
The very complex welfare impact of fishing 

Does fishing worsen the state of the oceans? For animal rights activists and most environmentalists, 

the answer seems evidently ‘yes’. But thinking more carefully, matters become very complicated. 

 

The easy, philosophical problem: measuring aggregate welfare 
First we need to solve the easy problem: the philosophical or moral question how to measure the 

state of the oceans. As aquatic ecosystems have no consciousness and hence are not concerned 

about e.g. their biodiversity, integrity, stability, natural beauty or some other ecocentric value, I 

argue that we should focus on those values and instead consider the welfare of sentient beings in the 

oceans. Sentient beings do care about their own well-being and preference satisfaction, and they do 

want to avoid negative experiences.  

When valuing the welfare of fish, the causes of welfare loss should not influence the valuation. Fish 

can have a preference for not being killed, but they most likely do not make a distinction between 

death caused by predatory fish versus death caused by humans. If we want to avoid speciesist 

arbitrariness, we should not make a distinction between harm (welfare loss) caused by humans and 

harm caused by non-human animals such as predators. 

Deciding that only the welfare of sentient beings is important, is not enough. We need to decide how 

to aggregate all the welfare levels of all sentient beings. This is the problem area of population ethics. 

Here I propose the total view (total utilitarianism): the state of the ocean should be measured in 

terms of the total sum of welfare levels of all sentient beings in the oceans. This can be contrasted 

with e.g. the aggregate view, whereby the average of all welfare levels is considered.  

If we focus on the aggregate welfare in the oceans, fishing becomes very important, because the 

number of vertebrate aquatic animals killed in fisheries and aquaculture (more than 1 trillion per 

year) is an order of magnitude larger than the number of vertebrate land animals killed in livestock 

farming and hunting (less than 100 billion per year, excluding invertebrates). Hence, the potential 

welfare impact of fishing is huge.  

 

The hard, scientific problem: studying complex food webs 
Having solved the philosophical problem, we now need to solve the next question: what are the 

welfare consequences of fishing? This is a scientific problem, and is very difficult.  

The aquatic food web is very complex. To simplify, consider a linear food chain: phytoplankton (1st 

trophic level), zooplankton such as copepods (2nd level), planktivorous fish such as anchovy (3rd level), 

piscivorous fish such as mackerel (4th level) and apex predators such as tuna (5th level). What happens 

if you catch fish at trophic level N? To simplify further, let’s only consider linear influences (no 

ecological side effects based on non-linear ecological processes). Catching fish at trophic level N 

results in a decrease of the population at level N (as well as decreases of populations at higher 

levels), which results in an increase of the population at level N-1, which again results in a decrease 

of the population at level N-2, and so on. 



To understand the welfare effects of this food chain dynamics, there are three crucial questions: 

which populations of aquatic animals are sentient? How high are their levels of welfare? And how 

bad is dying (being killed and eaten) for those sentient animals?  

Suppose first that phyto- and zooplankton (levels 1 and 2) are not sentient and hence have no well-

being, whereas all fish at levels 3, 4 and 5 have a positive welfare. Suppose also that dying causes 

negligible suffering, which means killing fish only has a negative effect on aggregate welfare because 

of it lowering the population sizes (hence fewer animals with positive welfare, which decreases 

welfare according to a total utilitarian perspective). In that case, catching planktivorous fish (level 3) 

is bad, because welfare decreases. Planktivorous fish are innocent in the sense that they do not harm 

anyone else, because zooplankton was supposed to be non-sentient. 

Piscivorous fish also catch planktivorous fish, which means they do something bad. Hence, if the 

welfare loss of catching piscivorous fish is relatively small (when killing causes negligible suffering and 

population sizes of piscivorous fish are much smaller than those of planktivorous fish, which is 

usually the case in food chains), catching piscivorous fish can become good: as the population of 

piscivorous fish decreases, there will be less predation on planktivorous fish. One piscivorous fish 

harms many other, innocent sentient beings: the planktivorous fish. A piscivorous fish is like a serial 

killer, and killing serial killers could reduce overall killing.  

So if we catch piscivorous fish (level 4), the total amount of fish harm (which is proportional to the 

total amount of innocent sentient fish at level 3 captured by both humans and piscivorous fish) can 

decrease. By the same reasoning, catching apex predators (level 5) can become bad, because those 

apex predators catch many harmful, non-innocent piscivorous fish. The apex predators are the serial 

killers of the serial killers. 

We conclude that if the welfare loss of killing fish is relatively small and zooplankton is non-sentient, 

catching fish at an odd trophic level is bad, whereas catching fish at an even level is good. However, 

this result completely turns around if zooplankton was sentient and had a positive well-being. In that 

case, planktivorous fish are no longer innocent: they harm a lot of sentient beings. Catching 

planktivorous fish becomes good because it saves many lives of innocent sentient beings (the 

zooplankton). Catching piscivorous fish becomes bad, catching apex predators becomes good. 

However, this result again completely turns around if the well-being of a trophic level becomes net 

negative, i.e. when the animals have more and stronger negative than positive experiences. Lives 

with net negative welfare are generally not worth living: one would prefer non-existence above such 

a life. It is not known whether fish have net negative welfare, but the likelihood increases for many 

aquatic animals who have high reproduction rates. If one fish gives birth to thousands of offspring, 

only one of those offspring on average can survive long enough to reproduce. All the other offspring 

die prematurely. We can expect a positive correlation between the length of a life and the net 

welfare level of that life: the shorter the life, the more brutal it is, with predominantly experiences of 

suffering from hunger, parasites and diseases. 

Now suppose the lives of zooplankton are in general not worth living: the vast majority of 

zooplankton animals have a net negative well-being (short lives with experiences of hunger and 

diseases). In that case it would be good to decrease the population of zooplankton. Planktivorous fish 

are doing a good job. Hence, catching piscivorous fish becomes good, because that increases the 

population of planktivorous fish and decreases the population of zooplankton. 

In summary: if the suffering caused by killing is negligible, catching fish at an odd trophic level will be 

good if the lowest trophic level at which sentience occurs is even and if well-being is positive, or if 



the lowest trophic level at which sentience occurs is odd and if well-being is negative. It is bad 

otherwise. And the reverse is true for catching fish at an even trophic level. 

Matters become even more complicated when the suffering caused by killing is not negligible. 

Catching fish causes suffering and hence decreases aggregate welfare. Catching predatory fish who 

catch fish might decrease overall fish killings and hence increase aggregate welfare, depending on 

the trophic levels. This is in line with the discussion above. But we also have to consider the fishing 

intensity. 

The number of fish being killed in fishing, is the product of the fishing intensity (the probability of a 

fish being captured) and the fish population size. It is possible to increase the fishing intensity beyond 

the level of maximum yield: overfishing reduces the fish populations to such a degree, that there are 

almost no fish left to be captured. This counterintuitively means that a very high fishing intensity can 

result in very low fish captures. With a huge fishing fleet, it is possible that only a few fish die, 

because there are no fish left in the ocean. Hence, the welfare loss due to the suffering of captured 

fish is a non-linear function of the fishing intensity. As a lot of fish populations in the ocean are being 

overfished, decreasing the fishing intensity can increase the number of fish being killed. 

 

Conclusion: should we stop fishing? 
Given the fact that we catch huge amounts of fish, catching fish will be either very good or very bad, 

depending on the trophic level of the captured fish, the trophic levels that contain sentient animals, 

the positive or negative welfare status of the trophic levels, and the fishing intensity. The goodness 

switches if the trophic level of the captured fish is changed, if the lowest trophic level at which 

sentience occurs is changed, if the welfare level switches from positive to negative or if the fishing 

intensity switches from below to above the maximum yield level. It becomes extremely difficult to 

estimate the welfare impact of fishing. And it becomes even more complex in more realistic 

situations with non-linear aquatic food webs and non-linear ecological processes and trophic 

cascades (side-effects). 

Given the fact that we catch many fish, knowing the sentience and welfare levels of aquatic animals 

and the full dynamics of aquatic food webs becomes very important. A lot is at stake.  

In the appendix I describe a purely theoretical approach to the problem of the welfare impact of 

fishing. I simulated complex food webs with and without fishing, and calculated a welfare function 

that measures the total sum of welfare levels of the sentient animals minus the welfare losses due to 

dying. The results are very sensitive to the choice of parameters in the theoretical food web model 

and the welfare function. Overall, the conclusion is that fishing is slightly more likely to decrease 

aggregate fish welfare at low fishing intensities, with the exception of situations where most fish 

populations have negative net welfare levels and fish mortality is not the dominant contributor of 

welfare loss. Let’s say that the probability that fishing decreases aggregate welfare, is something like 

51%. 

What should we do with fishing as long as the important scientific knowledge is lacking? We are in a 

situation of risk, where we risk doing a lot of bad when fishing, but we may also do a lot of good. If a 

lot is at stake, most people become risk averse and prefer the status quo of non-intervention. That is 

what we would choose when humans instead of fish were involved. In order to avoid speciesist 

arbitrariness, we can ask ourselves the question what we would do if all aquatic animals were large 

and small swimming humans (making up a complete food web, with cannibalistic humans). Then we 



would not simply go fishing humans, because fishing would be too bold. We would rather do 

scientific research and study the situation more carefully before we intervene. Furthermore, we have 

one certainty: catching fish always causes some harm to the captured fish. So fishing implies a certain 

welfare loss plus an uncertain very high positive or negative impact on welfare. Even if that means 

that the probability that fishing has a negative effect is only 51%, i.e. slightly more likely than flipping 

a coin, we would abstain from fishing, because so many fish are involved. Fishing is impermissible, 

until we have robust scientific evidence that fishing is the only means to improve well-being and 

decrease harm. 

The above considerations are also relevant when it comes to problem prioritization. The uncertainty 

about the welfare effects of fishing means that priority could be given to abolishing aquaculture and 

livestock farming first instead of abolishing fishing first. Even if the number of livestock animals killed 

per year is an order of magnitude lower than the number of wild fish captured per year, the negative 

welfare impact of aquaculture and livestock farming is more certain (as their food chains are simpler) 

than the welfare impact of fishing. The animals in captivity have most likely net negative welfare 

levels, which means it is very likely that breeding and slaughtering such animals decreases aggregate 

welfare. Hence, priority could be given to decreasing livestock farming and aquaculture. Besides, as a 

lot of livestock animals and farmed fish eat fish meal, decreasing livestock farming also decreases 

fishing. 

 

Appendix: a theoretical aquatic food web model to study the welfare 

impact of fishing 
 

To study the impact of fishing on ocean welfare, we need two building blocks: a dynamic model that 

describes the ecosystem and a welfare function that describes the overall welfare of sentient beings 

in the ocean. These two elements combine respectively descriptive, objective science with 

prescriptive, subjective ethics. 

Note: this is only a very tentative model. I did not do many simulations with different parameter 

values, and did not use parameter values based on actual aquatic food web data. Programming 

errors are also possible. Hence, the epistemic status of the results below is extremely low. 

 

The dynamic model 
To model an aquatic ecosystem, I used a discrete time generalized Lotka-Volterra model 
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with 𝑛 the number of trophic levels,  𝑖 ∈ {1, … , 𝑛} the trophic level index, 𝑡 the discrete time index, 

𝑁𝑡
𝑖  the number of individuals at trophic level 𝑖 at time 𝑡, 𝛾𝑖  the intrinsic growth rate of the population 

at trophic level 𝑖 (i.e. the number of expected births per individual per time period in the absence of 

predation), 𝜋𝑖𝑗𝑁𝑡
𝑗
 the predator growth rate (i.e. the number of expected predator births per 

predator at trophic level 𝑖 in time period 𝑡 due to the consumption of prey at trophic level 𝑗 < 𝑖), 𝜇𝑖  

the exogenous (predation independent) mortality rate (i.e. the probability of death per individual per 
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time period in the absence of predation and competition), 𝜋𝑖𝑗𝑁𝑡
𝑗
 the predation mortality rate (i.e. 

the probability of death of a prey individual at trophic level 𝑖 killed by predators at trophic level 𝑗 > 𝑖 

in time period 𝑡), and 𝜅𝑖𝑗𝑁𝑡
𝑗
 the competition mortality rate (i.e. the probability of death of an 

individual at trophic level 𝑖 due to competition by individuals at trophic level 𝑗 in time period 𝑡). 

We can write 

𝜋𝑖𝑗 = 𝜌𝑖𝑗𝜋𝑗𝑖 

for 𝑖 < 𝑗, with 𝜌𝑖𝑗  the required number of prey animals at trophic level 𝑖 killed and eaten by 

predators in order to give birth to one predator at level 𝑗.  

The first trophic level 𝑖 = 1 represent the autotrophs (phytoplankton, algae, plants), and 𝑖 = 𝑛 

correspond with the top predators (e.g. tuna, killer whales, sharks).    

The impact of fishing can be modelled by changing the exogenous mortality rates 𝜇𝑖
′ = 𝜇𝑖 + 𝜀𝑖, with 

𝜀𝑖  the increased mortality rate due to fishing at trophic level 𝑖. The number of fish captured (𝜀𝑖𝑁𝑖) is 

proportional to the population size. 

In the steady state of the system, all populations are constant (𝑁𝑡+1
𝑖 = 𝑁𝑡

𝑖 ≡ 𝑁𝑖), which means the 

steady state solves the equation 
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The welfare function 
Now we define the welfare function for the steady state, without fishing, as: 

𝑊 = ∑ 𝑤𝑖𝑁𝑖 [(𝑐𝑖 − 𝑧 (𝛾𝑖 + ∑ 𝜋𝑖𝑙𝑁𝑙
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with 𝑤𝑖 the welfare capacity of individuals at trophic level 𝑖 (which is 0 for insentient beings and 1 for 

sentient beings), the term 𝑐𝑖 − 𝑧(𝛾𝑖 + ∑ 𝜋𝑖𝑙𝑁𝑙
𝑙<𝑖 ) the average welfare level of an individual at level 𝑖 

for one time period in the absence of death, 𝑐𝑖 a reference welfare level independent from the 

reproduction strategy, 𝑧 a parameter that measures the decrease in average welfare due to high 

reproduction rates (r-selection reproduction strategy)1, 𝜇𝑖 + ∑ 𝜅𝑖𝑗𝑁𝑗
𝑗 + ∑ 𝜋𝑖𝑙𝑁𝑙

𝑙>𝑖  the overall 

(effective) mortality rate for population 𝑖, and 𝑑 a parameter that measures the decrease in welfare 

due to mortality (e.g. the suffering of dying).  

The welfare function with fishing is 

𝑊′ = ∑ 𝑤𝑖𝑁𝑖′ [(𝑐𝑖 − 𝑧 (𝛾𝑖 + ∑ 𝜋𝑖𝑙𝑁𝑙′
𝑙<𝑖
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with 𝑁𝑖′ the new steady state population size of trophic level 𝑖 in the presence of fishing. 

 
1 High reproduction rates (many births per animal) means that most animals have lives shorter than 
reproduction age. I expect that shorter lives correlate with lower welfare levels, which means that the welfare 
level of an average individual of a population is lower when that population has a higher reproduction rate. 



If the welfare difference ∆𝑊 = 𝑊′ − 𝑊 is negative, fishing has a negative impact on aggregate fish 

welfare. 

 

Parameter values 
The Greek letters represent objective parameters (to be determined by science), the Latin letters 

represent normative parameters. For the dynamic model, I assume five trophic levels (𝑛 = 5), the 

parameter 𝛾1 = 1 (this means that the modelled time intervals correspond with the time that the 

biomass of autotrophs doubles in the absence of mortality), 𝛾𝑖 = 0 for 𝑖 ≥ 2 (heterotrophs can only 

grow by consuming biomass from lower trophic levels), 𝜋0𝑖 = 0 for 𝑖 ≥ 4 (predator fish at high 

trophic levels do not eat phytoplankton), 𝜋𝑖𝑖 = 0 (no cannibalism), 𝜌𝑖𝑗 > 1 (one predator eats many 

prey, i.e. it excludes parasitism where many parasites eat one host/prey), 𝜅𝑖𝑗 = 0 for 𝑖 ≠ 𝑗 (only 

intraspecies competition, no interspecies competition). 

For the welfare function, I assume 𝑤0 = 0 (plants are not sentient), 𝑤𝑗 = 1 for 𝑗 ≥ 3 (fish at the third 

and higher trophic levels are sentient) and 𝑑 = 1 (this defines a welfare unit: one unit of welfare is 

lost when one sentient fish dies). 

 

Simulations 
To study the welfare impact, I ran 100.000 simulations in Matlab, where the parameters are 

randomly chosen according to the following uniform distributions: 

𝜅𝑖𝑖 ∈ [0, 10𝑖−𝑛−1] 

such that higher trophic levels have smaller population sizes (i.e. fewer, larger animals), 

𝜋𝑖𝑗 ∈ [0, 102𝑖−𝑗−𝑛] 

for 𝑖 < 𝑗, such that the food web has a dominant trophic chain (i.e. most predators at level 𝑗 eat prey 

mostly from level 𝑗 − 1), 

𝜌𝑖𝑗 ∈ [1, 10𝑖−𝑗] 

which models the increasing sizes of predators, moving higher in the trophic chain (e.g. one big top 

predator at level 𝑛 eats 10 fish at level 𝑛 − 1 or 100 fish at level 𝑛 − 2, 

𝜇𝑖 ∈ [0, 10−𝑖] 

such that intrinsic mortality rates are proportional to the growth rates, 

𝜀𝑖 ∈ [0, 10−𝑛] 

for 𝑖 ≥ 3 (only fish at the third or higher trophic levels are captured). 

For the welfare function, the second trophic level (zooplankton) welfare parameter is binary 

𝑤2 ∈ {0,1}, 

which means that zooplankton has a 50% probability of being sentient,  

𝑧 ∈ [0,1], 

which means welfare could decrease when population growth rates are higher, and  



𝑐𝑖 ∈ [𝐶𝑚𝑖𝑛, 𝐶𝑚𝑎𝑥], 

with 𝐶𝑚𝑖𝑛 = 0 and 𝐶𝑚𝑎𝑥 = 2. 

For each simulation, the steady state welfare functions with and without fishing are calculated, 

keeping only the stable steady states (if the system is close to the steady state, it stays close to that 

steady state2) with positive population sizes (i.e. 𝑁𝑖 > 0 and 𝑁𝑖′ > 0 for all trophic levels). 

 

Results 
For the above simulations, the average of the welfare difference ∆𝑊 (averaged over the 100.000 

simulations) is negative. This means that fishing is expected to have a negative impact on fish 

welfare. However, its standard deviation is an order of magnitude larger, which means that the 

probability that fishing has a negative impact on fish welfare is only slightly higher than 50%. Most 

fish in the simulations still have net positive welfare levels. 

I have also changed the parameters, such as a shorter trophic chains (𝑛 = 4), a higher or lower 

importance of death (𝑑 ≠ 1) and a certainty of zooplankton being sentient or insentient (𝑤2 = 1 or 

𝑤2 = 0), and also looked at fishing only at the highest trophic level (𝜀𝑛 > 0, e.g. only tuna fishing), 

but the results are always the same: an average negative welfare difference with a much higher 

standard deviation.  

Things change when we set the parameters 𝐶𝑚𝑖𝑛 < 0 and 𝐶𝑚𝑎𝑥 small (or 𝑧 higher), such that more 

populations have net negative welfare levels. When the majority of populations have net negative 

welfare, and when the welfare loss of death (the term 𝑑(𝜇𝑖′ + ∑ 𝜅𝑖𝑗𝑁𝑗′𝑗 + ∑ 𝜋𝑖𝑙𝑁𝑙′𝑙>𝑖 )) is smaller 

than or of the same order of magnitude as the average mortality-independent welfare level (the 

term 𝑐𝑖 − 𝑧(𝛾𝑖 + ∑ 𝜋𝑖𝑙𝑁𝑙′𝑙<𝑖 )), fishing (including only fishing top predators) has a positive effect on 

welfare (because the welfare 𝑊 is negative, and fishing brings welfare closer to zero). For very high 

levels of 𝑑 and low fishing intensities (small 𝜀𝑖) fishing always has a negative impact. 

In summary: fishing is slightly more likely to decrease aggregate fish welfare, with the exception of 

situations where most fish populations have negative net welfare levels and fish mortality is not the 

dominant contributor of welfare loss.  

 
2 Technically, stability means that the Euclidean norms of the eigenvalues of the Jacobian matrix of the Lotka-
Volterra dynamic equations are all less or equal to 1. 


