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ABSTRACT. Individual transferable quotas (ITQs) have become a popular management tool for fisheries. They have been promoted
in some quarters and seriously criticized in others because of their social and economic impacts. A more serious problem is that ITQs
provide exclusive access to public resources presumably in return for some public benefit, namely conservation; however, in a high
percentage of cases they do not conserve fish stocks. In this article, we focus on the reasons that ITQs do not conserve stocks. We point
to a number of phenomena identified in the literature as affecting stocks of fish, including problems with total allowable catch (TAC),
ecological hierarchy theory, r and K species, the Allee effect, scale and metapopulation structure, the need to have selective gear, and
the continuation of roving bandit incentives. Despite their growing popularity with managers, ITQs do not solve any of these problems.

We argue there may be better ways to manage. One possibility is what we call parametric management.
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INTRODUCTION AND BACKGROUND

There is increasing evidence that efforts to manage marine
fisheries have generally failed. After decades of attempts at
management, over 63% of marine species are considered
overfished and require “rebuilding” (Worm et al. 2009:578); some
are dangerously depleted. Fisheries managers have begun a
serious search for alternative types of management (Copes and
Charles 2004). One of the new management techniques that has
become increasingly popular is individual transferable quotas
(ITQs),M a type of market-based management system that give
fishermen quasi-private property rights over the resource (McCay
et al. 1995, McCay 2004, Squires et al. 1998). Specifically, ITQs
are permits given by a government to individuals to allow these
individual to “catch or transfer a certain portion of total allowable
catch (TAC)” (Pinkerton and Edwards 2009:707).

In this article we focus on the relative success of ITQ management.
Despite their growing popularity, there are a number of reasons
that ITQs have limited success in conserving stocks. We discuss
several well-accepted concepts about factors that control stock
sizes in an attempt to explain the problems with ITQ
management.

Anderson (2000) points out there are three aspects of ITQ
systems: (1) The basic management tool is a total allowable catch
(TAC) for a given species usually over a broad range, established
by government scientists. (2) Quasi-ownership rights are held by
individuals who may use them at any time. (3) The rights are
transferable so that they may be bought, sold, or transferred to
anyone who has the cash to buy a permit and quota.

ITQs are the creation of economists. Most of the discussion
focuses on the pros and cons of ITQs’social and economic effects.
In this article we focus primarily on an important topic that has
received less attention: What effect does the imposition of ITQs
have on conservation of fish stocks?

ITQs are a relatively new management tool. They were first
proposed by Christy (1973); see also McCay (2004). The first ITQ
systems were put into effect in Iceland, New Zealand, the
Netherlands, and later in Canada (Arnason 2005, Chu 2009). This
management system is expanding rapidly (McCay et al. 1995,
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Yandle and Dewees 2008). Chu (2009:217) says that “eighteen
countries currently use ITQs to manage several hundred stocks
of at least 249 species.” Costello et al. (2010) mention 150 ITQ
programs.

ITQ management is controversial, with proponents and
opponents disagreeing on many points. Many authors aver that
ITQs increase private and public efficiency. According to
proponents, ITQs give fishermen some property rights over fish
stocks, which goes a long way toward addressing problems of
overexploitation, overcapitalization, and inefficient use of fish
stocks (Arnason 2000, 2005, Huggins 2011, Olson 2011). Holland
(2000:141) says that “economists have long advocated ITQs as a
means of internalizing stock externalities.” If an owner has
complete and secure property rights, he or she obtains all of the
returns earned by that property; and the owner has to assume the
costs that his or her actions do to the property of others. Because
the owner does not have to share the returns from the property
with others, there is an incentive to invest in the property and
avoid squandering it (Arnason 2000, 2012). ITQs are said to
promote conservation and efficiency. They also promote
sustainability by “giving people an incentive to use a low discount
rate,”i.e., postpone immediate rewards to get even greater rewards
in the future (Munro et al. 1998:12). Huggins (2011:8) says more
secure ownership rights that come with ITQs give “fishers an
incentive to reduce overfishing and avoid sensitive spawning areas
to promote stock recovery.”

When ITQs are established, quotas are bought by the most
efficient boat owners while the less efficient owners either curtail
fishing activities or leave the industry altogether. The result is that
the same catch is shared by fewer boats, leading to an increase in
catch per vessel, fewer owners, increased profits, and reduction in
overcapitalization (Sanchirico and Newell 2003, Sumaila 2010).
This occurs without cost to the government. In addition, by giving
fishermen an assured right to catch a certain quota of fish, ITQs
end the race for fish. Each year this results in harvesting fish over
a longer period of time; it also avoids gluts in the market and
promotes safety by permitting fishermen to avoid fishing in
dangerous weather (Anderson 2000, Huggins 2011).
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Some authors are quite laudatory about the effects of ITQs on
fisheries, mentioning a long list of positive attributes ranging from
increased prices to fishermen, an increase in fish quality, and more
flexibility for fishermen, to a reduction in costs, fewer instances
where fish targets are exceeded, and less cheating (Leal et al. 2006;
see also Holland 2000). Moreover, in a number of cases, but not
all, they do conserve fish stocks.

However, a number of analysts point out long lists of costs and
problems that come with ITQs. The list of critics is a long one:
Salz (1996), Copes (2000), Wingard (2000), Bromley (2009),
Ecotrust Canada (2009), Gibbs (2010), Cabral and Alifio (2011),
Olson (2011), and Soliman (2014).

In an ITQ system, opportunities to cheat are ever present
(Anderson 2000, Criddle and Macinko 2000, Copes and Charles
2004). Quotas are often exceeded (“quota busting”), and there
are numerous instances of “high grading,”i.e., culling one’s catch
and keeping the large, high-quality marketable fish and discarding
less desirable fish. Enforcing quotas means keeping accurate
records on landings of all fish by boat, which adds to enforcement
costs.

ITQs reduce the number of boats in the fleet and can increase
unemployment (Yandle and Dewees 2008, Olson 2011). In
addition, the imposition of ITQs typically results in the fleet being
concentrated in the hands of those who can afford to purchase
quota from others, resulting in economic concentration and
market power (Bernier 1997, Criddle and Macinko 2000,
Eythoérsson 2000, Olson 2011). It also can result in a loss of the
small-boat fleet and a concentration of boats and processing
facilities in some ports, with a decline in maritime activity in other
ports (Eythorsson 2000). The costs often fall on the poor who
lack easy access to capital markets (Olson 2011). Perhaps most
important, ITQs can lead to increases in social class distinctions
and severe problems with equity and social justice (McCay et al.
1995, Palsson and Pétursdottir 1997, Copes and Charles 2004,
Sumaila 2010).

There is also evidence that leasing of quota can reduce the
economic benefit to society (Pinkerton and Edwards 2009)
because it introduces inefficiencies. More important, ITQs make
a gift of part of the public domain to fishing firms (Bromley 2009).
Bromley (2009) deserves special note. He criticizes ITQs not only
for being ineffective and costly, but also because they are based
on highly flawed economic analyses. Bromley’s point of view is
quite close to our own save for the fact that he does not emphasize
biological outcomes.

EFFECTS OF ITQS ON FISH STOCKS

Although there are not a large number of studies on the effects
of ITQs on stocks, the best evidence strongly suggests the effects
are mixed. Chu (2009) points out that in a study of 20 stocks
where biomass changes were analyzed, there was improvement in
12 stocks after the advent of an ITQ program. The other eight
(40%) continued to decline. She concludes that ITQs can be an
effective component of management in many cases, but it is no
guarantee of success. The same lack of consistent results was
reported by Branch (2009), who analyzed the effect of ITQs as
reported in 227 peer-reviewed papers. He points out that 42% do
not mention “ecological effects while the majority of the rest
include anecdotal evidence only” (Branch 2009:40-41). Thirty-
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five papers or 15% of the total reported on the biological effects
of ITQs. The results were mixed, with 60% of these reporting a
positive effect, while 23% reported a negative effect, and another
14% reported a mixed effect. (Three papers did not address the
biological effects.) Essington (2010) assessed the effect of
implementing catch shares on certain indicators of conservation,
including biomass, fishing effort, and discards. With the
exception of a decline in discard rate, he is unable to see any
significant change in these indicators following implementation
of ITQs. Costello et al. (2008) report the most positive results.
They used a statistical model to study ITQs and concluded ITQs
do help prevent the collapse of fisheries. Confounding the results
of Costello et al. (2008) is that ITQs are often implemented after
stocks have crashed or shown serious signs of depletion.
Subsequent (after the ITQ) crashes and/or depletions might not
be possible.

Others are more dubious about the conservation effects of ITQs.
In fact many authors say that ITQs have little effect on stocks
(e.g., Holland 2000, Clay et al. 2010, Essington et al. 2012).
Moreover, Nowlis and Van Bentham (2012) are critical of the
positive studies because the increases in stocks are not likely due
to ITQs alone (see also Bromley 2009).

Some believe that many stocks are in a state of recovery because
of the imposition of quotas. However, the studies by Branch
(2009) and Chu (2009) do not support this conclusion. Moreover,
we cannot find a long list of recovered stocks. We believe the
picture is mixed. Hilborn and Hilborn (2012:xvi) summarize the
situation well when they say, “There are places that have been
severely overfished, and others that have not. Some management
agencies have reduced fishing pressure and stocks are recovering,
while elsewhere fishing pressure has been left too high and
overfishing continues.” ITQs have done little to change this
overall assessment.

To be sure, we are defining management success solely in terms
of the effects on stocks. This is a narrow definition. In the U.S.,
for example, federal fisheries managers are required by the
Sustainable Fisheries Act to consider a number of factors in
promulgating rules, including economic effects on communities.
Saving the fish, however, is primary. As Bromley (2009:286)
points out, “the job of fisheries managersis to protect fish stocks-
not to try to maintain the profits of the fleet.” We agree.

In summary, despite the fact that ITQs are spreading rapidly,
there is every reason to be skeptical about their effectiveness as
a conservation device (see also Thébaud et al. 2012). In our view
this is the major problem with ITQ management. ITQs may be
highly successful in ending the race for fish and increase revenues
to fishermen, but their limited success in improving stocks is a
serious indictment.

PROBLEMS WITH ITQS AS A MANAGEMENT TOOL

In our view, ITQs fail to address many factors scientists have
identified as influencing stock sizes. Given these failings, it is
scarcely surprising that ITQs do not perform well as a
management tool.

Efficiency and industry concentration
As we noted earlier, according to proponents one of the virtues
of ITQs s the increase in efficiency because quotas can be traded
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and end up in the hands of the most efficient boat owners,
resulting in fewer boats, increase in catches per vessel, higher
profit, and lower labor costs (Wingard 2000, Soliman 2014). The
advocates of ITQs see this consolidation in the industry as highly
desirable from an economic point of view. We might point out
that the economic benefits claimed for many ITQs are simply the
higher profits and lower capital costs of the remaining fishermen.
Any market will show these effects if competition is restricted. At
aminimum, the restricted competition created by an ITQ program
is good public policy only if it produces a public benefit in the
form of healthier stocks and larger or more sustainable catches.

Another public policy aspect of ITQs concerns “regulatory
capture.” This is not a problem unique to ITQs or fisheries. It is
a problem that arises when any regulatory process is dominated
by the individuals and firms that are presumably being regulated.
A good relationship between regulators and those regulated is
often desirable, but when the outcome of regulation is inefficient
and unfair, poor regulatory capture may lock public policy into
undesirable outcomes. In fisheries, representation is costly, and
usually only those with a direct financial interest in the outcome
can afford to participate. In these instances, ITQs restrict access
to the public wealth and reduce economic opportunities. In the
absence of conservation, ITQs are little more than a way to create
privilege and inequality of opportunity.

Metapopulations, technology, and roving bandits

ITQs and other quota-based approaches to management try to
protect growth (yield per recruit) and spawning potential. Usually
quotas are applied at a broad scale, often using boundaries that
reflect knowledge of population structure in the 1970s. Since the
1970s, however, it has become clear that many, perhaps most,
vertebrate fish have what is characterized as metapopulation
structures, that is, local populations that are adapted to particular
places for spawning but also for other points in their life cycle. In
these instances broad-scale quotas do not protect the local
components of the populations. When the profitability of one
subpopulation is greater than another, fishermen will
preferentially harvest the more profitable subpopulations. Over
time this tends to drive all populations toward similar levels of
profitability. If those subpopulations are characterized by
minimum viable sizes, sooner or later variation may cause one
subpopulation, then the next and the next to fall below the
threshold. In short, quotas that are not matched to stock size or
range exacerbate overexploitation by failing to protect the local
ecological structure. Over the long run, the use of ITQs can lead
to disorganization of the stock, and ecological disaster.

If ITQs are to work, they need to be applied at the right scale
(Wilson 2006). For example, problems with northern cod (Gadus
morhua) and the other fisheries of Newfoundland and Labrador
appear to stem from serial extirpation of metapopulations by
boats using roving-bandit strategies and the use of ever larger
boats with more sophisticated technology (Rose 2007, Hayden et
al. 2015). Typically, fishermen exploit concentrations of fish near
shore, and when those are depleted or extirpated, they get larger
and more sophisticated boats to exploit fish concentrations
further offshore. When those are used up, they get still larger boats
and move still further offshore where the same sequence occurs
(Swartz et al. 2010, Bolster 2012). This dynamic of depletion and
extirpation generates strong incentives that ITQs do little to abate.
In short, ITQs can lead to very perverse consequences.
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Management is aimed at controlling effort over the entire range
of the stock so that limits are framed to control average
exploitation. But fleets are not exploiting an entire range. The
solution from this perspective is (1) to control roving-bandit
behavior by permitting boats to fish only in certain areas and (2)
to match effort to the size of subpopulations. ITQs do neither.

Selective gear

ITQs ignore the critical problem of gear selectivity. Several
observers of fisheries have long called for more selective gear. The
fisheries techniques used to capture fin fish in First World
countries are particularly problematic. The most popular gear is
the otter trawl, which inevitably results in taking small and
reproductive-sized fish. Its use also results in a substantial by-
catch. The heavy trawl doors that hold open the net cause
substantial damage to the ocean bottom. Not only does the use
of trawls result in high mortality on fish caught, but there is
substantial evidence that “trawling has reduced the growth rates
of some species and some species may not recover in trawled
habitats” (Hilborn and Hilborn 2012:101).

In addition, there are problems of increases in by-catches because
several different fish species are regularly caught at the same time
in the same net. These practices result in an increase in mortality
and a huge waste of fish (Squires et al. 1998, Criddle and Macinko
2000, McCay 2004, Yandle and Dewees 2008, Pinkerton and
Edwards 2009).

However, it is difficult to advocate the complete abolition of
trawling gear because some species can only be harvested by this
gear, e.g., Atlantic scallops (Placopecten magellanicus), flatfish.
Some areas have been trawled for long periods and still produce
a substantial amount of fish, and some trawl fisheries are quite
successful, including the Pacific pollock (Gadus chalcogrammus)
fishery.

Given the damage to stocks and habitats done by otter trawls, it
would be highly desirable to develop selective fishing gear.
Although virtually every environmental group has urged
substituting more selective gear in place of otter trawling, little
has been done to produce such fish capture techniques. Apollonio
and Dykstra (2008) point out that more selective fishing gear
might be developed by using promising new electronic
technologies, e.g., sound and light to attract fish (Spilhaus 1963).

Some of the problems caused by the use of unselective gear can
be alleviated by a variety of strategies. Existing trawling gear can
be made more selective by using larger mesh sizes and excluder
devices which would allow some more small fish to escape.
However, this does nothing to conserve the more valuable large
females. Gillnets and long lines are more selective, but have their
own problems (Apollonio and Dykstra 2008). More reliance
might be placed on fish-trap technology, but they can only be used
in shallow waters. The fishing gear used in Third World countries,
emphasizing fish traps, weirs, and spears, is more selective, but
probably not applicable to industrial fisheries in general. This
likely means that unselective gear is going to be widely used for a
long time.

We believe it is difficult to overestimate the problem of unselective
fishing gear. If we were empowered to pass one rule to increase
the probability of ending overexploitation, it would be to replace
the otter trawl with selective gear. This cannot happen quickly
given the current environment, but it is still a desirable goal.
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Maximum sustainable yield [MSY] and stock-recruitment models
The basis of scientific management, including ITQs, is stock-
recruitment models, which are concerned with the populations of
stocks of fish. The central idea is that the long-term abundance
or sustainability of a species is linked to the spawning stock size,
which in turn is strongly influenced by the amount of exploitive
effort on that stock (Beverton and Holt 1957). In theory, the
relationship between stock size and fishing effort can be described
mathematically. At low levels of effort, there is a large breeding
stock and a high population. At high levels of effort, the breeding
stock is reduced, producing low recruitment (Cushing 1977,
Wieland 1992). If effort continues at very high levels, stock levels
and yields will be very low. (Stock-recruitment models have been
parodied as saying that “more mommies means more babies.”)
The objective of conventional management is to limit effort to
the point where maximum economic yield occurs or where
maximum sustainable yield (MSY) results. In either case, fishing
effort can be limited by rules designed to lower mortality on fish
or directly by a quota. ITQs, of course, use a quota.

In most cases, there is little empirical evidence that stock-
recruitment models work. In some cases such as Maine lobster
(Homarus americanus), increase in effort has not reduced
recruitment (Acheson and Steneck 1997). In other cases, large
year classes of fish were produced by small parent stocks. It is
true that in both World War I and World War II when fishing
effort went down, stocks went up. But these are rare cases.
Controlling effort was also correlated with increases in stocks in
both the sea bass industry and the salmon fisheries in Alaska and
the Fraser River, but many factors other than effort could explain
the changes in stock sizes in these cases.

Asearly as 1977, scientists argued that MSY was a flawed concept
(see also Finley 2011). Even Beverton (1998), a pioneering
population dynamicist, complains that little scientific evidence
has been put forward to validate the idea.

The MSY concept can be linked to several different kinds of
problems of management. First, stock-recruitment models lead
unerringly to policies designed to regulate the amount of fish
taken. There is no concern with the stage of the life cycle that the
fish are in. According to proponents of the model, any ton of fish
is worth the same as any other ton regardless of the composition
of the catch. However, there is evidence that fish caught at one
part of their life cycle can have a different effect on stock size and
recruitment than fish caught at another stage. It is important to
maintain the breeding stock, and taking large numbers of gravid
females can have a devastating effect (Berkeley et al. 2004).

More important, stock-recruitment models define the goals of
management in terms of controlling effort at a point where MSY
isachieved. To achieve this end, fishing effort cannot be permitted
to exceed the MSY level. In ITQ management this is done by
setting a quota. The problem is that it is virtually impossible to
set a quota accurately (Brewer 2011). The number of variables
involved is so large and the feedback mechanisms between them
are so complicated that a great deal of fine-grained, continuously
updated information would be required to predict changes in
stocks as effort alters. Population dynamics expert Yong Chen
recently remarked (personal communication) that predicted stock
sizes are almost always wrong by a large amount and are
frequently even of the wrong sign, i.e., stocks rose when they were
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expected to fall and vice versa. Longhurst (2010:13) phrases the
problem forcefully in speaking about the “general unreliability of
stock-assessment data.” He goes on to say “it is hard to
overemphasize the extent of the gap between the assumptions
often used in establishing allowable catches and reality”
(Longhurst 2010:210). In this respect, the problem with ITQs is
general to all management systems depending on a quota.

As a general rule, biological and economic concerns cannot be
separated if good policy is to be produced. If biological policy is
based on the assumption that it is possible to predict and set
accurate quotas (as standard theory assumes), then economic
policy based on that assumption is bound to be less than optimal.

r and K selection

ITQs do not take account of inherent biological realities that have
important implications for management. One of the most
important concepts is that of r- and K-selected species, a concept
that describes the range of diverse species based on important
biological characteristics (Pianka 1970, Adams 1980). The terms
r and K selection are derived from the numerical parameters of
the standard population-growth equation that describes the
pattern of growth of many species. The r refers to the logarithmic
phase or rapid growth period of any increasing population. The
K refers to the carrying capacity of the environment, i.e., when a
population reaches its asymptote. R species are adapted to rapid
growth or decline and thus exhibit substantial fluctuations in
numbers. K species are inherently slow growing, long lived, and
have relatively stable populations. The two kinds of species have
different life-history characteristics, including different age
structures, age of maturity, growth rates, fecundity, numbers of
reproductive periods, length of life, relative sizes, spatial
heterogeneity, and responsiveness to physical and biological
perturbations (Adams 1980, Apollonio and Dykstra 2008).

Populations of r-selected species are inherently variable because
they are controlled by factors in the environment such as water
temperature, upwelling, and currents, factors well beyond the
control of managers. These species exhibit unmanageable
fluctuations and possible population crashes. Fishing effort has
only a secondary effect on their populations. The concept of MSY
has no relevance. Such species are not good candidates for
management.

K-selected species, by way of contrast, with their long age
structure, are inherently stable, but particularly susceptible to
overfishing and vulnerable to forces that management can
influence, including gear type and locations and seasons when
fishing is allowed.

Yellowtail flounder (Limanda ferruginea) are an r-selected species
(Apollonio and Dykstra 2008). For many years the species has
exhibited great variability in numbers as a result of temperature
variations (Sissenwine 1974). Stringent management efforts over
more than 20 years failed to stabilize or achieve a hypothetical
MSY in that boom or bust fishery (Apollonio and Dykstra 2008).

If a K species is put under enough fishing pressure, older fish are
removed from the population and both the number of year classes
and the age of maturity can be reduced. In such cases, these K-
selected species can act like r-selected species, with all that
indicates for exaggerated variations in new year-classes and
population numbers. There can be unmanageable fluctuations in
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population and possible population crashes. Thus, a population
of heavily fished species is younger and less manageable than a
population of the same species with higher proportions of older
year classes. Quota management, including ITQs, is based on the
assumption that all biomasses are equivalent, that a ton of one-
year-old fish is equivalent to a ton of five-year-old fish with large
numbers of gravid females. The effect of fishing pressure on these
two kinds of populations can be very different, and that is not
recognized by current management. To be sure, ITQS can be
combined with other management rules to protect juveniles and
older fish, but ITQs, in and of themselves, do not do this.

More biological factors: age structure and Allee effect

Frank and Brickman (2000) point out that overfished stocks often
do not rebound fast if at all. They suggest that the Allee effect is
responsible for this phenomenon. That is, at low population levels
there are certain biological and physiological changes that reduce
reproduction. In stocks with small populations, fish may “have
difficulty in finding a mate, there can be breakdowns in social
structure and migration patterns, difficulty in fending off
predators” (Frank and Brickman 2000:514).

Even more important, there is increasing evidence that
maintaining age structure is as important in preserving stocks as
is spawning biomass. Total reproductive biomass may not be the
critical element in maintaining spawning potential because only
a small fraction of spawners contribute to a new age class. The
fish that are most essential to maintaining the population are
“older, larger females,” especially those that produce eggs in the
right place and time (Berkeley et al. 2004:23). Fishing generally
targets larger and older fish, exactly those needed to maintain the
population. Quotas and TACs restrict fishermen to taking a
certain amount of fish, regardless of size or reproductive status.
This means that stock assessments do not give an adequate
assessment of the real spawning potential of stocks (Armstrong
and Sumaila 2001, Berkeley et al. 2004).

ITQs do nothing to address the problems posed by the Allee effect
or the need to conserve age structure. As a practical matter, it is
always difficult to conserve older reproductive fish, but we are
convinced that this must be done where it is possible because
failure to conserve breeding stock is a major flaw in traditional
fishery management efforts.

Hierarchy concept

Hierarchy concept (Allen and Starr 1982, O’Neill et al. 1986) is a
well-worked-out concept about complex ecological systems that
has relevance to fish population dynamics. If this concept is
applied to fisheries, it gives a different view of the goals of
management and how management must proceed than standard
stock-recruitment models. Hierarchy concept includes the
fundamental observation that ecosystems are structured and
function by different rates of processes within systems, and that
those rates are hierarchically arranged. (It is important to
recognize that the hierarchy is composed of rates of processes,
not of structures.) At the top of the hierarchy, the rates are slower;
at the bottom of the hierarchy, the rates are faster. The slower
rates constrain the dynamics of processes with higher rates. The
higher, slower rates prevail over more space than lower, faster
rates; thus lower levels cannot escape the constraints of the higher
levels. In natural systems such rates include rates of birth, growth,
spawning, and mortality. In exploited fisheries, such rates would
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also include rates of capital investment or application of
technologies and increase in fisheries efficiency.

The structure in such hierarchical systems arises from the
constraints of higher, slower rates upon the lower, faster rates. For
example, whales constrain the growth rates of Antarctic krill
(Euphausia superba) and other species with faster spawning and
reproduction rates than whales. If krill are not constrained, their
growth rates lead to population explosions and dramatic
fluctuations in populations. Cod present another example. In cod,
older, larger, cannibalistic fish constrain the growth and
reproduction of younger year classes. The concept says that the
constraints of higher levels must be maintained if the system is
to be reasonably stable, predictable, and in the case of fisheries,
manageable.

Slower and more stable dynamics are more amenable to
management than the faster and less predictable dynamics of
lower levels. If management and conservation of the higher
constraints on a system are effective, then the dynamics of lower
levels will be naturally constrained and may be ignored, that is to
say, they may vary within limits set by the natural evolution of
their systems. For example, one constraint on cod is the existence
of older, larger cod. MSY assumes that removal of these larger
fish will result in younger fish growing more rapidly. The hierarchy
concept theory and experience, however, show that removal of
larger, older cod does not result in a robust, stable population of
smaller cod, but a population that exhibits increasing oscillations.

What constraints control the population of fish? There are several
possibilities depending on the species and the environment of
fishing. For cod, one constraint can be older, larger fish, but a
second can be the guild (a set of species that competes with each
other for food and resources and inhabits the same ecological
niche) to which cod belong, and a third can be the economic
processes governing the actions of the fleet that targets cod.
Removal of any of these constraints can have effects on cod
populations.

One of the axioms of the hierarchy concept is that the evolution
of systems integrates the function of lower levels into new
functions of higher levels. The evolution of schools, for example,
added to the dynamics of fish in ways that make behavior more
stable and predictable. A guild represents another example of
higher level of organization. It too acts as a constraint on the
behavior of fish at a lower level. If something occurs to destroy
schools or guilds, then disintegration of the community of fish
may result, with all that says about changing the constraints that
control the populations of species at a lower level.

ITQ management does not provide the constraints that are
essential to effective fisheries management. Quotas are applied to
the target species, which means that management is not applied
to the higher level constraints controlling the population of those
target species. Allen and Starr (1982) make clear that the
significant or functional constraints operating on a species of
particular interest (a target species) are of a slower rate and of
broader scale than the target species. The constraint may be a
guild of species using a resource of common interest to a species
in the guild. In this sense, fishing on “underutilized species” is not
good policy. The constraint could be a keystone species, or it could
be the rate of investment in the species. A hierarchical constraint
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of particular relevance to a fishery is the managers’ objective for
management of the fishery (Apollonio 2002). Management
should focus on preserving the constraints that affect the
dynamics of the species of interest. The hierarchical concept
makes clear that if naturally evolving constraints are not
preserved, the structure of the ecosystem is disrupted and these
components may fluctuate in unmanageable fashion.

SUMMARY

ITQs do not address many of the problems that need to be solved
if fish stocks are to be made sustainable. First, for ITQs to be
effective, the proper quota must be set (Walters and Pearce 1996).
This means that the TAC must be correctly ascertained. There are
problems in setting TACs. Moreover, there is little evidence that
fishing effort can be linked to stock size.

Second, ITQs do little to promote conservation (Pauly 1996). To
be sure, ITQs are supposed to give fishermen an incentive to
conserve by guaranteeing them a fixed catch. However, they do
not give secure, complete ownership rights at the right scale, and
they do not do away with the problem of regulatory capture. These
aspects of ITQs reduce the incentive for fishermen to conserve
for the long-run benefit of the resource. ITQ systems are also
plagued by high grading and quota busting, practices that can
only be controlled by expensive monitoring and enforcement
(Copes and Charles 2004).

Third, ITQs do nothing to ensure survival of the right species at
the right times and in the right places. That is, ITQs do not help
conserve the K species; they do nothing to conserve older female
fish that are essential to recruitment; they do not prevent the
tendency to extirpate subpopulations; and they do not prevent
roving-bandit behavior. Given that ITQs do not approach or solve
so many phenomena that many fisheries scientists say reduce
stock size, it is little wonder that the imposition of ITQs does
nothing to conserve stocks in so many cases.

In addition to problems concerning conservation, ITQs raise two
other policy problems. First, biological models cannot be
divorced from policy and economic issues. Quota management,
including ITQs, is based on the flawed assumption that
populations can be predicted and controlled. An economic policy
that is predicated on that assumption cannot be optimal. Second,
ITQs convey part of the public domain to fishermen with no
return to the public in the form of conservation.

HOW SHOULD FISHERIES BE MANAGED?

‘We have pointed out that traditional fisheries management suffers
from a variety of problems, ranging from lack of selective gear,
lack of recognition of the possibilities in considering the
hierarchical concept, ignoring scale problems and the difference
between r and K species, and failure to control roving bandit
behavior. Addressing any of these problems could improve
management. However we believe that managers need to consider
far more drastic measures.

Given the serious social problems inherent in ITQ management
and that ITQs do not conserve fish in about half the cases, we
suggest abandoning the use of ITQs in favor of rules governing
how, when, and where fishing is allowed. This approach, which
we have called parametric management in other publications, has
much to recommend it (Acheson and Wilson 1996). In stark
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contrast to stock-recruitment models, this approach to
management assumes that stocks are complex and may change
unpredictably within environmental parameters. As long as such
environmental parameters are maintained, e.g., migration,
spawning potential, habitats, and growth rates, stocks may
fluctuate rapidly and unpredictably, but only within certain limits
(Apollonio 2002).

Parametric management attempts to preserve basic biological
processes rather than limit the amount of fish that can be taken.
Parametric rules limit where fishing is allowed, when fishing can
take place, and how fishing will be done, i.e., techniques.
Traditional fisheries management systems in the Third World use
these kinds of rules; there are no instances where traditional
societies use quotas. These management systems have maintained
fisheries in those societies for long periods of time (see Fig. 3 in
Acheson and Wilson 1996).

Parametric management rules are also used in the Maine lobster
fishery where catches have been at historic highs for more than
20 years (Acheson 2003). Lobster management has long been
based on rules designed to conserve large reproductive-sized
lobsters by using rules prohibiting taking: egged lobsters, lobsters
over 5 inches on the carapace, and V-notched lobsters, which have
had eggs in the past. It is also illegal to take lobsters under 3%
inches, a rule designed to protect juvenile lobsters. In Maine it is
also illegal to use anything but traps, which are highly selective
gear. Using traps makes it possible to remove lobsters that cannot
bekept, i.e., oversized, undersized, or egged lobsters, and put them
overboard where they survive. It is illegal to use nets to take
lobsters because nets are unselective and damage a large
percentage of the lobsters caught (Acheson 2003). The lobster
fishery is not without its problems. It uses an enormous amount
of herring as bait; the vertical lines on traps present a danger to
the protected right whale population; and the cost of bait and
fuel has increased to the point where the income of many lobster
fishermen has been greatly reduced. But the fishery is certainly
successful in sustaining and enhancing the lobster population
using parametric-style rules.

Parametric management is made even more effective when it is
coupled with bottoms-up management where rules are developed
by user groups themselves. Resource users do not generate rules
they feel are ineffective and inefficient. This is one of the reasons
that lobster management works well. The industry lobbied for the
rules because a large faction believed they would conserve the
lobster stocks and were scientifically sound. As a result, they are
willing to help enforce those rules (Acheson 2003). As a general
rule, parametric management rules must be adequately enforced
if they are to be effective. This is likely to occur if there is a strong
civic culture causing fishermen to obey the rules themselves and
to sanction violators.

Parametric management has many advantages. There is no
problem calculating MSY because the goal of management is not
to limit the number of fish taken. Rules on how, when, and where
to fish are easier to enforce. It is relatively easier, for example, to
enforce a rule forbidding fishing at a certain season or in a specific
place or using forbidden gear than it is to enforce a quota, which
needs an elaborate accounting and monitoring system. With
parametric rules, crimes such as quota busting and high grading,
the bane of ITQ systems, do not exist. Rules limiting when and
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where fishing can take place can also help eliminate roving bandits
and help protect migration routes and nursery grounds. Rules
mandating the use of selective gear make it possible to release
certain sizes and species of fish. Such rules would help to protect
K species, maintain age structure, and protect reproductive stock.

Abolishing ITQs would serve still another function, namely, it
would end making a gift of publicly owned resources to private
individuals. Once the TAC is allocated, the fish resources belong
to ITQ owners, and the government has no right to insist on
additional payments from the fishermen who own the quota.
ITQs, in the words of Bromley (2009), cheat the rightful owners,
the public.

None of this is to suggest that parametric management would be
easy. Managing groundfish, for example, by rules on how, when,
and where fishing is done would mean developing more selective
gear, e.g., doing away with the otter trawl, and having rules to
protect breeding and nursery grounds, which would likely mean
closing fishing in certain areas and places to fishing for sizeable
periods of time. It would also mean conserving an adequate
amount of forage fish, e.g., herring. One would also have to ensure
survival of large reproductive fish, and we see no easy way to do
this because fish of different sizes are mixed together. In addition,
there is still a problem of how to compensate the public for use
of a public resource. Gear taxes and landings fees are possible
solutions. Of course if the fishery improves, there would be more
firms and fishermen to pay income taxes. Still, it would likely be
difficult to generate an efficient institution to ensure the public is
paid for fish caught under a parametric management plan.
Nevertheless, we are convinced that parametric management has
enough to recommend it that it should be considered as a
management option for many fisheries.”!

U The study of quota management systems in fisheries is confused
by the variety of terms used to describe variants on quota
management. If the quota is allocated to an individual and can
be transferred, it is generally called an “individual transferable
quota” (ITQ) or “individual fisheries quota” (IFQ). If the quota
is attached to a boat, it is called an “individual vessel quota.” If
rights to the quota may not be transferred, it may be called an
“individual quota.” If rights are given to corporations, they are
called “community development grants;” if allocated to
communities, they may be called “community development
quotas.” When rights to the fish in a specific geographic area are
allocated, they are called “territorial use rights in fisheries”
(TURFS). “Cooperatives” are groups allocated a quota, which
are then empowered to decide how to divide the quota amongst
themselves. “Sectors” are a group quota allocated to a set of
fishermen who are then empowered to divide the quota and
manage the fishery (Branch 2009). In this article we use the term
ITQ, but what we have to say holds true for all variants on quota
management.

! Parametric management does not preclude the use of input
controls, e.g., days at sea, but it must include other measures as
well if it is to succeed in preserving fish in vulnerable parts of their
lifecycle.
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