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Abstract.—We conducted laboratory tests on the ef-
fects of externally applied acoustic tags on the swim-
ming activity of lake whitefish Coregonus clupeaformis.
Using an acoustic beam actograph, we evaluated the
swimming activity patterns of 15 fish over a 40-d period
and tagged 12 of the fish at mid-experiment, after 20 d.
Fish activity was continuously recorded by counting the
number of beam interruptions per hour. Before fish were
tagged, the activity pattern of 8 of the 15 fish showed
more activity during the day than at night; 5 fish were
equally active during day and night, and 2 fish were
predominantly active at night. After they were tagged,
one control (33%) and seven tagged fish (58%) kept the
same activity pattern. A consistency in day and night
swimming activity levels was observed between the two
periods for two control fish and two tagged fish. Day
activity levels before or after the tagging date were not
statistically different between the three groups tested
(control, small and large fish), whereas night activity
levels increased for the large fish. This study showed
that handling, attachment surgery, and tag presence did
not seem to critically affect swimming activity levels or
patterns in lake whitefish. Growth rates over the 40-d
period of observation were also not significantly differ-
ent between control and tagged fish.

Our current knowledge of the distribution and
movements of lake whitefish Coregonus clupea-
formis has been inferred from fishing surveys
(Chang-Kue and Jessop 1992) and from tagging
and marking experiments (Casselman et al. 1981;
Dodson and Morin 1981; Kristensen and Summers
1981; Roberge et al. 1985; Walker et al. 1993).
However, both approaches can only provide in-
formation on the position of a fish at discrete points
in time, usually days or months apart, but not on
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the intervening behavior of individual fish. How-
ever, telemetry techniques can be used to describe
the local movements of fish. Chang-Kue and Jes-
sop (1991) were the first to use telemetry on a
coregonid fish, the broad whitefish C. nasus. Be-
cause we intended to start a telemetry study of
lake whitefish during spawning season and be-
cause lake whitefish have not previously been
tagged with transmitters, we conducted an inves-
tigation on the effects of tagging procedure on the
activity patterns of this species.

The anatomical location of transmitter attach-
ment can influence the behavior and performance
of a fish (Baras 1991), and the reported effects
often appear to be specific to species, habitat, or
tagging method. Tagging a fish with a sonic tag
can be achieved by three methods: stomach inser-
tion, surgical implantation in the body cavity, or
external attachment (Winter 1983). Lake whitefish
are characterized by a small mouth and year-round
feeding, which prevents stomach insertion of a
sonic tag (Armstrong and Rawlings 1993). Sur-
gical implantation requires the most handling, an-
esthesia, and revival time (Winter 1983; Mellas
and Haynes 1985), and furthermore, this method
is not recommended for spawning fish (Winter et
al. 1978; Ross and McCormick 1981). Thus, we
chose external attachment to secure tags to lake
whitefish. External tagging is considered a suitable
method for attaching sonic tags for short-term re-
search as long as fish are not exposed to constant
drag forces (Lewis and Muntz 1984; Tesch 1987)
or to vegetation, which increases the risk of en-
tanglement (Ross and McCormick 1981). Because
our planned fieldwork with spawning lake white-
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TABLE 1.—Characteristics of control and small (32.5–35.8 cm total length) and large (38.5–43.5 cm) lake whitefish
and the dummy external tags used in behavioral trials. Observations began on day 0, and fish tagging occurred on day
20. Because the acoustic beam actograph failed after a few days in the aquarium containing fish 11, it was removed
from the analysis.

Fish
number

Total
length
(cm)

Weight (g)

Day 0 Day 40
Growth
(%/d)

Tag weight
in water

(g)

Ratio of tag
weight to fish

weight (%)

Number
of days

before tag
loss

Control fish

8
9

15

33.0
32.5
33.5

336
324
390

360
349
393

0.0268
0.0269
0.0252

Small fish

1
2
3
5
6
7

10
16

35.8
32.6
33.7
34.1
33.0
33.4
33.2
34.5

449
351
410
348
340
370
352
400

425
383
422
361
348
369
343
388

20.0237
0.0273
0.0257
0.0259
0.0256

20.0249
20.0244
20.0243

3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5

0.77
1.00
0.85
1.00
1.02
0.95
1.00
0.80

16
20
18

20
20
20
20

Large fish

4
12
13
14

43.5
38.5
42.8
39.8

952
923
749
691

974
917
714
670

0.0256
20.0248
20.0238
20.0242

14.5
14.5
11.5
11.5

1.47
1.50
1.46
1.60

20
20

16

fish was to take place in an oligotrophic lake that
had only convection currents and little vegetation,
swimming speed and endurance were not critical
factors and entanglement risks were low.

The purpose of this study was to measure the
effects of handling and tagging on swimming ac-
tivity, growth, and recovery time from tagging.
Another objective was to test three sizes of com-
mercially available external tags. This paper pre-
sents the results of a laboratory investigation that
used an acoustic beam actograph that was devel-
oped to evaluate fish activity and that has been
used successfully with lake whitefish (Scherer et
al. 1986; Scherer and Harrison 1988).

Methods

Experimental design.—We used two sizes of
fish; small fish were hatched in the laboratory from
eggs originating from Clearwater Lake, Manitoba,
and large fish originated from the Rockwood
Aquaculture Research Centre in Gunton, Mani-
toba, where they were hatched from eggs origi-
nating from Lake St. Martin, Manitoba. Fish were
divided into three groups: (1) three small untagged
control fish (mean weight, 350 g; mean total
length, TL, 33.0 cm); (2) eight small tagged fish
(378 g, 33.8 cm), and (3) four large tagged fish
(829 g, 41.2 cm; Table 1). This unbalanced ex-
perimental design permitted the comparison of

swimming activity before and after the tagging
procedure, with each fish acting as its own control.
The three control fish were not tagged in order to
determine any behavioral changes over the length
of the experiment.

We held fish in 15 individual 120-L aquariums
(0.45 3 0.3 3 0.9 m) at a temperature of 10.3 6
0.58C under a 12-h light : dark cycle. Each tank
received an identical continuous flow. Mean light
levels during the day were 480 6 53.5 lx. Fish
were randomly assigned to tanks and were visually
isolated from each other. They were fed commer-
cial trout pellets at 5% of their body weight once
a day at 1030 hours.

Tagging method.—Three types of cylindrical
dummy tags were similar in size and weight to
manufactured tags we intended to use in later stud-
ies. In water, they weighed 3.5 g (0.8 3 3 cm,
diameter and length, respectively), 11.5 g (1.6 3
5 cm) or 14.5 g (1.6 3 6 cm). A ratio of 0.8–1.6%
tag weight in water to fish body weight was used
(Table 1).

Fish were removed from their tank and anes-
thetized with 3% tricaine methanesulfonate (MS-
222). They were out of the water for 3 min of
handling and surgery. Tags were applied externally
by means of two linen-thread sutures inserted
through the dorsal musculature anterior to the dor-
sal fin. Sutures were looped and tied around the
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front and back of the tags and were inserted and
knotted together on the lateral surface of the fish.
This attachment method is similar to the one used
with salmonids by Winter et al. (1978) but without
a saddle, and it has been successfully used with
seabass Dicentrarchus labrax (5European bass
Morone labrax) and seabream Sparus aurata in salt
water (Bégout and Lagardère 1995; Bégout Anras
et al. 1997). Linen thread was used because we
planned a 25-d field study and desired a natural
release of the tag.

Fish were returned to the same tank from which
they were taken to recover from anesthesia. Com-
plete recovery was assumed when fish returned to
an upright position and swam. Control fish were
not handled.

This method of tag attachment proved to be un-
satisfactory because of high tag loss. Nevertheless,
all tagged fish were exposed to handling and the
surgical procedure so that we could measure the
effects on fish swimming activity.

Weight measurements.—Fish were weighed at
the beginning and at the end of the experiment.
Average growth rates were calculated as percent-
age of initial weight and were compared among
control and tagged fish with a Kruskal–Wallis test.

Swimming activity measurement.—Locomotor
activity in each tank was recorded by a system that
continuously recorded the number of interruptions
per hour of a single ultrasonic beam (Scherer and
Van Der Veen 1982). The beam was oriented along
the long axis of the tank at middepth. A single
activity event was recorded when a fish swam
around the tank and interrupted the acoustic beam
twice.

Swimming activity analysis and hypotheses test-
ed.—We evaluated the tag effects by recording
swimming activity for 20 d before and 20 d after
tagging. For each fish and each period (days 0–
20; days 21–40), we used a Kruskal–Wallis test to
compare the number of beam interruptions per
hour between day and night. For each fish and
period, we also calculated the mean number of
beam interruptions during day or night. We next
tested whether day and night swimming activity
changed between the two periods. For each fish
and diel period (day or night) we used a Kruskal–
Wallis test to compare the number of beam inter-
ruptions per hour before and after tagging.

The final step was to test whether day or night
activity before and after tagging were different
among the three groups of fish. We used a Kruskal–
Wallis test to compare the daily mean number of
beam interruptions per hour of control, small, and

large fish. Where significant differences occurred,
a Student–Newman–Keuls (SNK) multiple-com-
parison procedure for different sample sizes was
performed (Scherrer 1984) to discriminate groups
(with Za9/2 5 2.39 [a 5 0.05, df 5 3]; when ZHjl
. Za9/2, H0 is rejected).

Results

Tag Attachment and Tag Loss

The period of recovery after handling and tag-
ging was about 15 min. Shortly after recovery,
swimming activity resumed to previous levels
without any noticeable swimming activity change.

The method of tag attachment proved to be un-
satisfactory because the first tag losses occurred
after 16 d, and 10 of 12 tags were lost after 20 d
(Table 1). Tag loss was mainly a result of both
sutures cutting through the dorsal musculature (7
of 12) or of the anterior suture cutting loose and
the posterior suture breaking a few days later (3
of 12). In the two remaining cases, the tag was
still attached by the posterior suture.

Despite the use of an unsatisfactory tagging
method, the results of the study should satisfac-
torily address the question of behavioral effects of
tagging, and in fact, the observed effects may be
larger than those expected with the use of a more
successful tagging method. We made a qualitative
trial of another method of tag attachment that in-
volved 3.5-g tags on five fish (mean size, 313 g)
held in a 0.5-m3 tank under the same hydrological
and light conditions but without actograph read-
ings. In this case, tags were located adjacent to the
dorsal fin, and the sutures were inserted between
the dorsal pterigiophores. This method is sche-
matized in Mellas and Haynes (1985). Sutures
were retained by a thin plastic plate on the lateral
surface of the fish, opposite the tag. This attach-
ment method proved much more reliable, and only
one tag was lost after 31 d.

Fish Swimming Activity

Before they were tagged, 8 of 15 fish were more
active during the day than at night, 5 fish were
equally active during day and night, and 2 fish
were predominantly active at night (Figure 1). Af-
ter they were tagged, 1 day-active control and 7
tagged fish maintained the same activity pattern (5
fish stayed diurnal and 2 stayed nocturnal). In all,
7 fish showed behavioral pattern changes: control
fish number 9 and large fish number 12 changed
from diurnally active to equally active day or
night; control fish number 15 and small fish num-
ber 6 changed to show more sustained day activity;
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←

(N 5 465, df 5 1) are shown above each pair of bars
in the following manner: The associated probability is
given when P . 0.05 (H0 cannot be rejected); the letters
D (significantly diurnal) and N (significantly nocturnal)
are shown when P , 0.05.

FIGURE 1.—Mean number of acoustic beam interrup-
tions for day and night activity over 20 d before or after
tagging for control and small (32.5 to 35.8 cm total
length) and large (38.5 to 43.5 cm) lake whitefish. Re-
sults of Kruskal–Wallis one-way analysis of variance
used on raw data (number of beam interruptions per
hour) to compare day and night activity for each period

and small fish number 10 and large fish numbers
13 and 14 changed to show more sustained night
activity.

Day and night activity for 2 control fish (num-
bers 8 and 15) were not significantly different be-
tween both periods, days 0–20 and days 21–40
(Table 2), whereas control fish number 9 showed
a significant increase in both day and night activ-
ity. For tagged fish, day and night activity for small
fish number 16 was not significantly different be-
tween periods (Table 2), and for large fish number
13, only the day activity level remained the same
for both periods. Among the remaining 10 fish,
day activity decreased for 7 fish and night activity
decreased for 6 fish (Table 2).

Under the experimental conditions of this study,
day activity levels compared before or after tag-
ging with a one-way Kruskal–Wallis analysis of
variance were not significantly different among the
three groups of fish (Table 3). In contrast, the night
activity levels were significantly different among
the three groups of fish before and after tagging
(Table 3). Before tagging, a SNK multiple com-
parison procedure showed that all three groups
were different from each other and that large fish
showed the maximum activity, followed by small
fish and control fish (control versus small: ZHjl 5
4.76, control versus large: ZHjl 5 5.99, small ver-
sus large: ZHjl 5 2.66). After tagging, the control
and small tagged fish showed similar activity lev-
els that were less than those of large fish (control
versus small: ZHjl 5 0.06, control versus large:
ZHjl 5 3.87, small versus large: ZHjl 5 4.18).

Fish Feeding Activity and Growth

All fish were actively feeding throughout the
experiment, except for fish number 10 after day
27 and the four large fish for the entire duration
of the experiment (before and after tagging). Krus-
kal–Wallis one-way analysis of variance of aver-
age growth rates revealed no significant differ-
ences between control and tagged fish (Kruskal–
Wallis 5 29.00; x2 5 2.521, df 5 1, P 5 0.112).

Discussion

In telemetry studies, a large number of obser-
vations are collected on relatively few individuals.
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TABLE 2.—Rank sum of acoustic beam interruptions for day and night activity over 20 d before and after tagging
for control and small (32.5–35.8-cm total length) and large (38.5–43.5-cm) fish. Kruskal–Wallis one-way analysis of
variance was used on the number of beam interruptions per hour to test for the consistency of day or night activity
between the two periods (N 5 465, df 5 1). The associated probabilities are given; when P , 0.01, H0 is rejected.
Asterisks indicate significant differences between periods for day or night activity; upward-pointing arrows indicate
increases, downward-pointing arrows indicate decreases.

Fish
number

Day activity

Day 0–20 Day 21–40 P

Night activity

Day 0–20 Day 21–40 P

Control fish

8
9

15

51,901.0
45,626.5
51,839.5

58,784.0
65,058.5
58,845.5

0.029
↑ 0.000*

0.026

54,184.0
36,750.0
50,870.0

51,846.0
69,280.0
55,159.5

0.015
↑ 0.000*

0.910

Small fish

1
2
3
5
6
7

10
16

63,621.5
41,133.0
68,848.5
67,792.0
42,120.0
60,575.0
76,023.0
54,266.0

47,063.5
69,552.0
41,836.5
42,893.0
68,565.0
25,745.0
34,662.0
56,419.0

↓ 0.000*
↑ 0.000*
↓ 0.000*
↓ 0.000*
↑ 0.000*
↓ 0.000*
↓ 0.000*

0.568

68,582.5
55,088.0
66,636.5
44,545.5
43,680.5
39,308.0
62,268.0
53,530.0

37,447.5
50,942.0
39,393.5
61,484.5
62,349.5
45,770.0
43,762.0
52,500.0

↓ 0.000*
↓ 0.000*
↓ 0.000*
↑ 0.000*
↑ 0.000*
↑ 0.000*
↓ 0.000*

0.048

Large fish

4
12
13
14

70,542.5
66,277.0
55,845.0
47,812.0

40,142.5
44,408.0
54,839.5
62,873.0

↓ 0.000*
↓ 0.000*

0.616
↑ 0.000*

62,830.5
59,177.5
41,600.0
42,174.5

43,199.5
46,852.5
64,430.0
63,855.5

↓ 0.000*
↓ 0.000*
↑ 0.000*
↑ 0.000*

TABLE 3.—Results of Kruskal–Wallis one-way analysis of variance of day or night activity daily means and for the
two study periods, day 0–day 20 and day 21–day 40, with three groups (control, small, and large) of lake whitefish.
The Kruskal–Wallis statistic (K-W) was used to test equality of activity among groups by time of day and period; P
assumed a chi-square distribution with df 5 2.

Day activity

Rank sum N K-W P

Night activity

Rank sum N K-W P

Day 0–day 20
Control
Small
Large

8,308.5
27,418.0
14,043.5

63
168
84

6.58 0.037
5,723.0

24,601.0
14,826.0

60
160
80

37.34 0.000

Day 21–day 40

Control
Small
Large

10,705.0
25,008.5
12,802.5

63
164
84

1.89 0.388
8,590.5

23,599.0
16,326.5

63
164
84

21.27 0.000

Necessary assumptions in such studies are that
tagged animals behave like individuals that have
not undergone the tagging process and that tagged
individuals can support the additional burden of
the tag. These assumptions are rarely tested, and
of 1,114 references to studies of underwater te-
lemetry reviewed by Baras (1991), only 39 were
devoted to tag attachment. Of those 39 studies,
only 14 evaluated the various effects of external
attachment. Serious effects on survival and growth
were measured by Ross and McCormick (1981;
yellow perch Perca flavescens and largemouth bass
Micropterus salmoides), Greenstreet and Morgan

(1989; Atlantic salmon Salmo salar) and Mc-
Farlane and Beamish (1990; sablefish Anoplopoma
fimbria). Chamberlain (1979) also measured sig-
nificant effects on feeding levels and equilibrium.
In our study with a maximum tag-to-fish weight
ratio of 1.6%, no mortality occurred among the 17
tagged fish, and the external tagging procedure did
not prevent most fish from active feeding. Growth
rates over the 40-d period of observation did not
differ significantly, although 3 of 3 control fish
grew, and 7 of 12 tagged fish lost weight.

Irritation and infection at the point of attachment
and tag loss were reported by several authors
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(Lonsdale and Baxter 1968; Roberts et al. 1973a,
1973b; Langford et al 1977; Yeager 1985; Kalpers
et al. 1989). Fungal infection was reported by Mel-
las and Haynes (1985; white perch Morone amer-
icana), and in our experiment, some fungus de-
velopment occurred on the linen thread, but there
was no fungus or infection on the fish. The second
tagging method was found to be superior for lake
whitefish. The pterigiophores of the dorsal fin pro-
vided anchorage for over 36 d compared with 16–
20 d for the first tagging method.

Finally, the following effects have been reported
on swimming capabilities in different species: re-
duction of swimming speed (McCleave and Stred
1975), hypoactivity (Zimmermann 1980), impeded
movement (Haynes and Gray 1979; Trocherie and
Bercy 1984) and increases in tail beat frequency
and opercular beat rate (Lewis and Muntz 1984).
It should be noted that no dramatic changes in
activity were observed shortly after tagging, which
is when hypoactivity or hyperactivity are often re-
ported. Nor can critical changes in swimming ac-
tivity be attributed to the duration of the experi-
ment as consistency in swimming activity levels
during the day and at night was observed between
the two periods for two control fish and for two
tagged fish.

Under group conditions, lake whitefish diel lo-
comotor activity is under exogenous control
(Scherer et al. 1986; Scherer and Harrison 1988).
When under a 12-h light : 12-h dark cycle, groups
are active during the day, with peak activity at
feeding time. In our study, 53% of the fish for each
period were more active during the day. However,
the fish were isolated in individual tanks during
the study, whereas they had been raised in a group.
This change in the social conditions, together with
the tagging procedure, may partly explain the ap-
pearance of night-active fish: 13% in the first pe-
riod of the study and 33% in the second period.
Nevertheless, after tagging, at mid-experiment,
one control (30%) and seven tagged fish (58%)
kept the same activity pattern.

The handling, attachment surgery, and tag pres-
ence did not seem to critically affect swimming
activity levels, patterns of day versus night activ-
ity, or growth rate over 40 d. To further investigate
the long-term effects of external tag attachment on
lake whitefish and, in particular, the appearance of
higher nocturnal activity in large fish, a second
experiment should be conducted that uses the sec-
ond method of tag attachment. This experiment
has demonstrated that the acoustic beam actograph
technique is a viable approach to the direct study

of the effects of tagging on swimming activity in
fish.
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