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Abstract
Acoustic telemetry is used to quantify fish movement, ecology,

and habitat use and can contribute to assessing the success of spe-
cies supplementation. In this field, a better understanding of the
effects of tag burden (or the impact of an acoustic telemetry tag,
which is related to the ratio of tag weight to body weight) is criti-
cal to ensure postrelease monitoring. Research on the effects of
acoustic tag burden on imperiled fishes at different ontogenic
stages, such as juvenile Lake Sturgeon Acipenser fulvescens, is lim-
ited. Our study provides key information for the selection of the
largest acoustic tag with the greatest battery life possible (taking
into account tag burden) to monitor the release success and move-
ments of juvenile Lake Sturgeon stocked for reintroduction. We
characterized tag burden effects by examining survival, TL,
weight, Fulton's condition factor, and swim performance of individ-
uals. We examined four groups of fish: control (anesthetized and
no acoustic tag inserted; n = 24), sham control (anesthetized with
incision sutured but no acoustic tag inserted; n = 24), Vemco V8
acoustic tag (2.0 g in air; n = 24), and Vemco V9 tag (4.4 g in
air; n = 24). Acoustic tags were inserted into anesthetized fish,
and the incision was sutured; tag burden (mean ± SE) ranged from

2.2 ± 0.06% to 4.6 ± 0.10% of total body weight. Results showed
that the two tag burden treatments had no significant effects on
growth or survival (compared to both control groups) across a 114‐
d study period and that critical swim speed at 12–20 d postsurgery
was not significantly impacted by increasing tag burden. Because
neither of the acoustic tag sizes had significant deleterious effects
on the metrics studied, we recommend using a larger V9 tag (i.e.,
the most powerful tag with the longest battery life) for postrelease
monitoring of reintroduced juvenile Lake Sturgeon.

Acoustic telemetry has become a useful method to bet-
ter understand movement and spatial ecology across fish
species (Crossin et al. 2017). Fish receive a surgically
implanted transmitter (acoustic tag) and are released back
into the water, where stationary or mobile receivers record
and store the unique sound signals released by the trans-
mitter. These data are then retrieved and interpreted to
understand movement patterns and survival of individuals.
Acoustic telemetry studies function under the assumption
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that the tag and implantation method have little or no
deleterious effects on the implanted individual based on
the relationship of tag weight to total body weight (i.e.,
tag burden; Miller et al. 2014; Liss et al. 2017). Winter
(1983) was the first to propose the “2% rule,” which indi-
cates that if the tag weight is no more than 2% of a fish's
total body weight, the tag will have negligible effects on
growth, condition, and survival. This rule has been con-
tested over time using larger tags with greater tag burdens
(up to 12% of total body weight) showing negligible
effects, and there is general consensus that the maximum
allowable tag burden varies across fish species (Brown et
al. 2006; Cooke et al. 2011). Given the large variation in
morphology, tag effects studies are best compared via spe-
cies‐specific studies or studies of fish with similar mor-
phologies or swimming capabilities (Miller et al. 2014).
Nevertheless, larger tags have greater detection ranges and
longer battery lives, leading to extended detection time.
Understanding the maximum tag burden that does not
have deleterious effects on growth, survival, and swim-
ming ability (specific to the species of interest) is critical
for choosing the most relevant and longest lasting tag.

In sturgeon species, the effect of tagging on larger indi-
viduals is well understood, while research on tag effects in
juveniles is limited in scope (Carrera‐García et al. 2017).
In young‐of‐the‐year Siberian Sturgeon Acipenser baeri,
research has shown that tagging (using tags constituting
~1–3% of total body weight) can affect swimming ability,
distance, and speed (Carrera‐García et al. 2017). Research
by Liss et al. (2017) also showed that surgical techniques
used in juvenile White Sturgeon A. transmontanus reduced
growth over a 24‐d period when a tag representing about
1.1% of total body weight was implanted. Further
research on the tagging of juvenile Green Sturgeon A.
medirostris, however, showed no significant differences in
either swimming ability or growth between tagged and
nontagged individuals (Miller et al. 2014). In juvenile
Lake Sturgeon A. fulvescens (80–100 g in weight), the
effect of tag burden (2% and 4% of total body weight) on
postrelease dispersal rates was compared in two river
systems (Snobl et al. 2015). Using a field‐based study,
researchers found that dispersal rates and survival did not
significantly differ between tagged juveniles within the two
systems (Snobl et al. 2015). However, the tags’ effects on
growth trajectories or condition factor were not examined.
With high variation in results of tag effects studies in stur-
geon species, it is essential to use species‐specific studies to
quantify the effects of tag burden.

To aid Lake Sturgeon restoration efforts in the Great
Lakes, small juvenile Lake Sturgeon (i.e., 18–28 cm) are
stocked using hatchery supplementation (Crossman et al.
2009; J. A. Chiotti, personal observation). There is a lack
of literature describing their postrelease movement pat-
terns and survival; some research shows that overwintering

survival can be as high as 40%, with no significant differ-
ences in survival depending on whether the sturgeon were
streamside reared or hatchery reared (Crossman et al.
2009). More research is needed to quantify and character-
ize postrelease success, with the overall goal of creating
self‐sustaining populations of Lake Sturgeon in the Great
Lakes (Dittman et al. 2015).

In our study, we examined growth (i.e., changes in TL,
weight, and Fulton's condition factor K), survival, and
swimming performance to evaluate tag burden (up to ~5%
of total body weight) on juvenile Lake Sturgeon. This
study could have important management implications in
that it is the first to build upon prior literature on Lake
Sturgeon by accounting for how tag burden can impact
movement, growth, condition, swimming ability, and sur-
vival in juveniles (Peake et al. 1995; Snobl et al. 2015).
The results of our study will serve to aid in the selection
of the largest acoustic tag with negligible effects on sur-
vival, growth, and swimming ability, allowing for greater
detection ranges and extended detection times.

METHODS
The juvenile Lake Sturgeon used in this study were

approximately 10 months old (mean TL ± SE = 29.2 ±
0.3 cm; weight = 103.1 ± 4.1 g) at the start of the study
and originated from the St. Clair River, Sarnia, Ontario.
All animals were reared and cared for in accordance with
animal care protocols approved by the University of
Windsor Animal Care Committee (Animal Utilization
Project Protocols 17‐13 and 17‐22). Throughout the study,
the sturgeon were held in 1,000‐L holding tanks (where
they were also held during postsurgery recovery periods)
maintained at temperatures of 14.7 ± 0.16°C, with dis-
solved oxygen levels kept high (~85–90%). A natural pho-
toperiod with daylight hours indicative of outside
conditions was maintained throughout the study by using
a preprogrammed lighting system and exterior windows to
allow for natural light. Juvenile sturgeon were fed EWOS
Microcrumble Number‐2 pellets at 2% of body weight per
day throughout the study.

Experimental design.— For all treatment groups, surg-
eries to implant acoustic tags were completed for this
experiment at three time points (treatments were randomly
assigned to the fish selected for surgeries): April 4, 2018
(n = 28); April 22, 2018 (n = 32); and May 12, 2018
(n = 36). All surgeries were completed by one surgeon in
April and another surgeon in May to minimize bias. Our
experimental design included a control (n = 24 fish), a
sham control (sham; n = 24 fish), a VEMCO V8 tag
(telemetry acoustic transmitter) treatment (n = 24 fish;
69.0 kHz, 20.5 mm long, 2.0 g in air, 0.9 g in water;
https://vemco.com/), and a VEMCO V9 tag treatment
(n = 24 fish; 69.0 kHz, 24 mm long, 4.4 g in air, 2.1 g in
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water; Figure 1). The sham control was used to determine
whether the surgery had a significant impact on the met-
rics studied (although it had no specific field‐based impli-
cations). The two tag sizes (V8, which lasts 199 d on
average; and V9, which lasts 550 d on average; https://
vemco.com/) were chosen because they each possessed an
appropriate battery life (the longest battery life that pro-
vides the largest amount of data) for realistic movement‐
related studies of juvenile Lake Sturgeon and were deemed
the largest possible based on the body cavity size of the
juveniles used in the study. Control fish were anesthetized
and did not undergo surgery. They were injected in the
left second lower scute with a PIT tag (Figure 1; except in
one instance where the initial injection failed and had to
be redone on the right side). Fish in each treatment
received a PIT tag (12.5 mm long; Biomark APT12) at the
beginning of the study to establish individual identity
throughout the experiment. The sham treatment fish were
anesthetized and operated on without acoustic tag inser-
tion. A PIT tag was inserted during surgery, and the inci-
sion was sutured closed (details below). The V8 and V9
acoustic tag treatment fish were anesthetized, an acoustic
tag was surgically inserted into the body cavity, and the
incision was sutured closed. The acoustic tags used in this
study were “dummy” (inactive) tags purchased from

VEMCO and had the same specifications (e.g., weight and
buoyancy) as active tags.

Surgical implantation and injection of PIT tags.—
Acoustic tags, PIT tags, and surgical equipment were all
sterilized using a betadine solution and rinsed with dis-
tilled water prior to implantation or use on fish. Food was
withheld for 24 h prior to surgery. All fish were anes-
thetized using a 110‐mg/L dose of MS‐222 (tricaine
methanesulfonate) buffered 2:1 with sodium bicarbonate.
Fish were monitored until opercular movements were slo-
wed and the fish were unresponsive to light physical stim-
ulus (~2–4 min); they were then removed from the
anesthetic and placed on their backs into a V‐shaped hold-
ing trough for surgery. During this time, the gills were
continuously irrigated using distilled water. A 3‐cm inci-
sion was made off‐center of the abdominal midline by
using a sterile number‐11 scalpel blade, and the acoustic
tag (for the treatment groups) was inserted with a PIT tag
into the abdominal cavity. For control fish, the PIT tag
was injected on the bottom left‐hand side of the fish near
the anal fins. The incision site was sutured closed using
three simple interrupted sutures (5‐0 Ethicon Vicryl Plus
absorbable sutures; 3–3–2 surgeon knot sequence) with an
RB‐1 tapered needle at 0.75‐cm intervals along the inci-
sion length. Sturgeon were then placed into a 1,000‐L
holding tank and assessed over 4 h for postsurgery recov-
ery or until such time that the fish returned to an upright
position and were able to maintain this position while
swimming.

Growth, condition, and survival postsurgery.—Using a
Shapiro–Wilk normality test, our data met the assump-
tions of parametric testing. Growth, condition, and sur-
vival after surgery were staggered across ~19‐d (±1 d)
postsurgery intervals from April 27 to September 7, 2018,
for the first surgery timepoint; from May 11 to September
21, 2018, for the second surgery timepoint; and from May
12 to August 28, 2018, for the third surgery timepoint.
Growth measurements were accounted for by measuring
TL (from tip of the snout to the end of the upper lobe of
the caudal fin; ±0.2 cm) and total weight (±0.5 g; using
an Ohaus VALOR 7000 Scale; https://us.ohaus.com/).
These data were converted to a specific growth rate (SGR,
% per day), calculated as SGR = [(logeW2 − logeW1)
× 100]/(t2 − t1), where W2 and W1 are the measurements
(body weight, g; or TL, mm) of the fish at time t2 and t1
(d). We also calculated K to determine body condition of
the sturgeon by using the relationship between TL and
weight: K = (live weight/TL3) × 100 (Craig et al. 2005).

Swim performance experimental protocols.—A 30‐L
swim tunnel (Loligo Systems, Viborg, Denmark; https://
www.loligosystems.com/) was used to measure swim per-
formance across the four treatment groups of juvenile
Lake Sturgeon at 12 d postsurgery (3–5 fish were selected
randomly/swum per day, depending on swimming ability,

FIGURE 1. Acoustic tags and a PIT tag inserted into Lake Sturgeon
(left to right): VEMCO V9 acoustic tag (tag weight in air = 4.4 g;
inserted into anesthetized fish), VEMCO V8 acoustic tag (tag weight in
air = 2.0 g; inserted into anesthetized fish), and a PIT tag (0.1‐g tag
inserted into anesthetized fish and injected into control fish). [Color figure
can be viewed at afsjournals.org.]
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until all fish from each treatment group had been swum).
During swim performance testing, the swim tunnel was
continuously flushed with new water at the fish's acclima-
tion temperature of 11°C. Each of the fish examined for
swim performance (n = 15 for each treatment group;
n = 60 in total) were then placed one at a time into the
working section (45.0 × 14.0 × 13.5 cm) of the swim tun-
nel (rapidly transferred from a holding tank by using a
dip net, with less than 15 s of air exposure) and allowed
to recover in the working section of the flume for 20 min
using a speed of 0.2‐TLs/s (i.e., low) flow over the fish
(with water flow generated by a propeller, powered by a
motor at the side of the flume) in order that the fish
exerted only minimal effort to hold itself in position. For
sturgeon, we considered a high speed to be approximately
1.8 TLs/s, which was the maximum speed any given stur-
geon could maintain during our study. After the recovery
period, the critical swim speed (Ucrit) tests were started.
Speed was increased sequentially by 0.2 TLs/s every
20 min. Speed increases and acclimation periods chosen
were based on prior literature describing juvenile sturgeon
critical swim tests (Miller et al. 2014; Downie and Kieffer
2017). When the fish was pinned to the downstream end
for 5 s, the swim test was terminated. Here, we used an
electrical shock grid to deliver a quick and short, mild
shock once a fish was pinned on the grate to ensure that
the individual was not resting against the grate. The total
amount of time the fish swam, sequential speed intervals
swam, TL, and weight were then recorded. Values of Ucrit

were then calculated using the formula based on Brett
(1964),

Ucrit ¼ Uf þ
�
Tf

t

�
�Uv

� �
;

where Ucrit is the critical swim speed (TLs/s); Uf is the
speed (cm/s) of the last interval the fish swam before fati-
gue; Tf is the time (s) the fish swam at the final velocity
before fatigue; t is the time increment (1,200 s) at that
velocity; and Uv is the velocity increment (0.2 TLs/s,
which was increased every 20 min) used throughout the
test. To calculate Ucrit measurements in TLs per second,
we divided the Ucrit by the TL of each fish. The same fish
that were used in our Ucrit testing were used for growth
(length, weight, and K) and survival measurements
throughout the study period.

Statistical analysis.— Total length (cm), weight (g), and
K of Lake Sturgeon (from the four treatments) were exam-
ined at 19‐d intervals over the 114 d (n = 7 time intervals)
by using a repeated‐measures ANCOVA coding for TL,
body weight, or K at the start of the experiment as the
covariate (to standardize for initial size or condition,
which can affect the trajectory of both factors, where
α = 0.05). Survival data throughout the 114 d of the

experiment were analyzed using a contingency table (chi‐
square test) accounting for deaths based on treatment.
Individuals who did not survive during the experimental
period were excluded from the body length and weight
analyses. Critical swim speeds of the four treatment
groups (n = 15 for each group) were analyzed using a
one‐way ANCOVA coding for TL at the start of swim
performance testing as a covariate (to account for the
effect of any body size differences on swim performance).
All statistical testing was conducted using IBM SPSS
Statistics version 24.

RESULTS
No significant differences among treatments were found

in TL growth rate (F3, 88 = 0.53, P = 0.67; Figure 2A;

FIGURE 2. Box plots displaying Lake Sturgeon specific growth rates
(% per day) in (A) TL and (B) weight across four treatment types and
between measurement timepoints: 0–19, 19–38, 38–57, 57–76, 76–95, and
95–144 d postsurgery. The thick middle line in the box indicates the
median value; the upper and lower ends of each box represent the 25th
and 75th percentiles of data. Error bars extend to show the minimum
and maximum values of data points; outliers are represented by filled
circles. The four treatments were as follows: control (anesthetized and no
acoustic tag inserted), sham control (anesthetized with incision sutured
but no acoustic tag inserted), V8 acoustic tag (tag weight in air = 2.0 g;
inserted into anesthetized fish), and V9 acoustic tag (tag weight in
air = 4.4 g; inserted into anesthetized fish).

MANAGEMENT BRIEF 577



Table 1), body weight growth rate (F3, 52 = 0.59,
P = 0.63; Figure 2B; Table 2), or K (F3, 88 = 0.43,
P = 0.73; Figure 3; Table 3). Survival of Lake Sturgeon
was high overall (95 ± 0.07% across treatments), with only

three deaths (one from each treatment group besides the
sham control), which occurred on April 21 (a V8‐tagged
fish), May 4 (a V9‐tagged fish), and May 18 (a control
fish), 2018. During the study, there was no significant dif-
ference in survival rates across the treatment groups
(χ2 = 0.016, df = 95, P = 0.99). Swim performance was
similar across treatments, and Ucrit averaged 1.22 ±
0.037 TLs/s. No significant differences were found in Ucrit

among treatment types (control: mean ± SE = 1.1 ± 0.09
TLs/s, sham: 1.2 ± 0.08 TLs/s, V8: 1.2 ± 0.06 TLs/s, V9:
1.3 ± 0.05 TLs/s; F3, 55 = 0.90, P = 0.45; Figure 4). No stur-
geon expelled their acoustic tags during our study period; how-
ever, one PIT tag was lost.

DISCUSSION

Growth and Survival
Our results suggest that an acoustic tag burden of

4.63 ± 0.098% of body weight for juvenile Lake Sturgeon
has no significant effects on growth rate related to TL,
weight, K, or survival up to 114 d postsurgery compared to
control treatments. When using behavioral metrics to assess
tag burden, we also found that Ucrit was not significantly
affected by a tag burden of 2.2 ± 0.06% to 4.6 ± 0.10%
across the same time interval postsurgery. These results
indicate that acoustic tags can be used effectively to facili-
tate postrelease monitoring of juvenile Lake Sturgeon.

TABLE 1. Mean (±SE) TL (cm), measured at 19‐d increments postsurgery, of juvenile Lake Sturgeon that received implanted acoustic tags. The con-
trol group was anesthetized and had PIT tags injected but did not receive acoustic tags. The sham group was anesthetized and operated on without
acoustic tag insertion, and the incision was sutured closed. The V8 (2.0 g in air) and V9 (4.4 g in air) acoustic tags were inserted into the body cavity,
and the incision was sutured closed. Fish in each group (including the control) received PIT tags (12.5 mm long) to establish identity throughout the
experiment (see Methods).

Treatment n Day 0 Day 19 Day 38 Day 57 Day 76 Day 95 Day 114

Control 23 28.4 ± 0.3 28.8 ± 0.4 29.9 ± 0.4 31.0 ± 0.4 32.0 ± 0.4 33.1 ± 0.4 34.0 ± 0.3
Sham 24 29.5 ± 0.4 29.9 ± 0.5 30.8 ± 0.5 32.0 ± 0.5 33.0 ± 0.4 34.1 ± 0.5 35.0 ± 0.5
V8 tag 23 29.4 ± 0.3 29.6 ± 0.4 30.5 ± 0.4 31.6 ± 0.4 32.7 ± 0.4 34.3 ± 0.5 34.5 ± 0.4
V9 tag 23 29.3 ± 0.3 29.5 ± 0.4 30.9 ± 0.4 31.6 ± 0.4 32.6 ± 0.4 33.6 ± 0.5 34.5 ± 0.48

TABLE 2. Mean (±SE) weight (g), measured at 19‐d increments postsurgery, of juvenile Lake Sturgeon that received implanted acoustic tags. The
control group was anesthetized and had PIT tags injected but did not receive acoustic tags. The sham group was anesthetized and operated on without
acoustic tag insertion, and the incision was sutured closed. The V8 (2.0 g in air) and V9 (4.4 g in air) acoustic tags were inserted into the body cavity,
and the incision was sutured closed. Fish in each group (including the control) received PIT tags (12.5 mm long) to establish identity throughout the
experiment (see Methods).

Treatment n Day 0 Day 19 Day 38 Day 57 Day 76 Day 95 Day 114

Control 23 96.2 ± 3.8 98.3 ± 4.6 112.1 ± 5.2 128.4 ± 5.8 145.7 ± 5.4 161.7 ± 5.3 174.2 ± 4.7
Sham 24 105.3 ± 4.8 108.7 ± 5.7 124.3 ± 6.2 142.2 ± 7.2 158.0 ± 7.5 173.7 ± 8.0 189.0 ± 8.2
V8 tag 23 104.6 ± 3.8 109.8 ± 4.9 122.9 ± 5.9 140.1 ± 6.4 155.3 ± 6.7 179.1 ± 7.8 186.5 ± 7.5
V9 tag 23 106.2 ± 4.1 113.9 ± 5.2 126.9 ± 5.9 143.8 ± 6.7 158.0 ± 7.0 174.6 ± 7.8 188.2 ± 9.4

FIGURE 3. Box plots displaying Fulton's condition factor (K) of
juvenile Lake Sturgeon at 19‐d increments postsurgery (19, 38, 57, 76,
95, and 114 d) across four treatment types. The thick middle line in the
box indicates the median value; the upper and lower ends of each box
represent the 25th and 75th percentiles of data. Error bars extend to
show the minimum and maximum values of data points; outliers are
represented by filled circles. The four treatments were as follows: control
(anesthetized and no acoustic tag inserted), sham control (anesthetized
with incision sutured but no acoustic tag inserted), V8 acoustic tag (tag
weight in air = 2.0 g; inserted into anesthetized fish), and V9 acoustic tag
(tag weight in air = 4.4 g; inserted into anesthetized fish).
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Consistent with laboratory studies on other species of
sturgeon, our results suggest that tags representing up to
5% of juvenile weight have no significant effects on
growth or survival of juvenile Lake Sturgeon. Effects of
acoustic tag burden have been reported in terms of inci-
sion wound healing, tag retention, growth, and survival of
juvenile Green Sturgeon (mean ± SE = 43.5 ± 0.6 cm to
66.3 ± 0.6 cm; 299.5 ± 10.8 g to 1,266.9 ± 57.3 g) and at
a lower tag burden (1.31 ± 0.04% of body weight) using
an experimental design similar to that used in this study
and across a 140‐d study period (Miller et al. 2014).
Acoustic tags did not significantly affect Green Sturgeon
growth or survival, and the wound inflammation declined
similarly in all treatments throughout the duration of the

study (Miller et al. 2014). Carrera‐García et al. (2017) also
examined tagging effects on swimming performance of
juvenile Siberian Sturgeon (mean ± SD = 16.1 ± 1.0 cm
to 23.2 ± 2.4 cm; 15.1 ± 2.6 g to 39.7 ± 10.2 g) when tag
weight represented 1.3–2.6% of total body weight. Results
showed that tagging did not affect body length or weight
at 15 or 30 d posttagging; after 1 month, survival of
tagged Siberian Sturgeon was high at 98% (Carrera‐
García et al. 2017).

Acoustic tag burden studies have also been tested in
field settings. Snobl et al. (2015) found that tags up to 4%
of total body weight did not alter survival or movement
of juvenile Lake Sturgeon (26.6–30.5 cm; 80–100 g). In
that study, postrelease dispersal rates were compared in
two groups of Lake Sturgeon (48 total) implanted with
sonic radio transmitters that represented 2% and 4% of
total body weight. The sturgeon were released into two
tributaries of Lake Winnebago, Wisconsin, and dispersal
rates were compared in the two groups. Results indicated
that tag burden did not impair dispersal rates or survival
of the age‐0 Lake Sturgeon tested; however, the research-
ers did not account for differences in swimming perfor-
mance (Snobl et al. 2015). Because our study fish are
native to the St. Clair River system and not the Win-
nebago system, our swim performance results are likely
reflective of system‐based differences among Lake Stur-
geon as well (i.e., ecosystem differences, such as variations
in flow rate). These results emphasize the importance of
applying our findings to field‐based settings (e.g., applying
the study to areas where releases could occur) and suggest
the use of swim performance/dispersal rates to characterize
the effects of tag burden.

Swim Performance
In our study, swimming performance of juvenile Lake

Sturgeon was not significantly affected by the implanted
acoustic tags (relative to control treatments), consistent
with other studies of juvenile sturgeon species. Miller et al.
(2014) found that there were no significant effects on Ucrit

(at 8–53 d postsurgery) across tagged groups of Green
Sturgeon and that inflammation after tag implantation
was not related to Ucrit. Carrera‐García et al. (2017) also

TABLE 3. Mean (±SE) Fulton's condition factor (K), measured at 19‐d increments postsurgery, of juvenile Lake Sturgeon that received implanted
acoustic tags. The control group was anesthetized and had PIT tags injected but did not receive acoustic tags. The sham group was anesthetized and
operated on without acoustic tag insertion, and the incision was sutured closed. The V8 (2.0 g in air) and V9 (4.4 g in air) acoustic tags were inserted
into the body cavity, and the incision was sutured closed. Fish in each group (including the control) received PIT tags (12.5 mm long) to establish
identity throughout the experiment (see Methods).

Treatment n Day 0 Day 19 Day 38 Day 57 Day 76 Day 95 Day 114

Control 23 0.41 ± 0.007 0.41 ± 0.008 0.41 ± 0.008 0.42 ± 0.009 0.44 ± 0.008 0.44 ± 0.009 0.44 ± 0.009
Sham 24 0.40 ± 0.005 0.41 ± 0.007 0.41 ± 0.007 0.43 ± 0.006 0.43 ± 0.007 0.43 ± 0.007 0.43 ± 0.006
V8 tag 23 0.41 ± 0.07 0.43 ± 0.009 0.43 ± 0.009 0.44 ± 0.01 0.44 ± 0.01 0.44 ± 0.01 0.45 ± 0.01
V9 tag 23 0.41 ± 0.008 0.44 ± 0.009 0.44 ± 0.009 0.43 ± 0.09 0.44 ± 0.01 0.45 ± 0.01 0.43 ± 0.01

FIGURE 4. Box plots displaying critical swim speed (Ucrit; TLs/s) of
juvenile Lake Sturgeon from the four experimental treatments. The thick
middle line in the box indicates the median value; the upper and lower ends
of each box represent the 25th and 75th percentiles of data. Error bars
extend to show the minimum and maximum values of data points; outliers
are represented by filled circles. The four treatments were as follows:
control (anesthetized and no acoustic tag inserted), sham control
(anesthetized with incision sutured but no acoustic tag inserted), V8
acoustic tag (tag weight in air = 2.0 g; inserted into anesthetized fish), and
V9 acoustic tag (tag weight in air = 4.4 g; inserted into anesthetized fish).
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found similar results using video tracking to categorize
Ucrit at 2, 7, 12, 21, and 26 d posttagging. Our swim per-
formance results are similar to those reported for other
juvenile sturgeon of similar TLs that were not implanted
with acoustic tags. Adams et al. (2003) found similar
results when using Ucrit testing with juvenile Shovelnose
Sturgeon Scaphirhynchus platorynchus and Pallid Sturgeon
S. albus (17.82–17.98 cm; 22.13–33.86 g). Those fish were
swum using a swim tunnel at temperatures of 20°C and
10°C, and no differences were found in swim speeds
between the groups, with values of 1.7 TLs/s (Adams et al.
2003). These results are consistent with other studies
focused on Ucrit of juvenile sturgeon, and our swim speed
results are similar to those across other, nontagged juve-
nile sturgeon species (Shovelnose Sturgeon and Pallid
Sturgeon: mean ± SE = 18.8 ± 0.3 cm, 32.7 ± 1.2 g), not
accounting for tag burden (Cai et al. 2013).

Our results suggest that acoustic tag burden in Lake
Sturgeon juveniles can be pushed to nearly 5% of body
weight while having no significant negative effects on
swimming ability, TL, weight, or survival. Our study,
however, was limited in the amount of time the fish were
studied (114‐d study period) and the use of a smaller sam-
ple size (n = 93; or n = 60 for swim test data, where no
fish had died). It should be noted that using a small sam-
ple size (treatment group n ≤ 16) for Ucrit testing is com-
mon across various studies (Adams et al. 2003; Miller
et al. 2014; Downie and Kieffer 2017). Studies have also
shown that a smaller sample size used during Ucrit testing
can show significant results between treatment groups
within sample sizes of n ≤ 15, suggesting sufficient power
to detect any deleterious tag burden effects if they exist
(Cunningham and McGeer 2016; Brown et al. 2017). A
longer study might have revealed long‐term effects of tag
burden on juvenile Lake Sturgeon. We were also limited
in the size of acoustic tag that we could implant into the
peritoneal cavity due to the overall elongated shape of the
sturgeon at the time of surgery.

We only examined four potential metrics of possible
tag burden effects. Swim performance can be categorized
by using swim tests outside of Ucrit, including endurance
testing or accounting for varying swim behaviors, such as
tail beat frequency, burst swimming, and prolonged swim-
ming (Katopodis and Gervais 2016). Incorporating one or
various metrics could account for differences in swimming
ability not identified by critical swim testing. Aside from
swim performance, other physiological metrics could be
used to account for tag burden effects, including the use
of respirometry to study metabolic rates (Dutil et al.
2007). It is now more widely accepted that tag burden is
more closely related to a wider range of factors than total
body weight (Thorstad et al. 2013). Thorstad et al. (2013)
stressed that the study objective, tagging method, and spe-
cies tested are critical factors that play into how tag

burden can impact a species based on the total body
weight : tag weight ratio. In Lake Sturgeon reintroduction
efforts, more realistic field tests are needed to study tag
burden where results have relevance to behavior and
postrelease monitoring. The results of our study suggest
that tag burdens of 2.2 ± 0.06% from V8 tags and
4.6 ± 0.10% from V9 tags cause no significant negative
effects on juvenile Lake Sturgeon (28.2 ± 0.15 cm;
90.7 ± 1.5 g) from the St. Clair River in terms of swim-
ming behavior and growth. Our results can therefore be
applied in field settings to select for a long‐lasting tag
(with an appropriate battery life) that is optimized to
accomplish studies related to the movement ecology of
juvenile Lake Sturgeon.
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