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Abstract. The aim of the study was to determine the impact
the surgical implantation of acoustic transmitters (AT;
implantation incisions were sutured with tissue adhesive) had
on the condition and health of pikeperch, Sander lucioperca

(L.), (initial body weight of approximately 600 g). After
tagging, the fish were held for 42 days in recirculating
aquaculture systems. During this period, no negative effects
were observed stemming from the implantation of AT on fish
growth, condition, survival, or foraging effectiveness. The
procedure also did not have a negative impact on
hematological indicators. Among the 13 biochemical blood
plasma indicators analyzed, only glucose level in the fish
tagged with AT was significantly lower than that in the control
group (P � 0.05). The rate of wound healing and the condition
of the implantation incisions raised no concerns. Three weeks
following the AT implantation procedure the incisions were
closed and no infection was noted. Short-term AT retention
(42 days) was 83.3%, and the fish shed the tags in the first two
weeks following implantation.
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Biotelemetry is one of the most effective methods for

researching the biology of species and for the effec-

tive management of populations. In ichthyological re-

search it serves to gather information on topics such

as fish migrations, habitats, behavior, survival, and

the effectiveness of stocking in its broadest sense

(Hockersmith and Beeman 2012, Thorstad et al.

2013). Initially, because of the size of the transmit-

ters, this technique was used in studies of larger ani-

mals, and even then it was applied sporadically. Over

the past two decades increasingly large numbers of

studies have employed biotelemetry, and substantial

technological progress has been made. Currently, for

example, the miniaturization of telemetry transmit-

ters means that they can be used even in specimens

weighing just a few grams. To date, studies have fo-

cused on over 500 fish species (Hussey et al. 2015),

including pikeperch, Sander lucioperca (L.), and this

technique has been used in research on homing be-

havior (Keskinen 2005), migration (Jepsen et al.

1999, Jepsen 2003, Poulet et al. 2005), and the daily

activity of this species (Horký et al. 2008).
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Transmitters can be placed in the body cavity, in
the stomach, or attached externally (Thorstad et al.
2013). Telemetry transmitter implantation is a surgi-
cal procedure that can impact fish condition,
physiology, and behavior (Cooke et al. 2011).
Usually, the impact this procedure has on the growth
rate, condition, motor activity, and survival of the
tagged fish is analyzed. Physiological tests are rare,
and most of them have been conducted in recent
years (Cooke et al. 2011). They are based primarily
on blood tests (Caputo et al. 2009, Ro¿yñski et al.
2017a). Hematological and biochemical peripheral
blood parameters are used to assess fish health. For
example, biochemical parameters (cortisol, glucose,
total protein, magnesium, etc.) are important tools
for assesing the impacts of stress, feeding, and also
the water-mineral balance in fish (Brinn et al. 2012).
Hematological indexes reflect the physiological re-
sponse of fish to manipulations and to changes in the
environment (Val et al. 1992).

The aim of the study was to determine the impact
the surgical procedure of implanting the telemetry
transmitters (acoustic–AT) had on the pikeperch
growth, condition, survival, and hematological and
biochemical parameters. The healing of the AT im-
plantation incisions was also analyzed.

The experimental material was obtained from
out-of-season spawning, and larval and juvenile
pikeperch stages were reared in recirculating
aquaculture systems (RAS) (FAO 2012). These fish
had a mean body weight (BW) of 610.7 ± 23.3 g
(mean ± SD) and a mean body length (SL) of 36.2 ±
0.4 cm (mean ± SD). First, 36 specimens were
tagged with passive integrated transponders (PIT;
Fish Eagle, Lechlade, Great Britain) (material –
bio-glass; length 12.0 ± 0.4 mm; diameter – 2.12 ±
0.07 mm; weight – 93 mg). The fish were tagged with
PIT in the cheek (Zakêœ and Hopko 2013). After the
fish were tagged with PIT and had recovered from
general anesthesia, they were placed into RAS.
Twenty-four hours later, acoustic transmitters (AT)
(Vemco, Bedford, Canada) were surgically implanted
into the pikeperch. Dummy transmitters were used
that are identical to model V9AP, which are cylindri-
cal with a declared weight (in air) of 6.6 g, a length of

48 mm, and a diameter of 9 mm. The weight of the
transmitters (in air) ranged from 6.34 to 6.48 g (mean
6.41 g). The relative weight of the ATs and PITs [100
× (weight of the transmitters and PIT (g) × BW (g)]
(measurements in air) was a mean of < 1.07% BW
(range of 0.86-1.24% BW). The pikeperch were anes-
thetized with an aqueous solution of etomidate
(Propiscin, IRS Olsztyn, Poland) at a dose of 2 ml l-1

before the implantation procedure. After 3-4 min,
general anesthesia was induced in the fish as they ex-
hibited a loss of balance and no reaction to external
stimuli (Kristan et al. 2014). The transmitters were
implanted in the body cavity through a 20-30 mm in-
cision made with a Swann-Morton scalpel (Sheffield,
Great Britain) approximately 50 mm posterior to the
pectoral fin and 5 mm from the linea alba (Wagner et
al. 2011, Ro¿yñski et al. 2017a). The incisions were
sutured with Surgibond (SMI AG, St. Vith, Belgium).
After the procedure, the incisions were disinfected
with Betadine (Lavipharm, Peania, Greece). The
acoustic transmitter implantation procedure took an
average of 83 s (range 56-130 s). The fish were then
allowed to recover from general anesthesia in a con-
tainer filled with well-oxygenated water (volume 40
l). In total, 18 specimens were tagged with AT and
stocked into three rearing tanks (6 fish tank-1; group
AT; n = 3). Fish from the control group (18 speci-
mens tagged with PIT only) were subjected to the
same procedure as the experimental fish (with the
exception of the incision and AT implantation) and
were stocked into three tanks (6 fish tank-1; group C;
n = 3). The fish were reared in rotating tanks with vol-
umes of 0.25 m3 that were part of a RAS. The mean
biomass per tank was 16.04 kg m-3. The fish were
reared for six weeks.

The water temperature (± 0.1�C) and oxygen con-
centration (± 0.01 mg O2 l-1) at the rearing tank in-
flows and outflows were measured daily. The
amounts of total ammonia nitrogen (TAN = NH4

+-N
+ NH3-N; ± 0.01 mg TAN l-1), nitrites (NO2-N; ±
0.01 mg NO2-N l-1), and pH (± 0.01) were measured
at the rearing tank outflows weekly. Water tempera-
ture was maintained at 22.0 ± 0.2°C. The oxygen con-
centration measured at the rearing tank outflows did
not fall below 6.82 mg O2 l-1 (saturation > 77.4%).
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Concentrations of ammonia and nitrites at the rearing
tank outflows did not exceed 0.24 mg TAN l-1 and
0.017 mg NO2-N l-1. Water pH at the rearing tank
outflows ranged from 7.95 to 8.14. The fish were fed
Aller Bronze 4.5 mm (Aller Aqua, Christiansfeld,
Denmark), which had a proximate composition of
protein – 45.0%, fat – 15.0%, carbohydrates – 23.8%,
ash – 6.9%, and digestible energy – 17.6 MJ kg-1. The
feed was delivered with an automatic band feeder for
18 h d-1 (09:00–03:00) (FIAP, Fishtechnik GmbH,
Ursensollen, Germany). The daily feed ration was de-
termined weekly at 0.7% of the fish biomass.

The fish were weighed and measured individu-
ally immediately before AT implantation on day 0
(d0; BW ± 0.1 g; SL ± 0.1 cm). Subsequent mea-
surements of specimens were taken every seven days
(d7, d14, d21, d28, d35, d42). During these mea-
surements, each specimen was identified with a PIT
reader (Fish Eagle, Lechlade, Great Britain), tissue
adhesive retention was assessed (Deters et al. 2010,
Ro¿yñski et al. 2017a), and the state of the abdomi-
nal incisions was examined macroscopically (Miller
et al. 2014, Ro¿yñski et al. 2017a). The amounts of
feed consumed, the presence of shed PITs and ATs,
and the behavior and mortality of the fish were moni-
tored daily. These data served to calculate the follow-
ing: daily growth rate – DGR (g d-1) = (BW2 – BW1) ×
t-1, specific growth rate – SGR (% d-1) = 100 × (ln
BW2 – ln BW1) × t-1; Fulton’s condition coefficient –
F = 100 × BW × SL-3, feed conversion ratio – FCR =
TFS × (FB – IB)-1, AT retention – R (%) = 100 × (N2 ×
N1

-1), where BW1 is initial fish body weight (g), BW2

is final fish body weight (g), t is rearing time (days),
SL is fish body length (cm), FB is final stock biomass
(g), IB is initial stock biomass (g), TFS is total feed
supply (g), N1 is the total number of fish on the final
day of the experiment (specimens), and N2 is the
number of fish with AT on the final day of the experi-
ment (specimens).

On the final day of the experiment (d42), approx-
imately 1 ml of blood was drawn directly from the
caudal vein of each specimen with a heparinized sy-
ringe (Sarstedt AG & Co., Nümbrecht, Germany).
The samples were used to determine the following
hematological indexes: white blood cell count

(WBC), red blood cell count (RBC), hemoglobin
(HGB), hematocrit (HCT), and platelets (PLT). The
samples were also used to determine the following
red blood cell indexes: mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), and
mean corpuscular hemoglobin concentration
(MCHC). Portions of the blood samples were centri-
fuged at 6500 rpm for 2 min at a temperature of 20�C
(Fresco 17, Thermo Scientific, Waltham, USA). The
material obtained was used to determine the follow-
ing biochemical indexes: creatinine (CREA), total
protein (TP), albumin (ALB), globulin (GLB), glucose
(GLU), lactates (LACT), total bilirubin (BIL-T),
alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase
(ALP), calcium (Ca), chlorine (Cl), magnesium (Mg),
and ammonia (NH3). Hematological measurements
were performed with a BC-2800 VET
semi-automatic hematology analyzer (Mindray,
Shenzhen, China), while biochemical measurements
were performed with a BS-120 automatic chemistry
analyzer (Mindray, Shenzhen, China).

Statistical analysis was performed with Statistica
12 (StatSoft Inc., USA). The normality of distribution
was tested with the Shapiro-Wilk test, while the ho-
mogeneity of variance was tested with Levene’s test.
The statistical significance of growth data and inci-
sion assessments was verified with single factor anal-
ysis of variance (ANOVA) with repeated
measurements. If the test indicated statistical signifi-
cance, further analysis was performed with Tukey’s
test, and differences were significant at P � 0.05.
Statistical significance for the hematological and bio-
chemical indexes was tested with the Mann-Whitney
U test, and differences were significant at P � 0.05.

No significant differences were confirmed with
regard to growth rates or condition between
pikeperch tagged with AT (group AT) and the control
group (group C) (Table 1; P > 0.05). However, highly
differentiated values of the parameters tested were
noted within both the AT and C groups. A similar
phenomenon was observed when tagging juvenile
pikeperch (BW approximately 87 g; SL approxi-
mately 20 cm) with radio transmitters (RT) (Ro¿yñski
et al. 2017a). The phenomenon known as
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Table 1
Growth, condition, feed conversion ratio, mortality, and acoustic transmitter retention in pikeperch (S. lucioperca) (specimens tagged
with acoustic transmitters group AT, fish from the control group-group C) on subsequent days of the experiment (d0-day fish were
tagged; d7, d14, d21, d28, d35, d42, respectively, 7, 14, 21, 28, 35, and 42 days after implantation/rearing) (mean values ± SE; n = 3)

Parameters/days

Group

AT C

SL (cm)
d0 36.39 (± 0.27) 36.10 (± 0.24)
d7 36.63 (± 0.22) 36.41 (± 0.29)
d14 36.86 (± 0.23) 36.76 (± 0.29)
d21 36.99 (± 0.24) 36.82 (± 0.25)
d28 37.12 (± 0.20) 36.92 (± 0.34)
d35 37.33 (± 0.18) 37.27 (± 0.36)
d42 37.48 (± 0.25) 37.46 (± 0.36)

BW (g)
d0 605.92 (± 11.13) 615.42 (± 17.43)
d7 627.29 (± 7.32) 638.86 (± 19.76)
d14 635.82 (± 3.53) 645.34 (± 19.47)
d21 639.89 (± 5.06) 652.84 (± 23.05)
d28 644.86 (± 4.31) 660.32 (± 24.60)
d35 654.80 (± 7.20) 667.50 (± 27.15)
d42 661.08 (± 6.27) 675.78 (± 26.27)

F (-)
d0 1.26 (± 0.01) 1.31 (± 0.01)
d7 1.27 (± 0.01) 1.32 (± 0.01)
d14 1.27 (± 0.03) 1.30 (± 0.01)
d21 1.26 (± 0.02) 1.31 (± 0.02)
d28 1.26 (± 0.03) 1.31 (± 0.02)
d35 1.25 (± 0.03) 1.29 (± 0.02)
d42 1.25 (± 0.03) 1.29 (± 0.02)

DGR (g d-1)
d0-d7 2.67 (± 0.60) 2.93 (± 0.62)
d8-d14 1.22 (± 0.70) 0.93 (± 0.53)
d15-d21 0.58 (± 0.23) 1.07 (± 0.70)
d22-d28 0.71 (± 0.49) 1.07 (± 0.27)
d29-d35 1.42 (± 0.49) 1.03 (± 0.37)
d36-d42 0.90 (± 0.16) 1.18 (± 0.15)
d0-d42 1.28 (± 0.26) 1.40 (± 0.35)

SGR (% d-1)
d0-d7 0.43 (± 0.11) 0.45 (± 0.09)
d8-d14 0.18 (± 0.12) 0.14 (± 0.09)
d15-d21 0.08 (± 0.04) 0.16 (± 0.10)
d22-d28 0.10 (± 0.08) 0.16 (± 0.03)
d29-d35 0.20 (± 0.09) 0.15 (± 0.05)
d36-d42 0.12 (± 0.03) 0.18 (± 0.03)
d0-d42 0.19 (± 0.05) 0.21 (± 0.05)

FCR (-)
d0-d7 1.45 (± 0.30) 1.34 (± 0.25)
d8-d14 5.88 (± 2.27) 2.85 (± 0.03)
d15-d21 10.37 (± 4.42) 3.64 (± 1.09)



compensatory growth can occur in tagged fish.

A brief period of lowered growth rate is observed fol-

lowing tagging procedures after which short-term

differences in growth between tagged and untagged

fish equalize (Baras et al. 2000, Zakêœ and Hopko

2013). In the present study the feed conversion ratio

(FCR value) in both pikeperch groups (AT vs. C) was

similar (in the period of d0-d42 approximately 3.3;

Table 1); however, the FCR values must be consid-

ered to be high. This is most likely linked with the fre-

quent, weekly manipulations of the fish that were

required by the experimental design. Similarly high

FCR values (3.3-3.7) are reported in experiments

performed on juvenile European perch, Perca

fluviatilis L. (BW approximately 75 g; SL approxi-

mately 16 cm) in which the fish were tagged with RT

and reared under similar conditions (Ro¿yñski et al.

2017b). While other studies performed on pikeperch

(RT tagging; BW approximately 87 g; SL approxi-

mately 20 cm) report more advantageous FCR values

(approximately 2.0) (Ro¿yñski et al. 2017a), these

also must be considered as too high, a value of 1.5

should not be exceeded in pikeperch (Zakêœ et al.

2013). Although frequent fish manipulation is re-

quired in these types of studies, it is a significant

stress factor that decreases the effectiveness of fish

feeding. Importantly, the FCR values in the groups of

fish tagged with RT or AT were similar to those calcu-

lated for the fish from the control group (Ro¿yñski et

al. 2017a, 2017b, this study). Similarly, Robertson et

al. (2003) did not observe the surgical implantation

of transmitters to impact the feeding effectiveness of

Atlantic salmon, Salmo salar L. (BW approximately

40 g, fork length (FL) approximately 15 cm). In this

study worse growth was noted in tagged fish, which

could have been related to changes in their activity

levels or to the occurrence of other metabolic costs in

the fish that were tagged with telemetry transmitters

(Cooke et al. 2011).

AT implantation did not have a significant im-

pact on pikeperch hematological indexes (Table 2).

In the group of pikeperch that were implanted with

RT and in which the incisions were sutured with tis-

sue adhesive, Ro¿yñski et al. (2017a) also did not ob-

serve that this manipulation had an impact on blood

parameters. However, in the same study when the in-

cisions were sutured with silk sutures differences

were noted in MCV and MCH values. This could in-

dicate that the incision suturing method had an im-

pact on fish health. In the present study, differences

in the biochemical blood plasma indicators of

pikeperch were only noted for glucose, the level of

which in the AT group was approximately 16% lower

than that in the control group (P � 0.05; Table 3).

Jepsen et al. (2001) report, inter alia, that the levels

of lactates and glucose in the blood plasma of Chi-

nook salmon smolts, Oncorhynchus tshawytscha

(Walb.) 7 days following RT implantation stabilized
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Parameters/days

Group

AT C

d22-d28 12.28 (± 5.02) 4.13 (± 0.93)
d29-d35 3.61 (± 0.96) 6.08 (± 2.77)
d36-d42 4.72 (± 0.98) 3.52 (± 0.51)
d0-d42 3.33 (± 0.66) 3.23 (± 0.76)

Mortality (%)
d0-d42 0 0

AT retention (%)
d0-d42 83.33 -

PIT retention (%)
d0-d42 100 100

Details in Material and methods section. No significant statistical differences were confirmed among groups (P > 0.05)

cont. Table 1



and did not differ from those of the control group. In
turn, Luo et al. (2014) report lower glucose levels in
bighead carp, Hypophthalmichthys nobilis (Rich.)
(BW approximately 900 g, SL approximately 35 cm)
tagged with RT even after seven days. These authors
also noted in this period differences in indexes such
as ALT, AST, ALP, ALB, and GLOB; however, 14
days after tagging, these indexes (including that of
glucose) assumed values similar to those observed in
the bighead carp control group. In the present study
differences in glucose levels were confirmed even 42
days after AT implantation, which could indicate the
more persistent physiological impact of this proce-
dure in pikeperch. The phenomenon of

hypoglycemia could be linked with, inter alia, with

the effects of chronic stress in fish (Maricchiolo et

al. 2008). AT implantation and their presence in

the body cavity could cause discomfort in the fish

and be a source of stress. However, that AT implan-

tation might not have had a significant impact on

the values of the remaining biochemical indexes of

pikeperch blood plasma is worthy of consideration

(Table 3).

The tissue adhesive used to suture the inci-

sions in pikeperch following AT implantation was

shed over the course of two weeks (Fig. 1; Deters et

al. 2010). A similar rate of adhesive shedding was

observed in other studies in which pikeperch (BW

approximately 87 g; SL approximately 20 cm) were

implanted with RT (Ro¿yñski et al. 2017a). In the

present study, three weeks after AT implantation the
surgical incisions were closed in all fish (rank 1 or 0;
Miller et al. 2014). In subsequent weeks, the implan-
tation incisions did not change (Fig. 1). The rate of in-
cision healing was similar to that observed in earlier
studies conducted on pikeperch, which demon-
strated that suturing RT implantation incisions with
tissue adhesive facilitates more rapid healing in com-
parison with suturing incisions with silk sutures
(Ro¿yñski et al. 2017a). It must be emphasized that
in the studies cited, that regardless of the suturing
method (tissue adhesive or silk sutures) no infection
was noted. However, sometimes hyperemia and/or
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Table 2
Hematological indexes of pikeperch (S. lucioperca) tagged with acoustic transmitters (group AT) and fish from the control group
(group C) (mean values ± SE; n = 18)

Parameters Unit

Group

AT C

WBC 103 µl-1 65.46 (± 3.60) 60.94 (± 5.13)
RBC 106 µl-1 1.57 (± 0.06) 1.41 (± 0.07)
HGB g l-1 25.65 (± 1.13) 22.94 (± 1.09)
HCT % 29.06 (± 1.12) 27.61 (± 1.18)
MCV fl 135.12 (± 2.16) 127.94 (± 2.81)
MCH pg 26.76 (± 0.68) 26.41 (± 0.84)
MCHC g l-1 197.94 (± 2.35) 196.94 (± 2.42)
PLT 103 µl-1 10.29 (± 0.74) 9.71 (± 1.40)

Details in Material and methods section. No significant statistical differences were confirmed among groups (P > 0.05)

week 1 week 2 week 3 week 4 week 5 week 6

Time after fish tagging

0

1

2

0

1

2

3

4

5

6
Glue retention

Wound healing status

G
lu

e
re

te
nt

io
n

W
ou

nd
he

al
in

g
st

at
us

c

b

a a a a

b

a a a a a

Figure 1. Tissue adhesive retention and incision healing in pikeperch (S.

lucioperca) tagged with acoustic transmitters (mean values ± SE).
Groups with different letter indexes differ significantly statistically
(P � 0.05) (Deters et al. 2010, Miller et al. 2014, Ro¿yñski et al. 2017a).



inflammation are noted near the sutures of implanta-

tion incisions after a lengthy period (as much as 362

after transmitter implantation) (Caputo et al. 2009).

In the present study, AT retention was 83.3%

(d42). The fish shed ATs in weeks 1 and 2 following

tagging, which is consistent with observations from

studies of other fish species (Jepsen et al. 2002).

Transmitters can be shed through the implantation

incision, the skin, or the intestines (Jepsen et al.

2002). In the present study, the tags were shed from

the fish body cavity through the implantation inci-

sion. It should be noted that in earlier studies when

the incisions were sutured with tissue adhesive, RT

retention in pikeperch was 100% (Ro¿yñski et al.

2017a). However, when perch (BW approximately

75 g; SL approximately 16 cm) incisions were su-

tured with tissue adhesive, RT retention was only

17.6% (d42) (Ro¿yñski et al. 2017b), but the trans-

mitters used in the study were fitted with antennae

that were directed outside of the body cavity, and

these were attacked by other specimens. This re-

sulted in the RTs moving within the body cavity,

slower incision healing, and, in extreme cases, tag

loss (Ro¿yñski et al. 2017b). This phenomenon was

not observed in the present study since the ATs were

implanted entirely into the fish body cavity; however,

some fish did shed their ATs (83.3% retention). This
confirms that the value of the transmitter retention
index depends on many factors, including fish spe-
cies, specimen developmental stage, health, tag
weight/size, body cavity length, and environmental
conditions (Jepsen et al. 2002, Cooke et al. 2011).

In summation, surgically implanting AT (trans-
mitter weight 6.4 g) in pikeperch (BW > 600 g) did
not adversely affect fish condition or health. Suturing
implantation incisions with tissue adhesive was ef-
fective, and the rate of incision healing raised no con-
cerns. The low glucose levels in the fish tagged with
AT could raise some doubts; these could be, inter

alia, the result of stress. This is a topic for further de-
velopment, and this issue should be explored in
greater detail in future studies.
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Table 3
Biochemical indexes of pikeperch (S. lucioperca) tagged with acoustic transmitters (group AT) and fish from the control group
(group C) (mean values ± SE, n = 18)

Parameters Unit

Group

AT C

CREA mg dl-1 0.01 (± 0.00) 0.00 (± 0.00)
TP g dl-1 3.92 (± 0.10) 3.87 (± 0.13)
ALB g dl-1 1.73 (± 0.05) 1.77 (± 0.06)
GLOB g dl-1 2.19 (± 0.08) 2.10 (± 0.09)
GLU mg dl-1 77.89 (± 3.02)a 92.56 (± 5.38)b

LACT mg dl-1 1.88 (± 0.17) 2.78 (± 0.44)
ALT U l-1 44.35 (± 9.09) 35.69 (± 12.19)
AST U l-1 31.18 (± 5.48) 31.71 (± 9.26)
ALP U l-1 65.18 (± 3.04) 61.69 (± 4.75)
Ca mg dl-1 10.29 (± 0.15) 10.40 (± 0.18)
Cl mmol l-1 150.34 (± 6.08) 157.41 (± 8.37)
Mg mg dl-1 2.80 (± 0.04) 2.83 (± 0.08)
NH3 µg dl-1 226.68 (± 15.85) 223.41 (± 16.26)

Details in Material and methods section. Groups with different letter indexes differ significantly statistically (P � 0.05)
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