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Abstract
I attempt to provide a perspective on some developments around the
bycatch problem. The definition of bycatch continues to be an unsettled
matter, but for most people it has a clear negative connotation, and I
try to reflect that.
The options to reduce bycatch are better understood using the
components of bycatch estimates: effort and bycatch per unit of effort.
Factors affecting BPUE can be used to find adequate strategies. The
bycatch/catch ratio is useful to minimize the losses in production while
reducing bycatch and it reflects the “ecological cost” of production.
The evolution of the role of observers is traced through time, and the
improvements developing mitigation programs are discussed.
Populations: Using numbers of incidental mortalities to assess the
impacts on the so-called “bycatch species” populations are simplistic
and alternative metrics (e.g., the characteristics of the individuals killed)
should be considered.
Ecosystems: Obstacles to the progress of ecosystem-based fisheries
management range from institutions and advocates with narrow foci, to
the difficulties of choosing between alternative impacts. If the decisions
made by managers are influenced by the intensity of the advocacy, or
by the charisma of the different species, then we will be ignoring our
objective of ecosystem-based fisheries management.
A conceptual revolution proposes an alternative way to harvest an
ecosystem based on a diversification of the harvest, reducing species,
and size selectivities. This seems to be a better way to preserve the
ecosystem while utilizing its resources.
Even though much progress has been achieved through improvements in fishing gear technology, the real revolution has not happened:
a change from gear that causes mortality to most of what is captured,
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and then a portion is retained, to a system based on live captures, where
only those meant to be retained are killed.

Introduction
After thirty years involved in bycatch issues, it is a good opportunity
to assess the changes in the approach of scientists and managers to the
problem, what we have learned, where the main gaps in our knowledge
are, how have our methods to organize and implement mitigation programs evolved, and the evolution that has taken place in the attitudes
and views of fishers and other stakeholders interested on the subject. It
is also important to trace our progress toward the inclusion of bycatch
management objectives as part of a more holistic approach to fisheries
management. This is an obvious component of the changes needed to
include ecosystem considerations in fisheries management. Whichever
definition of ecosystem-based fisheries management is chosen (e.g.,
Murawski 1992, Rochet and Trenkel 2003, Graham et al. 2007, Smith
et al. 2007, Pitcher et al. 2009, Tallis et al. 2010, Fletcher et al. 2010,
Hilborn 2011), dealing with impacts on species other than the main
targets will be included in the new and more varied set of objectives to
achieve successful sustainable fisheries, understanding that that goal
cannot be achieved in degraded, altered ecosystems. It is by no means
the only addition needed, and new indicators, monitoring of ecosystem
changes in several characteristics, etc., will also be part of the change.
The perspective of this paper is inspired by the work of my friend
and teacher Dr. Dayton “Lee” Alverson, who brought the issue of bycatch
to the forefront, and set the basis for much of the work on bycatch that
followed (Alverson et al. 1994, Alverson and Hughes 1996).
Some significant issues have been left out simply to keep a narrower
focus. These include:
• The issue of cryptic mortality from different sources (e.g., individuals killed by the gear but not retained, facilitated predation
by the disturbance caused by the fishing operations on prey species), subject of recent reviews (Broadhurst et al. 2006, Gilman et
al. 2013).
• The issue of the ecological impacts of bycatches on pelagic and
benthic communities: the fate of the discards, and their cycling
(Cushing 1984, Daan 1991, Buck 1992, Borges et al. 2001).
• The issue of the ecological and economic impacts of the no discard
policies that have been adopted in some countries.
• The issue of incentives to reduce bycatch including rights-based
management, consumer pressure approaches, and economic approaches (Gjertsen et al. 2009, Martin et al. 2012, Agnew et al.
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2014, Pelc et al. 2015). This is acknowledged to be a major component of many successful approaches to bycatch management,
excluded simply to limit the extent of the document.

The definition of bycatch
The “bycatch issue” originated in very diverse settings. The high level
of waste and its economic consequences in some fisheries was critical
for some (Clucas 1997; Clucas and James 1997; Pascoe 1997; Catchpole
et al. 2005a,b; Harrington et al. 2005). Others were mostly concerned
with the conservation impacts of the incidental mortality of members
of the megafauna (long-lived and charismatic vertebrates: marine
mammals, sea turtles, seabirds, etc.) and the need to include mitigation measures in the management of fisheries (Morizur et al. 1999;
Crowder and Murawski 1998; Lewison et al. 2004; Wallace et al. 2010,
2013). Others were focused on the waste of undersized individuals of
the target species that reduced the yields of the fishery. Some saw the
bycatch as a bonus that could be utilized. Some fisheries caught species that they could not retain for legal reasons, and in some cases they
interfered with the production of other fisheries (Stevens 1990, Davies
et al. 2009). Words like “unintended,” “incidental,” “unwanted,” “nontarget,” and “unmanaged” grew out of these different views, and the
concept of bycatch could not be defined to everyone’s satisfaction. We
are still there, and the inconsistency of the definitions muddles many
discussions. In spite of all the variants, for the public, and especially
for the environmental organizations, bycatch has a negative connotation. Examples from the World Wildlife Fund, Seafood Watch Program,
and NOAA website based on the Magnuson-Stevens Conservation and
Management Act follow. These are the first definitions to appear in a
Google search:
“Wherever there is fishing, there is bycatch—the incidental capture
of non-target species such as dolphins, marine turtles and seabirds. Thousands of miles of nets and lines are set in the world’s
oceans each day. Modern fishing gear, often undetectable by sight
and extremely strong, is very efficient at catching the desired fish
species—as well as anything else in its path. A staggering amount
of marine life—including turtles, dolphins and juvenile fish—is
hauled up with the catch, and then discarded overboard dead or
dying.
Fishing industry leaders increasingly realize the need to
reduce this phenomenon. Proven solutions do exist, such as modifying fishing gear so that fewer non-target species are caught or
can escape. In many cases, these modifications are simple and
inexpensive, and often come from fishers themselves.”—http://
www.worldwildlife.org/threats/bycatch
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“Many fisheries around the world throw away more fish than they
keep. Some of the biggest offenders are shrimp fisheries. In the
worst cases, for every pound of shrimp caught, up to six pounds of
other species are discarded. And this incidental catch of unwanted
or unsellable species, known as ‘bycatch,’ doesn’t just include
fish—turtles, seabirds and other animals also suffer.” —http://www.
seafoodwatch.org/cr/cr_seafoodwatch/issues/wildseafood_bycatch.
aspx
“Fish which are harvested in a fishery, but which are not sold or kept
for personal use, and includes economic discards and regulatory
discards. Such term does not include fish released alive under a recreational catch and release fishery management program.” —http://
www.nmfs.noaa.gov/by_catch/bycatch_whatis.htm
The common thread to all these definitions is that bycatch is a negative outcome of a fishery, and that the individuals discarded are dead
or dying. Normally, the documents talk of “bycatch reduction” and/or
“bycatch mitigation” as objectives of fisheries management or of campaigns. The idea is, rather than replace the popular perception with a
definition shrouded in legalese, simply to accept the negative perception
of bycatch that permeates all the literature that the public receives on
the subject (Hall 1996).
To follow this argument, Bycatch means Discarded Dead, of any species. Release then is left for the Live Discards, those individuals that are
released alive, and presumed to survive. The economic component of
the fishing operation is the Catch: all that is retained and utilized in any
form, and therefore it has economic value to the fishers.
In order to describe the physical act of capturing many species and
sizes, and its product, we define Capture as the sum of all components
retained in the gear. Capture = Catch + Bycatch + Release. The impact
of the fishing operations on the populations or on the ecosystem is
reflected in the sum of Catch + Bycatch, since the Release is returned
unharmed. The need to create a term Capture, different from catch
appeared because the observer programs had started giving us knowledge that was not available before. Without knowledge of what happens
at sea, the only impacts of the fishery are measured by the landings,
and in most statistics, the catches presented are only landings and not
total captures.
These definitions avoid the use of the expression target species
or bycatch species because these definitions are not fixed in economic
terms, and can change over time and even seasonally according to the
needs of markets, prices, and availability of different species. Many multispecies fisheries, especially in tropical areas, “target” a large number
of species in the same operations.
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Fisheries are a dynamic activity that changes with resource availability changes, environmental changes, technological changes, economic changes, etc. Some fisheries have identifiable targets because of
the gear and the way it is utilized, and the vessel characteristics: tuna
purse seining, shrimp trawling, lobster trapping, scallop dredging, clam
digging, etc. But even these fisheries may retain several species, and
these choices may vary over time. Target is an economic term and/or a
legal term, in the sense of what is authorized, and both of these meanings may change with time.

The basic bycatch equation
In order to produce the transition from an emotional issue to a problem
that could be faced and solved (Alverson and Hughes 1996), it has been
very useful, from a communication point of view, to highlight the two
components of all bycatch issues that transpire from the estimation
formula (Hall 1996):
Bycatch = Effort x Bycatch per unit of effort = Effort x BPUE
Basically, to reduce bycatch, you fish less (lower the effort term) or
you fish “better” (reduce the BPUE term). The equation also shows the
fact that reductions in BPUE by improving technology, behavior, etc., can
be nullified by increases in effort in a fishery, so you cannot decouple
bycatch mitigation from fisheries management.
For simplicity I will use a single equation, but in practice the
estimate may be generated after stratification by time periods, areas,
gear types, etc. As BPUE is the impact of a unit of effort, the options to
reduce it can also be seen using a statistical approach. To lower a mean
or median, you may lower the values of the elements of the distribution (e.g., using a technological improvement that reduces the hooking
rates in many longline sets), or you may try to eliminate elements from
the upper tail of the distribution (e.g., by closing hotspots, excluding
careless skippers). The BPUE values are frequently characterized by
distributions with many zeroes and long tails of extreme values (e.g.,
Hall and Roman 2013).
If the bycatch caused by a fishing operation happens randomly with
respect to vessels or crews, and it is uniformly distributed in time (diel,
seasonal, etc.) and space (horizontally or vertically) then you cannot
identify the elements of the upper end of the distribution or predict
their occurrence. This problem is compounded for rare or endangered
species, where the bycatch events are themselves rare, resulting in
major statistical challenges for their estimation and analyses (Li and
Jiao 2015). But as it happens in most cases, there are circumstances
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that result in the higher values, then you can take action to reduce or
eliminate those.
What we use as the bycatch unit (a species, a group of species,
all the species discarded), and whether it is expressed as numbers or
weights, may change with the circumstances and the goals of the study.
Caution should be exercised with these options, as poor choices may
lead to misleading results. For instance, opposite trends in different
species may be obscured in aggregate units. Some examples follow.

Performance heterogeneities
Performance heterogeneities may be present when equipment, skills,
and decision-making of the captains and crews influence the BPUE of
a vessel. The average mortality of dolphins per set in the tuna purse
seine fishery was extremely heterogeneous, with some skippers and/or
vessels performing much better than others. A small proportion of the
fleet was responsible for a very large proportion of the mortality. This
was caused by a combination of captain and crew skills in the release
maneuvers, good (risk-averse) decision-making, and vessel condition
and maintenance. By using individual vessel dolphin mortality limits
(DMLs), assigning equal levels of mortality to all vessels, a very strong
economic sanction was applied to the poor performers, and that caused
the boat owners to replace them rapidly. In a couple of years, the upper
tail of the distribution had shrunk toward the median, and the BPUE
dropped precipitously. This was a “Darwinian” selection of the best
performers (Hall et al. 2001).

Environmental heterogeneities
In the same fishery, night sets (sets performed when it was dark) had
higher mortality rates than day sets (Hall et al. 2001), because the lack
of light impaired the behavior of dolphins and/or crews. These sets
were banned. Another type of environmental heterogeneity was not
predictable: vessels would encounter strong subsurface currents when
the net was in the water, and these currents tended to cause the net to
lose its usual shape and entrap dolphins. As they were not predictable
they could not be regulated, but the skippers’ response to an occurrence
of this type was to move to other areas trying to avoid the problem;
their adaptive decision-making replaced the regulation. In some cases,
environmental conditions are used to separate target and bycatch species according to their preferences (e.g., Polovina et al. 2000, Hobday
and Hartmann 2006, Brazner and McMillan 2008)

Risk-averse behavior
In the same purse seine fishery, tuna schools may be found accompanying dolphin herds of different sizes. Although the medians were on the
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order of 300-500 individuals, it was not rare to find a group of over 1000
dolphins. In the early years of the fishery these groups were frequently
encircled, but when the DMLs were introduced the skippers attempted
to separate the group to encircle fewer dolphins.

Spatial heterogeneities
Spatial heterogeneities may come from vertical characteristics of the
distribution of the target species and the bycatches, or from horizontal
characteristics. Examples of the vertical separation are the proposed
modification of longline gear to eliminate the shallower hooks to reduce
sea turtle interactions (Gilman et al. 2006a). Marine protected areas or
spatial closures during a limited season have been proposed to eliminate the higher BPUE values, if they are spatially aggregated (Grantham
et al. 2008). For hotspots that are not fixed in time-space, adaptive
measures based on fleet communication have been used (Gilman et al.
2006b). During the nesting seasons of some species, thousands of individuals approach the nesting areas (e.g., arribadas for olive ridley sea
turtles). Given the very high densities, it is difficult to believe that mitigation actions other than spatial closures could eliminate the problem.
When there are heterogeneities in BPUE, we have the possibility to
utilize them for mitigation. However, there are many cases where the
preferences of the target and bycatch species coincide, and if there is
a linear relationship between catch and bycatch in the strata explored,
then reductions in bycatch achieved by closures will be roughly proportional to the losses in the production of the fishery.
Another issue related to spatial or temporal closures is the alternative impacts caused by the redistributed effort in time or space, or
changes in fleet efficiency to make up for the lost effort opportunities.
These may shift impacts to other vulnerable species, and the trade-offs
among catches and bycatches of different species need to be considered
(see below).

Bycatch/catch ratio (B/C)
The best metric to analyze the probability of finding good opportunities
to reduce bycatch minimizing the losses of the catch is the use of the
bycatch/catch ratio (Hall 1996, Bartram et al. 2010), rather than only the
BPUE. Ratios are challenging measures from a statistical point of view
(biases, zero denominators, etc.) but they reflect the “ecological cost of
production.” A simple example to illustrate this is a fishery with two
areas, one with a BPUE of 20/set, and a CPUE of 50/set, and another with
a BPUE of 10/set and a CPUE of 20/set. If there is a quota of 5000 for the
fishery, it can be filled in 100 sets with a bycatch of 2000 in one stratum
or with 250 sets and a bycatch of 2500 in the other. If this situation is
managed only on the basis of BPUE the impact on the production of the
fishery is much higher.
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The B/C ratio also lends itself to economic analyses, adding the
economic costs of production to the ecological costs. In the example
above there may be a cost associated to each set, or a more complex
economic assessment of the alternatives. It also lends itself to turning
from a single species bycatch to a more encompassing ecological measure of impact, as will be discussed later.

Changes: the role of observers
As bycatches happen at sea, and records are rarely kept in the logbooks, only the presence of observers on the boats allowed assessing
the mortality caused by the fishing operations. Following occasional
observations from biologists on board fishing boats, or statements from
fishers, the different bycatch problems became visible to the public, and
there have been strong reactions to some of them (e.g., the tuna-dolphin
problem, Hall et al. 2003).
The early observer programs had, in many cases, the main goal of
estimating the incidental mortality of the “bycatch species.” The data
collection was geared to that objective. With time and more interactions
with the fishers, it became apparent that a variety of factors contributed
to causing or increasing the mortality levels. The data collection and
analyses were modified to try to understand which factors, from a long
list that included environmental conditions, gear characteristics and
crew skill and motivation, were the drivers of the bycatch levels (e.g.,
Murawski 1993; Klaer and Polachek 1998; Borges et al. 2001; Hall et al.
2003, 2007; Rochet and Trenkel 2005; Catchpole et al. 2005a,b; Graham
et al. 2007; Belda and Sanchez 2001; Favero et al. 2011; Feekings et al.
2012). This information is frequently used to discuss with the best skippers what the solutions were to the different problems. For instance,
in the tuna-dolphin fishery the presence of strong subsurface currents
caused the net to fold and produce mortality. The experienced skippers
recommended several countermeasures, such as towing the net with
speedboats. These solutions were confronted with the results in the
database, and if they were proven effective, they were communicated
to all skippers (Hall et al. 2003).
In recent programs with the goal of reducing sea turtle mortality in
longlines, the observers had the added role of training the fishers in the
best practices to handle the sea turtles, when and how to remove hooks,
etc. (Parga 2012). This role took precedence over mortality estimation
because there were no good estimates of total effort to produce the estimates, and increasing sea turtle survival post-release was considered
a reasonable goal.
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Bycatch evolution and revolution
Evolution: sequential approach to
research and mitigation
After an unstructured start for the bycatch reduction programs, where
many different experiments were proposed and some were carried out,
a more structured approach has developed, exploring the different
instances where opportunities were available (e.g., Gilman et al. 2006a,
Hall et al. 2012).
The first stage is avoiding capture. This is the preferred choice in
all cases, and it is the only one in some: most seabirds hooked are very
unlikely to survive, so all the mitigation efforts should be directed to
avoiding capture.
The second stage is releasing from the gear. The dolphin backdown,
the turtle excluder devices, and many mesh regulations allow the escape
of the individuals from the net. The tuna-dolphin purse seine fishery
focused in releasing from the net, after trying to reduce the captures by
“cutting out” as many dolphins as possible. Best practices for releasing
hooked or entangled individuals play the same role.
The individuals that cannot be released in the first two stages can
still be released from the deck. The chances of survival decrease because
the chances of stress or injuries increases, but for many species there is
still a good chance of a successful release (Epperly et al. 2004, Swimmer
et al. 2006, Campana et al. 2009, Davis 2011, Parga 2012). It is critical
that veterinary sciences are applied to the determination of the best
practices for handling and release of the individuals that are not to be
retained (Parga 2012). In many cases, significant increases in survival
can be obtained from a better treatment. As an example of a practice to
be eliminated, the release of manta rays from the deck of purse seiners was carried out in a way that was harmful or lethal to the animals,
and alternatives are being considered. This could result in a substantial
reduction of their mortality (Hall and Roman 2013).
Finally, what cannot be released alive should be utilized if possible,
and managed and regulated (Clucas 1997, Blanco et al. 2007). The tuna
purse seine fishery has reduced the proportion discarded from 80% of
the capture of non-tuna species, to 20%. Tuna discards have gone from
over 15% to under 2%. A combination of higher prices for tunas and
management banning discards has produced these declines. Examples
of the sequential approach including many actions to reduce sea turtle
mortality in longlines can be found in Gilman et al. (2006a), and Hall
et al. (2013).
Bycatch mitigation programs have a few components that are quite
similar in different fisheries:
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• Data collection: Observer programs or electronic means (e.g., autonomous cameras mounted on vessels) with the goals of producing bycatch estimates and identifying factors that cause bycatch
(Hall et al. 2003, Hilborn 2011). Increasing the number and extent
of high quality observer programs is a key component in allowing
the implementation of most changes proposed in this document.
• Interactions with fishers: Using the knowledge obtained from the
data, develop a systematic approach to seek the input and cooperation from fishers, net makers, or others involved with the specific expertise required to identify the solutions to the problems
identified. Cooperative research is an integral part of this process.
• Develop or implement technological and/or operational changes
based on the previous steps.
• Communicate the changes proposed, and train skippers and crews
on the new technology, best practices, etc. These are workshops
like those organized to address tuna-dolphin or sea turtle–longline
problems and solutions.
• Implement the solutions through intelligent, flexible management,
with adequate incentives and enforcement.

Needed evolution: population issues
The traditional reporting of bycatches has been a figure in numbers or
weights according to the case (e.g., Read et al. 2006, Amande et al. 2010).
Even though these figures are useful for comparisons over time, they
are clearly deficient as a measure of impact because the consequences
to the population of the removal of, say, a young immature individual
or a fully grown reproductive female, may be very different. The correct metrics for understanding and estimating population impacts
depends on the particular dynamics of each species. There are different
examples to consider.
In some seabird populations, two parents are required to raise a
chick. The mortality of either parent will result in the mortality of the
chick (Mills and Ryan 2005). Additionally, if the species pairs for life,
or if it takes time for the remaining member of the pair to breed again,
it will have an impact on overall fecundity.
In sea turtles, the reproductive value or the relative reproductive
value have been proposed (Wallace et al. 2008, Bolten et al. 2010), and
it can be developed to include specific mortality risks. For example, the
value of an individual sea turtle may depend on sex, size, reproductive
condition, and proximity to the nesting beach. This last variable is more
difficult to evaluate, but a female very close to the nesting beach, and
another that may be several thousand miles away and about to start a
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migration to nest, have very different chances of reproducing because
of the mortality risks during the migration.
For sharks, the reproductive potential, a sum of all reproductive
values of individuals, has been proposed (Gallucci et al. 2006) as a management variable to compare the impacts of different harvest strategies,
a better alternative than just using numbers.
Another factor that is seldom included in the population models
for the species taken incidentally is the subsidy that they receive from
the fisheries. Some encounters with fishing gear lead to mortality, but
others provide easily accessible food to predators or scavengers with a
low cost (less search time, lower expenditures of energy in chase and
capture, handling, etc.), an activity sometimes called provisioning.
Depending on the type of gear, many individuals may steal the catch
or the bait and escape successfully (Hill and Wassenberg 1987, 1990;
Hudson and Furness 1988; Blaber and Wassenberg 1989; Furness 1993;
Bugoni et al. 2010). These receive a subsidy that may result in higher
growth, reproductive, or survival rates, but because it is difficult to
evaluate and quantify the models can’t include a possible important
factor in the population dynamics. From an ecosystem point of view,
these subsidies may alter the competitive interactions between species
that receive subsidies, and others that don’t.

Needed evolution: ecosystem issues
Although most scientists, managers, environmentalists, etc., would
agree that we need to move toward ecosystem-based fisheries management, progress has been extremely difficult. We’ll review some of the
reasons.
1. Fragmentation of the participants in lobbying and decision-making:
• Governmental organizations: for example, in the United States
the Marine Mammal Commission has specific functions and objectives. There are no sea turtle or shark commissions, or ecosystem
commissions.
• Intergovernmental organizations: tuna Regional Fisheries Management Organizations (RFMOs), Pacific Halibut Commission, Whaling
Commission, Agreement for the Conservation of Albatross and
Petrels, Inter-American Sea Turtle Convention, etc.
• Conservation organizations: the Whale and Dolphin Conservation Society, Birdlife International, Shark Advocates International,
Manta Trust, Leatherback Trust, the Billfish Foundation, are organizations that have agendas that are clearly dominated by a species
or group of species.
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• The power and influence of these organizations, in many cases,
depends on the interests of the foundations that provide their
support, and the public response to their campaigns. More charismatic species are likely to receive more attention, but charisma
is not a significant ecological property of a species, and it is not a
synonym of relevance.
2. The difficulties in evaluating impacts of alternative gears or management schemes when they affect different species, habitats, etc.
The two types of mitigation measures for bycatch problems follow.

Specific solutions
Specific solutions are modifications of the gear or operational modes
that only affect the species (or group of species) of interest. A clear
example is the backdown maneuver to release dolphins from a tuna
purse seine. Only the dolphins are released, and the maneuver doesn’t
affect the tuna catch or the capture of other species taken incidentally.
Another example are the “tori lines” used to scare seabirds away from
longlines; the only impact is to reduce the capture of seabirds. By the
action of the tori lines, more bait will be left on the hooks and the line
may fish more, but it will not change its selectivity for species or sizes.

Nonspecific solutions
In the case of nonspecific solutions, the solution proposed may alter
the selectivity patterns of the gear with respect to the species been
sought, or of all or some taken incidentally. Most of the examples of
technological or operational changes to reduce bycatch fall in this category. Changing hook type (circle vs J, offset vs not offset, etc.), hook
size, mesh size, net or line depth (shallow or deep), time of setting (day
vs night), will most likely have consequences on the selectivity of the
gear for many species (Watson et al. 2005, Jenkins and Garrison 2013).
Table 1 (from Andraka et al. 2013) will serve to illustrate the problem.
Circle hooks of size 18/0 (C18) were tested to study the possibility of
mitigating sea turtle bycatches.
The circle hooks were effective, reducing hooking rates of the
olive ridley (Lepidochelys olivacea) and the black (Chelonia mydas
agassizii) sea turtles by a large and statistically significant amount.
But they increased the hooking rates of some sharks (Carcharhinus
falciformis and Sphyrna spp.) in a significant way. So the question
is: should the mitigation measure tested be adopted, in view of
these results? There is not an easy answer. It depends on the status
of the species or stocks involved. In our case, the populations of
the turtles involved are increasing in size, or are relatively stable
(Eguchi et al. 2007). But the populations of the silky shark (Hall and
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Table 1.

Capture per unit of effort in individuals per 1000 hooks of
J-hooks and circle hooks size 18 (C18). Randomization methods
as described in Manly (2007), and Inter-American Tropical Tuna
Commission (2008).
Species or group
of species

CPUE J hook

CPUE C18 hook

P value

Xiphias gladius

0.52

1.03

0.037

Carcharhinus
falciformis

15.55

25.36

0.002

Sphyrnidae

0.71

0.92

0.036

Chelonia mydas
agassizii

0.50

0.03

0.000

Lepidochelys
olivacea

0.79

0.33

0.012

All turtles

1.31

0.35

0.000

CPUE is capture per 1000 hooks (reduced table: only significant differences
shown, from Andraka et al. 2013).

Roman 2013) and of the hammerheads have been declining. We should
also consider if the swordfish (Xiphias gladius) is being overfished or
not in this fishery.
Table 1 is a reduced version of one describing the totality of the
impacts, so the assessment will be even more complex. The decisions
need to be taken based on ecological considerations, and the scientific
bases for these types of decisions are not well developed (Gilman 2011).
Fishery managers need an objective method to evaluate if the impacts
caused by the alternative gear are preferable to those caused by the
original gear (examples: Hall 1998, Erzini et al. 2003, Criales-Hernandez
et al. 2006). This forces us to compare “apples and oranges.” If the
decisions are influenced by the intensity of the advocacy, or by the
charisma of the different species, then we will be ignoring our objective of ecosystem-based fisheries management. If objective tools were
available to make this type of call, managers may be protected from
stakeholder pressures.
If you set up a spatial closure (temporal or permanent) to reduce
bycatch of a species, then the displaced effort will increase impacts on
other locations unless additional actions are in place to deal with this
“side effect.” Again, the comparison needs to be made. If the closure had
been proposed to protect a given species, without taking into account
the spillover of impacts to other habitats and species, then we are ignoring our objective of ecosystem-based fisheries management.
A way to approach the issue of giving a “value” to each individual
impacted by a fishery or other impact could be assigning to individuals
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a “replacement value” from the ecosystem point of view. Individuals
in lower trophic levels would require less ecosystem resources (food,
etc.) to be “replaced” than those in higher trophic levels. Individuals
of the same species will have different values according to their sizes
(e.g., to replace a 100 kg tuna costs much more than to replace a 2 kg
tuna). Losses in ecosystem or genetic diversity may increase the value
of the rare or endangered species. The reproductive values can also be
considered. This is a very complex idea, but the solution to the problem
will not be simple.

Balanced harvest: a conceptual revolution
For decades, fisheries managers have stated that species and size
selectivity were highly desirable, and management was oriented to
achieve those goals. Mesh sizes, regulations on minimum sizes, etc.,
were developed in that direction. The reasons to select sizes came from
the concept of maximizing the yield of a cohort of the targeted species by harvesting it at the size it had reached its maximum biomass.
The reasons to select some species were of course economics (prices
and markets), but also included species with conservation concerns or
cultural taboos.
However, even an intuitive approach to the ecosystem suggests
that concentrating the impacts on a few sizes of a few species cannot
be an effective strategy to retain the structure and functioning of the
ecosystem. The question was visited at an informal workshop by a
select group of ecologists and fishery scientists in Seattle in 1995, (Hall
1996, Appendix) where it became apparent that there was no evidence
produced by experiments in tanks or lakes, or by models to support
the selectivity approach as a strategy that was sound from the ecosystem point of view. The management actions taken were based on narrow goals, and without consideration of the ecosystem impacts. Other
authors have also questioned the approach (Caddy and Sharp 1986:133,
Hall 1996, Bundy et al. 2005, Zhou 2008) but only recently a series of
experiments with ecosystem models produced by M.-J. Rochet, A. Bundy,
and E. Fulton, and reported in Garcia et al. (2012) have developed and
strengthened the theory supporting the intuition. In any case, this discussion has served to bring to the attention of the fisheries ecologists
and managers the fact that there was no valid “ecosystem thinking”
in the traditional approach to fisheries. Distributing the impacts of
fisheries along and across food webs and over a wider range of sizes
of the species taken (Law et al. 2012, 2013; Jacobsen et al. 2014), but
maintaining control over the harvest levels of the different species,
would contribute to maintaining ecosystem structure and functioning
without losses (or without significant losses) in production. But care
should be exercised before generalizing the answers to all ecosystems
and all fisheries (Rochet et al. 2011).
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The approach is a conceptual revolution of fisheries management
and especially to bycatch management, and as such it has stirred controversies. It is feared by some as an approach that would open up
fisheries to a catch-all system, eliminating management. This is clearly
not the case, since it requires a well-controlled harvest of the many
species fished.
It is also feared by others as an approach that would justify the
harvest of whales and the take of many endangered or charismatic species. A society is not going to relinquish its cultural values because of a
model or theory, and all it takes to account for those cultural values is
to exclude some species from the “harvestable” ecosystem, and allocating to them their share of the balanced harvest, just like another fishing
fleet. For species where the incidental harvest is not sustainable, efforts
will need to continue to conserve them by making fisheries selective
in this respect.
A balanced harvest system is considered by others a utopic, impracticable approach. Even though it is clear that the transition to such
a system would have to be long, gradual, complex and painful, that
should not deter us from adopting it as a goal that in the long term will
yield positive results for all. We have accepted the laws of supply and
demand as almost physical laws determining our behavior. Perhaps it
is time to reconsider the ecological costs of those options and explore
wiser alternatives.

Needed revolution: technological issues
Many bycatch issues have been addressed by a combination of technological developments and understanding of species behavior. The
sources of these changes have been the fishers themselves or gear
technologists, and very significant advances have been made (Kennelly
and Broadhurst 2002, Hall and Mainprize 2005). These need to continue,
and additional funding to train new technologists and to develop more
programs would be a vital investment.
But at the same time, we have not explored major innovations in
the way we fish. The traditional ways of fishing used in the industrial
fleets can be described in a rather crude way as:
“capture and kill a bunch of individuals and then decide what to
keep.”
If we view the fishing process this way, then the fisheries of the
future should be based on a different concept:
“capture alive and only kill what you mean to keep.”
This approach would be suitable for any management system, but
it would facilitate the implementation of a balanced harvest system.
Achieving this goal would require in many cases major modifications
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of the way we capture and manage the capture of fish, and this needs
innovators that would stray away from the “envelope.” Perhaps fishers
tend to stay close to the techniques they are familiar with, and we need
to add innovators from other backgrounds that could introduce fresh
approaches to the challenge.
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