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Survival, Growth, Movement, and Distribution of
Two Brook Trout Strains Stocked into

Small Adirondack Streams
HENRY K. VAN OFFELEN,' CHARLES C KRUEGER,2 AND CARL L. SCHOFIELD

Department of Natural Resources, College of Agriculture and Life Sciences
Cornell University, Ithaca. New York 14853. USA

Abstract. —Six field trials were conducted in two streams to compare the survival, growth, move-
ment, and distribution of young-of-year Assinica strain and Temiscamie strain brook trout Sal-
velinusfontinalis 15-91 d after stocking. No consistent differences between strains in recovery after
stocking or in growth were detected; however, movement and distribution within streams differed
consistently between strains. Approximately four Temiscamie to one Assinica fish moved down-
stream 2-15 h after stocking. At the conclusion of five trials, the strains were dissimilarly distributed
within streams (distribution was not assessed in the sixth trial): a large proportion of Assinica fish
were found in the most upstream section of the streams, whereas a large proportion of Temiscamie
fish were found in the most downstream section. These differences in movement and distribution
may be related to the origins of the strains in large lake systems in Quebec, where spawning occurs
in inlet and outlet streams. Assinica fish, which have a probable outlet origin and which moved
upstream in this investigation, may be better suited for stocking in areas downstream of where
brook trout are to be established. Conversely, their probable inlet origin and demonstrated down-
stream movement make Temiscamie fish candidates for stocking in upstream areas.

Stocking of wild and domestic salmonid strains
with different performance and behavioral char-
acteristics has become an effective technique for
achieving fishery management objectives. The term
"domestic" or "hatchery" strain here refers to ge-
netic sources offish that are maintained by brood
stocks propagated in hatcheries for more than two
generations. The term "wild strain" refers to ge-
netic sources offish that are maintained by native
or natural brood stocks (see discussions by Moyle
1969a and Kincaid 1981). Studies that compare
performance (e.g., survival, growth, harvest) and
behavior (e.g., movement, food habits) among sal-
monid strains provide information useful for
choosing strains for stocking.

Performance and behavior after stocking has
been reported to differ among domestic strains and
between wild and domestic strains of brook trout
Salvelinusfontinalis. For example, substantial dif-
ferences among domestic strains in harvest and
growth have been observed after fish were stocked
in Wisconsin waters (Hunt 1979). Differences be-
tween domestic and wild strains after stocking have
been reported for survival, reproduction, and har-
vest. For example, wild strains of brook trout had

1 Present address: Detroit Lakes Area Fisheries Head-
quarters, Minnesota Department of Natural Resources,
Box 823, Detroit Lakes, Minnesota 56502, USA.

2 To whom correspondence should be addressed.

higher survival than hatchery strains after they
were stocked into lakes and ponds in New York
(e.g., Flick and Webster 1976), Michigan (Gowing
1978), Ontario (Fraser 1981), and Quebec (La-
chance and Magnan 1990). Wild strains of brook
trout introduced into Ontario lakes established
naturally reproducing populations where domestic
strains previously had failed to reproduce (Fraser
1989). Some domestic brook trout strains were
more susceptible to angling than wild strains after
they were stocked into lakes (Brynildson and
Christenson 1961) and streams (Mason etal. 1967).

Few studies have focused on differences among
wild salmonid strains after stocking. Feeding hab-
its and susceptibility to angling differed between
two wild strains of cutthroat trout Oncorhynchus
clarki stocked into a Colorado reservoir (Trojnar
and Behnke 1974). Differences in survival among
strains of wild lake trout Salvelinus namaycush
have been reported from New York (Plosila 1977)
and Ontario waters (MacLean et al. 1981). Small
differences in survival were observed in a com-
parison of wild brook trout strains stocked in
streams (Mason et al. 1967). In lakes and ponds,
age to maturity, maximum life span, and maxi-
mum size were reported to vary among stocked
wild strains of brook trout; however, only small
differences in survival and growth were observed
among wild strains stocked (Flick and Webster
1976; Fraser 1981, 1983). In two Michigan lakes,
Assinica and Temiscamie strain brook trout ex-
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FIELD COMPARISON OF BROOK TROUT STRAINS 87

hibited similar survival and growth characteristics
(Alexander et al. 1990).

Performances of Assinica and Temiscamie strain
brook trout have been the focus of several inves-
tigations in ponds in the Adirondack Mountains,
New York, since these two strains were first in-
troduced from Quebec in the early 1960s. These
strains were of particular management interest be-
cause the fish were long-lived and attained larger
sizes than brook trout of other strains available for
stocking (Flick and Webster 1976). In a series of
comparisons in Adirondack ponds, Temiscamie
fish survived better after stocking than Assinica
fish (Webster and Flick 1981). In a later compar-
ison of these strains, no significant differences in
short-term survival were found between strains
stocked as fry into ponds; however, differences in
growth, movement, and distribution between
strains were observed (Cone and Krueger 1988).
In that study, conducted at two small Adirondack
ponds with inlet streams, 50% of Assinica fish were
found in the ponds' inlets and 50% were recovered
from the ponds. In contrast, only 25% of Temis-
camie fish were located in inlets whereas 75% were
found in the ponds. This marked difference in dis-
tribution indicated that the strains may have dif-
ferent preferences for lotic and lentic habitats.

The objective of our study was to compare the
survival (recovery after stocking), growth, move-
ment, and distribution of age-0 Assinica and Tem-
iscamie strain brook trout stocked in small streams.
This study focused on stocking in streams because
few studies have compared performance between
wild strains of brook trout in flowing waters (Ma-
son et al. 1967) and because fish of these two strains
may differ in their preferences for stream habitats
(Cone and Krueger 1988).

Study Sites
Two study areas were selected for investigation:

Laramie Pond and its inlet (here called the Lara-
mie system) and a tributary to Woods Lake. Lar-
amie Pond is a 0.19-hectare artificial impound-
ment with a maximum depth of 1.5 m located in
the northern Adirondack Mountains, New York
(74°25'W, 44°23'N). Its inlet stream, which orig-
inates in a sphagnum wetland, is approximately
350 m long with an average width of 0.7 m and a
maximum depth of 0.5 m. The bottom of the
stream was composed of sand and silt with inter-
mittent patches of gravel. During the 1988 and
1989 field trials, stream discharge varied little and
averaged 0.4 m3/s. A road culvert occurred in the
stream approximately 25 m above the pond (when

the pond was full). An inclined screen trap was
maintained at the pond's outlet to monitor fish
movement out of the system (Wolf 1951). Abiotic
conditions, including pH, were adequate in the
Laramie system for sustaining brook trout
throughout the year. This site was used in past
strain comparisons (Webster and Flick 1981; Cone
and Krueger 1988).

Woods Lake is a 23-hectare headwater lake in
the west-central Adirondacks (71°58'W, 43°52'N).
The small tributary stream to Woods Lake is im-
pounded near its origin by a beaver pond. Down-
stream from the impoundment, the stream is 150
m long and has an average width of 0.5 m and a
maximum depth of 0.7 m. The bottom of the
stream was composed of granitic cobble inter-
spersed with sand. During the 1988 and 1989 field
trials, the daily stream discharge averaged 0.1 m3/s
and varied little (U.S. Geological Survey data). A
barrier trap approximately 20 m upstream from
Woods Lake prevented fish from moving out of
the stream. The Woods Lake inlet stream is sus-
ceptible to episodic pH fluctuations (range, 4.1-
6.4) from atmospheric acidic deposition; however,
abiotic conditions during the study were adequate
for sustaining brook trout.

Methods
Fish strains.— Assinica and Temiscamie strain

brook trout used in this study originated in Quebec
from two adjacent river systems flowing into James
Bay (Flick 1977; W. A. Flick, Livingston, Mon-
tana, personal communication). The Assinica strain
came from Lake Assinica near the headwaters of
the Broadback River (75°15'W, 50°30'N). The
founder population of the Assinica strain in the
USA comprised four females and three males cap-
tured near the outlet of Lake Assinica in Septem-
ber 1962. Adult Assinica brook trout were trans-
ferred to a holding facility and held until they were
ripe. Fertilized Assinica eggs were then brought to
the Brandon Park Hatchery in the northern Adi-
rondack Mountains. The Temiscamie strain came
from the Temiscamie River, the major tributary
to Lake Albanel in the Rupert River system
(75°10'W, 51°10;N). The strain was established
with gametes from adults captured in 1965 and
1967 approximately 128 km upstream of Lake
Albanel. Both collections of Temiscamie gametes
came from 20-30 adults believed to have been
residents of Lake Albanel that had migrated up-
stream to spawn. Wild brood stock populations
(> 100 Assinica adults; >400 Temiscamie adults)
of both strains have been maintained in Adiron-
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88 VAN OFFELEN ET AL.

TABLE 1.—Number of Assinica and Temiscamie strain
brook trout stocked, and starting date and duration of
six field trials conducted in the Laramie system and the
inlet to Woods Lake during 1988 and 1989.

Field trial

Pond and inlet
Trial A— inlet
Trail B— inlet
Trial C— inlet

Inlet
Inlet

Number
stocked
of each
strain

Trial
start

Laramie system
1,500 6Jun l988

433 12Junl989
440 7 Jul 1989
440 9Augl989
Woods Lake
250 26 May 1988
210* 10Augl989

Trial
duration

(d)

91
17
22
60

15
16

8 Thirty fish (of each strain) in each of seven sections.

dack ponds since their original introduction. Both
strains are genetically distinct, based on allozymes
detected by electrophoresis (Perkins et al., in press).

Hatchery rearing and marking.— Age-0 fish
reared at the Brandon Park Hatchery were stocked
in all trials. Both strains were propagated at ap-
proximately equal densities in the hatchery. Water
temperatures were adjusted to produce fish of equal
weight and length for stocking. One day before
stocking, approximately 100 fish of each strain
were measured and weighed. All stocked fish were
given left (Assinica) or right (Temiscamie) pelvic
fin clips to permit future identification of the strains.
In the second of three 1989 Laramie trials, fish of
both strains were given an additional adipose fin
clip to evaluate the effectiveness of rotenone treat-
ments conducted between the first and second and
between the second and third field trials. In the
1989 Woods Lake trial, fish of both strains in al-
ternate sections (the inlet stream was divided into
seven sections) were given an additional adipose
fin clip to permit detection of movement between
adjacent sections.

Field trials and stocking.—Four field trials were
conducted in the Laramie system and two field
trials were conducted along the Woods Lake inlet
stream (Table 1). In the Laramie system, a field
trial was conducted in 1988 to replicate Cone and
Krueger's (1988) study. In early June, 1,500 fish
of each strain were stocked into Laramie Pond. In
August the trial was concluded after 91 d and the
pond was drained. All fish that remained in the
pond were collected and counted by strain. In ad-
dition, the inlet stream was divided into four sec-
tions with 6.4-mm rigid-mesh polypropylene bar-
riers, and each section was electrofished to obtain
population estimates for each strain.

In the Laramie inlet stream (hereafter called
simply the "inlet"), three trials (A, B, C) were
conducted in 1989 to compare strains in terms of
immediate movement after stocking, performance
(recovery and growth), and distribution within the
inlet at the end of each trial (Table 1). Two weeks
before the first trial, the Laramie system was treat-
ed with rotenone and the pond was drained to
create more stream habitat; a small portion (80
m2) of the original pond remained. Approximately
440 fish of each strain were stocked in each of the
three trials conducted in June, July, and August.
In each trial, fish were stocked in Laramie inlet 15
m upstream of the culvert. Additionally, to eval-
uate poststocking mortality, mesh enclosures with
10 fish of each strain were placed in the inlet. The
three field trials in 1989 were concluded after 17,
22, and 62 d. At the end of each trial, the inlet
was divided into sections with rigid-mesh barriers,
and each section was electrofished to obtain pop-
ulation estimates for each strain. In trial A, the
inlet was divided into four sections. In trials B and
C, two of the original four sections were subdi-
vided, to provide six sections. After each trial, the
inlet was treated with rotenone (2 mg/L). Fish re-
covered during the rotenone treatment were
counted by strain.

In the tributary (inlet) to Woods Lake, one field
trial was conducted in 1988 to compare the per-
formance and distribution of the strains after
stocking (Table 1). In late May, 250 fish of each
strain were stocked approximately 50 m upstream
of Woods Lake. For 24 h before stocking, fish were
placed in plastic minnow traps in the inlet to adjust
to the stream's pH. During the trial, the stream
pH varied from 4.8 to 5.4. Two minnow traps
with 45 fish of each strain remained in the inlet
throughout the trial to evaluate poststocking mor-
tality. The trial was concluded after 15 d. The
entire inlet was electrofished to obtain population
estimates for each strain in upstream, middle, and
downstream sections of approximately equal
length.

One 16-d field trial was conducted in Woods
Lake inlet during 1989 to compare the survival
and growth of the strains, but not their distribu-
tions (Table 1). Before stocking, polypropylene-
mesh barriers were placed in the stream to divide
the inlet into seven sections, each composed of
one pool-riffle area. Thirty fish of each strain were
stocked into each section in July. One mesh en-
closure with five fish of each strain was placed in
each section to evaluate poststocking mortality.
At the end of each trial, each section was elec-
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FIELD COMPARISON OF BROOK TROUT STRAINS 89

trofished to derive a population estimate for each
strain.

Fish sampling.—To evaluate immediate down-
stream movement after stocking, a net was placed
at the downstream end of the culvert below the
stocking site used for the three 1989 trials in Lar-
amie inlet. The net was monitored for 2 h in trial
A, for 12 h in trial B, and for 15 h in trial C. Fish
captured in the net were counted by strain and
returned to the inlet downstream of the culvert.
To assess movement out of the Laramie system,
an inclined screen trap at the pond outlet was mon-
itored every 2 d throughout the 1988 and 1989
trials. Fish captured in this outlet trap were count-
ed by strain and removed from the system. A
downstream barrier trap was also used in the
Woods Lake inlet trial in 1988 to assess outmi-
gration. The trap was monitored every 2 d. All
dead fish found at the trap were removed and
counted by strain; live fish were counted by strain
and returned to the inlet upstream of the trap.

Electrofishing was performed with a gas-pow-
ered backpack electrofishing unit (Coffelt model
BP1-C). Output power was maintained at 75-125
W. To reduce the likelihood of changes in capture
probabilities between electrofishing runs, inlet sec-
tions were electrofished only once a day (Cross
and Stott 1975; Mesa and Schreck 1989). In the
1988 trials, fish were removed after sampling, and
all fish of both strains within each inlet section
were measured and weighed. In 1989, fish were
given temporary caudal fin clips during each sam-
pling run and were returned to the area of capture.
Fish captured in individual sections during the
final electrofishing run and fish recovered during
the rotenone treatments were measured and
weighed.

Statistical procedures. —Three-capture removal
estimates were used to calculate numbers of each
strain remaining at the end of each trial (method
of Junge and Libosvarsky 1965, from Seber 1982).
Associated variances, probabilities of capture, and
goodness-of-fit parameters were calculated with
equations described by Seber (1982). When a three-
capture estimate failed the goodness-of-fit tests, a
two-capture removal estimate was calculated and
tested. In the 1989 Laramie trials, direct counts
were also made from the sum offish killed during
the first two electrofishing runs, fish captured in
the last electrofishing run, and fish recovered dur-
ing rotenone treatment. Similar counts were made
for the Woods Lake inlet trials, except that rote-
none treatments were not used and did not con-
tribute to the count.

TABLE 2.—Recovery of Assinica (A) and Temiscamie
(T) strain brook trout after stocking in the 1988 and 1989
Laramie system field trials. Estimated recovery was cal-
culated from three-capture removal estimates; 95% con-
fidence intervals for estimated recoveries are given in
parentheses. Direct counts include all fish captured in
the final electrofishing sampling, the rotenone treatment,
and all fish killed during the first and second electrofish-
ing samplings.

Field trial
(duration)

1988 system
(91 d)

Trial A- 1989
inlet (1 7 d)

Trial B-1989
inlet (22 d)

Trial C- 1989
inlet (60 d)

Strain

A
T
A
T
A
T
A
T

Estimated
recovery

780(735-825)
881 (851-911)
244(226-261)
186(174-199)

213(190-236)
226(212-240)

88 (78-98)
121(111-131)

Percent
recovery

52
59
56
42

48
51
20
27

Direct
count

203
203
204
196
73

118

Daily instantaneous growth rates were calculat-
ed from weight measurements of each strain taken
at stocking and at recovery (Cone and Krueger
1988). Instantaneous growth (G) and its variance
( V) were estimated by

logffy, (1)

(2)

and
V(G) (3)

w is the average weight of the group offish at time
/. Equations ( 1 ) and (3) are equivalent to equations
(1) and (3) of Cone and Krueger (1988). However,
equation (2) above is a corrected version of Cone
and Krueger's equation (2).

We used /-tests to compare weights between
strains at stocking and at recovery and to detect
differences between the strains found in individual
stream sections. Analysis of variance was used to
compare weights of the strains among stream sec-
tions in the individual 1989 field trials. Two-way
contingency tables were used to compare the dis-
tribution of strains among stream sections. Statis-
tical differences were recognized at the 0.05 level.

Results

Survival
In the 1988 and 1989 Laramie trials, no con-

sistent differences in survival (recovery after stock-
ing) were found between strains (Table 2). More
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90 VAN OFFELEN ET AL,

TABLE 3.—Recovery of Assinica (A) and Temiscamie
(T) strain brook trout after stocking in the 1988 and 1989
Woods Lake inlet trials. Estimated recovery was calcu-
lated from three-capture removal estimates; 95% con-
fidence intervals for estimated recoveries are given in
parentheses. Direct counts include fish captured in the
final electrofishing sampling and all fish killed during the
first and second electrofishing samplings (no rotenone
treatments were used).

Section

Entire inlet

Section la

Section 2

Section 3

Section 4

Section 5

Section 6

Section 7b

a Most upstream.

Estimated
Strain recovery

A
T

A
T
A
T
A
T
A
T
A
T
A
T
A
T

1988 inlet trial
78(24-132)
39(14-64)

1989 inlet trial
27 (26-28)
28(25-31)
18(17-20)
26 (23-29)
26 (25-27)
23(15-32)
31 (21-41)
25(14-36)
29(26-31)
25 (23-27)
19(18-20)
24(21-27)
21 (19-23)
20(17-22)

b Most downstream.

Percent
recovery

31
16

90
93
60
87
87
77

100
83
97
83
63
80
70
67

Direct
count

54
14

27
27

18
25
26
20
26
20
28
24
19
23
20
19

A (2 hr.) B(12hr.)

1989 Laramla Trial
CMShr.)

FIGURE 1.—Numbers of Assinica and Temiscamie
strain brook trout captured in a net 15 m below the
stocking site just after stocking in 1989 Laramie field
trials A, B, and C. Numbers in parentheses indicate the
time elapsed since stocking.

Assinica than Temiscamie fish were recovered in
trial A, but more Temiscamie than Assinica fish
were recovered in trial B. Significant differences
occurred in the 1988 trial and in 1989 trials A and
C, when more Temiscamie than Assinica strain
fish were recovered (P < 0.05). No differences
between strains in survival were observed in en-
closures used to assess poststocking mortality; 80-
100% of both strains survived during 1989 trials.

At the end of the 1988 Woods Lake inlet trial,
no differences occurred in the number of Assinica
and Temiscamie fish based on population esti-
mates (P > 0.05; Table 3). No differences in sur-
vival were observed in enclosures used to assess
poststocking mortality; 95 and 96% of the Assinica
and Temiscamie strains survived, respectively.

TABLE 4.—Mean total lengths, weights, and sample sizes at stocking and recovery and daily instantaneous growth
rates (G) of Assinica (A) and Temiscamie (T) strain brook trout during 1988 and 1989 field trials. One standard
error of each variable or parameter is given in parentheses.

Strain

A
T

A
T

A
T

A
T

A
T

Mean
length, cm

5.7 (0.35)
5.3 (0.44)

5.5 (0.49)
5.3 (0.37)

6.8 (0.63)
6.7 (0.52)

8.0 (0.70)
7.3 (0.60)

8.0 (0.70)
7.3 (0.60)

At stocking
Mean

weight g

1.5(0.03)
1.2(0.03)

1.4(0.04)
1.2(0.02)

2.9 (0.09)
2.8 (0.07)

5.3(0.16)
4.0(0.10)

5.3(0.16)
4.0(0.10)

At recovery
Mean Mean

N length, cm weight, g
1988 Lanunie inlet

100 8.3(0.56) 4.6(0.08)
100 8.0(0.56) 4.1(0.08)

Lanunie trial A- 1989 inlet
101 5.7(0.55) 1.8(0.05)
98 5.4(0.49) 1.5(0.04)
Laramie trial B-1989 Inlet

100 6.9(0.45) 3.7(0.07)
100 6.5(0.38) 3.0(0.05)

Laramie trial C-1989 inlet
100 8.1(1.40) 5.5(0.19)
100 7.3(0.67) 3.9(0.11)

1989 Woods inlet
100 7.6(0.61) 4.7(0.11)
100 7.1(0.54) 3.6(0.08)

AT

383
373

84
79

195
179

67
115

133
120

G per day

0.0123(0.0015)
0.0135(0.0023)

0.0141 (0.0037)
0.0117(0.0034)

0.0111(0.0014)
0.0031(0.0013)

0.0006(0.0013)
-0.0004(0.0013)

-0.0025 (0.0006)
-0.0025 (0.0008)
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HELD COMPARISON OF BROOK TROUT STRAINS 91

1
(downstream)

Stream Section

FIGURE 2.—Percentages of Assinica and Temiscamie
strain brook trout present in four stream sections at the
conclusion of the 1988 Laramie system trial.

Similarly, at the end of the 1989 Woods Lake
inlet trial, no consistent differences in population
estimates were found in the seven stream sections
(Table 3). Estimated recoveries ranged from 60 to
100% for the Assinica strain and from 67 to 93%
for the Temiscamie strain. In four sections, more
Assinica than Temiscamie fish were recovered; the
opposite occurred in the other three sections. The
strains exhibited similar survival within the en-
closures placed in each section used to assess
poststocking mortality.

Growth
Assinica strain fish were significantly heavier

and longer than Temiscamie fish at stocking and
at recovery in all trials (Table 4). Among all field
trials, Assinica fish at stocking were on average
0.5 g heavier and 0.4 cm longer than Temiscamie
fish. At recovery, Assinica fish averaged 0.7 g
heavier and 0.4 cm longer than Temiscamie fish.

No consistent differences in growth rates be-
tween the strains were evident at the conclusion
of five field trials in which growth was measured
(Table 4). In the 1988 Laramie trial, Temiscamie
fish grew significantly faster than Assinica fish.
Conversely, in Laramie trial B, Assinica fish grew

5 6
(upstream)

FIGURE 4.—Percentages of Assinica and Temiscamie
strain brook trout present in each of six stream sections
at the conclusion of the 1989 Laramie inlet trial B.

significantly faster than Temiscamie fish. No
growth differences were present in Laramie trials
A and C or in the 1989 Woods Lake inlet trial.
Growth was not evaluated in the 1988 Woods
Lake inlet trial.

Movements and Distribution
Large differences between strains were found in

immediate downstream movement after stocking
in the three 1989 Laramie inlet trials (P < 0.01;
Figure 1). In trial B, for example, 12 Temiscamie
but only 4 Assinica fish were captured below the
culvert downstream of the stocking site during the
12-h period immediately after stocking. Among
these three trials, Temiscamie and Assinica brook
trout moved downstream immediately after stock-
ing in an average ratio of 3.2:1. In addition to
immediate movements, 14 Temiscamie but 9 As-
sinica fish were captured in the outlet trap over
the trial periods.

At the conclusion of the 1988 and 1989 Laramie
trials (12-91 d after stocking), the two strains were
not distributed evenly among the Laramie inlet
sections (P < 0.01; Figures 2-5). In all Laramie
trials, disproportionately more Assinica than

(downstream)
Stream Section Stream Section

FIGURE 3.—Percentages of Assinica and Temiscamie
strain brook trout present in each of four stream sections
at the conclusion of the 1989 Laramie inlet trial A.

FIGURE 5.—Percentages of Assinica and Temiscamie
fish present in each of six stream sections at the conclu-
sion of the 1989 Laramie inlet trial C.

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 1

2:
59

 0
9 

M
ar

ch
 2

01
5 



92 VAN OFFELEN ET AL,

1
(downstream)

Stream Section

FIGURE 6.—Percentages of Assinica and Temiscamie
fish present in each of three stream sections at the con-
clusion of the 1988 Woods Lake inlet field trial.

Temiscamie strain fish were found in the most
upstream sections of Laramie inlet (P < 0.01).
Disproportionately more Temiscamie than Assin-
ica fish were found in the most downstream sec-
tions of the inlet. In trial B, for example, 53% of
the Assinica fish were recovered in the two most
upstream sections compared to only 26% of the
Temiscamie strain (Figure 4). In the same trial,
41% of Temiscamie fish but only 20% of Assinica
fish were found in the two most downstream sec-
tions. Results from trials A and C were consistent
with trial B results (Figures 3, 5).

Differences in distribution were also found be-
tween strains in Woods Lake inlet in 1988, al-
though movement for both strains was generally
downstream (Figure 6). Nineteen percent of As-
sinica fish in the inlet were estimated to occur in
the most upstream section, and no Temiscamie
fish were captured there. In the most downstream
section, 52% of the Assinica fish and 71% of the
Temiscamie fish were estimated to occur.

Discussion
In five of the six field trials, differences in sur-

vival between strains were small. Neither strain
was consistently estimated to occur in greater
numbers (Tables 1, 2). Although recovery of the
Temiscamie strain was statistically greater than
that of the Assinica strain in the two longest Lar-
amie trials (91 and 60 d; Table 2), the differences
were only seven percentage points. Estimated pop-
ulation size of both strains in the Laramie system
was probably underestimated in all trials because
the upper 70 m of stream between the study area
and the stream's origin was impossible to sample.
The headwater channel was highly braided and in
many places completely covered by mats of ter-
restrial vegetation that prevented electrofishing.
Brook trout were observed in this headwater re-

gion. If Assinica fish were disproportionately more
abundant there than Temiscamie fish, as Figures
3-5 suggest, the recovery of the Assinica strain
would have been underestimated. Percent recov-
ery of both strains in the 1988 Laramie trial was
consistent with the results of studies conducted at
the same site in the past (Webster and Flick 1981;
Cone and Krueger 1988). Similarly, little evidence
of a consistent or significant difference in the sur-
vival of Assinica and Temiscamie brook trout was
reported from two Michigan lakes (Alexander et
al. 1990).

In the four Laramie trials ranging from 17 to 91
d, differences in growth were small between strains
(Table 4). Given the small magnitude of these
growth differences and short duration of the trials,
any conclusions drawn from these results must be
viewed cautiously. The Temiscamie strain exhib-
ited faster growth than the Assinica strain only in
the 1988 Laramie trial (91 d duration). The As-
sinica strain exhibited significantly faster growth
than the Temiscamie strain only in trial B (22 d).
No differences in growth were observed in trials
A and C (17 and 60 d). The highest growth rates
were observed when fish were stocked at the small-
est size. An inverse relationship between size at
stocking and growth rate has also been observed
for fry of rainbow trout Oncorhynchus mykiss
(Hume and Parkinson 1988) and may account for
the faster growth of the Temiscamie strain than
the Assinica strain in the 1988 trial and in the
previous study conducted by Cone and Krueger
(1988).

At stocking, more Temiscamie than Assinica
fish moved downstream in Laramie inlet (Figure
1). At the end of four Laramie trials and one Woods
Lake inlet trial, disproportionately more Temis-
camie fish were recovered from downstream sec-
tions of the inlets and disproportionately more
Assinica fish were recovered from upstream sec-
tions (Figures 2-6). The movement and distribu-
tional differences between strains may indicate an
inherent tendency of young-of-the-year Temisca-
mie fish to move and occupy areas downstream
from a stocking site and, conversely, for Assinica
fish to move upstream after stocking. Differences
in movement after stocking have been observed
among other salmonid strains and among wild
populations. Catchable-size rainbow trout of the
Roaring River and Oak Springs strains moved
downstream in significantly greater numbers than
fish of the Cape Cod strain after they were stocked
in an Oregon stream (Moringand Buchanan 1978;
Moring 1982). The distinct differences in move-
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ment of these rainbow trout strains was attributed
to the historical influence of breeding with steel-
head (anadromous O. mykiss). Similarly, differ-
ences in response to current have been observed
among stocks of age-0 rainbow trout (Northcote
1969; Kelso et al. 1981), sockeye salmon Onco-
rhynchus nerka (Raleigh 1971), cutthroat trout
(Raleigh and Chapman 1971; Bowler 1975), and
Arctic grayling Thymallus arcticus (Kaya 1989).
The differences in rheotactic response of fish in
these investigations have been attributed primar-
ily to the origins of the stocks from populations
spawning in either inlet or outlet streams.

The origins of the Assinica and Temiscamie
strains may explain the differences in movement
and distribution observed in this investigation. The
Assinica strain originated from brood stock taken
near the outlet of Lake Assinica (Flick, personal
communication). These adults, captured in the lake
in September, may have aggregated adjacent to
the outlet in preparation for moving downstream
in the Broadback River to spawn. The Temiscamie
strain originated from brood stock captured in the
Temiscamie River. These adults presumably had
migrated 128 km upstream from Lake Albanel to
spawn. The ecology of brook trout in the combined
Lake Albanel-Temiscamie River system was
probably similar to that reported for Matamek
Lake, Quebec (Saunders and Power 1970). In Ma-
tamek Lake, young brook trout began to move
downstream in their natal tributary streams to the
lake during their first year of life. By age 2, most
fish had moved into Matamek Lake. This life his-
tory pattern is similar to that described for other
salmonids that reside in natal streams until they
move to lakes or the ocean.

Some studies have demonstrated that temper-
ature and water chemistry can have a large effect
upon the direction and magnitude of movements
by salmonid fry (Northcote 1962; Raleigh 1971;
Bowler 1975). These abiotic factors probably did
not cause the differential movements observed be-
tween the Assinica and Temiscamie strains in this
study because both strains were reared under sim-
ilar conditions at the same hatchery and were
stocked into the same waters. Additionally, these
strains were reared at a hatchery located only 6
km from the Laramie system, where surface waters
and geologic conditions are similar to those at the
hatchery. Lastly, consistent differences between
strains were observed in two years, in two streams,
and in trials started at different times of the year.

The results of this investigation may help ex-
plain apparent differences in survival between these

strains reported in previous comparisons. Webster
and Flick (1981) reported 50 and 52% survival of
Assinica and Temiscamie strains, respectively, in
a paired stocking in Laramie Pond in 1978. In
1979, survival rates were 36 and 57% for Assinica
and Temiscamie strains, respectively. The inlet to
Laramie pond was not sampled during these stud-
ies, but a mesh barrier was installed to prevent all
fish from moving from the pond upstream beyond
the culvert. The apparent lower survival rate of
the Assinica strain than of the Temiscamie strain
in 1979 may reflect undetected upstream move-
ment of proportionately more Assinica than Tem-
iscamie fish.

Based on these results, site selection for stocking
may affect the management success experienced
with these two strains. Because age-0 Temiscamie
brook trout moved downstream after stocking, they
probably should be stocked in areas upstream of
where they are to be established. Conversely, As-
sinica fish in our study consistently moved to up-
stream locations; thus they should be stocked in
downstream areas. Additional investigations of
adult Assinica and Temiscamie brook trout in lakes
and ponds with inlet or outlet streams may con-
firm that these strains differentially prefer to spawn
in inlets or outlets. Use of inlet- and outlet-spawn-
ing strains of brook trout could help speed natu-
ralization of brook trout in barren lakes and ponds
with suitable inlets or outlets for spawning.

The similar survival and growth of the two strains
in streams but the consistent differences in their
movement and distribution emphasizes the im-
portance of investigating behavioral traits in ad-
dition to performance traits in strain evaluations.
Most studies of salmonid strains have compared
characteristics such as survival, growth, produc-
tion, and harvest in selected waters. Studies such
as these are useful for site-specific understanding
of strain responses to a particular water body, but
they may have little predictive power for choice
of the best strain(s) to use in other waters. An
example is found in two comparisons of three
strains of rainbow trout (Hudy and Berry 1983;
Babey and Berry 1989). In the first investigation,
no significant differences in performance were
found among strains; in the second investigation,
in a different lake, one strain clearly outperformed
the other two. The second study demonstrated that
the results of the first could not be applied uni-
versally to all waters. Behavioral characteristics
such as food habits, habitat preferences, and
movement, can help explain the mechanisms that
cause differences in strain performance. Knowl-
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94 VAN OFFELEN ET AL.

edge of these mechanisms will result in better pre-
dictions of the response of salmonid strains to
different sets of environmental conditions, and thus
improve decision making about stocking. Match-
ing traits of strains to best suit the environmental
characteristics of waters to be stocked will help
achieve management goals of programs ranging
from put-grow-and-take fisheries to species res-
toration.

Acknowledgments
Chris Keleher, Mike Vaughn, Dave Fanion, Alex

Chmielewski, Alien Creamer, Peter Grewe, Dave
Perkins, and Ellen Marsden provided helpful field
assistance. We are grateful for assistance provided
by Leo Demong, Fred Joost, Susan Grenier, and
Andrew Manchester of the Brandon Park Hatch-
ery. Research facilities at Laramie Pond were pro-
vided by Mrs. Donald Ross. Funding for this pro-
ject was provided by the U. S. Fish and Wildlife
Service through Research Work Order 9 from the
New York Cooperative Fish and Wildlife Re-
search Unit under agreement 14-16-0009-1553,
and from the New York Agricultural Experiment
Station, New York State College of Agriculture
and Life Sciences, Cornell University, Hatch pro-
jects 1476402 and 1477402.

References
Alexander, G. R., G. H. Cowing, and A. J. Nuhfer.

1990. Population characteristics of Assinica and
Temiscamie strain brook trout in two Michigan lakes.
Michigan Department of Natural Resources, Fish-
eries Research Report 1966, Ann Arbor.

Babey, G. J., and C. R. Berry. 1989. Post-stocking
performance of three strains of rainbow trout in a
reservoir. North American Journal of Fisheries
Management 9:309-315.

Bowler, B. 1975. Factors influencing genetic control in
lakeward migrations of cutthroat trout fry. Trans-
actions of the American Fisheries Society 104:474-
482.

Brynildson, O. M., and L. M. Christenson. 1961. Sur-
vival, yield, growth, and coefficient of condition of
hatchery-reared trout stocked in Wisconsin waters.
Wisconsin Conservation Department, Miscella-
neous Research Report 3, Madison.

Cone, R. S., and C. C. Krueger. 1988. Comparison of
survival, emigration, habitat use, marking mortal-
ity, and growth between two strains of brook trout
in Adirondack ponds. North American Journal of
Fisheries Management 8:497-504.

Cross, D. G., and B. Stott. 1975. The effect of electric
fishing on the subsequent capture offish. Journal of
Fish Biology 7:349-357.

Flick, W. A. 1977. Some observations, age, growth,
food habits, and vulnerability of large brook trout

(Salvelinus fontinalis) from four Canadian Lakes.
Naturaliste canadien 104:353-359.

Flick, W. A., and D. W. Webster. 1976. Production of
wild, domestic, and intersirain hybrids of brook trout
(Salvelinus fontinalis) in natural ponds. Journal of
the Fisheries Research Board of Canada 33:1525-
1539.

Fraser, J. M. 1981. Comparative survival and growth
of planted wild, hybrid, and domestic strains of brook
trout (Salvelinus fontinalis) in Ontario lakes. Ca-
nadian Journal of Fisheries and Aquatic Sciences
38:1672-1684.

Fraser, J. M. 1983. The performances of two wild and
two hybrid strains of brook trout planted in an in-
fertile, acidic lake. Ontario Ministry of Natural Re-
sources, Ontario Fisheries Technical Report Series
7, Toronto.

Fraser, J. M. 1989. Establishment of reproducing pop-
ulations of brook trout after stocking interstrain hy-
brids in precambrian shield lakes. North American
Journal of Fisheries Management 9:352-363.

Gowing, H. 1978. Survival, growth, and production of
domestic and Assinica strain brook trout in four
Michigan lakes. Michigan Department of Natural
Resources, Fisheries Research Report 1862, Ann
Arbor.

Hudy, M., and C. R. Berry, Jr. 1983. Performance of
three strains of rainbow trout in a Utah reservoir.
North American Journal of Fisheries Management
3:136-141.

Hume, J. M. B., and E. A. Parkinson. 1988. Effects of
size at and time of release on survival and growth
of steelhead fry stocked in streams. North American
Journal of Fisheries Management 8:50-57.

Hunt, R. L. 1979. Exploitation, growth, and survival
of three strains of domestic brook trout. Wisconsin
Department of Natural Resources, Research Report
99, Madison

Junge, C. O., and J. Libosvarsky. 1965. Effects of size
selectivity on population estimates based on suc-
cessive removals with electrical fishing gear. Zool-
ogikeListy 14:171-178.

Kaya, C. M. 1989. Rheotaxis of young Arctic grayling
from populations that spawn in inlet and outlet
streams of a lake. Transactions of the American
Fisheries Society 118:474-481.

Kelso, B. W., T. G. Northcote, and C. F. Wehrhahn.
1981. Genetic and environmental aspects of the
response to water current by rainbow trout (Salmo
gairdneri) originating from inlet and outlet streams
of two lakes. Canadian Journal of Zoology 59:2177-
2185.

Kincaid, H. L. 1981. Trout strain registry. U.S. Fish
and Wildlife Service, National Fisheries Center, Re-
port NFC-L/81-1, Leetown, West Virginia.

Lachance, S., and P. Magnan. 1990. Performance of
domestic, hybrid, and wild strains of brook trout,
Salvelinus fontinalis, after stocking: the impact of
intra- and interspecific competition. Canadian Jour-
nal of Fisheries and Aquatic Sciences 47:2278-2284.

MacLean, J. A., D. O. Evans, and N. V. Martin. 1981.
Survival, growth, spawning distribution and move-

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 1

2:
59

 0
9 

M
ar

ch
 2

01
5 



FIELD COMPARISON OF BROOK TROUT STRAINS 95

ments of introduced and native lake trout (Salveli-
nus namaycush) in two inland Ontario lakes. Ca-
nadian Journal of Fisheries and Aquatic Sciences
38:1685-1700.

Mason, J. W., O. M. Brynildson, and P. E. Degurse.
1967. Comparative survival of wild and domestic
strains of brook trout in streams. Transactions of
the American Fisheries Society 96:313-319.

Mesa, M. G., and C. B. Schreck. 1989. Electrofishing
mark-recapture and depletion methodologies evoke
behavioral and physiological changes in cutthroat
trout. Transactions of the American Fisheries So-
ciety 118:644-658.

Moring,J. R. 1982. An efficient hatchery strain of rain-
bow trout for stocking Oregon streams. North
American Journal of Fisheries Management 2:209-
215.

Moring,J. R., and D. V. Buchanan. 1978. Downstream
movements and catches of two strains of stocked
trout. Journal of Wildlife Management 42:329-333.

Moyle, P. B. 1969. Comparative behavior of young
brook trout of domestic and wild origin. Progressive
Fish-Culturist31:51-56.

Northcote, T. G. 1962. Migratory behaviour of juve-
nile rainbow trout, Salmo gairdneri, in outlet and
inlet streams of Loon Lake, British Columbia. Jour-
nal of the Fisheries Research Board of Canada 19:
201-270.

Northcote, T. G. 1969. Lakeward migrations of young
rainbow trout (Salmo gairdneri) in the upper Lar-
deau River, British Columbia. Journal of the Fish-
eries Research Board of Canada 26:33-45.

Perkins, D. L., C. C. Krueger, and B. May. In press.

Heritage brook trout in northeastern USA: genetic
variability within and among populations. Trans-
actions of the American Fisheries Society 122.

Plosila, D. S. 1977. Relationship of strain and size at
stocking to survival of lake trout in Adirondack lakes.
New York Fish and Game Journal 24:1-24.

Raleigh, R. F. 1971. Innate control of migrations of
salmon and trout fry from natal gravels to rearing
areas. Ecology 52:291-297.

Raleigh, R. F., and D. W. Chapman. 1971. Genetic
control in lakeward migrations of sockeye salmon
(Oncorhynchus nerka) fry. Transactions of the
American Fisheries Society 100:33-40.

Saunders, L. H., and G. Power. 1970. Population ecol-
ogy of the brook trout, Salvelinus fontinalis, in Ma-
tamek Lake, Quebec. Journal of the Fisheries Re-
search Board of Canada 27:413-424.

Seber, G. A. F. 1982. The estimation of animal abun-
dance. Charles Griffin, London.

Trojnar, J. R., and R. J. Behnke. 1974. Management
implications of ecological segregation between two
introduced populations of cutthroat trout in a small
Colorado lake. Transactions of the American Fish-
eries Society 103:423-430.

Webster, D. A., and W. A. Flick. 1981. Performance
of indigenous, exotic, and hybrid strains of brook
trout (Salvelinus fontinalis) in waters of the Adi-
rondack Mountains, New York. Canadian Journal
of Fisheries and Aquatic Sciences 38:1701-1707.

Wolf, P. 1951. A trap for the capture of fish and other
organisms moving downstream. Transactions of the
American Fisheries Society 80:41-45.

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 1

2:
59

 0
9 

M
ar

ch
 2

01
5 


	05: 
	06a: 
	06b: 
	07: 


