Transactions of the Amertcan Fisheries Soctery 126:707-714. 1997
% Copyright by the American Fisheries Society 1997

Influence of Transmitter Attachment Procedures on
Swimming Performance of Wild and Hatchery-Reared
Atlantic Salmon Smolts

S. PeEAkr aNp R. S, McKINLEY!

Department of Biology, Universiry of Waterloo
Waterloo, Ontario N2L 3G 1. Canada

D. A. ScruTON

Science Branch, Habirar Research and Assessment. Department of Fisheries and Qceans
Post Office Box 3667, St John's. Newfoundland AJC 5X1. Canuda

R. Moccia

Department of Animal and Poultry Science, University of Guelph
Guelph, Onrario NI1G 2WI1, Canada

Abstract—Effects of transmiticr attachment procedures on smolts of Atlantic salmon Salmo
salar have primarily been cxamined in the laboratory with halchery-reared fish. Biotclemeiry
rescarchers must extrapolate findings of tagging studies to wild. migrating smolts, Because hawchery
rearing can affect salmonid development and because ficld tagping procedures and environmental
conditions can differ from those in the laboratory, we measured critical swimming speed of
hatchery-rcared Atlantic salmon smolts equipped with internal, external, or pastric dummy radio
transmitters in the laboratory, We then repeated the experiment with wild, migrating fish in ambicnt
environmental conditions. Swimming ability of hatchery smolts was not sipnificanUy affected by
any attachment procedure, and no significant differences were found beiween fish tesied [ or [0
h after tagging. Similarly, wild smolis were not impaired by pastric transmitiers: however, per-
formance of wild fish tested 1 or 16 h afler internal or external attachment was significantly lower
than that of wild controls. Thus, reaction of hatchery-rearcd Atantic salmon smolts 1o attachment
procedures can ditfer from that of wild migranis. Biotelemerry rescarchers should exercise cavtion
in interpreting data obtlained from wild Atlantic sajmon smolts equipped with internal or ¢xternal

radio transmitlers during the first 16 h after tagging.

Recent technological advances in the design of
radio and acoustic transmitters have allowed bio-
telemetry studies 1o be performed on increasingly
smaller fish such as smolts of Auantic salmon Sal-
mo salar. Migratory behavior of tagged fish can
represent Lthat of the untagged population if trans-
mitter attachment causes minimal physiological
disturbance and no impairment of swimming. Cur-
rently used transmitters are surgically implanted
into the body cavity (internal), inserted into the
stomach (gastric), or fixed to the surface of the
body (¢xternal; Mellas and Haynes 1985). Studics
that have investipated the measurable cffects of
these procedures generally indicated that cxternal
tagging could significantly alter behavior or swim-
ming ability of juvenile Atlantic salmon whereas
gastric and intcrmal tagging might not (McCleave
and Stred 1975; Greenstreet and Morgan 1989;
Moore ct al. 1990).

The majorily of studies investigating tagging ef-
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fects on Atlantic salmon smolts has examined targe
hatchery-reared fish in the laboratory. The direct
application of these results to biotelemetry studies
in the field, however, may not be appropriate for
several reasons, First, rearing conditions within
hatcheries can cause allerations in growth (Bocufl
and CGaignon 1989), development (Fleming et al.
1994), and smoltification (Kazakov and Kozlov
1985; Bjornsson et al. 1989; Farmer ct al. 1989),
all of which may affect swimming performance
(Smith 1982) or tag-carrying ability.

Sccond, ratio of 1ag mass to fish mass (tag ratio)
can affect the suitability of a particular attachment
procedure (Marty and Summerfelt 1986). Because
domestic stock tend to be more robust than fish
from a wild population (Beamish 1978), large
hatchery smolts, having low tag ratios, could pos-
sibly carry transmitters better than wild fish having
higher tag ratios. Third, published studies bhave
generally examined tagging effects in the sterile
and stable conditions of the laboratory. Down-
stream migration of wild smolts often occurs after
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TaprLE [.—Mean fork length, mass. condition factor. range of tag ratios, and mean critical speed (Ucril) of Atlantic
salmon smolts within treatment groups. An asterisk (*) indicates a value for hatchery smolts that 1s significanily preater

(P =2 0.03) than the comesponding value for wild smolts.

Mean
temperature Fork length Condition Tag Uerit = SE
Tag wype Treutment N (°C) = SD (cm) Mauss + SD (g) lactor! ratio (7)° (m/s)
Hatchery smolts

Internal Tugged 12 120 200+ 1.7* 106.9 2 21.6* 1.336* 1.9-3.6 163 = 0.02

Sham 12 12.0 194 + 1.3 1029 = 174 1409 1.68 £ 0.03
Cxiernal Tagged 12 12.0 202 - 14" {12,5 £ 159 1.365% LH-29 1.55 « 0.02#

Shum 12 12.0 19.1 £ 1.3 O3 = 16.6 1411 1.62 = 0.03
CGastric Tagped 12 12.0 208 + 1.3 103.5 « 12.7* L.150* 2.1-3.0 1.52 = 3.06%

Sham 12 12.0 19.7 = 1.1 1035 £ 154 1.354 1.63 = 0.03
Control 6 12.0 19.4 = (.8* 95,3 = 105" 1.305* 161 = (.04

Wiid smolts

Internal Tagged 2 16.3 187 ~ 1.2 542 £ 114 0.429 3.0-6.0 1.14 = 0.02
External Tagged 12 154 18.6 = 0.6 5340+ 59 0.839 4.0-59 115 £ 0.04
Gastric Tagged 12 16.3 189 =~ .2 59.0 L 64 0.874 35-5.2 145 = 0.02
Control 12 I5.6 185 = L0 554 =53 0.875 146 £ 0.03
2 Condinon factor = 100« (mass, g)/dength. em)?,
P Tag ratio — 100~ (ag mass, g)/(fish mass, g).
heavy rains that cause fluctuations in discharge, Hatchery smolts.—Hatchery-reared  Atlantic

turbidity, and water temperature (Solomon 1978).
Therclore, laboratory studies, performed in the ab-
sence of environment, may undercstimate re-
sponses of wild tagged fish to attachment proce-
dures. Finally. previous studies have allowed
tagged smolts to recover for periods of 24 h to
several days before measuring swimming ability.
In the field, Ash are often relcased after recovery
from anesthesia because timely release 1s partic-
ularly important if migration time and transmitter
battery lifc are short.

These considerations suggest that responscs by
large, hatchery-reared Atlantic salmon smolts to
tag attachment procedures under laboratory con-
ditions may not be dircctly applicable to biotelem-
etry studies involving wild migrating smolts. To
test this hypothesis. we measured critical swim-
ming spceds of large hatchery smolts equipped
with internal, external, and gastric tags in the lab-
oratory. We then repeated the cxperiment with
wild fish tagged and tested under field conditions.
Groups were examined | or 16 h after transmitter
attachment to determine if tagged smolts can be
relcased soon after surgery.

Methods

Transmirters.—Dummy transmitters were iden-
tical to operational radio tags except that the bat-
tery and clectronics were replaced with lead shot
of equal mass. Tags were cylindrical, weighed 2.6
g in air, measured 22 mm ip length, had a diameter
of 7 mm, and were cquipped with a 20-cm flexible
wire antenna.

salmon smolts were obtained from the Alma Aqua-
culture Station in Alma, Ontario, and all research
on hatchery fish was conducted in a laboratory at
this facility during the last 3 weeks of May 1995.
Prior to this study, fish had been held for several
months in a rectangular raceway (10 X 2 X | m)
in which water was circulated at a rate of approx-
imately 30 ¢m/s. Fish were fed commercial trout
pellets from demand feeders and were exposed to
the ambient photoperiod.

In all, 78 hatchery smolts were used. Three sub-
groups of 12 fish each were equipped with either
internal, external, or gastric dummy transmitters;
in each group, 6 fish werc tested after 1 h, and 6
werc tested 16 h after tagging. Three additional
subgroups of 12 fish each were sham-tagged and
tested in the same manner as tagged fish, A final
group of 6 fish, tested | h after approximately 10
s of handling without anesthesia or surgery. served
as controls. Mean lengths and masses of smolts
within cach treatment group are given in Table 1.

One day before experimentation. smolts were
transferred to a 2,000-L circular holding tank and
not fed, thus ensuring a postabsorptive state. The
holding tank was aerated and supplied with fresh-
water (mean temperature, 12.0°C; range, 11.0-
13.0°C). Water was circulated around the tank at
approximately 20 cm/s. Fish to be cxamined 1 h
after transmitter attachment werce tagged late in the
morning, placed in a 750-L recovery tank (aerated
and supplicd with freshwater circulated at approx-
imately 20 ¢m/s) for 1 h, and then tested. Smolts
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to be examined 16 h after attachment were tagged
in the afternoon, placed in the recovery tank for
16 h, and then tested. After experimentation, fish
werc sacrificed by anesthetic overdose.

Hatchery smolts tagged with internal and ex-
ternal procedures were randomly selected from the
2,000-L holding tank and anesthetized by immer-
sion in a M§-222 (tricaine mecthanesulfonate) bath
(50 mg/L, buffered). Procedures used were similar
to those of Mellas and Haynes (1985) with some
minor exceptions. First. all fish were tagged in a
V-shaped surgical tray. The tray contained fresh-
water for external tagging, whereas a diluted an-
esthetic solution (25 mg/L) was used for inlernal
tagging. Second, {or smolts cquipped with internal
tags, a small puncture was made in the body wall
to onc side of the initial incision, and the trans-
mitter antcnna was threaded through the puncture
from inside the fish. All smolits were considered
to have recovered from ancsthesia when their
buoyancy was rcgained and station was taken up
in the current.

For gastric tagging, fish were placed in a gastric
insertion chamber. The chamber was constructed
from polyvinyl chloride (PVC) pipe (38 X § cm)
with the top removed and the ends capped. A small
hole was made in the front cnd cap and the ap-
paratus was filled with freshwater. Fish were in-
dividually placed inside the chamber with the
mouth against the front end cap. The transmitter
was partly inserted into one end of a drinking straw
(6-mm diameter), which was dipped into vegelable
oil and inserted through the hole in the end cap,
into the fish’s mouth and into its stomach. A wire
was pushed through the straw, injecting the dum-
my lransmitter into the stomach. The wire and
straw were then removed from the fish. The an-
tenna exited via the mouth and was bent backwards
to trail alongside the fish, which was then placed
in the 750-L recovery tank.

Wild smolts.—Wild Atlantic salmon smolts were
collected from a counting fence in Micmac Brook
on the Indian River watershed in north central
Newfoundland, Canada (approximately 49°N.
56°W). The counting fence was located approxi-
mately 45 km upstream {rom the cstuary. Exper-
iments occurred during the smolt migration (June
1995) at the Department of Fisheries and Oceans
Indian River Research Station approximately 5 km
from the collection site.

From the 48 wild smolis that were used, three
subgroups of 12 fish cach were equipped with in-
ternal, external, or gastric dummy transmitters; in
cach group, fish were tested after 1 h, and the
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remaining fish were tested 16 h afier tag attach-
ment. Because wild smolts of lengths similar to
hatchery fish were scarce, not enough wild fish
could be obtained to allow parallel sham tagging
of similar groups. Instead, 6 fish were anesthetized
for approximately 3 min before being revived and
examined 1 h later. Another 6 smolts. tested 1 h
after approximately 10 s of handling without an-
esthesia or surgery., served as controls. Mean
lengths and masses of fish from ecach wreatment
group are given in Table 1.

Fish 1o be examined 1 h after attachment were
captured in the morning, taggcd, placed in a 750-L
recovery tank containing Indian River water (mean
temperature. 15.9°C; range, 14.8~18.3°C; circu-
lated at approximatcly 20 em/s) for 1 h, and then
tested. Smolts to be examined 16 h afier trans-
mitter attachment were collected in the afternoon,
tagged, placed in the 750-L tank for 16 h, and then
tested. Control and gastric-tagged smolts were re-
leased after experimentation, while internally and
externally tagged fish were sacrificed by anesthetic
overdose.

Wild fish were subjected to the same surgical
procedures described for hatchery smolts except
for ancsthetic used. Wild smolts were ancsthelized
with 2-phenoxyethanol diluted to 1: 2,500 (vol-
ume : volume) duc to regulations concerning an-
esthetic use in the field.

Swimming performance.—Swimming perfor-
mance was cvaluated by measuring critical swim-
ming spced, 2 measure of prolonged swimming
ability first described by Brett (1964). Experiments
began by placing 3 smolts from the same treatment
group in a 120-L Blazka-type swim speed cham-
ber. Water was pumped from the 750-L recovery
tanks, through the chamber, and back into the
tanks. Fish were initially acclimated 10 a water
velocity of 0.50 m/s for 2 h, after which velocity
was increased by 0.13 m/s every 10 min until
smolts were unable to leave the downstrecam re-
taining screen. Final swimming speed, time of fa-
tigue, water temperature, and mass and fork length
of each fish were recorded. Critical specd (Ucrit)
was determined by using the formula described by
Beamish (1978).

One-way analysis of variance (ANOVA), lincar
regression analysis, and Bonferroni multiple com-
parisons were used lo statistically examine the
data. When equal variance tests lailed, nonpara-
metric tests were used (Kruskal-Wallis once-way
ANOVA, Dunn’s muliiple comparison).



710 PEAKE ET AlL.

TabLE 2.—The P-values for linear regressions testing
for correlations. within treatment groups, between critical
swimming speed (Ucrit) of Atlanuc salmon smolts and
fork length, mass. and water temperature. No significant
correlations were found (all Ps == (0.035).

P.values for:
Fork
lenglh Mass on Temperature
Tuy, Lypt Treatment on Uent Uerit on Uernl

Hatchery smolts

Inwemnal Tagged 0.49 0.81

Sham 0.73 0.40
Extemal Tagged 0.92 0.96

Sham 0.74 0.67
Gastre Tagged 0.87 0.44

Sham .49 0.26
Caontrol 0.22 (.57

Wild smolts
Imernal Tagged 012 023 0.09
External Tapgged 0.35 0.34 0.26
Gastng Tagped .17 0.08 0.73
Caontrol 0.99 081 0.59
Results

No alterations in behavior among tagged wild
and hatchery smolts were noticed and no mortal-
ities occurred. Recovery of hatchery and wild
smolts from anesthesia, after internal and extcrnal
tag placement, occurred in 2-5 min. Both hatchery
and wild fish equipped with gastric tags displayed
a coughing-type behavior for a short time after
tagging; however, this reaction was not observed
in fish swimming in the flume.

Hatchery Smolts

Mean fork length (one-way ANOVA; F = 1.55;
dt = 12, 65. P > 0.05) and mass (one-way
ANOVA: F = 1.73; df = 12, 65; P == 0.05) of
hatchery Atlantic salmon smolts did not differ sig-
pificantly among initial treatment groups. No sig-
nificant differences in Ucrits occurred within treat-
ment groups of fish tested | and 16 h after surgery
(one-way ANOVA: F = 1.35:df = 11, 60; P >
0.05), so these data were pooled. Linear regression
analysis showed that critical speeds of control fish,
sham-tagged fish, and fish tagged with internal,
cxternal or gastric transmitters, were not signifi-
cantly affected by fork length or mass (Table 2).
No significant differences in critical swimming
speed were found (Kruskal-Wallis one-way ANO-
VA, H = 8.84: P > 0.05) betwecn tagged and
sham-tagged groups (Table 1). Finally, mean crit-
ical swimming speeds among controls and smolts
with gastric, internal, and external tags (Kruskal-

Wallis onc-way ANOVA; H = 3.89; P > 0.05)
were not significantly different (Table 1).

Wild Smaolts

Mean lengths of wild Atlantic salmon smolts,
among initial treatment groups, were not signifi-
cantly differcnt (one-way ANOVA; F = 0.296; df
= 7, 40; P = 0.05). Similarly, mcan fish mass
(Kruskal-Wailis one-way ANOVA; H = 88, P =
0.05) and water temperature (Kruskal-Wallis one-
way ANOVA; = 10.9; P = (0.05) did not differ
significantly among treatment groups. No signifi-
cant differences were found in Ucrits of fish tested
| and 16 h after being cquipped with gastric tags
(Bonferroni multiple comparison; ¢ = 0.14; £ =
0.05), external tags (Bonferroni multiple compar-
ison; t = 1.57; P = 0.05) or internal tags (Bon-
ferroni multiple comparison; 1 = —0.79; P = 0.05).
so these dara were pooled. Swimming ability of
controls and anesthetic sham controls was not sig-
nificantly different (Bonferroni multiple compar-
ison: r = 0.67; P > 0.09), so thesc data were also
pooled. Linear regression analysis tevealed that
critical specds of controls and tagged fish were not
significantly affected by fork length, mass, or wa-
ter lemperature (Table 2). Significant differences
were found in mean critical swimming speed
among control smolts and those with gastric, in-
ternal, and external tags (one-way ANOVA: F =
29.4; df = 3, 44; P <2 0.05). Controls and gastr-
ically tagged {ish did not differ significantly (Bon-
ferroni multiple comparison: t = 0.09; P = 0.05),
and fish with internal and external tags did not
differ significantly (Bonferroni multiple compar-
ison; ¢ = 0.08: P > 0.05); however. smolts
equipped with inteenal tags had a significantly low-
er mean Ucrit than control fish (Bonferront mul-
tiple comparison: r = 6.72; P < 0.05) and gastr-
ically tagged fish (Bonferroni multiple compari-
son: + = 6.63: P << 0.05). Similarly, smolts
equipped with external tags had significantly lower
mean critical speeds than gastrically ltagged fish
{Bonferroni multiple comparison; 1 = 6.55: P <
0.05) and control fish (Bonferrom multiple com-
parison; r = 6.64: P << 0.05) fish (Table 1).

Hatchery versus Wild Smaolts

Because significant differcnces in length oc-
currcd between wild and hatchery smolts (Table
1). treatment effects on critical swimming speed
relative to body length were compared (Figure 1),
Mean relative Ucrit was found to differ signifi-
cantly (Kruskal-Wallis one-way ANOVA; H = 45:
P < 0.05) between similarly tagged hatchery and
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FiGURE 1.~—Mean relative critical speeds (Ucrits) in body lengths per sccond (bl/s) of haichery and wild Atlantic
salmon smolts from the various tag treauments. An asterisk (*) indicates a sigmficant differcnce between groups

of simifarly (agged wild and halchery smolts. A plus (+)

indicates a significant difference in mean relative Ucrit

between a group of hatchery or wild fish and that of the corresponding batchery or wild contro] group. Vertical

line above bar indicates 1 SE.

wild fish. No significant difference was found in
relative critical speed between hatchery and wild
controls (Dunn’s multiple comparison; Q@ = 0.92;
P = (0.05) or between hatchery and wild gastrically
tagged smolts (Dunn’s multiple comparison; Q =
0.82; P > 0.05). Relative critical speed was, how-
ever, significantly reduced in wild smolts tagged
with external (Dunn’s multiple comparison; Q =
3.19; P < 0.05) and internal (Dunn’s multiple com-
parison; Q = 4.72; P << 0.05) dummy transmitters
relative o similarly tagged hatchery-reared
smolts.

Discussion

In rivers, migrating Atlantic salmon smolts are
thought to swim against but not faster than the
flow rate, resulting in downsiream movement at a
specd slower than that of the current (Solomon
1978; Smith 1982). If thc ability of a smolt to swim
against the current is impaired by a particular
transmitter attachment, the smolt’s downstrcam
travel rate will be faster than that of untagged fish,
thus biasing telemetry data (Greenstreet and Mor-
gan 1989). The present study indicates that, in the
shorl term, prolonged swimming ability of hatch-
ery-reared Atlantic salmon smolts is not affected

by internal, external, or gastric dummy transmitter
atltachment. Critical speed of wild smolts js also
not affected by gastric tags; however, wild fish
cquipped with external and intcrnal tags showed
21.9% and 22.7% reductions in performance, re-
spectively, relative to controls. Therefore, had
these fish been used in a biotelemetry study, data
collected for the first 16 b period might not have
reflected the behavior of untagged migrants.
Mean Ucrits of wild fish cquipped with external
and intcrnal dummy transmitters did not differ sig-
nificantly, suggesting that drag due to cxternal tags
did not impair swimming ability. In addition, nei-
ther internal nor gastric tags contributed to drag;
yet, performance was impaired by internal trans-
mitters but not by gastric transmitters. These pat-
terns suggest that the effect of the internal and
external tags on swimming performance of wild
smolts was physiological rather than mechanical.
Internal and external procedures share one impor-
tant characteristic: they both involve cutting or
piercing of tissue. Although gastric tagging may
cause fish some discomfort; little or no tissue dam-
age occurs. Thus, stress caused by the surgical
procedures probably contributed most to the re-
duced ability of wild smolts to carry internal and
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external transmitters. That hatchery smolts were
unaffected suggests they were not as stressed by
the procedures or that their tolerance o stress was
greater than that of wild fish.

Despite our attempts Lo treat hatchery and wild
fish in as similar a2 manner as possible, some dif-
ferences in methodology werc unavoidable. These
differences illustrate the need for caution in di-
rectly applying the results of laboratory lagging
studies, performed on hatchery smolts, to field-
based hiotelemetry research. First, diffcrent an-
asthetics were used because environmental regu-
lations did not permit us to use MS-222 in the
ficld. Nevertheless, we believe that anesthetic use
did not influence our results because no differences
in recovery between ancsthetized wild and hatch-
ery fish were observed. Furthermore, swimming
ability of wild fish was not affected by the use of
2-phenoxycthanol because no significant differ-
cnces were observed between ancsthetized and
nonanesthetized controls; likewise, MS-222 did
unot affect swimming performance ol hatchery
smolts in similar comparisons.

Second, water temperatures during the time of
the wild smolt migration were slightly higher than
those at the hatchery. Although swimming ability
of wild smolts, within treatment groups, was not
altered significantly by ftuctuations in water tem-
perature (Table 2), wild fish possibly were affected
by intcrnal and cxternal tagging because of the
higher water temperatures. Also, although internal
Lags reduced swimming performance of wild fish,
gastric tags did not, cven though they bhoth were
tested at the same mean temperature (Table 1),
Nevertheless, subscquent tagging studies should
be carried out across a range of water temperatures
that include all values that may be encountercd in
the ticld.

Third, hatchery fish might have been less
stressed than wild stock prior to tagging because
hatchery fish were probably more accustomed to
handling and confinement. Capture and confine-
ment of wild fish are inherent to most biotelemetry
studies, and their effect on physiological condition
cannot be properly simulated with hatchery fish.
Fourth, because of differences in selective pres-
sure, fish stocks may differ in terms of morphol-
ogy, swimming ability, and stress tolerance. How-
cver, this possibility exists whenever findings from
one fish population are extrapolated to another.

Finally, domestic tish tend to be more robust
than wild stock (Beamish 1978). In the present
study, mean length of hatchery fish was only
slightly greater than that of wild smolts; however,
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hatchery fish were 43-52% heavier (Table 1). This
phenomenon can have practical implications. Ra-
tio of fish mass to transmitler mass, or tag ratio,
has been shown to be an important consideration
for the biotclemetry rescarcher, influencing the
suitability of external (Greenstreet and Morgan
1989), internal (Marty and Summerfelt 1986), and
gastric (Moser et al. 1990) attachments. In gencral,
low tag ratios arc considered to be more suitable
than higher values. Tag ratios for hatchery smolts,
in the present study, were lower than those of wild
fish (Table 1), thus differences in tag-carrying abil-
ity might have resulted from inconsisiencies in tag
ratios.

The high condition lactor of our hatchery smolts
also suggests that they might have undergone a
process called reverse smoltification. Normal
smoltification involves a reduction in condition
factor (Hoar |988); howcver, Woo et al. (1978)
reported that smolts of coho salmon Oncorhvachus
kisurch, prevented from entering salt water, re-
gained the high tissue fat and glycogen levels char-
acteristic of parr. Other biochemical and behav-
ioral factors associated with smoltification, such
as salinity preference (Mclnerney 1964), glomer-
ular filtration rate (Holmes and Stainer 1966), and
branchial Na' K*-ATPasc activity (Zaugg and
McLain 1970), have becn shown to be reversible.

Smoltification of our hatchery stock also might
have been incomplete or altered. Variables inher-
ent to hatchery rearing that have been shown to
affect deveclopment, smoltification, or levels of
hormones involved in smoltification include size
of holding tanks and rate of water flow (Bocuf and
Gaignon 1989). type of artificial diet (Bergstrom
1989), water chemistry and pH (Farmer et al.
1989), photoperiod and temperaturc (Bjornsson ct
al. 1989), and illumination intensity (Kazakov and
Kozlov 1985). If smoltification was altered, swim-
ming performance of the harchery stock might
have been affected. Graham ct al. (1996) found
that station holding performance of juvenile At-
lantic salmon, rclative to body length, increased
as fish became more silver in color. In addition,
swimming ability among the hatchery and wild
fish might have diftfered due to differences in body
form. Taylor and McPhail (1985) found that fu-
siform juvenile coho salmon had greater swim-
ming stamina than more robust fish of the same
species. Thus, the possibility that wild-type de-
velopment and smeltification of juvenile salmon
can be altered or reversed by conditions in a hatch-
ery makes it nearly impossible for researchers to
ensurc that morphology. physiology, behavior, and
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swimming capability of hatchery-reared fish, at
any given time or place, match those of wild
smolts.

In conclusion, we report that, for a varicty of
possible rcasons, wild Atlantic salmon smolts did
pot react to transmitter attachment procedures in
the same way as hatchery-rcared fish. Gastric tag-
ging of wild and hatchery-rcared Atlantic salmon
smolts did not impair swimming ability and may
bc an appropriate attachment procedurc in the
short term. Problems associated with feeding,
however, have been reported (Armstrong and Raw-
lings 1993) and may affect suitability for longer-
term studies. Unlike hatchery fish. wild fish dem-
onstrated significantly reduced prolonged swim-
ming ability when tagged with exiernal or internal
transmitiers, and performance did not improve af-
ter 16 h of recovery. Thus, results of laboratory
tagging studies that use hatchery-rearcd smolts
should be cautiously extrapolated to wild migrants.
In addition, researchers should critically examine
tclemetry data from internally or externally tagged
wild smolts if conditions such as water tempera-
ture or tag ratio differ from those in published tag
studies. This cautionary action cun be cspecially
important if downstrcam migration rate is ob-
served to be close to the speed of the current.
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