growth parameters for about 2000 species are reported in FishBase. 

 - however, the treated species belong to 95% of the world’s fisheries. 

 

Similarly, the stocks for which over 750 time series of recruitment are included belong to the best-

studied and most important single-species stocks in the world. 



© Andrew MacLeod 
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Recruitment (Natality) 

* Recruitment fluctuations determine the annual catch levels of fisheries. 

* Precise prediction of future recruitment is not possible, but broad generalizations are 

possible. 

* The more recruitment time series are available from various parts of the world, the more 

precise and reliable will the generalizations be. 

© Barric Kovish 



Royal Museum for Central Africa (RMCA Tervuren) 
FishBase and Fish Taxonomy Training 

 Session 2017 

Recruitment (Natality) 

FishBase has incorporated the existing 

‘Stock Recruitement Database’ of Ransom 

A. Myers (°1952-†2007). 

 
www.mscs.dal.ca/~myers/welcome.html 

FishBase gives a list with all stocks 

for which a recruitment series exist, if 

available. 

 

A ‘stock’ consists of a group of 

individuals of a species which can be 

regarded as an entity for 

management  or assessment 

purposes. 

FishBase 



Royal Museum for Central Africa (RMCA Tervuren) 
FishBase and Fish Taxonomy Training 

 Session 2017 

Recruitment (Natality) FishBase 

Different methods are used to derive 

a time series of recruitment: 

1/ direct counts. 

2/ catch/effort data. 

3/ electro-fishing. 

4/ mark-recapture. 

5/ sequential population analysis (SPA/APV). 

6/ stock reconstruction. 

7/ research survey. 

8/ (see additional information). 

© NIWA © www. Balticuniv.uu.se 
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Recruitment (Natality) FishBase 

It is possible to make different graphs in FishBase based on the present data: 

Time series graph Stock-recruitment relationship 



© Billy Nungesser / WWL 

Louisiana (U.S.A.) 2010: 

A ‘dead zone’ is a hypoxic zone (lack of dissolved oxygen) located in an aquatic environment. 

These zones have an increasingly important impact on fisheries and ecosystems. 
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Mortality 

Mortality is the rate of deaths from various causes. Usually it is on an annually basis in terms of 

proportion of the stock dying. 

The total mortality (Z) is the mortlity of fishes caused 

by all different reasons. It is the sum of: 

1/ the fishing mortality (F), or the mortality of fishes 

which are being removed from the stock by fishing. 

2/ the natural mortality (M), or the mortality within the 

late juvenile and adult phases of a population caused 

by predation, diseases, pollution,… 

For unexploited stocks: Z = M 
© www.teendrama.com 
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Mortality 

© www.teendrama.com 

The natural mortality (M) is estimated from the 

maximum length and the water temperature. It is one 

of the most difficult parameters to estimate from 

exploited stocks. Therefore estimates from empirical 

models are made: based on growth coefficients, length 

at first maturity, maximum size, or maximum age. The 

natural mortality rate is variable (e.g. in function of 

predator biomass). 

The fishery mortality rate (F) can have a value of 0 for 

no fishing, up to very high values like 1,5 or 2, which 

indicates that the number of caught fish is 1,5 to 2 

times the number of fish at the start of the fishing 

season. 
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Mortality FishBase 

Maximum age and size 

© Luc De Vos 



Royal Museum for Central Africa (RMCA Tervuren) 
FishBase and Fish Taxonomy Training 

 Session 2017 

Mortality FishBase 

Maximum age and size 

© Robert Janssen 

Length: 20 m TL 

Weight: 34.000 kg 

This page can be considered as the FishBase answer to the book ‘Guiness Book of Records’. 

Rhincodon typus Smith, 1828 

 The whale shark is the largest and 

heaviest fish. 

 The rougheye rockfish is the longest-living fish. 

Sebastes aleutianus (Jordan & Evermann, 1898) 

Age: 205 years 

© Michael Gjernes 
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Mortality FishBase 

Maximum age and size 

Length distribution of tropical fishes (●) vs. All other 

fishes in FishBase (●). 

© Jens Petersen 
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Growth rate 

Growth parameters in FishBase are based on the von Bertalanffy Growth Function (VBGF). This is the 

most used growth model for aquatic animals. It is introduced by von Bertalanffy in 1938 and predicts 

the length of a fish as a function of its age. 

Lt = the predicted mean length of a fish of a given 

population at age t. 

L = the mean asymptotic length (the length a fish could 

reach at an infinitely high age). 

K = the growth coefficient (with units of reciprocal time). 

t0 = the theoretical (and generally negative) age the fish 

would have at zero length, provided by an extrapolation 

of the VBGF. 

K is often called a growth constant, but it can change 

when fish grow. 

K = (dL / dt) / (L - L) 
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Growth rate 

Similarly, the von Bertalanffy Growth Function (VBGF) can be made based on weight instead of length. 

Wt = the predicted mean weight of a fish of a given 

population at age t. 

W = the mean asymptotic weight (the weight a fish could 

reach at an infinitely high age). 

K = the growth coefficient (with units of reciprocal time). 

t0 = the theoretical (and generally negative) age the fish 

would have at zero length, provided by an extrapolation 

of the VBGF. 

b = the exponent of the length-weight relationship. 
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Growth rate 

 Growth models which do not explicitly consider seasonal oscillations fail to capture an essential 

aspect of the growth process. 

 Moreover, in a tropical environment differences in temperature between winter and summer as small 

as 2° C are sufficient enough to induce seasonal growth oscillations which, while not visually 

detectable, are still statistically significant. 

 The growth model which fits best with seasonal growth oscillations is probably the growth model of 

Somer (1988): 

Lt = the predicted mean length of a fish of a given 

population at age t. 

K = the growth coefficient (with units of reciprocal time). 

t0 = the theoretical (and generally negative) age the fish 

would have at zero length, provided by an extrapolation 

of the VBGF. 

 

ts = the time between t=0 and the start of a sinusoid 

growth oscillation. 

Defined as in the standard VBGF. 

For visualisation, it helps to define WP (Winter Point), which expresses the 

period of time when the growth is slowest. 

WP = ts + 0,5 

The WP is often near 0,1 in the northern hemisphere (mid-February) and 0,6 

in the southern hemisphere (mid-August), hence its name. 
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Growth rate 

 Growth models which do not explicitly consider seasonal oscillations fail to capture an essential 

aspect of the growth process. 

 Moreover, in a tropical environment differences in temperature between winter and summer as small 

as 2° C are sufficient enough to induce seasonal growth oscillations which, while not visually 

detectable, are still statistically significant. 

 The growth model which fits best with seasonal growth oscillations is probably the growth model of 

Somer (1988): 

C indicates the amplitude of the growth oscillations: 

- When C=0, the equation reverts to the standard VBGF. 

- When C=0,5, the seasonal growth oscillations are such that growth is increased by 50% at 

the peak of the growth season in summer and, briefly, reduced by 50% in winter. 

- When C=1, growth increases by 100%; it doubles during summer and becomes 0 in the 

depth of winter. 
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Growth rate 

Length-Weight relationship 

W = total fish weight (g). 

L = total fish length(cm). 

 

a = a condition factor, for comparing fish of the 

same species. It varies between species and may 

vary based on sex and season. 

 

 

 

 

 

b = an exponent describing the growth. 

Fulton’s condition factor (K): 

 

 

Example: Salmo trutta Linnaeus, 1758 

K=1.60 – excellent condition 

K=1.40 – good condition 

K=1.20 – fair condition 

K=1.00 – poor condition 

K=0.80 – extremely poor condition 

© DPI, The State of Victoria 
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Growth rate 

Length-Weight relationship 

W = total fish weight (g). 

L = total fish length(cm). 

 

a = a condition factor, for comparing fish of the 

same species. It varies between species and may 

vary based on sex and season. 

 

 

 

 

 

b = an exponent describing the growth. 

1/ b=3: the growth is isometric and the organism will grow 

uniformly; the fish has a consistent body form and specific 

gravity. 

2/ b>3 ou b<3: the growth is allometric (positive or negative). 

There is a different growth of a part of the organism in 

relation to the growth of the whole organism or some other 

part of it. 

© www.harding.edu 
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Growth rate 

Length-Weight relationship 

After log-transformation 
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Growth rate 

Length-Weight relationship 

FishBase contains information on the relation 

between the length and weight in different 

populations. 

FishBase 



Royal Museum for Central Africa (RMCA Tervuren) 
FishBase and Fish Taxonomy Training 

 Session 2017 

Growth rate 

Length-Weight relationship 

FishBase 

© University Hohenheim 

There are different methods to determine the values for a and b: 

 

1/ linear regression type I (predictive) – linear regression of logW vs. logL. 

2/ linear regression type II (functional)– linear regression of logW vs. logL. 

3/ non-linear regression of W vs. L. 

4/ algorithm of Pauly & Gayanilo (1996) – from length-frequency samples and their bulk weights. 

5/ by setting b=3 and using a single pair of L-W values to calculate a. 

6/ by setting b=3 and using the geometric mean of L and W values to calculate a. 

7/ any other method (specified in the ‘comments’-field). 
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Growth rate 

Length-Weight relationship 

FishBase 

The length-weight relationship can be predicted. This prediction won’t be perfect, so we need to be able 

to say how strong that relationship is, or how the line fits the data. 

 

r = the correlation coefficient. It indicates the extend to which the pairs of numbers for the two 

variables lie on a straight line. 

- r = ±1: perfect linearity. 

- r > 1: trend is upwards. 

- r < 1: trend is downwards. 

If there is no linear trend, r is close to 0. A correlation of 0,9 is very strong. 

©
 U

S
 F

is
h

 &
 W

ild
life

 S
e
rv

ic
e

 



Royal Museum for Central Africa (RMCA Tervuren) 
FishBase and Fish Taxonomy Training 

 Session 2017 

Growth rate 

Length-Weight relationship 

FishBase 

Possible comparisons with with other 

miscellaneous species, species of the same 

family or current species. 
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Growth rate 

Length-Length relationship 

FishBase 

Formulas for the convertion of one length type to another: 

1/ Length type (2) = a + b * length type (1) 

2/ Length type (2) = r * length type (1) 

[Mostly estimated by a single 

specimen] 
1. SL = standard length 

2. FL = fork length 

3. TL = total length 

4. DW = disc width 
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Growth rate 

Length frequencies 

FishBase 

Length frequency data are widely used to derive growth 

estimates, but can also be used to get a first assessment of 

the status of the stock if the data are plotted in a framework of 

asymptotic length, length at optimum yield, and length at first 

maturity. 
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Growth rate FishBase 

Length frequencies 

Lm = length at first maturity. 

 

Lopt = optimum length. 

The length class where in an unfished population the 

product of survivors times average weight is maximum. At 

this length the biomass of the class is maximum. 

 

Linfinity = L  = asymptotic length. 

This is the mean length the fish of a given stock would 

attain if they were to grow for an infinitely long period. 

© State Government Victoria 

© NOAA 
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Growth rate FishBase 

Length frequencies 

F = fishing mortality. 

M = natural mortality. 

Z = total mortality. 

 

 

 

 

 

 

 

a / b = the available length-weight constants. 
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Growth rate FishBase 

Length frequencies 

Gear: indication of the type of gear used for the 

catch. 

1/ trawls  5/ gillnets 

2/ dredges  6/ castnets 

3/ seines  7/ fish traps 

4/ liftnets  8/ hooks and lines 

© www.gea.com 
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Growth rate FishBase 

Length frequencies 

Raw data for the length frequencies of the studied 

population are present in FishBase. 

© www.gea.com 
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Length-Frequency Wizard FishBase 

© www.gea.com 
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FishBase 

© www.gea.com 

Length-Frequency Wizard 

Length-frequency graph 
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FishBase 

© www.gea.com 

Length-Frequency Wizard 

Length-weight relationship 

Actual yield data 

Length-yield graph 
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FishBase 

© www.gea.com 

Length-Frequency Wizard 

Growth and natural mortality 

Exploitation rate 
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FishBase 

© www.gea.com 

Length-Frequency Wizard 

Fishing strategy 

Potential yield calculation 

Actual yield 

& 

Potential yield 
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Growth FishBase 

Growth 
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FishBase Growth 

Growth 

There are different source data used for the growth 

estimation: 

1/ otolith annuli. 

2/ scale annuli. 

3/ other annual rings. 

4/ daily otolith rings. 

5/ tagging / recapture. 

6/ length-frequency data. 

7/ direct observations. 

8/ several data types. 

9/ other possibilities. 

© Queensland Government 
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FishBase Growth 

Growth 

There are different methods to estimate a given set 

of growth parameters: 

1/ Ford-Walford plot. 

2/ von Bertalanffy / Beverton plot. 

3/ Gulland & Holt plot. 

4/ nonlinear regression. 

5/ ELEFAN. 

6/ other methods. 

 

See Bougis (1976), Ricker (1980), Gulland (1983), Pauly (1984, 

1997), Gayanilo & Pauly (1997) and other publications for the 

description of these methods, their underlying hypotheses, 

conformity of the data and their biases. 

1 2 3 
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FishBase Growth 

Growth 

Conversion of W from L  based on following 

choices: 

1/ as given in MainRef. or Ref. for growth. 

2/ computed using L/W relationship of the same stock. 

3/ computed using L/W relationship of an other stock from 

the same species. 

4/ computed using L/W relationship of a similar species. 

5/ other (see Comments). 

ø’ = growth performance index. 

It is for comparison with the ø’ index of other stocks from the 

same species, or from a closely allied species. 
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FishBase Growth 

Growth 

FishBase makes it possible to reproduce an auximetric plot of 

growth parameters (K vs. L , on logaritmic basis). 

- Possible comparisons with other miscellaneous species, 

species of the same family, or current species. 

- Possibility to change the growth parameters and redraw the 

plot. 
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FishBase Growth 

Growth 

FishBase makes it possible to reproduce an auximetric plot of 

growth parameters (K vs. L , on logaritmic basis). 

- Possible comparisons with other miscellaneous species, 

species of the same family, or current species. 

- Possibility to change the growth parameters and redraw the 

plot. 



Royal Museum for Central Africa (RMCA Tervuren) 
FishBase and Fish Taxonomy Training 

 Session 2017 

FishBase Life-History Tool 

The Life-History Tool contains the different parameters on population dynamics and life history of a 

certain species, such as growth, length at first maturity,… 

It uses the best available data in FishBase as default for the various equations, but users can replace  

these with their own estimates and can recalculate the parameters. 

© Bruno de Giusti 
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More info: 

- FAO Fisheries Technical Paper 306: Introduction to tropical fish stock assessment. 

- Christensen, V. & J. MacLean (2011) Ecosystem approach to fisheries. Cambridge University Press, Cambridge. 325 p. 

- Pauly, 1997 (adaption française par J. Moreau) Méthodes pour l’évaluation des ressources halieutiques. Editions 

CEPADUES, Toulouse. 288 p. 

© Bruno de Giusti 


