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Abstract

Northern pike Esox lucius is a large, long-lived piscivorous species that are harvested in
sport and subsistence fisheries in Alaska. My study described the seasonal movements of
northern pike that inhabit the Minto Lakes portion (Goldstream Creek drainage) of the Minto
Flats wetland complex, Alaska, from May 2008 through January 2010. Very high frequency
(VHF) radio tags (n = 220) were surgically implanted in northern pike in Minto Flats in May
2007, 2008, and 2009, and fish were relocated with fixed telemetry stations and aerial- and boat-
based telemetry surveys. Radio-tagged northern pike displayed a distinct spring pre-spawning
migration into the Minto Lakes study area, where they remained for the duration of the open-
water season. A protracted out-migration occurred between late September and early December,
with downstream movements peaking in November and October of 2008 and 2009, respectively.
Radio-tagged fish present in the Minto Lakes study area during the open-water season
overwintered exclusively in a 26-km reach of the Chatanika River from its confluence with
Goldstream Creek upstream to the Murphy Dome Road access point. Daily movement rates
were greatest during May and August. In addition to providing a better understanding of
northern pike life history in Minto Flats, these results will aid managers and researchers by
identifying critical habitats and providing information to better design future population

assessment experiments.
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General Introduction

Movement is a critical component of the daily activities and life history of many fish
species. The ability to move allows fish to meet their resource needs in spatially and temporally
variable environments, and can vary widely from diel movements among habitats to seasonal
migrations between water bodies. Movement behaviors may also be directly and indirectly
related to factors including prey availability, predator avoidance, spawning, and environmental
conditions (Schlosser and Angermeir 1995; Matthews 1998; Lucas and Baras 2001; Koed et al.

2006).

Northcote (1978, 1984, 1998) defined migration as the movement that occurs when a fish
changes location between two or more well-separated habitats, that occurs at regular intervals
during the fishes lifetime, involves a large proportion of the fish population, and occurs with
directed movement (i.e., not random movement or passive drift) at some stage of the life cycle.
A broad range of long-lived iteroparous fishes residing in temperate regions have a spring
migration from wintering to spawning areas and may remain within or close to those areas to
feed (Langhurst and Schoenike 1990; West et al. 1992; Lucas and Bately 1996; Roach 1998b;
Nykanen et al. 2004). During these periods, localized movements are observed that may be
interpreted to be a home range or activity center. Localized movements of several hundred
meters to kilometers can be important for survival and reproduction (Northcote 1978; Jordan and
Wortley 1985; Northcote 1998). However, infrequent, longer-distance movements to new
locations for foraging may also occur (Vostradovsky 1975, in Raat 1988; Bregazzi and Kennedy
1980; Lucas and Baras 2001 and references within; Kobler et al. 2008a). Some species that have
been shown to display the aforementioned movement patterns include but are not limited to

Arctic grayling Thymallus arcticus, European grayling 7. thymallus, smallmouth bass



Micropterus dolomieu, barbel Barbus barbus, and northern pike Esox lucius (Langhurst and

Schoenike 1990; West et al. 1992; Lucas and Bately 1996; Roach 1998b; Nykanen et al. 2004).

Northern pike have a circumpolar distribution, and are thought to be a relatively young
species that arose in the late Pleistocene (Maes et al. 2003). It is believed that northern pike and
their relatives radiated in freshwater before the separation of North America and Europe (Wilson
et al. 1992; Crossman 1996, Crossman and Harington 1970). Northern pike are a predatory
species at the top of the aquatic food web in most habitats (Craig 2008), are extremely plastic in
their life history, and can occupy a wide range of fluvial, lacustrine, and brackish habitats
(Maitland and Campbell 1992; Craig 1996). This species can be found in approximately 45% of
the total freshwater surface area of North America. In these habitats, northern pike can tolerate a
wide range of environmental conditions, but are primarily a mesothermal species that is adapted
to shallow mesotrophic to eutrophic water bodies (Carlander et al. 1978). In Alaska, northern
pike range throughout the state, but are only native north of the Alaska Range and in the Alsek
and Taku River drainages of southeast Alaska (McPhail and Lindsey 1970; Lee et al. 1980;
Morrow 1980; Lindsey and McPhail 1986; McPhail and Lindsey 1986). This species was
illegally introduced to the Susitna River drainage in the 1970s and the Kenai Peninsula in the
1990s (Morrow 1980; B. Stratton in Alaska Department of Fish and Game Currents, Winter

2000-2001).

Northern pike are harvested in sport, subsistence, and commercial fisheries across their
range in Alaska (Andrews 1989; Pierce and Cook 2000; Brase and Baker 2014; Brown et al.
2014). In the Tanana River Management Area (TRMA) in the eastern interior of Alaska, the
estimated annual sport fishery catch of northern pike ranged from 10,330 to 36,710 fish from

2002 to 2012 (ADF&G 2015). Estimated sport fishery harvests of northern pike in the TRMA

2



over that same period were between 1,209 and 4,895 fish (ADF&G 2015). Within the TRMA,
the Minto Flats wetland complex sustains one of the most important northern pike fisheries
(Brase and Baker 2014). From 2002 to 2012, estimated annual sport fishery catch and harvest in
the Minto Flats wetland complex ranged between 3,911 to 21,159 fish caught and 386 to 2,052
fish harvested (ADF&G 2015). Over the most recent 11-year period for which data are currently
available (2002-2012), the Minto Flats wetland complex accounted for 23 to 58% of the catch
and 18 to 46% of the harvest of northern pike in the TRMA (ADF&G 2015). Over that same
period, subsistence users reported harvests of northern pike from the Tolovana River drainage
(including Minto Flats) that averaged 701 fish annually (ADF&G, Commercial Fisheries
Division, unpublished data). Sport fishery catch and harvest of northern pike in the Minto Flats
wetland complex declined after 2007 and remained below pre-2007 levels through 2012

(ADF&G 2015).

Northern pike initiate spawning behaviors in the spring, when water temperatures reach 8
to 12°C. Optimal spawning habitat includes shallow, sheltered areas with flooded grasses and
sedges to entrap and suspend the eggs above the substrate (Casselman and Lewis 1996). Age-0
northern pike are closely associated with moderately dense submerged aquatic macrophytes with
some interspersed floating and emergent vegetation (Anderson 1993; Casselman and Lewis
1996). The presence of vegetation in their habitat is important; for example, northern pike
growth was significantly faster when fish were reared in tanks with vegetation (Johnson 1960).
As northern pike grow, larger individuals in the population are more commonly found at the
macrophyte-open-water interface, with smaller individuals displaced to more heavily vegetated

areas due to increased vulnerability to predation (Chapman and Mackay 1984a, 1984b;



Casselman and Lewis 1996). As juveniles grow in size, their preferred habitat areas also

increase in water depth (Casselman and Harvey 1973).

Movement and activity patterns of northern pike have historically been, and still are, an
often-studied topic (Diana et al. 1977, Diana 1980; Cook and Bergersen 1988; Craig 1996;
Klefoth et al. 2008). Northern pike have traditionally been considered a sedentary, sit-and-wait
predator with a restricted home range (Malinin 1969, 1970; Makowecki 1973; Diana 1980; Raat
1988). With the use of ultrasonic and radio transmitters, this belief has been both challenged and
supported. Malinin (1969, 1970) proposed that northern pike had a home range from 50 to 150
m in diameter based on telemetry and long-term mark-recapture data. Diana’s (1980) study of
northern pike on Lac Ste. Anne, Alberta, using ultrasonic telemetry strongly supported those
results. Diana et al. (1977) concluded that ultrasonic-tagged northern pike moved randomly
throughout a narrow zone along the lake edge and, while they did not have a well-defined home
range, these tagged fish revisited some areas several times. These findings demonstrate why
some mark-recapture studies have concluded that tagged northern pike exhibited minimal
movements between marking and subsequent recovery locations. There is an increasing body of
evidence that suggests that northern pike restrict their movements to specific activity centers for
a period of time, followed by longer-ranging movements in which they may move to a new
activity center (Diana et al. 1977; Cook and Bergersen 1988). Jepsen et al. (2001) suggested that
northern pike in one water body employed three different movement behaviors: 1) residence in
one restricted area; 2) utilization and movements between several “activity centers”; and 3)

movements over larger areas with frequent habitat shifts.

Across their range in North America, northern pike have exhibited seasonal movement

patterns that often closely fit the description of seasonal movements made by long-lived
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iteroparous fishes as described in Lucas and Baras (2001), Diana (1980), and Lucas et al. (1991).
Cook and Bergersen (1988) found that activity increased in the spring in conjunction with
spawning. In addition, numerous other studies have documented distinct spawning movements
(Franklin and Smith 1963; Karas and Lehtonen 1993; Miller et al. 2001; Rosell and MacOscar
2002) and natal and spawning site fidelity (Carbine and Applegate 1948; Bregazzi and Kennedy
1980; Miller et al. 2001; Kobler et al. 2008a). Summer site fidelity in a small (25 ha) lake was
tested and confirmed by Kobler et al. (2008b) when all translocated fish returned to their activity
center within a 6-d period. Diana et al. (1977) and Cook and Bergersen (1988) found that
northern pike restricted their movements in a lake to a narrow zone parallel to the shoreline and
observed declining activity levels in late summer/early fall. Diana et al. (1977) concluded that
tagged fish did not exhibit well-defined home ranges, but they did revisit locations where they
had been previously located. Using a 95% and 50% kernel density probability, Kobler et al.
(2008b) estimated summer activity center sizes of 1392.5 = 389.0 m* and 190.8 + 56.4 m,
respectively, which agreed with the assertion of Grimm and Klinge (1996) that northern pike
occupy a restricted activity center. Although earlier studies had estimated larger activity centers,
they were conducted in much larger (~ 5,000 ha) lakes (Vostradovsky 1975, in Raat 1988; Diana
et al. 1977). Casselman (1978) suggested that northern pike moved to winter refugia habitats
when faced with less than optimal environmental conditions, such as low dissolved oxygen

concentrations.

Certain environmental factors have been shown to affect habitat choice, movements, and
activity of northern pike. Shorter-range movements have been shown to be responses by fish to
specific preferences for water temperature, dissolved oxygen, and other physical-chemical

properties (Matthews 1977, Matthews and Hill 1979). At dissolved oxygen concentrations



between 2-3 mg-L ™, activity and feeding of northern pike is reduced; below 2 mg-L™", feeding
activity ceases (Adelman and Smith 1970; Casselman 1978). In open-water seasons, dissolved
oxygen concentrations below 4 mg'L™' cause some northern pike to actively seek habitats with
higher concentrations (Headrick and Carline 1993). When faced with temperatures in the
epilimnion in excess of 25°C and an anoxic bottom, northern pike experienced habitat
compression and were found in the coolest waters available with oxygen concentrations over 3
mg-L" (Headrick and Carline 1993). Water temperatures as low as 0.1° C, such as what may be
encountered during late fall or winter (i.e., during freeze-up), while resulting in reduced

movement and activity, did not cause any observable stress in northern pike (Casselman 1978).

Cook and Bergersen (1988) observed that radio-tagged northern pike were found
significantly farther from shore on windy days than on calm days. The authors noted that high
winds caused large waves, which increased nearshore turbidity. Higher turbidity can negatively
affect the ability of northern pike to effectively feed (Craig and Babaluk 1989). These authors
noted that fish body weight was positively related to secchi depth, with a 6% increase in weight
for every 1 m increase over the 3-m depth range. When faced with increased turbidity,
Andersen et al. (2008) suggested that northern pike, especially larger individuals, may exhibit a

greater diversity of behaviors.

Changing water levels can also affect activity of northern pike. Hodder et al. (2007)
found that during periods of extreme flooding, estimated home ranges of northern pike were
maximized. However, under partial flooding conditions, there was not a significant increase in
estimated home range size. Masters et al. (2002) hypothesized that during flood conditions, pike

utilized the increased availability of habitats for feeding rather than as escape areas from high



flows. Under declining water conditions, northern pike increased both their activity and 24-h use

areas (Rogers and Bergersen 1995).

There have been conflicting observations with respect to light intensity and its effects on
northern pike movements and habitat selection. Cook and Bergersen (1988) found that on sunny
days, northern pike were found in deeper water, but not farther from the shoreline. However,
Chapman and Mackay (1984b) observed that northern pike selected shallow water on sunny
days. Multiple authors have concluded that northern pike exhibit crepuscular activity peaks
(Cook and Bergersen 1988; Beaumont et al. 2003; Hodder et al. 2007). Light intensity was
identified as the most important factor controlling movements of age-0 (larval) fish from wetland

rearing areas to habitats in the main lake (Hunt and Carbine 1951; Franklin and Smith 1963).

Early telemetry and mark-recapture studies of northern pike in the Minto Flats wetland
complex focused on their seasonal movements over the entire area and identified spawning,
summer feeding, and overwintering habitats (Alt 1970, 1971; Cheney 1971, 1972; Hallberg
1983, 1984; Holmes and Burkholder 1988; Burkholder 1989, 1991; Burkholder and Bernard
1994). These studies concluded that northern pike were dispersed throughout the wetland
complex for spawning and summer feeding, but only utilized a few areas within the wetland
complex during the overwintering period. Although Cheney (1971) and Hallberg (1984) found
low (<1 mg-L™) dissolved oxygen levels in many sampling locations during winter, locations of
overwintering northern pike only corresponded with areas that had higher levels of dissolved

oxygen (2.5-8 mg-L™).

Burkholder (1989) separated the Minto Flats wetland complex into three major

geographic areas and concluded that northern pike that inhabited those areas generally belonged



to one of two sub-populations based on which area they utilized during wintering (i.e., Chatanika
River/Minto Lakes and lower Tolovana River). Roach (1998a) conducted a telemetry study on
northern pike during the open-water season in the Minto Lakes Study Area (MLSA) and
concluded that fish showed high but not complete fidelity to that area on an annual basis. Based
on the results of Roach (1998a) and the earlier studies completed in Minto Flats, improvements
were made to the experimental design of northern pike abundance estimation experiments
conducted by the Alaska Department of Fish and Game (ADF&G) in the Minto Flats wetland
complex by shortening the period between marking and recapture events from several months or
longer to several weeks or less. While informative, these early studies did not adequately
describe in detail the seasonal movements of northern pike that utilized the MLSA area due to
their use of too few radio-tagged or marked individuals, the short duration of radio-tag lifespans,

and/or the long time periods between relocation events.

Through the use of radio-telemetry techniques, this study provides a more detailed
description of the seasonal movements of northern pike that utilize the MLSA during the open-
water season and overwinter in the Chatanika River. Active radio tracking was utilized for the
identification of real-time fish locations during both summer and winter seasons while the use of
passive telemetry techniques allowed for continued monitoring of fish movements past
strategically placed stationary tracking stations during time periods between active tracking
surveys or when field travel was unsafe or impractical. Using the collected data, I described the
timing and magnitude of northern pike movements into, out of, and within the study area. The
described movements resulted in a more detailed characterization of northern pike life history
and will provide an increased body of knowledge to fishery managers to better define stocks of

this species in the Minto Flats wetland complex, design more precise abundance estimation



experiments, and regulate harvests for sustainability and quality. In addition, the detailed life-
history information can also be applied to other populations of northern pike within Alaska, as

well as throughout their circumpolar distribution.



Chapter 1

Introduction

Movement is a critical life-history strategy for all fish species and is needed to meet
resource needs in spatially and temporally variable environments. Spatial movements can range
from several meters to thousands of kilometers and temporally from daily to annual. These
movements can be important for survival and reproduction and many of those movements are
considered to be migrations (Northcote 1978; Jordan and Wortley 1985; Northcote 1998).
Northcote (1978, 1984, 1998) defined migration as a movement that occurs when a fish changes
location between two or more well-separated habitats, that occurs at regular intervals during the
lifetime of a fish, involves a large proportion of the fish population, and occurs with directed
movement (i.e., not random movements or passive drift) at some stage of the life cycle.
Movements and migratory behaviors can be directly and indirectly related to a variety of factors
including prey availability, predator avoidance, spawning, and environmental conditions
(Schlosser and Angermeir 1995; Matthews 1998; Lucas and Baras 2001; Koed et al. 2006). A
broad range of long-lived iteroparous fishes, including northern pike Esox lucius, which live in
temperate regions have a spring migration from wintering to spawning areas and may remain
within or close to those areas to feed (Schlosser and Angermeir 1995; Matthews 1998; Lucas and

Baras 2001; Koed et al. 2006).

Northern pike are a large, predatory fish with a circumpolar distribution (Scott and
Crossman 1973; Craig 2008; Skog et al. 2014). This species can be found in a wide range of

fluvial, lacustrine, and brackish habitats, but is primarily considered to be mesothermal and best
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adapted to shallow, mesotrophic, and/or eutrophic habitats (Carlander et al. 1978; Maitland and

Campbell 1992; Craig 1996; Westin and Limburg 2002).

Traditionally, northern pike have been considered to be a sedentary, sit-and-wait predator
with a restricted home range; the use of ultrasonic and radio transmitters has both supported and
challenged this belief (Malinin 1969, 1970; Makowecki 1973; Diana et al. 1977, Diana 1980;
Raat 1988). Northern pike have been shown to generally restrict their movements to a narrow
zone around the edge of a waterbody and can establish localized activity centers for periods of
time followed by longer ranging movements to either a new or previously used activity center
(Diana et al. 1977; Cook and Bergersen 1988; Hodder et al. 2007). Jepsen et al. (2001)
suggested that northern pike in one water body could demonstrate different movement behaviors
ranging from restricted movements in one area to movements over larger areas with frequent

habitat shifts.

Seasonally, northern pike have shown increases in activity and movements in the spring
associated with spawning and in many cases have distinct spawning movements (Franklin and
Smith 1963; Cook and Bergersen 1988; Karas and Lehtonen 1993; Miller et al. 2001; Rosell and
MacOscar 2002). Spawning, natal, and summer site fidelity has also been documented (Carbine
and Applegate 1948; Bregazzi and Kennedy 1980; Miller et al. 2001; Kobler et al. 2008b).
Movements to winter refugia habitats may occur when fish are faced with less than optimal

environmental conditions, such as low dissolved oxygen concentrations (Casselman 1978).

In Alaska, northern pike range throughout the state, but are only native north of the
Alaska Range and in the Alsek and Taku River drainages (McPhail and Lindsey 1970; Lee et al.

1980; Morrow 1980; Lindsey and McPhail 1986; McPhail and Lindsey 1986). Northern pike
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are harvested in sport, subsistence, and commercial fisheries across their Alaskan range and are
utilized in both sport and subsistence fisheries within the Minto Flats wetland complex, which is
located in the eastern interior of Alaska (Andrews 1989; Pierce and Cook 2000; Brase and Baker
2014; Brown et al. 2014). The northern pike fisheries that occur in the Minto Flats wetland
complex are managed under joint sport and subsistence fishery management plans (Brase and

Baker 2014).

Early telemetry and mark-recapture studies of northern pike in the Minto Flats wetland
complex have focused on their seasonal movements over the entire area and identified spawning,
summer feeding, and overwintering habitats (Alt 1970, 1971; Cheney 1971, 1972; Hallberg
1983, 1984; Holmes and Burkholder 1988; Burkholder 1989, 1991; Burkholder and Bernard
1994). These studies concluded that northern pike were dispersed throughout the wetland
complex for spawning and summer feeding, but only utilized a few areas within the wetland
complex during the overwintering period. Although Cheney (1971) and Hallberg (1984) found
very low (<1 mg'L™") dissolved oxygen levels in many sampling locations during winter,
locations of overwintering northern pike only corresponded with areas that had higher levels of
dissolved oxygen (2.5-8 mg-L™). Burkholder (1989) separated the Minto Flats wetland complex
into three major geographic areas and concluded that northern pike that inhabited those areas
generally belonged to one of two sub-populations based on which area they utilized during
wintering (i.e., Chatanika River/Minto Lakes and lower Tolovana River). Roach (1998a)
conducted a telemetry study on northern pike during the open-water season in a portion of the
Minto Lakes wetland complex termed the Minto Lakes Study Area (MLSA) and concluded that
fish showed high but not complete fidelity to that area on an annual basis. Based on the results

of Roach (1998a) and the earlier studies completed in Minto Flats, improvements were made to
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the experimental design of northern pike abundance estimation experiments conducted by the
Alaska Department of Fish and Game (ADF&G) in the Minto Flats wetland complex by
shortening the period between marking and recapture events from several months or longer to
several weeks or less. While informative, these early studies did not adequately describe in
detail the seasonal movements of northern pike that utilized the MLSA area due to their use of
too few radio-tagged or marked individuals, the short duration of radio-tag lifespans, and/or the

long time periods between relocation events.

My study utilized surgically implanted VHF radio tags and both active (airplane-,
snowmobile-, and boat-based) and passive (stationary tracking stations) telemetry techniques to
describe the seasonal movements of northern pike that inhabit the MLSA. 1 described the timing
and magnitude of their movements into, out of, and within the study area, and overwintering
habits. The characterization of life history, movement patterns, and habitats of northern pike
enable fishery managers to better define stocks of northern pike in the Minto Flats wetland
complex, design more precise abundance estimation experiments, regulate harvests for
sustainability, increase the amount of detailed information to disseminate to fishery users, and

tailor angler preferences for this valuable fishery and similar systems in Alaska.

Study Site

The Minto Flats wetland complex is located approximately 50 km west of Fairbanks,
Alaska (Figure 1). This complex is a 200,000-ha series of marshes and lakes interconnected by
numerous sloughs and five rivers (Goldstream Creek and the Chatanika, Tatalina, Tolovana, and
Tanana rivers). With the exception of the Tanana River, these rivers are slow flowing and

meandering. The Tanana River is a large glacial river that delineates the southern boundary of
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Minto Flats, and is the primary water source for Swanneck and Grassy sloughs that drain into the
lower Tolovana River. The lakes are generally shallow (< 5 m) and contain large areas of dense

aquatic macrophytes.

The Minto Lakes study area (MLSA) encompasses approximately 9,000 ha at the
northeastern edge of Minto Flats (Figure 1). The study area is composed of five major lakes (Big
Minto, Upper Minto, Side, New, and Marge Lakes) and there are three major connecting
waterways (Lake Channel, Rotten, and Cancer Sloughs; Figure 2). There are also numerous
intermittent sloughs, small lakes, and areas of flooded vegetation that are used by northern pike
and other fishes depending on water levels. The MLSA is drained by Goldstream Creek from its
confluence with Lake Channel Slough at the “Caches”, and also includes Goldstream Creek
approximately 0.8 km upstream and 2 km downstream from Goldstream Creek’s confluence with
Lake Channel Slough. Water levels in the MLSA have been observed to rapidly rise 0.5 to 1 m
in less than 48 hours due to high flows from the Chatanika River and Goldstream Creek (Roach
1998b; P. Joy, ADF&G, personal communication; M. Albert, University of Alaska-Fairbanks,

personal observation).

The ADF&G has described two geographic areas within the Minto Flats complex to
define populations of inference for mark-recapture experiments of northern pike. Areas-A and B
were used in the most recent mark-recapture experiment (2008) and Area-B was used in earlier
(prior to 2008) experiments (Figure 3). Area-A is defined as all lakes (Big Minto, Upper Minto,
Side, Marge, and New lakes), all sloughs (Beaver House, Cancer, and Rotten sloughs), the
interconnecting Lake Channel Slough that drains into Goldstream Creek, and those portions of
Goldstream Creek within an approximately 2-km radius of the confluence with Goldstream

Creek and Lake Channel Slough. Essentially, Area-A included all habitable waters (during non-
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Figure 2. Map of the Minto Lakes Study Area located in the eastern section of Minto Flats near
Fairbanks, Alaska. The dashed lines denote study subsection boundaries within the study area
and the dark crosses indicate locations of fixed tracking stations. The numbers in the shaded
circles identify each study subsection: (1) Goldstream Creek and lower Lake Channel Slough,;
(2) Marge Lake; (3, 6, 7, 10) Lake Channel Slough and connected off channel habitats; (4-5)
Cancer Slough; (8) New Lake; (9) Side Lake; (11-17) Big Minto Lake; (18-19) Rotten Slough,;
and (20-24) Upper Minto Lake. The Chatanika River flows downstream from right to left.
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