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Abstract The abundance and size-structure of a

formerly allopatric brown trout (Salmo trutta L.) popu-

lation in an inlet stream to a small lake were monitored for

9 years (1987–1995) after the first observation of

introduced pike (Esox lucius L.), and revisited 18 years

later (2013). All age groups of brown trout were reduced

after the pike introduction, especially older fish of age-

C2?, but less so for age-0? and 1? fish. We suggest that

the decline of older brown trout is mainly due to the high

predation pressure from pike when migrating into the

adjacent lake to feed. Young stream-dwelling pike of

age-0? and 1? which ranged between 6 and 27 cm in

length may also exert a predation pressure on juvenile

brown trout that remains in the stream.

Keywords Stream � Brown trout � Pike predation �
Density � Population structure

Introduction

Introduction of non-native species is considered a

serious threat to native biodiversity (Davis, 2009), and

the establishment of a new species may cause serious

disruption in the recipient ecosystem (e.g. Moyle,

1999). In some cases, it may be an event tipping the

system into a new stable state (cf. Roy et al., 2010,

Sandlund et al., 2013a, b). The invading species may

affect the native species populations in various ways:

constitute a serious competitor for food and habitat

(space), be a new potential prey, or be a predator.

Several studies have shown that pike (Esox lucius L.)

is a selective and effective predator with regard to prey

species and fish size (Shafi & Maitland, 1971; Eklöv &

Hamrin, 1989; Robinson, 1989; Adams, 1991; Sharma

& Borgstrøm, 2008). Pike might include invertebrates

in their diet, but when suitable fish prey is available,

the species is mainly piscivorous (Chapman et al.,

1989; Chapman & Mackay, 1990). It may become

piscivorous from a very early stage (Raat, 1988), as

showed in Windermere where fish prey was detected

in pike from 35 mm in length (Frost, 1954). Through

predation, pike may influence the abundance and

population structure of fish prey populations in lakes

(Kipling, 1984; Rahel, 1984; Mills & Hurley, 1991;

Hein et al., 2014). The impact of pike may, however,

be context dependent and have been shown to vary

with both lake size and morphology, climate (Hein

et al., 2014), and species composition (Mann et al.,

1989). Due to temperature dependent predation effi-

ciency and the reliance on shallow littoral areas for

effective hunting, brown trout (Salmo trutta L.) will

generally only coexist with pike in large cold-water

lakes (Hein et al., 2014). However, it has been shown
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that sea trout may survive in an inlet river to a shallow

Danish reservoir with pike as well as pikeperch

(Stizostedion L.), although their mortality during

smolt migration was high (Jepsen et al., 2000). Thus,

tributary streams may serve as refuge for brown trout

in systems containing pike.

There is a general lack of detailed case studies

documenting the impact of fish introductions on other

fish species in communities with few species (but see,

e.g., Museth et al., 2006; Winfield et al., 2011;

Sandlund et al., 2013a, b). Moreover, few studies have

documented the impact of introduction of pike over

time, from the moment of first occurrence to a new

stable state. In national strategies to prevent human-

mediated spreading of invasive species, it is important

to document case studies covering different species

and fish communities, in order to provide concrete and

convincing arguments.

In several parts of Norway, many illegal introduc-

tions of pike have occurred in recent decades (Hest-

hagen & Sandlund, 2012). Most lakes subjected to

these introductions contain few species of fish, in

many cases only brown trout. Brown trout utilizes

nursery streams while young, and as they grow, most

fish leave for the better feeding habitat in their home

lake (Jonsson, 1985; Jonsson & Jonsson, 1993).

However, a certain component of the population

usually remains in the nursery stream and becomes

small sized, stationary, sexually mature fish (Jonsson

& Jonsson, 2011).

In this study, we describe the impact of introduced

pike on an allopatric population of brown trout in an

inlet spawning and nursery stream to a small lowland

Norwegian lake. We hypothesized that the brown trout

would be seriously affected through predation from

pike. We also hypothesized that the larger fish, that

leave the stream to feed in the lake, will suffer higher

mortality rates than younger fish that may remain in

the stream.

Study area

The study was carried out in Skjeltjønna Beck, the

inlet stream to Lake Skjeltjønna, situated in Sør-

Trøndelag county about 20 km east of Trondheim in

central Norway, in the Sagelva river system, at

63�22043.4500–10�40034.3900. The drainage area con-

sists mainly of pine and spruce forest, with some bog

areas. The anthropogenic impact in the catchment area

is very limited as there is no cultivated land, only an

unpaved road and some logging, but not in close

proximity to Skjeltjønna Beck. The stream runs for

670 m from Lake Mørkdalstjønna to Lake Skjeltjønna

at altitudes of 221 and 209 m a.s.l., respectively. Thus,

the gradient is moderate (2.8%). The stream has an

average width of 3–4 m, with a water-covered area of

approximately 2,200 m2 at normal summer flow. The

stream habitat is dominated by riffles with depths

mainly between 10 and 30 cm, and a coarse gravel

substratum of 5–15 cm in diameter. The stream

contains only three deeper pools of 50–70 cm in

depth, each covering an area of 4–6 m2. The stream is

low in nutrients with a conductivity and calcium

concentration of 15.0 lS cm-l and 1.2 mg l–l, respec-

tively. Lake Skjeltjønna has a surface area of 3.65 ha

with dominating depths of 2–5 m, and with the deepest

area at 9.5 m. The water has a high humic content with

a secchi disk transparency of 3.0 m only. Approxi-

mately 20% of the lake surface area is covered with

aquatic vegetation along the shoreline during summer

and early fall, mainly water lilies, horsetails, and

sedges. There were no detectable temporal trends in

air temperatures or precipitation at Lake Skjeltjønna

during the study period (1987–2013), by analyzing

linear effect of monthly average temperature and

precipitation adjusted for seasonal effects (P C 0.280,

based on interpolated data, ftp://ftpvm.met.no/projects/

klimagrid/).

The lakes and streams in the Sagelva river system

previously supported only brown trout, in addition to

Arctic charr (Salvelinus alpinus L.) in two lakes.

However, during the late 1970s, pike was illegally

introduced into a couple of lakes in the lower part of the

water system (Hesthagen & Sandlund, 2012). During

the 1980s and 1990s, pike was further introduced into

several lakes in the upper part of the water system.

The introduction of pike into Lake Skjeltjønna

probably occurred in 1986. The species was first

observed during beach seining in the spring of 1987,

when one larger specimen weighing 3.0 kg was

caught. Then, only 0? pike was caught in Skjeltjønna

Beck in August that same year. Lake Skjeltjønna

supported a dense population of small-sized brown

trout in 1987, with a catch of 11.4 specimens per 100

m2 net area (n = 74) during a 6-h period at day time

with one standard gill net series of 10–45 mm mesh

size knot to knot. Test-fishing employing the same gill

224 Hydrobiologia (2015) 744:223–233

123

ftp://ftpvm.met.no/projects/klimagrid/
ftp://ftpvm.met.no/projects/klimagrid/


netting effort and series during one night in the

following 4 years showed that this lentic brown trout

population was virtually extinct by 1991 as no brown

trout was caught that year (Hesthagen et al., unpub-

lished data). Skjeltjønna Beck is the only spawning

and nursery stream for brown trout in Lake

Skjeltjønna.

Materials and methods

We sampled fish in Skjeltjønna Beck by means of a

portable backpack electrofishing apparatus (1,600 V,

DC unloaded) in late August or early September,

1987–1995. The stream was revisited in September

2013 to check for any long-term changes. However,

we did not include the data from 2013 in our analysis,

but showed it in the figures. The sampling was carried

out at normal water flow, and at water temperatures

ranging between 12.4 and 15.1�C. Population esti-

mates with 95% confidence limits were carried out by

a mark-recapture experiment, using the adjusted

Petersen method (Ricker, 1975): N = (M ? l) 9

(C ? l)/(R ? 1), where N is the number of fish in

the population, M is the number captured and marked

in the first sampling day, C is the number caught

during the second sampling day, and R is the number

of marked fish recaptured. Estimates were performed

for brown trout in age-classes 0?, 1? and C2?, which

were separated by means of length-frequency distri-

bution and some length at age data. Estimates for pike

were performed for age-classes 0? and 1? combined.

The stream was divided into six sections of 100 m in

length, and one uppermost section of 70 m length.

Electrofishing was done separately for each section by

a single electrofishing run. Each fish was measured for

total length to the nearest mm and marked by cutting

off a small part of the caudal fin. The fish were held in

a cage in the stream for about 30 min to 1 h to check

for short term mortality. This affected fewer than 15

specimens each year, which were excluded from the

number of marked fish (cf. Table 1). All other fish

were released back into their original stream section.

The same sampling procedure was carried out one day

later to check for marked specimens. A small sample

of fish was then removed from each section for age

analysis.

Results

Abundance of brown trout

The abundance of age-0? and 1? brown trout in

Skjeltjønna Beck varied considerably during the study

period, between 30 (1993) to 3130 specimens (1989)

and 25 (1993) to 636 specimens (1987), respectively

(Table 1). However, no significant change in their

density over the investigated period was found, based

on data from 1987 to 1995 ( Fig. 1a, b). However,

among specimens of age-C2?, there has been a

significant reduction in abundance during the same

period (Fig. 1c). However, the reduction in abundance

continued onward to 2013 for all three age groups.

Furthermore, the abundance of age 1? brown trout

was related to the density of the same cohort (age-0?)

in the previous year (Fig. 2).

Population structure and size of brown trout

As indicated from the abundance data, the number of

the largest specimens has been strongly reduced

during the study period (Fig. 3). The length distribu-

tion and age at length data allow us to define a cutoff

point between age-0? and older fish, which facilitates

estimation of the annual mean length of age-0? fish

(cf. Fig. 3). Their lengths ranged between 52 and

66 mm, and have increased significantly over the

sampling period (Fig. 4a). Furthermore, their lengths

correlated negatively with cohort densities (Fig. 4b).

Abundance and size of pike

Pike of age-0? and 1? was caught in Skjeltjønna Beck,

with a variation in numbers between 2 and 53 individ-

uals during the study period (Table 1). Specimens in

these two age groups ranged in length of 6–12 and

14–27 cm, respectively (Fig. 5). In 1987, seven fry

(age-0?) were caught, ranging between 82 and

116 mm in length (mean ± standard deviation:

110 ± 10). In 1988, 17 specimens were caught, ranging

between 137 and 200 mm in length (mean ± standard

deviation: 168 ± 17), all belonging to age group 1?. In

2013, when pike densities were higher, specimens in

age-0? cohort ranged between 72 and 118 mm in

length (mean ± standard deviation: 93 ± 11).
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Discussion

We demonstrated that the abundance of brown trout in

Skjeltjønna Beck became strongly reduced during a

period of 9 years from 1987 to 1995, after the

introduction of pike in the adjacent lake, Lake

Skjeltjønna. A revisit 18 years later confirmed the

development in population abundance. Test-fishing in

Lake Skjeltjønna with gill nets has shown that the native

brown trout population have been wiped out. A

component of brown trout survived in Skjeltjønna Beck

although all age groups have been strongly reduced,

especially specimens of age C2?. Immigration of

brown trout to our study stream does not occur, as test-

fishing in the two upstream lakes with tributary streams

have shown that their populations of brown trout have

been wiped out (Hesthagen et al., unpublished data),

probably also due to the introduction of pike.

At the start of this study, in 1987, both Lake

Skjeltjønna and Skjeltjønna Beck sustained a rela-

tively dense population of brown trout. However, over

the next 4 years, until 1991, brown trout in the lake

was virtually extirpated. This was verified based on a

test-fishing in 2013 (Hesthagen et al., unpublished

data). Pike was already in the system in 1987, as

demonstrated by the 3 kg specimen caught in the

(a)

(b)

(c)

Fig. 1 Densities of brown

trout for age groups 0? (a),

1? (b) and C2? (c) during

the period 1987–1995 in

Skjeltjønna Beck. Data from

2013 are included for visual

comparison only. Solid lines

are based on estimated least

square regression between

brown trout density (log

transformed) and year (ln

C2? = 507.97 -0.25 year,

F1,7 = 19.69, P \ 0.023,

R2 = 0.50). No significant

time trend was detected for

0? (F1,7 = 0.56,

P = 0.475, R2 = 0.01) and

1? (F1,7 = 0.32,

P = 0.107, R2 = 0.23)
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beach seine in Lake Skjeltjønna that year, and the

presence of age-0? pike in Skjeltjønna Beck the same

year. Thus, it seems reasonable to assume that the age-

0? fish represented the first pike cohort hatched in the

system. Thus, the introduction of pike probably

involved a few larger specimens in 1986, with first

spawning in the spring of 1987.

We argue that the decline in the brown trout

population is due to the impact of the development of

the invasive pike population, representing the major

environmental change in the system. Because Lake

Skjeltjønna is a shallow and small lowland lake

(3.65 ha), brown trout can hardly avoid predation from

pike. However, separation of the effects of different

environmental changes may be particularly difficult in

long-term data series (Smith et al., 1993), as several

environmental factors may vary over time and

confound our attempted cause–effect analysis. How-

ever, there were no detectable temporal trends in air

temperatures or precipitation at Lake Skjeltjønna

during the study period (1987–2013). Our study site

has also very low nutrient contents. Thus, no effects of

eutrophication or any changes in the trophic state are

likely to have occurred. Further, no encroachments

have taken place during the study period, either in the

catchment area nor in the stream, that might have

Fig. 2 Density of brown trout in age-class 1? versus density of

the same age-class as 0? in the previous year from Skjeltjønna

Beck, 1987–1995. Gray line is least square fitted Beverton–Holt

stock-recruitment function; 1? = a0? /(b ? 0?), with the

fitted parameter a = 430.0 (P = 0.010) and b = 594.9

(P = 0.189)
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in Skjeltjønna Beck, 1987–1995, and 2013. All fish caught

during the first sampling day and unmarked specimens from the

second day are included (N). Vertical grey lines and associated

number indicate visually determined cutoff lengths (in mm)

between age 0? and older specimens in the catches
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caused any changes in water quality or in the stream

bed.

However, to conclusively demonstrate the impact of

some environmental perturbation on an ecosystem or on

species populations, a proper BACI-design (before–

after-control-impact) of the investigation would nor-

mally be required (Smith, 2013). This is often not

possible, as the perturbation happens outside the control

of the investigator (Stewart-Oaten et al., 1992). Data on

relevant environmental parameters may also be lacking,

due to budgetary and logistic constraints, as well as to a

deficient understanding of the system under scrutiny

when the monitoring programme was initiated

(cf. Mayer-Pinto et al., 2012). From reviewing other

environmental factors, we argue by causal inference

(cf. Beyers, 1998) that no other environmental pertur-

bation has been likely to produce the observed decline in

brown trout population in this water system. As it is not

possible to apply a proper BACI-design in this case, we

will refer to data on the temporal development of brown

trout in areas where no invasion of pike has occurred.

First, an assessment of brown trout populations in lakes

in Sør-Trøndelag county, in the project Nature index of

Norway, which included statistically selected lakes only

(n = 30), no change in their abundance was recorded

during recent decades (Hesthagen et al., 2010; Schartau

et al., 2010). Second, test-fishing in Lake Atnsjøen,

which is located some 300 km south of our study area,

indicated no changes in the abundance of either brown

trout or Arctic charr during the period between 1985 and

2013 (Saksgård & Hesthagen, 2004, 2014).

It has previously been shown, that piscivorous fish

may cause the extirpation of populations of predation-

intolerant species (e.g. Harvey, 1981; Rahel, 1984;

Englund et al., 2009). Some analyses seem to indicate

that brown trout cannot coexist with pike (Spens & Ball,

2008). Similar, a Swedish study showed that when pike

was introduced in small and warm lakes, brown trout

populations were exterminated (Hein et al., 2014).

However, the two species do coexist in relatively large

natural lakes, for example in southeastern Norway

(Hesthagen & Sandlund, 2012). This is also the case for

sea trout to a Danish reservoir (Jepsen et al., 2000).

However, due to its slender body shape, brown trout is a

preferred prey species for pike in general (Hambright

et al., 1991). The small-sized brown trout in Lake

Skjeltjønna, with few individuals larger than 25 cm,

was probably highly vulnerable to predation from pike.

It has been shown that pike may take prey up to a size of

more than 50% of their own body length. Thus, even

adult brown trout in our study system would be

vulnerable to predation from pike as small as

30–35 cm in length, or age-2? and older (Diana,

1979). Moreover, the habitat use of brown trout in lakes

do to a large extent overlap with that of pike, since both

species to a large degree prefer littoral areas (Diana

et al., 1977). Lake Skjeltjønna is shallow, with

substantial areas covered by higher aquatic vegetation,

We expect that brown trout which remained

stationary in Skjeltjønna Beck would be less

(a)

(b)

Fig. 4 a Mean lengths of age 0? brown trout in Skjeltjønna

Beck from 1987 to 1995, and in 2013, and b mean lengths of age

0? brown trout versus cohort abundance (N 0?) in Skjeltjønna

Beck. Error bars indicate 95% confidence intervals of means.

Grey lines are least square regression between a 0? length

(L0?) and sampling year (ln L0? = -115.58 ? 15.75 lnYear,

F1,8 = 6.41, P = 0.035, R2 = 0.36), and b 0? length and

estimated 0? density (N0?) (L0? = 4.27 - 0.05 ln N0?,

F1,8 = 4.96, P = 0.056, R2 = 0.31)
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vulnerable to pike predation, as the stream is a less

suitable habitat for pike. However, some juvenile

pike of age-0? and 1? also occupy Skjeltjønna

Beck. Although these are small specimens, and also

relatively few in number, they are probably able to

exert a certain predation pressure on the youngest

age groups of brown trout (cf. Frost, 1954). The size

of age 0? brown trout in the stream typically

ranged between 4 and 6 cm in length, which

increased significantly over the sampling period,

probably due to reduced density of conspecifics.

However, this increase in body length among young

brown trout may only marginally reduce their

predation risk from pike in the stream, as age-1?

pike ranged in size between 14 and 27 cm.

Stream-resident brown trout use different parts of a

stream during ontogeny; fry and small juveniles dwell

in shallow gravelly rapids, whereas larger individuals

often migrate to deeper areas like pools and backwa-

ters (Bohlin, 1977; Näslund et al., 1998). In Skjelt-

jønna Beck, the three small pools available would

originally have been the preferred habitat for age-1?

and older brown trout. However, pike would prefer the

pools as well, and as age-1?, and even older brown

trout in Skjeltjønna Beck are smaller than 10 cm, they

would in most years face a high risk of pike predation

in the pools. It has been shown that the presence of

pike may cause brown trout to decrease their use of

pools, the habitat in which pike occurred, and increase

their use of other habitats (Greenberg, 1992). The

impact from pike has been less dramatic on age-0?

and 1? brown trout than on older fish in Skjeltjønna

Beck, probably because they to some extent avoid

predation by staying in the rapids. In our study system,

specimens that leave the stream will be subjected to an

even higher predation pressure in Lake Skjeltjønna.

Brown trout may temporarily be forced to leave such

small and shallow streams because of droughts

(cf. Elliott, 1994). Effects of droughts are considered

to be of less importance as a limiting factor for young

brown trout in our case. First, Skjeltjønna Beck is fed

by two lakes located further upstream. Second, there

was no significant temporal trends in precipitation at

Lake Skjeltjønna during the study period

(1987–2013), indicating that drought have not been

of vital importance.

Our analysis of stomach content from young pike

caught in Skjeltjønna Beck revealed only aquatic
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insects (unpublished data). Pike is not entirely pisciv-

orous (Chapman et al., 1989), but rather an opportu-

nistic predator, taking whatever prey is most easily

available (Chapman et al., 1989; Sepulveda et al.,

2013). Mills (1964) recorded a marked seasonal

variation in the diet of pike. In River Avon, juveniles

(age-0?) ate mainly invertebrates and minnow. How-

ever, Mann (1985) attributed the absence of brown

trout in pike stomachs to limited natural recruitment

and thereby low availability of age-0? fish. Several

investigations have shown that the presence of pike

strongly affects the behavior and habitat use of brown

trout juveniles in streams (Greenberg et al., 1997;

Vehanen & Hamari, 2004).

We observed great changes in the population

structure of brown trout in Skjeltjønna Beck after the

introduction of pike. While the number of age-0? and

1? fish did not exhibit a significant decline over the

years from 1987 to 1995, older fish did so. Further,

densities of age-1? brown trout were significantly

correlated with that of the same cohort in the previous

year. This is in accordance with the results obtained

for migratory brown trout in Black Brows Beck in

England, where the number of alevins at the start of

each year-class was the chief factor affecting the

subsequent number of survivors throughout the life

cycle (Elliott, 1984, 1985).

The reduction in density of larger brown trout in the

stream is probably also related to the fact that almost

no adult specimens would return from the lake to

spawn in the stream, as the lake component of the

stock was virtually wiped out. However, because there

was no significant reduction in age-0? densities over

the years in the stream, it seems that the remaining

stationary spawning stock produces a sufficient num-

ber of fry to prevent the population from going extinct.

The significant reduction in the density of older

stream-dwelling brown trout, however, may be a

combined effect of predation by pike in the stream and

in the lake. Thus, it may be expected that the future

long-term impact on the brown trout population is a

continuous decline. Data from 2013, compared with

that from 1987 to 1995, strongly suggest such a

development.
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Saksgård, R. & T. Hesthagen. 2014. Fisk i Atnsjøen. In Jensen,

T. C. (ed), Nettverk for biologisk mangfold i ferskvann—

resultater 2012. Norwegian Institute for Nature Research,

Minirapport 502: 18–22 (in Norwegian).

Sandlund, O. T., T. Hesthagen & Å. Brabrand, 2013a. Core-
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