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APPENDIX II - ESTIMATING TRANSFER EFFICIENCY FROM 

CATCH DATA 

 
 
 
Transfer efficiency (TE) represents the proportion of the production of lower trophic levels that is 

transferred to higher trophic levels (see § 1.3.2 in main text). TE accounts for individual energy losses due to 
respiration, digestion, excretion, etc., as well as losses due to non-predatory mortality, e.g. when individuals 
are not being consumed because they are protected from predation or because consumers are saturated, 
such as may happen during phytoplankton blooms (Cushing 1973). TE is thus a general measure of an 
ecosystem’s efficiency at transferring energy from low to high trophic levels. 

 
In EcoTroph, the decline of production between trophic levels is modelled as a declining exponential 

function, with TE representing the proportion of production left over a transfer of one TL unit. In other 
words:  

Production(TLn+1) = Production(TLn)×exp(log(TE)) 
 

In EcoTroph, most especially in the catch trophic spectrum analysis (CTSA), results are very 
sensitive to the value of TE (see § 3.2.2 in main text). Also, in marine ecology and in fisheries science in 
general, TE is an essential parameter involved in answering a number of important questions, such as  the 
fraction of total primary production that is used by fisheries (Pauly and Christensen 1995), the effects of 
fishing at an ecosystem scale (Libralato et al. 2008), or the energy used by different groups of fish (Jennings 
et al. 2008). An average value of TE=10% is obtained for marine ecosystems in general (Pauly and 
Christensen 1995), which, perhaps surprisingly, also seems to apply to other systems (Morowitz 1991) 
However, the average value estimated by Pauly and Christensen (1995) masks a great variability between 
ecosystem types (Pauly and Christensen 1993; Jarre-Teichmann and Christensen 1998). Thus, having access 
to ecosystem-specific estimates of TE would greatly contribute to our understanding of ecosystem 
functioning and its interaction with fishing. 

 
Here, we elaborate on a method 

previously presented in Pauly and Palomares 
(2005) to estimate the transfer efficiency of an 
ecosystem based on time-series of catch and 
TL data. This method assumes that, for a given 
ecosystem, the proportion of production 
exploited at each trophic level is constant, so 
that we would expect total catches to decrease 
with increasing mean TL of the catch at a rate 
that is proportional to TE (see Fig. A4). 
Assuming that production declines 
exponentially with trophic levels (as modelled 
in EcoTroph), the relationship between the 
mean trophic level of the catch and the 
log(catch) is thus linear, and the TE can be 
extracted from the slope as TE=10b , where b is the 
slope and the mean trophic level is  the explanatory 
variable. 

 
For this method to work optimally, the 

total catch/mean TL time-series used need to have 
sufficient contrast in the mean TL of the catch, and not be affected by major changes in the effort patterns of 
the underlying fleet. Moreover, the catch must come from the same ecosystem (or a relatively small region); 
otherwise an observed increase of the catch could reflect a geographic expansion of the fleet (Bhathal and 
Pauly 2008). If dealing with catch data from larger regions (e.g. FAO areas, as in Pauly and Palomares 

Figure A4 - Illustration of the rationale behind the 
estimation of TE from mean TL/catch time-series. If 
the proportion of production exploited is constant 
between TLs, catch should decline with increasing TL 
at a rate proportional to TE, reflecting the concurrent 
decline in production by TL.  
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APPENDIX II - ESTIMATING TRANSFER EFFICIENCY FROM 

CATCH DATA 

 
 
 
Transfer efficiency (TE) represents the proportion of the production of lower trophic levels that is 

transferred to higher trophic levels (see § 1.3.2 in main text). TE accounts for individual energy losses due to 
respiration, digestion, excretion, etc., as well as losses due to non-predatory mortality, e.g. when individuals 
are not being consumed because they are protected from predation or because consumers are saturated, 
such as may happen during phytoplankton blooms (Cushing 1973). TE is thus a general measure of an 
ecosystem’s efficiency at transferring energy from low to high trophic levels. 

 
In EcoTroph, the decline of production between trophic levels is modelled as a declining exponential 

function, with TE representing the proportion of production left over a transfer of one TL unit. In other 
words:  

Production(TLn+1) = Production(TLn)×exp(log(TE)) 
 

In EcoTroph, most especially in the catch trophic spectrum analysis (CTSA), results are very 
sensitive to the value of TE (see § 3.2.2 in main text). Also, in marine ecology and in fisheries science in 
general, TE is an essential parameter involved in answering a number of important questions, such as  the 
fraction of total primary production that is used by fisheries (Pauly and Christensen 1995), the effects of 
fishing at an ecosystem scale (Libralato et al. 2008), or the energy used by different groups of fish (Jennings 
et al. 2008). An average value of TE=10% is obtained for marine ecosystems in general (Pauly and 
Christensen 1995), which, perhaps surprisingly, also seems to apply to other systems (Morowitz 1991) 
However, the average value estimated by Pauly and Christensen (1995) masks a great variability between 
ecosystem types (Pauly and Christensen 1993; Jarre-Teichmann and Christensen 1998). Thus, having access 
to ecosystem-specific estimates of TE would greatly contribute to our understanding of ecosystem 
functioning and its interaction with fishing. 

 
Here, we elaborate on a method 

previously presented in Pauly and Palomares 
(2005) to estimate the transfer efficiency of an 
ecosystem based on time-series of catch and 
TL data. This method assumes that, for a given 
ecosystem, the proportion of production 
exploited at each trophic level is constant, so 
that we would expect total catches to decrease 
with increasing mean TL of the catch at a rate 
that is proportional to TE (see Fig. A4). 
Assuming that production declines 
exponentially with trophic levels (as modelled 
in EcoTroph), the relationship between the 
mean trophic level of the catch and the 
log(catch) is thus linear, and the TE can be 
extracted from the slope as TE=10b , where b is the 
slope and the mean trophic level is  the explanatory 
variable. 

 
For this method to work optimally, the 

total catch/mean TL time-series used need to have 
sufficient contrast in the mean TL of the catch, and not be affected by major changes in the effort patterns of 
the underlying fleet. Moreover, the catch must come from the same ecosystem (or a relatively small region); 
otherwise an observed increase of the catch could reflect a geographic expansion of the fleet (Bhathal and 
Pauly 2008). If dealing with catch data from larger regions (e.g. FAO areas, as in Pauly and Palomares 

Figure A4 - Illustration of the rationale behind the 
estimation of TE from mean TL/catch time-series. If 
the proportion of production exploited is constant 
between TLs, catch should decline with increasing TL 
at a rate proportional to TE, reflecting the concurrent 
decline in production by TL.  
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