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We convened a symposium at the Midwest Fish
and Wildlife Conference in December 2000 on the
challenges of developing and implementing active
management programs for recreational fisheries.
We were motivated by our experiences managing
mixed commercial and recreational fisheries in
Minnesota and Wisconsin. Experience told us that
increasing angler proficiency and competition be-
tween commercial and recreational fisherieswould
lead to increased risk of overharvest of the un-
derlying fish stocks. In thinking about that risk,
we raised several questions that we hoped could
be answered by a symposium on the subject of
active recreational fisheries management: Why has
so little experience been gained in actively man-
aging recreational fisheries? When is active man-
agement of recreational fisheries necessary? What
are the components of an active recreational fish-
eries management plan? And what are the chal-
lenges when trying to actively manage recreational
fisheries? Below, we summarize the most impor-
tant findings that emerged during the symposium.

Active versus Passive M anagement

Active management of recreational fisheriesim-
plies that a complete management procedureisin
place, with clear goals or objectivesfor thefishery,
management schemes to keep the total harvest or
exploitation rate within prescribed limits or tar-
gets, and methods for assessing whether the goals
or objectives have been met. Many recreational
fisheries in North America are managed passively,
without specific management plans detailing all
aspects of the management process. If recreational
fisheries have management plans, the plans are of -
ten vague or generically applied to many lakes,
rivers, or streams. Our treatment of active man-
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agement in this symposium can be considered one
of the primary components of active adaptive man-
agement. Within the larger context of adaptive
management, active management procedures
would be applied in semicontrolled settings, often
to multiple water bodies, in a manner that address-
es the sources of uncertainty in the recreational
fishery. An example would be the application of
new regulations across multiple lakes with a clear
suite of testable objectives (e.g., to increase the
mean size of fish in the catch while maintaining
spawner abundance above a predetermined level).
Lester et al. (2003, this issue) describe how such
management may be implemented for recreational
fisheries across Ontario.

Reasons for the Paucity of Active
Recreational Fishery Management

Why has so little experience been gained in ac-
tively managing recreational fisheries? Weidentify
three primary reasons for the paucity of active
management procedures, though many secondary
reasons exist. First, many agencies are responsible
for managing an extensive and diverse array of
recreational fisheries, and they may not have ad-
equate resources for monitoring either the fishery
(e.g., recreational angling surveys may be rela-
tively costly) or the fish stocks supporting the fish-
ery. As a result, agencies often apply the same
regulatory scheme (e.g., season closures, bag lim-
its, or size limits) to most of the fisheries in their
jurisdiction. Second, relatively few recreational
fisheries are of such singular importance that they
provide strong sociopolitical or economic motives
for active management. Exceptions include fish-
eries that support multiple commercial, recrea-
tional, and subsistence users in the oceans (e.g.,
Pacific halibut Hippoglossus stenolepis; Williams
and Blood 2003, this issue), inland lakes (e.g.,
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walleye Sander vitreus [formerly Stizostedion vi-
treum] in Lake Mille Lacs, Minnesota; Radomski
2003, this issue), and Great Lakes (e.g., walleye
in Lake Erie; Ryan et al. 1999). Post et al. (2002)
documented examples from across Canada where-
in traditional management schemes did not ade-
quately sustain recreational fisheries. Third, in
contrast to true active management, many passive
management actions are in response to natural dis-
turbances or to complaints or requests raised by
anglers or some other party with an interest in the
fishery. This type of management is at best ** pas-
sively” active (Walters 1986). A management re-
sponse may appear to be active (in the sense that
an agency ‘‘actively”’ responds to a perceived
need). However, such a response is not in a con-
trolled setting and will probably do little to further
our understanding of the dynamics and uncertainty
of recreational fisheries.

When is Active Management Necessary for
Recreational Fisheries?

When is active management of recreational fish-
eries necessary? Clearly, agencies operating on be-
half of the public trust are obligated to intervene
when a fishery declines through overfishing. We
recognize that a fishery may decline for reasons
external to the fishery itself, such as loss of lim-
ited, critical habitat, but herein we consider only
the direct effects of fishing. Determining the cause
for a decline due to overfishing is complex. In
addition, one fundamental assumption of recrea-
tional fisheries that may obscure underlying man-
agement problemsis that recreational fisheries are
self-regulating, that is, when some aspect of the
fishery declines (such as catch rates), anglers|eave
the fishery to fish elsewhere.

We consider the challenge of determining when
to apply active management in light of various
degrees of overfishing, including quality, growth,
and recruitment overfishing (Radomski et al.
2001). Quality overfishing may be relatively in-
nocuous and is the easiest to identify because it
depends on the (subjective) definition of quality.
Quality may be defined in terms of the average
size of fish caught or the catch rate by the angler.
I dentification of quality overfishing requires afish-
ery creel survey. Growth overfishing depends on
the size selectivity of the fishery. In growth over-
fishing, the total yield of the fishery is below the
maximum because fish are removed before they
reach optimal size. If the objective of the recrea-
tional fishery is to maximize utility (Die et al.
1988; Jacobson 1996), however, foregone yield in
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the biomass of harvested fish may not jeopardize
the total utility of the fishery. Recruitment over-
fishing is the most serious type of overfishing and
occurs when the level of fishing mortality reduces
spawning potential, so that total utility is below
potential.

When considering recruitment overfishing, we
distinguish between fishing mortality rates (F) that
leave spawner abundance below some theoretical
optimum (i.e., actual F > Fy,gy, Wwhere MSY refers
to the maximum sustainable yield) and rates that
cause stock collapse. This distinction is important
for recreational fisheries managers because a rel-
atively benign level of recruitment overfishing
may significantly reduce the utility of the fishery
for future users but be difficult to detect, especially
in the absence of an effective, quantitative stock
assessment program. This is especially true if we
consider the potential affect of Pauly’s (1995)
shifting baseline on recreational fisheries. A rec-
reational fishery may decline very gradually, each
succeeding generation of recreational fishers ac-
cepting a fishery with a lower total utility due to
a lack of intergenerational transfer of knowledge.
Combine this with limited and irregular recrea-
tional fisheries surveys and we can see how re-
cruitment overfishing may occur. Furthermore, we
suggest that the shifting-baseline syndrome and
self-regulation are not conflicting processesin rec-
reational fisheries. For example, assessment of a
fishery may show that effort responds to some util-
ity function of the fishery. Effort may increase
when catch rates increase and decline when catch
rates decline. However, the baseline may be shift-
ing at the same time but over a longer temporal
scale than angler response. As a result, the shift
in baseline may not be detected by assessments
unless the assessments have been in place for a
relatively long time and are of sufficiently high
precision.

The dynamic spatial and temporal relationship
between anglers and the species they pursue is
another important but largely unquantified aspect
of recreational fisheries that limits our ability to
assess the long-term sustainability of the fishery.
At a simple level, the question is, what is the re-
lationship between catchability and stock abun-
dance for recreational fisheries? Is recreational
fishery catchability independent of density or does
it change with density (i.e., is it characterized by
hyperstability or hyperdepletion; Hilborn and Wal -
ters 1992; Quinn and Deriso 1999)? Thisimportant
relationship has been quantified for only a few
recreational fisheries (Peterman and Steer 1981;
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Hansen et al. 2000; Newby et al. 2000) and is
clearly needed to understand the susceptibility of
any fishery to overfishing. At amore complex lev-
el, the question is, what are the detailed spatial
and temporal dynamics among angler effort, fish
abundance, and fishery utility? Thisis arelatively
new area of research in recreational fisheries that
has only recently been addressed (Johnson and
Carpenter 1994; Cox and Walters 2002; Beard et
al. 2003b, this issue; Cox et al. 2003, this issue).
Such complex dynamics suggest that we apply
concepts such as utility per recruit (Dieet al. 1988;
Jacobson 1996) to recreational fisheries with cau-
tion because the relationship between fishing mor-
tality or effort and fishery utility may be two-way,
with changes in the utility of the fishery affecting
fishing effort or the type of angler participating in
the fishery. Finally, simplifying assumptions about
angler behavior are tempting when predicting the
effects of changes in fishery regulations. Beard et
al. (2003b) and Sullivan (2003a) showed that an-
gler behavior could be dynamic and evolve over
time in response to regulation changes, both of
which illustrate the nonstationary nature of the
functional response between anglers and their
prey. These experiences also indicate that the an-
gler response function is a primary source of un-
certainty in recreational fisheries management, and
active adaptive management may be the most ef-
fective way to address this uncertainty. The details
of this ‘‘predator—prey’’ relationship are an im-
portant area for future research.

Recreational fisheries are heterogeneous and
vary greatly in their need to be actively managed.
The characteristics of arecreational fishery system
that determine its sensitivity to fishing effects and
the need for active management include the life
history of the target fish species and the underlying
productivity of the ecosystem. Long-lived, late-
maturing fishes, such as lake sturgeon Acipenser
fulvescens (Radomski 2003) and lake trout Sal-
velinus namaycush (Shuter et al. 1998; Post et al.
2002), and relatively prolific species that are re-
stricted to low-productivity systems, such as wall-
eyes in Alberta (Sullivan 2003b, this issue), will
be at greater risk of severe overfishing than fishes
such as panfish species that have higher turnover
rates. Although panfish species (e.g., yellow perch
Perca flavescens and bluegill Lepomis macrochi-
rus) may berelatively immuneto recruitment over-
fishing because they can mature at sizes smaller
than those accepted by anglers, they are suscep-
tible to quality overfishing (Olson and Cunning-
ham 1989; Cook et al. 2001; Radomski 2003). Oth-
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er fisheries that may warrant more intensive man-
agement actions are those of singular importance,
such as the walleye fishery of western Lake Erie,
which alone makes a significant contribution to
local economies (Hushak et al. 1998).

Components of an Active Recreational
Fishery Management Program

What are the components of an active recrea-
tional fisheries management plan? Active man-
agement of recreational fisheries must include (1)
clear goals and objectives, (2) rules and regula-
tions to constrain the fishery so that the objectives
are met, (3) angler and stock assessment proce-
dures to determine the sustainability of the stock
and whether management objectives are reached,
and (4) enforcement and monitoring programs to
ensure compliance by fishers (Krueger and Decker
1999). Objectives should be defined for a partic-
ular fishery and may include such parameters as
the total amount of fish killed or the catch rate.
This is particularly true for the larger fish in the
population, given that a decline in recreational
fishing quality may be equated to smaller catches
of larger, memorable fish (Sullivan 2003b; Wil-
liams and Blood 2003). However, if the sustain-
ability of a particular fish population is an implicit
goal, a parameter related to the total kill or ex-
ploitation rate of all fish should be included in the
goals and objectives for the fishery. Stock assess-
ment procedures may be challenging for recrea-
tional fish populations that are not subjected to
routine assessment (Radomski 2003). Fisheries of
singular or local importance should be surveyed
regularly, as in the case of the 10 largest walleye
lakes in Minnesota (Wingate and Schupp 1985;
Radomski 2003) and the extensive systems for as-
sessment of numerous lakes throughout Ontario
(Lester et al. 2003; Morgan et a. 2003) and Wis-
consin (Beard et al. 1997, 2003a; Hansen et al.
2000). In an ideal management system, total kill
would be estimated every year in combination with
some type of fishery-independent survey to allow
sequential population analysis for estimating
abundance and fishing mortality. In the absence of
the annual creel surveys on all of Minnesota's
large walleye lakes that would be needed for se-
quential population analyses, Gangl and Pereira
(2003, this issue) initiated development of tools
for assessing the health of these fisheries to signal
further stock declines that may warrant more re-
strictive regulation.

Devising rules and regulations for recreational
fisheries can pose unique challenges, especially
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when it is desirable not to limit access to the fish-
ery. Radomski (2003) describes challenges in es-
timating future angler harvests for a walleye fish-
ery characterized by high annual variability in
catchability. Most user groups probably desirereg-
ulatory schemesthat are relatively straightforward
and easy to understand and that will not change
dramatically from year to year. In the Pacific hal-
ibut fishery of the U.S. West Coast, wheretherules
and regulations are quite complex, most users cope
reasonably well with the system (Williams and
Blood 2003). In contrast to the Pacific halibut man-
agement program, Lester et al. (2003) found that
anglers in Ontario may be calling for a new, sim-
plified regulatory scheme for walleyes. We suggest
that the complex history and mix of multiple users
in the Pacific halibut fishery may have predisposed
users to be tolerant of complex regulations. In con-
trast, anglers in Ontario have historically partaken
in arecreational fishery with an increasingly com-
plex regulatory history that does not include pain-
ful memories of overexploitation and reduced fish-
ing quality. The tolerance of specific angling com-
munities for new regulatory schemes is a complex
subject that we identify as a primary area for ad-
ditional research.

Enforceability and compliance with regulations
are also strongly affected by the complexity of
regulations, so enforcement experts should be in-
volved in the development and evaluation of new
regulatory schemes. Sullivan (2003a, 2003b) pro-
vided a sobering case study of the potential for
noncompliance by anglers confronted with new,
more stringent restrictions. While reluctant to di-
rectly limit effort or access to traditional recrea-
tional fisheries, recreational fisheries managers
may attempt to do so indirectly with season clo-
sures. Walters (1998) argued that the Pacific salm-
on Oncorhynchus spp. and Pacific herring Clupea
pallasi fisheries of British Columbia were effec-
tively managed by tightly restricting space and
time for commercial fishers. Reserves, or areas
closed to fishing, provide a novel way for recre-
ational fishery managers to directly control effort,
and we suggest further exploration of thistool (Su-
maila 1998; Pauly et al. 2002).

Challenges in Implementing Active
Management of Recreational Fisheries

What are the challenges in actively managing
recreational fisheries? To define them, we looked
at two active-management objectives common to
commercial fisheries: constraining fishery harvest
so that it does not exceed an annual quota or total
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allowable catch and limiting fishing effort to a
level that achieves a sustainable annual exploita-
tion rate. The application of such objectives to
recreational fisheries poses several questions.
First, can managers determine when to restrict rec-
reational fisheries to such stringent objectives?
Second, what new challenges will arise that may
be unique to recreational fisheries when trying to
limit harvest or effort? Our interest in this problem
was motivated by the mixed-use fishery (recrea-
tional angling and tribal subsistence) for walleyes
in Lake Mille Lacs (Radomski 2003).

We began exploring the application of common
active-management goals for commercial fisheries
to recreational fisheries by comparing the funda-
mental principles of the two types of fisheries.
Commercial fisheries have high catchability and
low effort, whereas recreational fisheries have low
catchability and high effort. This contrast leads to
differences in the preferred schemes for managing
commercial and recreational fisheries. Low effort
may mean that commercial fisheries have rela-
tively few individual participants, and if so effort
control may be the most effective management op-
tion. In contrast, recreational fisheriesusually have
a large number of individual participants, so that
effort control (such as limited entry) presents sig-
nificantly different technical and sociopolitical
challenges.

Applying simple economic principlesto the dif-
ference in catchability and effort, we identified
other differences between commercial and recre-
ational fisheries that must be considered before
applying commercial  fishery  management
schemes to a recreational fishery. From the per-
spective of the individual fisher, maximizing catch
per unit effort (CPUE) will increase net profitsin
a commercial fishery and so may be considered a
management goal. In arecreational fishery, CPUE
is a key indicator of fishing quality because rec-
reational fisheries with high CPUE are more de-
sirable than those with low CPUE (Holland and
Ditton 1992; Cox et al. 2003); for thisreason, high
CPUE may increase the economic value of the
fishery by increasing effort, including income for
local businesses that benefit from the fishery.
Gross proceeds from a commercial fishery arise
from the sale of fish for consumption, so that the
pursuit of optimal yield (expressed in terms of
biomass harvested) is a clear goal. Optimal yield
can be achieved by applying relatively simple con-
trols that minimize the negative effects of growth
overfishing (i.e., that fishers harvest fish when they
reach optimal size). In contrast, recreational fish-
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eries may value large fish for trophy potential and
small fish for consumption, thereby justifying the
harvest of smaller fish while requiring the release
of some larger individuals. In response to these
multiple objectives in recreational fisheries, man-
agers have implemented complex, length-based
regulations for some recreational fisheriesin Min-
nesota (Radomski 2003). While limited entry may
be considered an undesirable management tool for
controlling effort in recreational fisheries, agencies
are showing increased application of length-based
restrictions to restore or maintain quality in rec-
reational fisheries. In essence, management agen-
cies are hoping to manage the catchability portion
of fishing mortality without directly managing or
controlling fishing effort. However, the success of
such management schemes will partly depend on
the level of fishing effort and whether the length-
based restrictions are acceptable to both the man-
agement agency and the fishing public. For ex-
ample, when attempting to limit total kill with
length-based restrictions in a high-effort recrea-
tional fishery, large losses of fish to post-catch-
and-release mortality are likely. This scenario has
already occurred in several recreational fisheries,
including the contentious fishery for walleyes in
Lake Mille Lacs in 2002 (Radomski 2003), wall-
eye fisheries in Alberta (Sullivan 2003b), that for
Atlantic striped bass Morone saxatilis (Stock As-
sessment Review Committee 2003), and that for
common snook Centropomus undecimalis in Flor-
ida (Muller et al. 2001).

Summary and Conclusions

In summary, we identify several topics as key
areas for future research on recreational fisheries
management. Asindicated by several papersinthis
symposium (Beard et al. 2003b; Cox et al. 2003;
Radomski 2003), great uncertainty exists asto how
anglers may respond to the dynamics of their prey
and their direct and indirect responses to changes
in regulations (as mediated through changes in the
targeted fish population). Consequently, this is a
primary area for additional research. However, as
initially described by Johnson and Carpenter
(1994) and further developed by Cox and Walters
(2002), these complex relationships are subject to
both spatial and temporal dynamics. Consequent-
ly, research investment will be substantial and
should be conducted as active adaptive manage-
ment experiments (Lester et al. 2003).

Thetype of angler using a particular fishery may
change in response to regulatory changes. For ex-
ample, a fishery that was historically managed
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with generic regulations but then subjected to tro-
phy management regulations may experience a
shift from consumptive users to those more drawn
to trophy fishing. Market segmentation (Jacobson
1996) and other economic analyses should ideally
accompany such research, including angler sur-
veys to determine the factors that contribute to
angler satisfaction (Radomski et al. 2001; Radom-
ski 2003).

While knowledge may be borrowed from com-
mercial fishery management systems, we do not
advocate wholesale application of these systems
to recreational fisheries. First, and most obvious,
few of the agencies responsible for managing nu-
merous, small-scaleinland fisheries have sufficient
resources to develop and apply such management
practices, especially because the cost will greatly
exceed the benefit for smaller recreational fisher-
ies. Second, as we described above, the dynamics
unique to recreational fisheries indicate that com-
mercia fishery regulatory schemes could be in-
efficient when applied to recreational fisheries;
most of these inefficiencies may arise from the
possibility that predator—prey dynamics (i.e., be-
tween the fisher and the fish) are more dynamic in
recreational fisheries than commercial fisheries.
However, recreational fisheries should be identi-
fied and considered for detailed stock assessments
and experimental regulatory regimes, such as
those in Escanaba Lake, Wisconsin (Hansen et al.
1998), and Oneida L ake, New York (Forney 1980).

We also advocate development of less intensive
stock assessment methods that may be useful for
identifying overfishing or declining trends as in-
dicators of population sustainability. Gangl and
Pereira (2003) developed indicators that have the
advantage of being based primarily on assessment
data rather than models, which have a higher de-
gree of overall uncertainty (Hilborn 2002). We also
argue that the effects of new regulatory methods
such as limited entry and closed fishing areas, in-
cluding the economic effects, arelargely unknown,
so that the consequences of such regulations may
not be negative. In fact, the most suitable way to
address the uncertainties of such management ac-
tions is to try them in an adaptive management
setting accompanied by appropriate evaluations,
including economic and human dimensions eval-
uations.

In closing, the Symposium on Active Manage-
ment of Recreational Fisheries raised compelling
questions regarding recreational fisheries manage-
ment. We recognize that recreational fisheries may
exhibit some level of self-regulation (e.g., that
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fishing effort is directly correlated with the utility
of the fishery), but other arguments (e.g., the
shifting-baseline syndrome) suggest that our cur-
rent understanding of the dynamics between an-
glers and their prey is rudimentary, so that it
should not be assumed that self-regulation will
sustain the current level of utility for future gen-
erations of recreational fishers.
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