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Background 

History 
 “Growth–mortality” hypothesis 
       (Anderson 1988 JNAFS) 

Progresses 
 Numerous field, laboratory, and 
       modeling studies have tested 
       the paradigm. 
 Contributing to early life biology 
       and recruitment studies. 

Growth–survival paradigm (GSP) 
in early life stages of fish 

“Larger and/or faster growing individuals 
are more likely to survive than 

smaller and/or slower growing conspecifics” 
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Background 

Quick review 
1. Previous field studies tended to support the paradigm/ 

mechanisms. 
2. Some laboratory studies provided evidence contrary to the 

paradigm/mechanisms. 
3. Recent studies showed a variability of direction of selective 

survival and dynamics of the mechanisms. 

Current status 
 The actual growth–survival relationships seem to be much 

more variable and dynamic than previously recognized. 
 Predicting recruitment dynamics from early growth 

dynamics has revealed difficult. 

It is time to review studies on GSP after Anderson (1988). 
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Growth–survival paradigm 
in early life stages of fish 

I. Theory 
Summarizing a theoretical framework of the current 
paradigm and its functional mechanisms 

II. Advance 
Reviewing recent advances in studies on the paradigm 

III. Synthesis 
Proposing a conceptual framework which reconciles 
contradictory evidence from field, laboratory, and 
modeling studies across systems and taxa 

IV. Future 
Presenting recommendations for future study directions 
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Theory 

Survival advantages of faster-growing individuals 
Why do they survive better? 

Functional mechanisms 
1. “Bigger is better” (Miller et al. 1988 CJFAS) 
2. “Stage duration” (Chambers & Leggett 1987 CJFAS, Houde 1987 AFSS) 
3. “Growth-selective predation” (Takasuka et al. 2003, 2007 MEPS) 

Growth–survival paradigm (GSP) 
in early life stages of fish 

“Larger and/or faster growing individuals 
are more likely to survive than 

smaller and/or slower growing conspecifics” 
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Theory 

“Bigger is better” mechanism 
(Miller et al. 1988 CJFAS) 

Faster-growing individuals will have a larger somatic size at 
a given age, which leads to various survival advantages. 

Factor 
 Somatic size 
 Effect of growth rate: indirect 

Operation conditions 
1. Positive relationship between growth 

rate and somatic size at the population 
level (A) 

2. Negative size-selective mortality (B) 
Somatic size

M
or

ta
lity

 ra
te

B

Growth rate

So
m

at
ic

 s
iz

e

A



Takasuka et al. Title 

Theory 

“Stage duration” mechanism 
(Chambers & Leggett 1987 CJFAS, Houde 1987 AFSS) 
Faster-growing individuals will experience a much lower 

cumulative mortality rate during the larval stage. 

Factor 
 Time (stage duration) 
 Effect of growth rate: indirect 

Operation conditions 
1. Larval stage characterized by higher 

mortality rate (C) 
2. Negative relationship between growth 

rate and larval stage duration (D) 
Growth rate
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Theory 

“Growth-selective predation” mechanism 
(Takasuka et al. 2003, 2007 MEPS) 

Faster-growing individuals will be less vulnerable to 
predation mortality than slower-growing conspecifics, 

even if they are the same size, at a given moment. 

Factor 
 Growth rate (per se) 
 Effect of growth rate: direct 

Operation conditions 
1. Predation mortality 
2. Negative growth-selective mortality 

at a given somatic size (E) 

Growth rate
(somatic size = constant)
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Growth–survival paradigm 
in early life stages of fish 

I. Theory 
Summarizing a theoretical framework of the current 
paradigm and its functional mechanisms 

II. Advance 
Reviewing recent advances in studies on the paradigm 

III. Synthesis 
Proposing a conceptual framework which reconciles 
contradictory evidence from field, laboratory, and 
modeling studies across systems and taxa 

IV. Future 
Presenting recommendations for future study directions 
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Advance 

Spatial variability of the direction of selective mortality of yellow perch 
Perca flavescens larvae in perturbed and unperturbed boreal lakes. 
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Spatial variability of selective mortality 
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Advance 

Early growth and recruitment in Atlantic mackerel Scomber scombrus: 
discriminating the effects of fast growth and selection for fast growth. 

Robert et al. (2007) MEPS 
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Temporal variability of selective mortality 
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Advance 

Field sampling 
 Japanese anchovy larvae and their predatory fish were captured 

simultaneously by the same tows of a trawler in a coastal fishing 
ground and offshore waters. 
 

 
 
 
Growth comparison 
 
 
 
 

Demonstration of growth-selective predation on anchovy larvae. 

Fishing ground for 
anchovy larvae 

Sagami Bay 

Ingested larvae Original larvae 

The larvae 
actually 
ingested by 
the predators 

The surviving 
larvae from 
the original 
populations 

Otolith microstructure analysis 

Takasuka et al. (2003, 2004a,b, 2007) MEPS 
Robert et al. (2010) FS 
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Advance 

Example of comparison of growth rate on standard length between 
ingested larvae and original larvae. 
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This is the clearest example. 
The similar results were 
obtained from 3 of 5 samples. 

Takasuka et al. (2003) MEPS 
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Advance 

Example of comparison of growth rate on standard length between 
ingested larvae and original larvae for each predatory species. 
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Advance 

Predator-specific growth-selective predation on anchovy larvae. 

Growth-selective predator Non-growth-selective predator 

 
 
 

 
 
 

Japanese anchovy 
Engraulis japonicus 

Japanese sea bass 
Lateolabrax japonicus 

 
 
 

 
 
 

Pacific round herring 
Etrumeus teres 

Greater amberjack 
Seriola dumerili 

 
 
 

 
 
 

Japanese jack mackerel 
Trachurus japonicus 

Skipjack tuna 
Katsuwonus pelamis 

 
 
 

 
 
 

White croaker 
Pennahia argentatus 

Chub mackerel & Spotted mackerel 
Scomber japonicus & S. australasicus 

Takasuka et al. (2007) MEPS 
Robert et al. (2010) FS 
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Advance 

Example of energy trade-off between growth and physiological 
performance (Lankford et al. 2001 Evolution) 

Lankford, T. E., Billerbeck, J. M., and Conover, D. O. (2001) Evolution of 
intrinsic growth and energy acquisition rates. II. Trade-offs with 
vulnerability to predation in Menidia menidia. Evolution, 55: 1873–1881. 

Evidence contrary to GSP from laboratory experiments 

Fed group was more vulnerable to 
predation mortality. 

Fast-growth group was more 
vulnerable to predation mortality. 

Fast 
growth 

Moderate 
growth Fed Unfed 
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Growth–survival paradigm 
in early life stages of fish 

I. Theory 
Summarizing a theoretical framework of the current 
paradigm and its functional mechanisms 

II. Advance 
Reviewing recent advances in studies on the paradigm 

III. Synthesis 
Proposing a conceptual framework which reconciles 
contradictory evidence from field, laboratory, and 
modeling studies across systems and taxa 

IV. Future 
Presenting recommendations for future study directions 
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Start point of the conceptual framework 
 
 
 
 
 
 
 
 
 
 Energy trade-off between growth and physiological 

performance (Lankford et al. 2001, Munch & Conover 2003 
Evolution) 

Title 

Synthesis 
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Growth–survival paradigm 

A monotone 
increasing 
function 

A dome-shape 
function 

Start point of reconstruction 

Metabolic cost 
under hyper-optimal 
growth condition 
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Synthesis 

Predator type Definition Example 

Filter/ 
particulate 

Fish and invertebrate predators that prey 
upon zooplankton, ichtyoplankton, or both 
by filter feeding, particulate feeding, or 
switching between filter and particulate 
feeding strategies 

Anchovy 
Sardine 
Herring 
Jack mackerel 

Raptorial 

Fish and invertebrate predators that are 
strongly piscivorous and exclusively prey 
upon fish larvae and juveniles by active 
raptorial feeding strategy 

Tuna 
Mackerel 
Cod 
Sea bass 

Ambush 
Fish and invertebrate predators that prey 
upon fish larvae and juveniles by ambush 
raptorial or entangling feeding strategy 

Jellyfish 
Euphausiid 
Shrimp 
Ctenophore 
Hydra 

Definition of predator type 

* Predator type: terms for convenience of categorization 
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Synthesis 

Predator type Anti-predator 
behavior (activity) 

Energy gain/cost 
for predator 

Encounter rate 
(activity) 

Filter/ 
particulate Key Potential Potential 

Raptorial Negligible Key Negligible 

Ambush Potential Negligible Key 

Predator type and driving factor for predation 

Key Key factor which is considered in the conceptual framework 
Potential Potentially effective factor which is additionally considered 
Negligible Negligible or less effective factor which is not considered 
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Synthesis 

Growth-selective 
predation 

Size-selective 
predation 

Stage-selective 
predation 

Growth rate  
(size = constant) 

S
ur

vi
va

l 

Growth rate (size)  
(age = constant) 

S
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Growth rate 
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Raptorial Ambush 

Filter/particulate Raptorial 

Ambush 

Filter/particulate 

Raptorial 
Ambush 

Filter/particulate 

Key and potential drivers are considered with optimal foraging theory 
(energy trade-off) on the side of predators. 

Predator type Anti-predator 
behavior (activity) 

Energy gain/cost 
for predator 

Encounter rate 
(activity) 

Filter/particulate Key Potential Potential 

Raptorial Negligible Key Negligible 

Ambush Potential Negligible Key 

Conceptual curves of growth–survival relationships were constructed for 
the 3 predator types for the 3 growth–survival mechanisms, respectively. 
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Growth–survival paradigm 
in early life stages of fish 

I. Theory 
Summarizing a theoretical framework of the current 
paradigm and its functional mechanisms 

II. Advance 
Reviewing recent advances in studies on the paradigm 

III. Synthesis 
Proposing a conceptual framework which reconciles 
contradictory evidence from field, laboratory, and 
modeling studies across systems and taxa 

IV. Future 
Presenting recommendations for future study directions 
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Future 

How much “realistic”? 
Maybe a far-reaching goal, but we wish to start discussion. 

 
• Functional mechanisms 
• Predator field 
• Different case studies 

 
• Functional mechanisms 
• Optimal foraging theory 
• Different case studies 

 
• Conceptual framework 

 
• Biophysical individual-

based models (IBMs) 
• Sensitivity test 

Field Lab 

Model 

Review 

Incorporating 
the conceptual 
framework 
into models 

Input 

Complimentary 

Interactive 
feedback 

Multidisciplinary approach 
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Next stage 

Next stage 

Stage-I 
(Background) 

 
Japan–Canada 

collaboration team 
 

Common expertise 
Common perspectives 

 
Proposal 

 
“This is what we think.” 

Stage-II 
(Symposium) 

 
Scientists from 

around the world 
 

Different expertise 
Different perspectives 

 
Discussion 

 
“What do you think?” 
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Symposium on 
 

Growth–survival paradigm 
in early life stages of fish: 

 
controversy, synthesis, and 
multidisciplinary approach 

 
 
 

November 9–11, 2015 
 

National Research Institute of Fisheries Science, 
Fisheries Research Agency, Yokohama, Japan 
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Objectives 

1. “Controversy” 
Extracting controversial issues on the paradigm. 
 

2. “Synthesis” 
Proposing ideas for reconciling and synthesizing 
contradictory results based on different perspectives 
from different study groups. 
 

3. “Multidisciplinary approach” 
Promoting a collaborative framework for field, laboratory, 
and modeling studies. 
 

 Proposing recommendations for future studies through 
discussion. 
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Objectives 

Overall goal 
 

To improve our understanding of 
growth–survival relationships 

(“comprehensive”, “synthetic”, and “realistic”) 
 

in order to facilitate the prediction 
of recruitment dynamics 

through numerical modeling. 
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Unique points 
• Independency 
• Topic focus 
• Invited speakers 
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Symposium/workshop 
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Symposium/workshop 
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Symposium/workshop 
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Symposium/workshop 
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Symposium/workshop 
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Symposium/workshop 
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Symposium/workshop 
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Symposium/workshop 
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Symposium/workshop 
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Workshop 

A post-symposium workshop 
(November 12–13) 

A total of 30 invited participants 
 

Objectives 
1. Providing a networking environment for future 

collaborations among the participants to resolve some 
important issues identified during the 
symposium/workshop. 

2. Publishing a “perspective” paper co-authored by all 
workshop participants to identify what is needed for 
breakthroughs. The paper will provide concrete study 
designs to improve our understanding of the growth–
survival relationships during early life stages of fish. 



Takasuka et al. Title 

Symposium/workshop 
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Symposium/workshop 
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Symposium/workshop 
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Conceptual framework based on growth rate distribution shift 

Title 

Synthesis 
Fr

eq
ue

nc
y 

Growth rate 
Fr

eq
ue

nc
y 

Growth rate 

Random survival Growth/size-selective survival 
Effect of stage duration 
Shift to positive direction 

(automatically) 

Survivors 
(endpoint) 

Original 
populations 

Survivors 
(endpoint) 

Original 
populations 

Effect of stage duration 
Shift to positive direction 

Effect of growth/size selection 
Shift to positive or negative direction 

 Dealing with the 3 growth–survival mechanisms in the same framework. 
 Quantifying direction and intensity of selection by mean and variance. 
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Symposium/workshop 



Takasuka et al. Title 

List of issues 

1. Predation mortality 
• Identification of predator field 
• Quantification of predator field 
• Size structure and prey 

selectivity of predators 
• Refuge availability 
• Predation risk behavior 
• Predation mechanisms 

 
2. Endpoint 

• Size- and/or age-based endpoint 
• Carry-over effects 

 
3. Spatial/temporal scales 

• Representativeness of sampling 
• Spatial and temporal replication 

4. Intrinsic factors 
• Maternal effects 
• Genetic selection 
• Behavior repertoire 
• Growth and physiology 
• Stage development 

 
5. Miscellaneous 

• Environmental effects on growth 
• Mortality estimation 
• Reconciling and synthesizing 

contradictory results from 
paradigm tests 

A total of 83 original issues were summarized into 19 
issues under 5 topic categories. 

Concrete study designs (“recipes”) 
are being prepared for each issue 
by the group. 
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Symposium/workshop 
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http://cse.fra.affrc.go.jp/takasuka/gsp/ 

Title 
Manuscripts in preparation 

GSP symposium 2015 

1. “Report” 
Report of symposium/workshop 

 

2. “Concept” paper 
Proposing a new conceptual 
framework based on growth rate 
distribution shift 

 

3. “Recipe” paper 
Providing concrete study 
designs for the issues identified 
for future breakthroughs 
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Requested issues 

 
 Examples of prey–predator interactions related to 

behaviors of larvae and predators. 
 

 What is a consequence of growth variability of 
larvae in the shoals? 
 

• What can happen when larval shoals encounter 
predators. 

• Examples from our previous studies on Japanese 
anchovy larvae. 
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Advance 

Predator-specific growth-selective predation on anchovy larvae. 

Growth-selective predator Non-growth-selective predator 

 
 
 

 
 
 

Japanese anchovy 
Engraulis japonicus 

Japanese sea bass 
Lateolabrax japonicus 

 
 
 

 
 
 

Pacific round herring 
Etrumeus teres 

Greater amberjack 
Seriola dumerili 

 
 
 

 
 
 

Japanese jack mackerel 
Trachurus japonicus 

Skipjack tuna 
Katsuwonus pelamis 

 
 
 

 
 
 

White croaker 
Pennahia argentatus 

Chub mackerel & Spotted mackerel 
Scomber japonicus & S. australasicus 

Takasuka et al. (2007) MEPS 
Robert et al. (2010) FS 
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Relative predation mortality 

Frequency distributions of growth rate compared between ingested larvae 
and original larvae with an index of relative predation mortality. 
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Instantaneous 
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multiplied by ca. 5 times 

Growth decline: 
0.20 mm day–1 

(0.50 to 0.30 mm day–1) 

Predation mortality 
ratio increased 
from 0.5 to 2.5 

Predators: 
Pacific round herring 
Japanese jack mackerel 

Takasuka et al. 
(2007) MEPS 



Takasuka et al. Title 

Advance 

Predator-specific growth-selective predation on anchovy larvae. 

Growth-selective predator Non-growth-selective predator 

 
 
 

 
 
 

Japanese anchovy 
Engraulis japonicus 

Japanese sea bass 
Lateolabrax japonicus 

 
 
 

 
 
 

Pacific round herring 
Etrumeus teres 

Greater amberjack 
Seriola dumerili 

 
 
 

 
 
 

Japanese jack mackerel 
Trachurus japonicus 

Skipjack tuna 
Katsuwonus pelamis 

 
 
 

 
 
 

White croaker 
Pennahia argentatus 

Chub mackerel & Spotted mackerel 
Scomber japonicus & S. australasicus 

Takasuka et al. (2007) MEPS 
Robert et al. (2010) FS 
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Dynamics 

Field sampling 
 Anchovy larvae were sampled 
      repeatedly with an interval of 
      ca. 2 weeks from multiple cohorts 
      in a coastal fishing ground. 
 
Samples 
 The larvae collected at the first sampling: original 

population 
 The larvae collected at the later sampling: survivors 

Takasuka et al. (2017) 
CJFAS 

 What is a consequence of cumulative survival probability 
when larval shoals encounter different predators? 

 Dynamics of growth-based survival mechanisms. 
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Mechanism tests 

Three mechanisms tested based on the characteristics of the 
survivors vs the original population for multiple cohorts. 
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Takasuka et al. (2017) 
CJFAS 
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Mechanism tests 
Summary of the test results of the 3 functional mechanisms for the short-term survival 
processes of multiple cohorts (9 seasonal cohorts & 18 pairs of SV and OP). 

Sample Cohort   Pair   Survival Bigger is better Growth-selective Stage duration 

  Season and year Original Survivors   period (d)   predation   

A Autumn 2003   OP SV-1   10 NS NS – 

      OP SV-2   20 NS NS – 

      SV-1 SV-2   10 NS Effective – 

B Spring 2004   OP SV-1   12 Contrary Effective Effective 

      OP SV-2   18 Contrary NS – 

      SV-1 SV-2   6 NS Contrary – 

C Summer 2004   OP SV   11 NS NS – 

D Autumn 2004   OP SV   7 Contrary Effective – 

E Winter 2004   OP SV   29–38 Effective Effective – 

F Spring 2005-1   OP SV-1   9 Contrary NS Effective 

      OP SV-2   21 Contrary Effective – 

      OP SV-3   31 Contrary Effective – 

      SV-1 SV-2   12 Effective Effective – 

      SV-1 SV-3   22 Effective Effective – 

      SV-2 SV-3   10 NS NS – 

G Spring 2005-2   OP SV   10 NS Effective – 

H Winter 2005   OP SV   17 NS Contrary – 

I Summer 2001   OP SV   13–17 NS Effective NS 

Takasuka et al. (2017) 
CJFAS 
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Under discussion 
How can we incorporate conceptual frameworks into IBMs? 
 
 
 
 
 
 
Is there any special characteristics in growth–survival 
dynamics of small pelagic fish? 
(small pelagic fish vs large pelagic fish, demersal fish, flatfish, 
coral reef fish, freshwater fish, etc.) 
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Thank you for your attention. 
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