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Abstract The inland fisheries of North America (i.e. Canada and the United States of America) are diverse in terms
of the sectors that harvest fish, the waters fished and the species targeted. Aboriginal fisheries have a long tradition of
harvesting fish for food and ceremonial purposes using gears such as dip nets and spears, and targeting species such
as suckers (Catostomidae) and upriver migrating salmon (Salmonidae). The commercial sector includes large-scale
industrial operations on the Great Lakes and Mississippi River as well as smaller-scale fisheries throughout North
America that harvest fish for food or the bait industry. The recreational fishery is the largest sector (millions of
participants) and includes everything from specialised catch-and-release fisheries for muskellunge, Esox masquinongy
Mitchill and black bass (Micropterus spp.) to put-and-take fisheries for rainbow trout, Oncorhynchus mykiss
(Walbaum). All sectors provide substantial socio-economic benefit and regionally can have significant cultural value
and yield an important amount of food protein. Using the best available information and a number of assumptions,
total harvest for all three sectors in the inland waters of North America was estimated to be >480 000 t yr'.
Nonetheless, there are a number of internal threats that face these fisheries including over-exploitation, bycatch/release
mortality as well as external threats such as inter-sectoral conflict, environmental change, water availability, invasive
species and habitat alteration. Given that most inland fisheries are managed at the state/provincial level, there is a
need to adopt management strategies that are holistic, coordinated and trans-jurisdictional if inland fisheries in North
America are to be sustainable in the future. There is also a critical need for information management systems that
enable regional data to be scaled up to the national or continental level, which would facilitate the generation of
inland fisheries status reports and the monitoring of trends through time. All stakeholders must recognise that while
inland fisheries tend to not receive the same attention from the media, public or politicians as marine fisheries, the
potential for local and broad-scale irreversible changes exist and need to be identified and addressed if the many
ecosystem services that inland fisheries provide are to be maintained.
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realm, such reports are common (Wells 2003) and have
garnered much public attention as they have identified
To evaluate the threats and opportunities facing fish worrisome trends in the decline of top predators (Myers
populations and ensure sustainable management of the & Worm 2003; Dulvy et al. 2008), a shift to the capture
world’s fisheries, it essential to conduct syntheses of  of lower trophic level organisms (Pauly er al. 1998) and
available data and generate status reports. In the marine collapse of marine fish populations (Jackson et al.
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2001). Basic status reports are generated annually by the
United Nations Food and Agriculture Organization (e.g.
FAO State of World Fish and Aquaculture Reports and
Year Books) as well as many national or multi-jurisdic-
tional/inter-governmental fisheries management agencies
(e.g. Gulf of Mexico Fishery Management Council;
International Commission for the Conservation of Atlan-
tic Tunas). From a comparative sense, status reports
focused on inland (i.e. freshwater) fisheries are scarce.
Only recently have there been attempts to evaluate the
global status of inland fisheries (Revenga & Kura 2003;
Welcomme et al. 2010; 2013). High-profile papers with
generic titles (e.g. global trends in world fisheries; Pauly
et al. 2005) would imply that they consider both marine
and freshwater systems, but in reality, the focus is
entirely on marine fisheries with further bias towards
commercial fisheries. This is alarming given that fresh-
water fishes represent some of the most imperilled taxa
on the globe and that freshwater ecosystems face a large
number of threats such as climate change, habitat alter-
ation, fragmentation, water extraction, pollution and
exploitation (Richter et al. 1997; Dudgeon et al. 2006).
Moreover, the ecosystem services provided by inland
fisheries (Holmlund & Hammer 1999) and their contri-
bution to global food production, especially in develop-
ing countries, should make inland fisheries high priority
for monitoring. There are a variety of reasons why status
reports for inland fisheries are difficult to generate, but
the challenges tend to relate most inland fisheries being
evaluated and managed at a regional or state/provincial
level and that there tends to be a lack of coordinated
data collection, information management systems and
analysis. In most developing countries, and even for
many fisheries in developed countries, basic catch and
harvest statistics are simply not collected. Further chal-
lenges with inland fisheries include most jurisdictions
fish being used by multiple sectors (e.g. aboriginal, com-
mercial, recreational) that involve a diversity of capture
practices dispersed across broad landscapes (rather than
focused on coastal zones and ports as in marine fisher-
ies), which complicates the ability to obtain data needed
to generate status reports.

Canada and the United States of America (US), herein
referred to as North America, include some of the most
high-profile and developed fisheries in the globe,
although to date there have been few attempts to gener-
ate status reports the national scale (but see Pearse 1988
for a Canadian example) and none at the continental
scale. Given that inland fisheries in North America are
the focus of arguably some of the most intensive assess-
ment and management, one might presume that develop-
ing a status report for North America would be
comparatively easy relative to other continents. Certainly

such a status report would be useful to identify the
general trends in resource use and management, the
threats faced by inland fisheries, and the needs and
opportunities for improving sustainable management of
North American fisheries. The inland fisheries of North
America are diverse in terms of the sectors that harvest
fish (all three sectors are active in North America), the
waters fished (e.g. farm ponds, montane rivers, the
Laurentian Great Lakes) and the species targeted (from
Arctic coldwater fish to warmwater fish in Florida
wetlands).

The objective of this paper is to summarise the status
of inland fisheries in North America. The FAO (1992)
definition for inland fisheries, which are those carried
out in freshwater or estuaries and whose target species
are those that spend all or part of their life cycle therein,
is adopted. Initially, an overview of the biographical
context of North America is provided to give an appreci-
ation of the size of the continent and the rich freshwater
resources. Next, each of the three fisheries sectors (i.e.
aboriginal, commercial, recreational) is covered, first by
providing a brief overview of their history and then of
their current status. Threats that face inland fisheries are
discussed as well as their management in North Amer-
ica, followed by a brief discussion on perspectives for
the future of inland fisheries in North America.

It is recognised that some definitions of North Amer-
ica extend to include a variety of countries in the Carib-
bean (e.g. The Bahamas, Cuba, Jamaica) and Latin
America (e.g. Mexico), some but not all of which have
inland fisheries resources. However, for the purpose of
this paper, the focus is exclusively on Canada and the
US given that materials were generally available in Eng-
lish and the relative similarity in fisheries management
institutions and approaches. In addition, little attention is
devoted to the Laurentian Great Lakes given that their
status is covered separately (Goddard et al. 2013). It is
recognised that other terms can be used to describe vari-
ous fisheries sectors (e.g. see UN FAO online glossary
of fishery terms), for example, aboriginal fisheries in
North America are typically categorised as subsistence
fisheries, although that definition is often inappropriate
given that pure subsistence fisheries does not allow for
trade or sale of harvested products. In North America,
aboriginal peoples fish for subsistence, ceremonial pur-
poses and for small-scale commercial enterprise. There
are also non-aboriginal fishers that participate in fishing
for subsistence purposes, although that is often accom-
plished with recreational gear types. The term aboriginal
has been adopted rather than subsistence to recognise the
longstanding and continued important role that aborigi-
nal peoples play in the use and management of fisheries
as well as the many values that aboriginals place on fish
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and fisheries. Given the limitations in presenting a conti-
nental-scale status report in a short article such an effort
is far from exhaustive, but it is hoped that this exercise
will stimulate more comprehensive status reports of
inland fisheries in North America, as well as abroad.

Biogeographical context

To provide context for the inland fisheries resources in
North America, it is useful to present some basic facts
with respect to the geography of the two countries (i.e.
US and Canada; Table 1). Collectively, North America
has a population of approximately 0.45 billion, which is
<10% of the global population. Population density
within North America varies greatly, with the densest
areas in urban centres in the US and the least populated
areas in northern Canada. The Laurentian Great Lakes
contain 20% of world’s surface fresh water, and Canada
alone has more than 2.4 million lakes (Table 1). Several
of the world’s largest river basins also occur in North
America, including the Mississippi, St. Lawrence, Colo-
rado, Yukon and Columbia. In general, fish species
richness in North America is relatively low (Table 1),
particularly in the north, relative to tropical and subtropi-
cal regions. However, a considerable proportion of fresh-
water fish species in North America are imperilled
(Table 1; See Jelks et al. 2008). Unlike other areas of
the world (e.g. South America, Asia) where there are
many freshwater fish species yet likely to be discovered
and described, the fish communities in North America
are reasonably well studied and population trends of
some species such as those of economic value (e.g.
gamefish) or those that are believed to be imperilled tend
to be subject of population monitoring. As such, the esti-
mates of threatened species (see Table 1) are probably
more reliable than other regions of the world. There
have been several high-profile extinctions and extirpa-

Table 1. Characteristics of the US and Canada relevant to inland fish-
eries and their status

UsS Canada
Population 310 500 000 34 250 000
Land area (km?) 9 826 675 9 984 670
Water surface area (% of total 6.7% 8.9%

land area)

Total renewable water (km>) 3069 3300
Total marine coastline (km) 19 924 202 080
Number of lakes* ~1 700 000 ~2 400 000
Number freshwater species 822 177
Number threatened freshwater 123 13

species

*Estimated using data from Downing et al. (2006).
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tions, which can be partially attributed to overexploita-
tion by a variety of sectors. For example, blue walleye,
Sander vitreus glaucus (Hubbs), was fished to extinction
in the Great Lakes in 1960, although populations were
also negatively affected by threats external to fishing
such as poor water quality and habitat alteration (Ken-
nedy 1966). Both countries have coastal areas on the
Atlantic, Pacific and Arctic Oceans and thus have a
combination of marine and freshwater fisheries. Because
fisheries operate in both realms (marine and freshwater)
and because diadromous species move between both
realms, there is complexity with respect to monitoring
and reporting of fisheries statistics. In Canada, there is a
regular (5-year interval) national-scale survey of the rec-
reational fishery with a focus on fresh water. In Canada,
most recreational fishing activity (93.7%) takes place in
freshwater, whereas in the US the division between
freshwater and marine effort is more equitable, although
difficult to quantify with certainty given the way in
which recreational fisheries statistics are collected in
different realms by two separate agencies.

Historical and contemporary perspectives

Given the fundamental differences in the three fisheries
sectors, and even the immense amount of intra-sectoral
diversity (e.g. within the recreational fishing sector there
are very different fisher typologies such as specialist
anglers, those that release all fish and those that harvest
all fish), each sector is first discussed on their own, cov-
ering both historical and contemporary perspectives.

Aboriginal fisheries

In North America, the historical importance of fish in
the food economy of any tribe depended on the species
of fish available in the area, the type of fishing equip-
ment and skill possessed by the tribe, and the tribe’s atti-
tude towards fish as a food (Rostlund 1952). Certainly
in British Columbia, fish have been a staple food, with
anthropological evidence suggesting an exceptionally
high consumption rate of 91 kg fish™' person™' yr!
(Pearse 1988). For context, in 2007, the annual con-
sumption rate for fish in Canada (for all groups) aver-
aged 23.8 kg person ' yr ' (FAO 2007). Similarly,
tribes around the Great Lakes (e.g. Hurons, Iroquois,
Ojibway) relied heavily on fish in their diet (Notzke
1994), with archaeological evidence indicating the exis-
tence of subsistence fishing on Lake Huron for at least
2700 years (Pearse 1988). By contrast, tribes living on
the plains rarely utilised fish (Notzke 1994). This was
due in part to limited access to the resource, and the
belief by many members of the Blackfeet that fish were
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unclean (Ewers 1958). For many tribes, fishing activities
not only provided food for immediate nutritional needs,
but also materials for trade (Ferguson & Duckworth
1997; Buklis 2002; Gobalet et al. 2004). Fish also repre-
sent a cultural and spiritual significance in many tribes
and as such are used in family and place names, educa-
tional stories and ceremonies (Garibaldi & Turner 2004).
The involvement of youth in fishing activities and cere-
monies also presented a way to pass on traditional
knowledge on fish natural history and fishing techniques
to younger generations, and keep the aboriginal spirit
alive (Barnhardt & Kawagley 2005).

A variety of fishing gears have been used by aborigi-
nal groups over time to collect fish including gill nets,
dip nets, seine nets, fish wheels, spears, weirs and rod
and reel. The species caught are as diverse as the gear
types used and are dependent on the geography of the
tribe and the water bodies fished. Pacific Northwest
aboriginal groups for instance focused on charr (Salveli-
nus spp.), salmon (Onchorhynchus spp.), smelt, Osmerus
mordax mordax (Mitchill), trout (Onchorhynchus spp.),
lake whitefish, Coregonus clupeaformis Mitchill, as well
as burbot, Lota lota L., suckers (Catostomus spp.) and
northern pike, Esox lucius L. (Buklis 2002), while lake
sturgeon, Acipenser fulvescens Rafinesque and whitefish
were particularly popular as food fish with aboriginal
groups from the Great Lakes region (Whitaker 1892;
Ferguson & Duckworth 1997). Many of the same spe-
cies of fish are harvested today and in historical fishing
grounds in instances where fish populations have not
been impacted by development; however, numerous
short duration trips are made as opposed to longer tradi-
tional expeditions (Berkes ef al. 1995).

Information on the current harvest rate of aboriginal
fisheries is difficult to obtain as these numbers are not
consistently recorded across North America, and data are
often held by tribes and not shared with state/provincial
fisheries agencies emphasising the need for coordinated
and integrated information management systems. Esti-
mates by Pearse (1988) suggested that the aboriginal
fisheries sector in Canada harvested approximately
9000 t yr—' in the 1980s. Some of the most well-docu-
mented aboriginal harvests are in Alaska, where the
Alaska Department of Fish and Game, Division of Sub-
sistence conducts comprehensive surveys of even the
most remote rural communities (see Magdanz ef al.
2010). A total of 104 kg fish ' person ' yr~' was
reported for rural Alaska in 2001 (ADFG 2001). While
some tribes in North America have increased harvests
over the years, others are stable, and some harvests are
declining. Declining trends reflect availabilities of other
food sources (e.g. wild game and domesticated live-
stock), and particularly in the Arctic, a decreased use of

fish as food for sled dogs (Pearse 1988; Fall 1990).
Fluctuations in harvest rates can also depend on changes
in aboriginal fishing rights and availability of fish and
fishing areas owing to changes in population abundance
and habitat alteration.

Understanding native fishing rights is complex, as
even within Canada, there are regional variations (Not-
zke 1994). Treaty rights, aboriginal rights, natural
resources transfer agreements, constitutional rights and
comprehensive land claim settlements often give assur-
ance to aboriginals that they are permitted to carry on
traditional fishing, but increasingly they are subject to
some level of governmental regulation (Pearse 1988).
Similarly in the US, there is much federal regulation on
aboriginal fishing rights (see Meyers 1991; Buklis
2002). The continued preservation of traditional subsis-
tence fishing will best be guaranteed by providing North
American aboriginals with an effective role in managing
their affairs (Meyers 1991). Indeed, co-management has
become more common since the 1990s (Notzke 1995),
and there have been efforts to build capacity for stock
assessment and management, such that some tribal
groups (e.g. Columbia River Inter-Tribal Fish Commis-
sion; Anishinabek/Ontario Fisheries Resource Centre)
have become leaders in the generation and provision of
both ‘western’ science and traditional ecological knowl-
edge to support fisheries management.

Commercial fisheries

Inland commercial fisheries in Canada commenced on
the Great Lakes in the early 1800s (Pearse 1988), with
the first production records collected as early as 1867
(Baldwin & Saalfeld 1962). Initially, the majority of the
catch was exported to the US to support growing urban
markets (Kennedy 1966). With increasing market oppor-
tunities and the construction of the railway, inland com-
mercial fishing operations expanded to the west and the
north (Adams 1978; Gislason et al. 1982). Commercial
fisheries were established in Winnipeg, Manitoba in
1882 (Grant 1938), which saw exports to the US exceed-
ing local sales within 2 years (Kennedy 1966). Develop-
ment of a commercial fishery on Great Slave Lake in the
Northwest Territories occurred in 1945, but there, like in
other places in the northern prairie provinces (e.g. Lake
Manitoba, Lake Winnipeg), fishing conditions were chal-
lenging owing to prolonged winters and profits were low
due to high transportation costs (Kennedy 1966; Pearse
1988). In 1969, The Freshwater Fish Marketing Corpora-
tion (FFMC), a federal crown corporation, was estab-
lished in an effort to stabilise and improve the economy
through productive commercial fishing operations (Ash-
croft et al. 2006). The FFMC was the single buyer for
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small commercial fishers in north-western Ontario, Mani-
toba, Saskatchewan, Alberta and the Northwest Territo-
ries, while the larger fishing enterprises on the Great
Lakes had access to a greater number of buyers and pro-
cessors (Fisheries & Marine Service 1978). In 1974—
1975, the commercial harvest in Canada was 43 765 t
with a landed value of approximately $18 million dollars
(CAD) (Falkner 1976). In 2006, the total landings were
32 029 t of fish, with an approximate landed value of
$68 million (CAD) (DFO 2008). Canada’s inland fisher-
ies employs approximately 10 000 people directly
(mostly in Ontario, Manitoba, and Saskatchewan) and
provides additional jobs to industries supporting the
transportation, processing, servicing and marketing
aspects of commercial fishing, not to mention the nutri-
tional benefits of providing fish protein (Pearse 1988).

In the US, inland commercial fisheries also began in
the 1800s with developments on the Great Lakes (Bogue
2000), as well as other inland waters such as the Missis-
sippi River (Carlander 1954) and Lake of the Woods
(Carlander 1949). The volume of the fisheries resources
in these areas led to increased settlement, particularly in
the Great Lakes region (Whitaker 1892). Indeed, the
1890 census showed one-sixth of the entire American
population occupied the six states surrounding the Great
Lakes (Whitaker 1892). In 1954, the total catch of the
freshwater fishery in the US was 64 071 737 kg, which
came mainly from the Great Lakes, Lake of the Woods,
Rainy Lake, Lake Namakan, and the Mississippi River
(Anderson & Power 1956). At this time, it was believed
that inland fisheries in the US as a whole were largely
unexploited and that there was much potential for this
industry to produce large quantities of fish for food and
other purposes (Riggs 1958). Low exploitation of fresh-
water fisheries was due mainly because fish were not a
favoured protein source in America compared with beef,
pork and poultry, and also owing to conflict with sport
fishing interests (Riggs 1958). For example, in Florida in
1946, the Game and Fresh Water Fish Commission pro-
mulgated rules which prohibited the sale of any freshwa-
ter game fish, and made it illegal to use most types of
fishing gear popular to commercial fishing (e.g. haul se-
ines, wire pots, pound nets, hoop nets, gill nets, trammel
nets), presumably in recognition of the economic benefit
of the recreational fishery (Dequine 1950). Multi-sectoral
conflict continued to affect inland commercial fishing
and saw eventual closing of the industry in the US
waters of the lower Great Lakes in favour of recreational
fishing (Pearse 1988). While determining the current
landings and total economic value of inland commercial
fishing is challenging owing to combined reporting of
both freshwater and marine fish by the National Oceanic
and Atmospheric Administration (NOAA; note —
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although NOAA does not manage inland waters they are
responsible for generating national statistics for the UN
FAO statistical reporting), the industry is still alive in
the US and employs approximately 700 full-time fishers
in the Great Lakes region alone (Brown et al. 1999).

In general, the main targeted species for North Ameri-
can inland commercial fisheries, particularly in northern
regions, have included lake whitefish, northern pike, lake
sturgeon, rainbow smelt, walleye, Sander vitreus (Mit-
chill), white sucker, Catostomus  commersonii
(Lacepede), yellow perch, Perca flavescens (Mitchill),
arctic char, Salvelinus alpinus alpinus L., inconnu, Sten-
odus leucichthys (Giildenstidt), sauger, Sander canaden-
sis (Griffith & Smith), Pacific salmon, Oncorhynchus
tshawytscha (Walbaum), alewife, Alosa pseudoharengus
(Wilson), and American eel, Anguilla rostrata (Lesueur)
(Rodger 2006). In the Mississippi River, commercial
catches are dominated by carp, Cyprinus carpio L., buf-
falo, Ictiobus cyprinellus (Valenciennes), catfishes (Ict-
alurus spp. Pylodictis spp.) and drum, Aplodinotus
grunniens Rafinesque. While the popularity of some
species increased as populations of other species
declined [i.e. paddlefish, Polyodon spathula Walbaum,
became a main source of caviar when sturgeon popula-
tions decreased (Carlson & Bonislawsky1981)], others
have remained consistently favoured [e.g. yellow perch
and walleye in the Lake Erie fishery (Koonce et al.
1999; Kinnunen 2003)]. The baitfish industry, which has
become an important economic component of inland
commercial fisheries [estimated at $29 million USD per
year in 1985 in Ontario, and $145 million US$ per year
in 1992 for six north-central states combined (Illinois,
Michigan, Minnesota, Ohio, South Dakota, Wisconsin)]
targets small-bodied species such as shiners, dace, min-
nows and darters that are sold to recreational anglers
(Litvak & Mandrak 1993; Meronek et al. 1997).

Just as target species have changed over time, so have
the use of a variety of gear types and vessels. As inland
fisheries in North America take place on a wide variety
of water bodies, ranging in size from a few square kilo-
metres to more than 82 000 km” (i.e. Lake Superior),
vessels range from small boats with outboard engines to
25-m ships that fish in the Great Lakes (Pitcher et al.
2002). The choice of gear also depended on location, and
innovative technologies (Brown et al. 1999). Pound nets
used to be the most popular gear on the Canadian side of
Lake Erie, but decreased steadily as restrictions on gill net
tugs were relaxed, and continued to decrease with legali-
sation on trap nets in 1950 (Kennedy 1966). Seine nets,
fyke nets, set lines and otter trawls have also been used,
and have all seen modifications based on changes in mate-
rial fabrications (e.g. twine mesh, to cotton mesh, to
monofilament mesh) and other technological innovations,
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as well as shifts in fish distribution and behaviour associ-
ated with habitat changes (Kennedy 1966; Brown er al.
1999).

Recreational fisheries

Shortly after European settlers arrived in North America,
recreational fishers began to exploit the rich waters pres-
ent. Early recreational fisheries would have involved
fishing from shore or use of non-motorised wooden
boats or canoes in lakes, rivers and streams. In northern
clines, ice fishing would have occurred during winter
months. Natural lakes are common, particularly in Can-
ada and the northern parts of the US, creating extensive
inland fishing opportunities. Streams and rivers were
also immensely popular for early recreational fishers,
especially for those targeting salmonids or other diadro-
mous fish. As mills were constructed and agriculture
expanded, small impoundments and farm ponds became
important inland recreational fisheries, particularly for
warmwater fish such as largemouth bass, Micropterus
salmoides (Lacepede), crappie, Pomoxis nigromaculatus
(Lesueur), sunfish (Lepomis spp.) and brown bullhead,
Ameiurus nebulosus (Lesueur). Beginning in the 1940s,
both private and public (e.g. put-grow-take fisheries for
rainbow trout, Oncorhynchus mykiss [Walbaum]) sport-
fishing ponds grew in popularity as the science and man-
agement of ponds and small impoundments advanced
(Meehean 1952). The number of ponds in the continental
US grew from approx. 20 000 in the 1930s to over
2 million by 1965 (Swingle 1970). Current estimates
exceed 2.6 million ponds and small impoundments (Wil-
lis et al. 2010). In 1991, 35% of 30.1 million inland
anglers in the US fished in ponds smaller than 4.2 ha
(USDI 1993). It is believed that the majority of pond
fisheries harvest more fish than are released, with protein
being used for private consumption (Willis et al. 2010).
With growing demand for hydroelectricity and need for
flood control, the 1900s saw the creation of many large
reservoirs that provided important recreational fishery
opportunities. In 1970, reservoirs accounted for ~40% of
all inland fisheries opportunities in the US (Jenkins
1970). Reservoir science has also advanced rapidly,
although these fisheries tend to be supported with stock-
ing programmes (Miranda & Bettoli 2010), presumably
due to habitat limitations and degradation (Miranda et al.
2010). Although various angling clubs have held
competitions for decades, in the 1970s competitive
angling events became commonplace, particularly for
black bass and walleye. Event format has changed
through time with most now being primarily live release.
In North America there are over 120 000 such events in
freshwaters on an annual basis (Schramm ef al. 1991),

and these are somewhat unique to this continent, espe-
cially given the level of celebrity and financial benefit
for the winners.

Catch-and-release was rare among early recreational
anglers in North America with many archival photo-
graphs of large stringers of trophy fish signifying that
fish were both large and plentiful and society in general
was not conservation oriented. During that period there
was little monitoring of fish harvest or effort in the rec-
reational sector so it is difficult to provide commentary
on long-term trends or historical fisheries. More recently,
the development of a strong conservation ethic and move
towards selective harvest has resulted in the voluntary
release of a significant proportion of the recreational
catch (Arlinghaus ef al. 2007). Although catch-and-
release dates back to Europe prior to discovery of North
America, it is perhaps most vigorously embraced in
North America and somewhat unique relative to other
areas where release rates tend to be lower (reviewed in
Arlinghaus et al. 2007). Use of harvest regulations that
mandate release of some fish has further elevated release
rates in North America. In Canadian inland waters in
2005, there was a total estimated recreational catch of
215 million fish and harvest of 75 million fish (i.e.
release rate of ~ 66%; DFO 2006). Similar data do not
exist at a national scale for US inland waters. Despite
high release rates, there is some evidence that inland rec-
reational fish populations in North America are in
decline, which is partly associated with threats that are
external to the sector. Nonetheless, a seminal paper by
Post et al. (2002) revealed that a number of high-profile
recreational fisheries in Canada were showing evidence
of collapse including rainbow trout, walleye and north-
ern pike, which appeared to be associated with internal
threats. The declines were attributed to the complexity of
angler behaviour, lack of long-term monitoring and fail-
ure to consider recreational fishing as a potential threat.

Recreational fisheries are also important aspects of the
culture of some regions, particularly in rural areas where
freshwater abounds (e.g. Minnesota, northern Ontario),
and are the focus of various festivals, mascots for sports
teams and larger-than life replicas. A wide spectrum of
the population participates in recreational fishing includ-
ing women and children, although participation rates
have been in decline in recent years (~2% per year for
adults between 1995 and 2005 in Canada; DFO 2006).
In Canada, 3.2 million adults fished at least once in
inland waters in 2005 (DFO 2006) and in the US, inland
recreational anglers numbered over 25 million in 2006
(ASA 2008). The social benefits of recreational fishing
are well known in North America, especially as it relates
to leisure, relaxation, and connection to friends, family
and the natural world (Arlinghaus & Cooke 2008). In
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urban areas there have been great efforts to engage
youth (e.g. hooked on fishing, not drugs programme).
Economically, recreational fisheries are very important
because of the many ancillary economic spinoffs related
to, for example, travel, fuel, vehicles, boat sales, fishing
gear, tackle and guides. In Canada it is estimated that
$7.5 billion was contributed to the economy in 2005 as
a result of the direct and indirect expenditures on recrea-
tional fishing (DFO 2006). In the US, over 767 000 jobs
are associated with the inland recreational fishery with a
total economic value of $95 billion (ASA 2008). In both
Canada and the US, anglers directly support fisheries
management, access and education via licence sales (in
both nations) and excise taxes (in the US, for example,
the Dingle-Johnson, Wallop-Breaux Federal Aid in Sport
Fish Restoration Act in the US collects excise taxes on
fishing equipment, fish finders, motorboat fuels, small
engine fuels and import duties).

Status and threats to inland fisheries in North
America

For two countries where inland fisheries have significant
economic and social benefits (partially summarised
above), and where there are many well-established fish-
eries management agencies, there are few quantitative
standard metrics regarding effort, catch, harvest and total
economic benefit at national or continental scales. While
an attempt was made to generate a status report for the
inland fisheries in North America, it was difficult to do
so in a truly quantitative manner. Nonetheless, using
available data and a number of assumptions and extrapo-
lations, the total inland harvest for inland waters in
North America is estimated at 487 989 t, which is based
on an estimate of 419 100 t harvested by the recreational
sector (actual capture is much higher), 64 058 t by the
commercial sector and 4831 t by the aboriginal sector.
Some of the limitations with this estimate include the
assumption that the recreational harvest rates in Cana-
dian waters in 2005 were representative of US waters,
that the average mass of a harvested recreational fish
was 0.635 kg [same value used by Cooke and Cowx
(2004) but comes from marine recreational fish], that
Canadian inland commercial fisheries in 2006 were iden-
tical to current harvest by both countries today, and that
the aboriginal fisheries represent a 1% incremental
increase in harvest over the combined recreational and
commercial harvest. This value is higher than those
reported in FAO fisheries statistic year books for Canada
and the US, likely because they fail to include the recre-
ational sector in their calculations. In Canada there is
decent information on inland recreational fisheries, but
little national-level information on aboriginal or commer-
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cial fisheries. In the US, the marine fishing statistics are
quite comprehensive but inland data are not easily avail-
able on a national scale. Some of these challenges are
symptomatic of most inland fisheries being managed by
provincial or state agencies (Nielsen 1993), but other
challenges include the dispersed effort of recreational
fisheries, lack of adequate personnel in resource manage-
ment agencies, lack of systematic and standardised sam-
pling and lack of information management systems.
Although such governance makes sense, there should
also be a mechanism where data from provincial and
state agencies are summarised on a national scale. There
is a need for greater reporting and more transparency in
collection of what are simple but critical fisheries statis-
tics to enable the generation of landscape-scale status
reports.

Another important element of evaluating status is
commentary on the quality of the fisheries. Quality in
the context of ecosystem management does not simply
mean lots of big fish. What is needed is better long-term
data on trends in fish populations (abundance and age/
size structure, sex ratios, community structure). Other
relevant information would include level of bycatch in
non-selective aboriginal and commercial fisheries and
information on recreationally captured fish that are
released. Demographic information is available for the
recreational sector, at least for those that purchase
licences, but less information is known about non-
licensed anglers such as youth and seniors.

As a whole, it is difficult to argue that the inland fish-
eries, especially for the recreational sector, are not
vibrant and healthy given the significant socio-economic
benefits that they provide. However, there are certainly
areas within North America where that is not the case
owing to severe habitat alteration (e.g. barriers to migra-
tion, urbanisation, agriculture; Jelks et al. 2008), lack of
water (drought, irrigation, water taking; Lake 2003),
invasive species (Kolar & Lodge 2002) and overfishing
from various sectors (Allan ef al. 2005; Humphries &
Winemiller 2009). In some areas, the contaminant levels
of inland fish are so great that human consumption is
restricted via consumption advisories (Reinert et al.
1991). The incremental effect of all of these stressors,
on top of fishing mortality (both release mortality and
harvest — historical and current) certainly is worrisome,
particularly as the human population continues to grow,
competition for water increases, and climate change (see
Table 2). In some areas, already there is insufficient
water and fisheries productivity to support all sectors. In
other areas, some water bodies are in good condition
whereas the fisheries in others have exhibited declines
and require stocking to restore fish populations. There-
fore, painting a continent as big and diverse as North
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America with a single brush is not entirely informative,
but it is a first step. Although historical data are lacking
in most cases, there is a general belief that the fishing
quality in North America has declined — both in the
quantity and size of fish, although there has also most
certainly been a shifting baseline in the inland waters
(Humphries & Winemiller 2009).

Given that the dominant user of inland fisheries in
North America is the recreational sector, for which har-
vest is relatively low owing to catch-and-release, fisher-
ies in North America face somewhat different threats
than those in other regions of the world (Welcomme
et al. 2010). The high release rates of fish by recrea-
tional fishers may not occur elsewhere and the angling
fraternity in North America has significant political
clout. Moreover, in both Canada and the US, fisheries
represent public trust resources with significant socio-
economic value so there is much interest in ensuring that
they are managed sustainably. In Canada, where all three

Table 2. Summary of internal (i.e. threats that are a result of the fish-
eries themselves) and external (i.e. threats that come from other
resource users or environmental factors) threats facing the aboriginal,
commercial and recreational inland fisheries in North America

Threats

External Internal
Aboriginal

Inter-sectoral conflict Bycatch and discard mortality
Racism Loss of traditional culture

Lengthy treaty negotiations Loss of traditional ecological
knowledge

Lack of capacity for
co-management

Lack of knowledge and

predictability?

Environmental change and
habitat alteration
Invasive species

Water quality and quantity
Commercial
Inter-sectoral conflict
Operational costs
(fuel, boat, insurance, etc.)
Environmental change and
habitat alteration

Bycatch and discard mortality

Ageing fishers with little
replacement

Evolutionary impacts of fishing
[i.e. selective harvest and fisheries
induced evolution (FIE)]

Invasive species

Water quality and quantity

Recreational

Anti-fishing movement

Inter-sectoral conflict

Reductions in access to
fishing opportunities

Complexity of regulations

Environmental change and
habitat alteration

Intra-sectoral conflict
Release mortality
Declining participation rates

Ageing angling community

Evolutionary impacts of fishing
(i.e. FIE)

Invasive species

Water quality and quantity

fisheries sectors overlap (e.g. the Lower Fraser River of
British Columbia), aboriginal peoples have priority
access to fish for ceremonial purposes and food as a
result of the Sparrow Decision (Pitcher er al. 2002).
Moreover, government fisheries regulations in Canada
cannot unduly restrict an aboriginal right to fish. Such
rights have led to inter-sectoral conflict. Indeed, wher-
ever different sectors co-occur, there is a tendency for
conflict to emerge over access to fish and fishing oppor-
tunities as well as discourse related to the relative nega-
tive impacts of the different sectors. Additional conflict
exists between recreational fishers and animal rights
groups that take objection to fishing for fun. Given that
some of the greatest threats to all sectors are external
(e.g. habitat alteration, environmental change, invasive
species, lack of public appreciation for inland fisheries),
there may be more benefit to addressing common prob-
lems with a unified front (Cooke & Cowx 20006).

Management of inland fisheries in North America

Unlike some jurisdictions, particularly in Europe, where
inland fisheries rights are largely private, in North Amer-
ica fish (as well as wildlife) are generally considered
public resources in accordance with the Public Trust
Doctrine (PTD), which is a part of common law and has
roots in Roman civil law (TWS 2010). The PTD has
three core principles relevant to inland fisheries manage-
ment in North America: (1) fish and fisheries are public
resources; (2) fisheries resources are managed by the
government for the common good; and (3) scientific and
resource management professionals hold fisheries in cus-
todianship and serve as trustees who are accountable to
the public. In recent years, rights-based fisheries man-
agement approaches have been used in North America
(mostly in marine waters in the form of limited entry
permits, individual fishing quotas, and local community-
based or co-operative harvesting; see Hilborn et al.
2005). There are some historic rights-based inland recre-
ational fisheries in Canada called Crown leases and
Crown reserves, as well as some limited private water
access rights that are intended to limit access of anglers
(e.g. for Atlantic salmon rivers in New Brunswick),
however, they are not widespread. Rights-based fisheries
also have been used for inland commercial fisheries in
Canada, largely in the form of individual transferrable
quotas (on Lake Erie and Lake Winnipeg) and at a com-
munity level in the Arctic (reviewed in Crowley & Pals-
son 1992). In North America, recreational fisheries are
operated as a user-pay approach where licence fees sup-
port fisheries management by government agencies. This
model is rather uncommon globally but has recently
been adopted by some states in Australia.
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In the United States, state governments are typically
responsible for inland fisheries management. In Canada,
activities are governed by the Canadian constitution, duly
signed treaties and federal (especially the Fisheries Act)
and provincial legislation, and provincial fisheries agen-
cies tend to deal with inland fisheries management and
monitoring. The PTD is the foundation for the North
American model of resource management and is gener-
ally used in both nations. In a fisheries context, the North
American model of management is information-based,
meaning that research activities, stock assessments and
knowledge are fundamental components of decision-mak-
ing processes. However, there are several caveats to this
approach. First, there is an assumption that adequate sci-
ence and knowledge exists or can be obtained. The sec-
ond caveat is that credible science-based information is
indeed the basis for decision-making. Rarely are both of
these caveats satisfied owing to finite resources and the
socio-economic and political human dimensions that play
an important role in fisheries management. In reality,
there is always some level of uncertainty with respect to
fisheries even in a continent that is relatively rich with
expertise, technological capacity and financial resources.
However, basic stock assessment is time consuming and
expensive and thus cannot be done on every system in
every year. For example, Minnesota has 11 842 lakes
and more than 6500 natural rivers and streams totalling
some 111 000 km. Monitoring all of these waters is sim-
ply not possible given today’s resources and technolo-
gies. Some jurisdictions such as Ontario have adopted a
landscape approach to fisheries management where areas
with similar geology, climate and zoogeography are man-
aged in a uniform manner with monitoring restricted to a
reasonable number of representative waters (Lester et al.
2003). Hence, commenting on the status of inland fisher-
ies in North America is inherently challenging given that
data are only available for a fraction of waters present.

Aboriginal fisheries are also inherently difficult to
monitor given the sometimes acrimonious relationships
that exist with natural resource agencies. However,
co-management frameworks, when implemented, provide
opportunities to generate high quality data on the status
of fisheries. For example, such relationships are well
developed in the US Pacific Northwest where several
tribal governments play a fundamental role in the
management of Columbia basin fisheries (Ebbin 2002).
Inland commercial fisheries in the Great Lakes are
highly regulated and monitored, largely owing to the
bi-national management framework that has been estab-
lished (Brown et al. 1999). However, in other areas of
North America, even data on basic catch statistics are
difficult to obtain. Additionally, few inland commercial
or aboriginal fisheries are required to record bycatch (of
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fish or other animals) despite inland byctch being a con-
servation problem (Raby et al. 2011).

Management of recreational fisheries in North America
involves a number of tools including harvest regulations
(Johnson & Martinez 1995) that focus on size (minimum,
maximum or slot limit), bag limits (e.g. number of fish
per day of species y), area closures (e.g. sanctuaries;
Suski & Cooke 2007) and seasonal closures. Harvest
regulations have been highly successful in protecting
spawning biomass and allowing fish to mature and repro-
duce prior to harvest. Typically, seasonal closures are
used to protect fish during the reproductive period.
Although most jurisdictions in North America require
licences (but not for youth or seniors), there are rarely
effort controls per se aside from limits on the number of
rods that an angler can use. In some cases harvest regula-
tions are employed to try and actively alter the population
or community structure but with such a strong emphasis
on catch-and-release in many fisheries, sometimes the
regulations do not achieve their intended result.

Beyond managing people, other common inland man-
agement approaches focus on the habitat or the fish. For
example, addition of habitat structures in rivers and
streams (Roni e al. 2002) or placement of gravel or tim-
ber in reservoirs (Summerfelt 1993) are common
approaches for attempting to increase fisheries productiv-
ity. Habitat can also be altered via fertilisation, some-
thing that has been highly successful in some lakes in
the Pacific northwest (Hyatt et al. 2004). Dam removal
(Bednarek 2001) or installation of fish passage facilities
(Roscoe & Hinch 2010) represents other types of habitat
management that have the potential to improve or restore
fisheries. Fish populations can also be managed directly
through supplementation programmes. Stocking of fish
for put-grow-take fisheries where there is no expectation
of natural reproduction or stocking of fish to supplement
wild populations or re-establish extirpated populations
are common. Fish (both forage and sportfish) are also
introduced to non-native waters to create new fishing
opportunities or improve existing ones, but there are
risks with such actions such as introduction of disease
and competition with native species (reviewed Cambray
2003). In some cases, although the ecological conse-
quences of introductions have had negative impacts on
ecosystems, the fisheries opportunities they create can
lead to some benefit (e.g. common carp specialised rec-
reational fishery pacific salmon in great lakes). Through
time there has been a reduction on the reliance on hatch-
eries for production of sportsfish owing to increased cost
but largely owing to improvements in other aspects of
fisheries management (i.e. managing harvest, habitat and
invasive species) that allow for productive wild fisheries
(e.g. wild trout management).
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Given that there are relatively few places in inland
waters where commercial or aboriginal fisheries operate
without the recreational sector, management of multi-sec-
tor fisheries tends to occur so aboriginal and commercial
sectors are not discussed on their own. Like recreational
fisheries, inland commercial fisheries in North America
are typically managed using size-based harvest regula-
tions in addition to the more comment effort controls used
in marine commercial fisheries. For example, in the upper
Mississippi River two catfish species that were harvested
commercially declined markedly from 1955 to 1984
owing to illegal overharvest of fish over the legal length
of 33 cm (Pitlo 1997). In 1985 the minimum size was
increased to 38 cm for commercially harvested catfish
and following implementation of the new regulation, har-
vest rates and the value of the catch increased. Emphasis-
ing the inter-relationship of the fisheries sectors, the
popularity (as a rank of preference) of channel catfish, Ict-
alurus punctatus (Rafinesque), in the creel of sport
anglers increased from sixth in 1963 to second in 1994
(Pitlo 1997). Another example of a fishery used by multi-
ple sectors is the paddlefish fishery in Kentucky and Ten-
nessee. Timmons and Hughbanks (2000) estimated
commercial and sport fishing exploitation and noted that
in one lake most of the exploitation was commercial (i.e.
Kentucky Lake, 88%) and in the other it was dominated
by the recreational sector (i.e. Lake Barkley, 65%)
emphasising that the relative effort of different sectors
can vary over small spatial scales. There was additional
complexity in the management of the fishery given that
there were area closures for the commercial fishery but
tagging studies revealed that fish moved into areas where
they were legally harvestable such that the regulation was
ineffective. In some cases, commercial harvest may not
directly conflict with recreational fishers because of
different targets but the consequences of commercially
harvesting those fish can have community level changes
that could influence the recreational fishery in a positive
or negative manner (e.g. Schramm et al. 1985).

Prognosis and conclusion

Collectively, the three inland fisheries sectors provide
substantial socio-economic benefit and regionally can
have significant cultural value and yield a significant
amount of food protein. Nonetheless, there are a number
of internal threats that face these fisheries including
over-exploitation and release mortality as well as
external threats such as inter-sectoral conflict, regional
and global environmental change, invasive species and
habitat alteration (See Table 2). If inland fisheries in
North America are to be sustainable in the future, there
is a need to adopt management strategies that are

holistic, coordinated and trans-jurisdictional given that
most inland fisheries are managed at the more local,
state/provincial and tribal level. There is need for
information management systems and adoption of
standard sampling methods (Bonar et al. 2009) to enable
knowledge transfer among agencies and the development
of status reports at the national and continental scale. It
is also critical that management of fisheries not be
isolated to a single sector. Furthermore, fisheries
management tends to be most successful when focused
simultaneously on the fish, their habitat and the people
using the resources (Nielsen 1993). All stakeholders
must recognise that although inland fisheries tend to not
receive the same attention as marine fisheries, that the
potential for local- and broad-scale irreversible changes
in inland fisheries also exist and must be identified and
addressed.

Inland fisheries will certainly undergo significant
change in coming years, particularly in northern clines
owing to climate change. Conflict with other non-fisher-
ies users (e.g. recreational boating) for access to water
and reductions in water quality will likely become greater
problems as human populations increase. In addition, the
need to protect endangered populations (fish and other
taxa) may also limit fishing access or effort. New fisher-
ies may emerge in the form of invasive species such as
Asian carp in the Mississippi River. As the population
ages, there is evidence that recruitment of new anglers is
declining, which appears to be associated with a general
trend of urbanisation and people becoming disconnected
with nature. On the other hand, food security and the
move towards eating locally may create new markets for
freshwater fish provided that they have low contaminant
loads and are considered healthy and taste good. There is
also no doubt that the three sectors will continue to com-
pete for access to fish. However, the best way forward is
for the various fisheries sectors to focus on reducing
inter-sectoral conflict so that efforts can be devoted to
addressing the many common external threats such as
habitat alteration, environmental change, fragmentation,
pollution and introduction of non-native species.

Acknowledgments

We are grateful for financial support from the Natural
Sciences and Engineering Research Council of Canada
(Strategic Grant to SJC on inland multi-sector fisheries),
the Canada Research Chairs Program, and the Great
Lakes Fishery Commission. Members of the Cooke Lab-
oratory kindly provided input on the development of this
manuscript. Sue Rocques (DFO) provided information
on recreational fisheries statistics in Canada and John
Downing (Iowa State Univ.) kindly provided information

© 2013 Blackwell Publishing Ltd



on the number of lakes in North America. We also
acknowledge Steve Kerr (OMNR) for assembling a his-
torical timeline of fisheries in Ontario which although
not cited herein, did serve as an invaluable resource. We
thank several anonymous referees for providing valuable
comments on the manuscript.

References

Adams G.F. (1978) A historical review of the commercial
fisheries of the Boreal Lakes of central Canada: their
development, management, and potential. In: R.L. Kendall
(ed.) Fishes of North America.
Washington, DC: American Fisheries Society, pp. 347-360.

Alaska Department of Fish and Game (ADFG) (2001) Alaska
Subsistence Fisheries 1999 Annual Report. Juneau: Division of
Subsistence, ADFG, 154 pp.

Allan J.D., Abell R., Hogan Z., Revenga C., Taylor B.,
Welcomme R. et al. (2005) Overfishing of inland waters.
BioScience 55, 1041-1051.

American Sportfishing Association (ASA) (2008) Sportfishing in
America: An Economic Engine and Conservation Powerhouse.
Produced for the American Sportfishing Association, with
funding from the Multistate Conservation Grant Program by

Selected  Coolwater

Southwick Associates.

Anderson A.W. & Power E.A. (1956) Fishery Statistics of the
United States — 1954. Washington, D.C.: U.S. Fish and
Wildlife Service Statistical Digest No. 39, 374 pp.

Arlinghaus R. & Cooke S.J. (2008) Recreational fishing: socio-
economic importance, conservation issues and management
challenges. In: B. Dickson, J. Hutton & B. Adams (eds)
Recreational Hunting, Conservation and Rural Livelihoods:
Science and Practice. Oxford: Blackwell Publishing, pp. 39-58.

Arlinghaus R., Cooke S.J., Lyman J., Policansky D., Schwab A.,
Suski C. et al. (2007) Understanding the complexity of catch-
and-release in recreational fishing: an integrative synthesis of
global knowledge from historical, ethical, social, and biological
perspectives. Reviews in Fisheries Science 15, 75-167.

Ashcroft P., Duffy M., Dunn C., Johnston T., Koob M.,
Merkowsky J. et al. (2006) The Saskatchewan Fishery —
History and Current Status. Saskatchewan Environment
Technical Report No. 20062, 63 pp.

Baldwin N.S. & Saalfeld R.W. (1962) Commercial fish
production in the Great Lakes 1867-1960. Ann Arbor,
Michigan: Great Lakes Fishery Commission, Technical Report
No. 3, 166 pp.

Barnhardt R. & Kawagley A.O. (2005) Indigenous knowledge
systems and Alaska native ways of knowing. Anthropology
and Education Quarterly 36, 8-23.

Bednarek A. (2001) Undamming rivers:
ecological impacts of dam
Management 27, 803-814.

Berkes F., Hughes A., George P.J., Preston R.J., Cummins B.D.
& Turner J. (1995) The persistence of aboriginal land use: fish

a review of the

removal.  Environmental

© 2013 Blackwell Publishing Ltd

INLAND FISHERIES IN NORTH AMERICA

and wildlife harvest areas in the Hudson and James Bay
Lowland, Ontario. Arctic 48, 81-93.

Bogue M.B. (2000) Fishing the Great Lakes: An Environmental

1783-1933. Madison, WI: The University of
Wisconsin Press, 444 pp.

Bonar S.A., Hubert W.A. & Willis D.W. (2009) Standard
Methods for Sampling North American Freshwater Fishes.
Bethesda, MD: American Fisheries Society, 459 pp.

Brown R.W., Ebener M. & Gorenflo T. (1999) Great Lake
commercial fisheries: historical overview and prognosis for the
future. In: W.W. Taylor & C.P. Ferreri (eds) Great Lakes
Fisheries Policy and Management — A Binational Perspective.
East Lansing, MI: Michigan State University Press, pp. 307-354.

Buklis L.S. (2002) Subsistence fisheries management on federal
public lands in Alaska. Fisheries 27, 10-18.

Cambray J.A. (2003) Impact of indigenous species biodiversity
caused by the globalisation of alien recreational freshwater
fisheries. Hydrobiologia 500, 217-230.

Carlander K.D. (1949) Some trends in the commercial fisheries
of Lake of the Woods, Minnesota.
American Fisheries Society 77, 13-25.

Carlander H.B. (1954) A History of Fish and Fishing in the
Upper Mississippi River. Des Moines, IA: Upper Mississippi
River Conservation Committee, 96 pp.

Carlson D.M. & Bonislawsky P.S. (1981) The paddlefish
(Polyodon spathula) fisheries of the Midwestern United States.
Fisheries 6, 17-27.

Cooke S.J. & Cowx I.G. (2004) The role of recreational fisheries
in global fish crisises. BioScience 54, 857-859.

Cooke S.J. & Cowx L.G. (2006) Contrasting recreational and
commercial fishing: searching for common issues to promote
unified conservation of fisheries and aquatic
environments. Biological Conservation 128, 93—108.

Crowley R.W. & Palsson H. (1992) Rights based fisheries
management in Canada. Marine Resource Economics 7, 1-21.
Department and Oceans (DFO)(2006) 2005

Recreational Fisheries Survey Summary. Ottawa: Fisheries and
Oceans Canada, 6 pp.
Department of Fisheries and Oceans (DFO) (2008) Canadian

History,

Transactions of the

resources

of Fisheries

Fisheries Statistics 2006. Ottawa: Fisheries and Oceans
Canada, 23 pp.
Dequine J.F. (1950) Management of Florida’s fresh-water

fisheries. Transactions of the American Fisheries Society 718,
38-41.

Downing J.A., Prairie Y.T., Cole J.J., Duarte C.M., Tranvik L.,
Striegl R., et al. (2006) The global abundance and size
distribution of lakes, ponds, and impoundments. Limnology
and Oceanography 51, 2388-2397.

Dudgeon D., Arthington A.H., Gessner M.O., Kawabata Z.I.,

DJ., Leveque C., etal (2006)
biodiversity: importance, status, and conservation challenges.
Biological Reviews 81, 163—182.

Dulvy N.K., Baum J.K., Clarke S., Compagno L.J.V., Cortés E.,
Domingo A., ef al. (2008) You can swim but you can’t hide:
the global status and conservation of oceanic pelagic sharks

Knowler Freshwater

11



12 S.J. COOKE & K. J. MURCHIE

and rays. Aquatic Conservation: Marine and Freshwater
Ecoystems 18, 459-482.

Ebbin S.A. (2002) Enhanced fit through institutional interplay in
the Pacific northwest salmon co-management regime. Marine
Policy 26, 253-259.

Ewers J.C. (1958) The Blackfeet: Raiders on the Northwestern
Plains. Norman, OK: University of Oklahoma Press, 347 pp.
Falkner W. (1976) Fisheries Information: Inland Fisheries of
Canada. Parliamentary Standing Committee on Fisheries and

Forestry, 64 pp.

Fall J.A. (1990) The Division of Subsistence of the Alaska
Department of Fish and Game: an overview of its research
program and findings: 1890-1990. Arctic Anthropology 27, 68
-92.

Ferguson M.M. & Duckworth G.A. (1997) The status and
distribution of lake sturgeon, Acipenser fulvescens, in the
Canadian provinces of Manitoba, Ontario and Quebec: a genetic
perspective. Environmental Biology of Fishes 48, 299-309.

Fisheries & Marine Service (1978) Rehabilitation of Canada’s
Inland Commercial Fishery. Ottawa, Canada: Department of
Fisheries and Environment, 34 pp.

Food and Agriculture Organization (FAO) (1992) Review of the
State of World Fishery Resources, Part 2: Inland Fisheries and
Aquaculture. FAO Fisheries Circular (FAO) No. 710, 26 pp.

Food and Agriculture Organization (FAO) (2007) Fish and
Fishery Products Food Balance Sheets and Fish Contribution
to Protein Supply by World, Continent and Economic Groups
2007 and 1961-2007. Rome: UN FAO.

Garibaldi A. & Turner N. (2004) Cultural keystone species:
implications for ecological
Ecology and Society 9, 1-15.

Gislason G.S., Macmillan J.A. & Craven J.W. (1982) The
Manitoba Commercial Freshwater Fishery: An Economic
Analysis. Winnipeg, MB: The University of Manitoba Press,
311 pp.

Gobalet K.W., Schulz P.D., Wake T.A. & Siefkin N. (2004)
Archaeological perspectives on native American fisheries of
California, with emphasis on steelhead and salmon.
Transactions of the American Fisheries Society 133, 801-833.

Grant H.C. (1938) The Commercial
Manitoba. Winnipeg, Manitoba: Manitoba Economic Survey
Board, 67 pp.

Hilborn R., Parrish J.K. & Litle K. (2005) Fishing rights or
fishing wrongs? Reviews in Fish Biology and Fisheries 15,
191-199.

Holmlund C.M. & Hammer M. (1999) Ecosystem services
generated by fish populations. Ecological Economics 29, 253
—268.

Humphries P.L. & Winemiller K.O. (2009) Historical impacts on
river fauna, shifting baselines and challenges for restoration.
BioScience 59, 673-684.

Hyatt K.D., McQueen D.J., Shortreed K.S. & Rankin D.P.
(2004) Sockeye salmon (Oncorhynchus nerka) nursery lake
fertilization: review and summary. Environmental Reviews 12,
133-162.

conservation and restoration.

Fishing Industry of

Jackson J.B., Kirby M.X., Berger W.H., Bjorndal K.A., Botsford
L.W., Bourque B.J., et al. (2001) Historical overfishing and the
recent collapse of coastal ecosystems. Science 293, 629-638.

Jelks H.L., Walsh S.J., Burkhead N.M., Contreras-Balderas S.,
Diaz-Pardo E., Hendrickson D.A., et al. (2008) Conservation
status of imperiled North American freshwater diadromous
fishes. Fisheries 33, 372-407.

Jenkins R.M. (1970) Reservoir fish management. In: N.G.
Benson (ed.) A Century of Fisheries in North America.
Washington, DC: Special
Fisheries Society, pp. 173-182.

Johnson B.M. & Martinez P.J. (1995) Selecting harvest
regulations for recreational fisheries: opportunities for research/
management cooperation. Fisheries 20, 22-29.

Kennedy W.A. (1966) A History of Commercial Fishing in
Inland Canada. Research Board of Canada,
Manuscript Report Series No. 871. 38 pp.

Kinnunen R.E. (2003) Great Lakes Commercial Fisheries.
Marquette: Michigan Sea Grant Extension, 19 pp.

Kolar C.S. & Lodge D.M. (2002) Ecological predictions and risk
assessment for alien fishes in North America. Science 298,
1233-1236.

Koonce J.F., Locci A.B. & Knight R.L. (1999) Contribution of
fishery management in walleye and yellow perch populations
of Lake Erie. Ini W.W. Taylor & C.P. Ferreri (eds) Great
Lakes Fisheries Policy and Management — A Binational
Perspective. East Lansing, MI: Michigan State University
Press, pp. 397-416.

Lake P.S. (2003) Ecological effects of perturbation by drought in
flowing waters. Freshwater Biology 48, 1161-1172.

Lester N.P., Marshall T.R., Armstrong K., Dunlop W.I. &
Ritchie B. (2003) A broad-scale approach to management of
Ontario’s recreational fisheries. North American Journal of
Fisheries Management 23, 1312—1328.

Litvak M.K. & Mandrak N.E. (1993) Ecology of freshwater
baitfish use in Canada and the United States. Fisheries 18, 6
—-13.

Magdanz J.S., Braem N.S., Robbins B.C. & Koster D.S. (2010)
Subsistence Harvests in Northwest Alaska, Kivalina and
Noatak, 2007. Fairbanks, AL: Alaska Department of Fish and
Game, Division of Subsistence Technical Paper No.354, 145 pp.

Meehean O.L. (1952) Problems in fish pond management.
Journal of Wildlife Management 16, 233-238.

Meronek T.G., Copes F.A. & Coble D.W. (1997) A survey of
the bait industry in the North-Central region of the United
States. North American Journal of Fisheries Management 17,
703-711.

Meyers G.D. (1991) Different sides of the same coin: a
comparative view of Indian hunting and fishing rights in the
United States and Canada. UCLA Journal of Environmental
Law and Policy 10, 67-122.

Miranda L.E. & Bettoli P.W. (2010) Large reservoirs. In: W.
Hubert & M. Quist editors, Inland Fisheries Management in
North America, 3rd edn. Bethesda, MD: American Fisheries
Society, pp. 545-586.

Publication of the American

Fisheries

© 2013 Blackwell Publishing Ltd



Miranda L.E., Spickard M., Dunn T., Webb K.M., Aycock J.M.
& Hunt K.M. (2010) Fish habitat degradation in U.S.
reservoirs. Fisheries 35, 175-184.

Myers R.A. & Worm B. (2003) Rapid worldwide depletion of
predatory fish communities. Nature 423, 280-283.

Nielsen L.A. (1993) History of inland fisheries management in
North America. In: C. C Kohler & W.A. Hubert (eds) Inland
Fisheries Management in North America. Bethesda, MD:
American Fisheries Society, pp. 3-31.

Notzke C. (1994) Aboriginal Peoples and Natural Resources in
Canada. Concord, ON: Captus Press Inc., 339 pp.

Notzke C. (1995) A new perspective in aboriginal natural resource
management: co-management. Geoforum 26, 187-209.

Pauly D., Christensen V., Dalsgaard J., Froese R. & Torres F.
(1998) Fishing down marine food webs. Science 279, 860
—863.

Pauly D., Watson R. & Alder J. (2005) Global trends in world
fisheries: impacts on marine ecosystems and food security.
Philosophical Transactions of the Royal Society B 360, 5—12.

Pearse P.H. (1988) Rising to the Challenge: a New Policy for
Canada’s Freshwater Fisheries. Ottawa, ON: Canadian
Wildlife Federation, 180 pp.

Pitcher T.J., Buchary E.A. & Sumaila U.R. (2002) A Synopsis of
Canadian  Fisheries. Vancouver: of British
Columbia Fisheries Centre, 20 pp.

Pitlo J. (1997) Response of upper Mississippi River channel
catfish populations to changes in
regulations. North American Journal of Fisheries Management
17, 848-859.

Post J.R., Sullivan M., Cox S., Lester N.P., Walters C.J.,
Parkinson E.A., et al. (2002) Canada’s recreational fisheries:
the invisible collapse? Fisheries 27, 6-17.

Raby G.D., Colotelo A.C., Blouin-Demers G. & Cooke S.J.
(2011) Freshwater bycatch: an understated conservation
problem. BioScience 61, 271-280.

Reinert R.E., Knuth B.A., Kamrin M.A. & Stober Q.J. (1991)
Risk assessment, risk management, and fish consumption
advisories in the United States. Fisheries 16, 5—12.

Revenga C. & Kura Y. (2003) Status and Trends of Biodiversity
of Inland Water Ecosystems. Secretariat of the Convention on
Biological Diversity, Technical Series No. 11, 122 pp.

Richter B.D., Braun D.P., Mendelson M.A. & Master L.L.
(1997) Threats to imperiled freshwater fauna. Conservation
Biology 11, 1081-1093.

Riggs C.D. (1958) Unexploited potentials of our fresh-water
commercial fisheries. Transactions of the American Fisheries
Society 87, 299-308.

Rodger R.W.A. (2006) The Fisheries of North America: An

Halifax, NS:

University

commercial harvest

Hllustrated Guide to Commercial Species.
Canadian Marine Publications, 213 pp.

Roni P., Beechie T.J., Bilby R.E., Leonetti F.E., Pollock M.M. &
Pess G.R. (2002) A review of stream restoration techniques
and a hierarchical strategy for prioritizing restoration in Pacific

© 2013 Blackwell Publishing Ltd

INLAND FISHERIES IN NORTH AMERICA

Northwest Watersheds. North American Journal of Fisheries
Management 22, 1-20.

Roscoe D.W. & Hinch S.G. (2010) Effectiveness monitoring of
fish passage facilities: historical trends, geographic patterns
and future directions. Fish and Fisheries 11, 12-33.

Rostlund E. (1952) Freshwater Fish and Fishing in Native North
America, Vol. 9. Berkely, CA: University of California
Publications in Geography, 313 pp.

Schramm Jr H.L., Shireman J.V., Hammond D.E. & Powell
D.M. (1985) Effect of commercial harvest of sport fish on the
black crappie population of Lake Okeechobee. North
American Journal of Fisheries Management 5, 217-226.

Schramm Jr H.L., Armstrong M.L., Funicelli N.A., Green D.M.,
Lee D.P., Manns Jr R.E., (1991) The status of
competitive fishing in North America. Fisheries 16, 4—12.

Summerfelt R.C. (1993) Lake and reservoir habitat management.
In: C.C. Kohler & W.A. Hubert (eds) Inland Fisheries
Management in North America. Bethesda, MD: American
Fisheries Society, pp. 231-261.

Suski C.D. & Cooke S.J. (2007) Conservation of aquatic
resources through the use of freshwater protected areas:
opportunities and challenges. Biodiversity and Conservation
16, 2015-2029.

Swingle H.S. (1970) History of warmwater pond culture in the
United States. In: N.G. Benson (ed.) A Century of Fisheries in
North America. Bethesda, MD: American Fisheries Society,
pp- 95-105.

The Wildlife Society (TWS) (2010) The Public Trust Doctrine:
Implications for Wildlife Management and Conservation in the
United States and Canada. Technical Review 01-10. Bethesda,
MD: The Wildlife Society.

Timmons T.J. & Hughbanks T.A. (2000) Exploitation and
mortality of paddlefish in thelower Tennessee and Cumberland
rivers. Transactions of the American Fisheries Society 129,
1171-1180.

U.S. Department of the Interior (USDI) (1993) 1991 National
Survey  of  Fishing, and  Wildlife-Associated
Recreation. Washington, DC: U.S. Department of the Interior,
Fish and Wildlife Service, and U.S. Department of Commerce,
Census Bureau.

Welcomme R.L., Cowx L.G., Béné C., Funge-Smith S., Halls A.
& Lorenzen K. (2010) Inland capture fisheries. Philosophical
Transactions of the Royal Society B 365, 2881-2896.

Wells P.G. (2003) State of the marine environment reports—a
need to evaluate their role in marine environmental protection
and conservation. Marine Pollution Bulletin 46, 1219-1223.

Whitaker H. (1892) Early history of the fisheries on the Great
Lakes. Transactions of the American Fisheries Society 21, 163
-179.

Willis D.W., Lusk R.D. & Slipke J.W. (2010) Farm ponds and

& W.A. Hubert (eds)

Inland Fisheries Management in North America. Bethesda,

MD: American Fisheries Society, pp. 501-543.

et al.

Hunting,

small impoundments. In: C.C. Kohler

13



