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Abstract: The biologger is a widely used tool in biotelemetry for investigating marine fish. However,
studies reported that the attachment of biologgers has a negative effect on the target organisms. We
assessed the health status of spotted sea bass with attached biologgers by analyzing changes in their
serum biochemistry and biomarker gene expression at varying biologger/fish body weight ratios.
Especially, the assessment of the health status using biomarker genes offers the rapid evaluation
of the condition of an individual. The genes bax, hsp70-2, and Cx32.7, associated with apoptosis,
stress, and immunity, were selected as biomarker genes to assess the fish stress levels and overall
health. The experimental groups included a control group without the biologger (C) and biologger-
equipped groups, each carrying a biologger whose weight was 2.0–3.0% (W2), 5.0–6.0% (W5), and
10.0–12.0% (W10) of the fish body weight. Blood samples were collected on days 0, 1, 7, 14, and 21
post-attachment. The expression of bax, hsp70-2, and Cx32.7 was analyzed in the liver and muscle on
day 21. The W10 group showed significantly higher levels of superoxide dismutase on day 1 and
of glutamic oxaloacetic transaminase and glutamic pyruvic transaminase on day 7 than the other
groups. On day 21 post-attachment, regardless of the biologger/fish body weight ratio, the liver and
muscle tissues from groups W2, W5, and W10 showed significantly higher expression of bax, hsp70-2,
and Cx32.7 than those from group C, respectively. However, there was no significant change in blood
parameters depending on the weight of the attached biologger on day 21 post-attachment. These
results indicate that the spotted sea bass gradually adapted to the attached biologgers of weights up
to 10–12% of their body weight under our experimental conditions, providing clues to determine the
timing of biologger release for biotelemetry studies.

Keywords: spotted sea bass; biologging; physiological responses; tagging method; biotelemetry

1. Introduction

The pop-up satellite archival tag (PSAT) biologger is a widely used tool in biotelemetry
for investigating marine fish, allowing the assessment of their habitats, spawning grounds,
resources, and horizontal and vertical movements [1,2]. Recently, the applications of the
PSAT biologger have expanded to include the examination of farmed fish responses to
environmental changes, feed intake, and behavioral patterns in rearing environments, as
well as physiological monitoring [3–5]. The advantage of PSAT is its ability to collect
diverse data once attached to marine fish, monitoring them for a specific period and then
automatically detaching from the fish on a predetermined date to transmit the collected
data to the Argos system [6–9]. Owing to its design, PSAT can only be externally attached
to the fish body, typically below the dorsal fin muscles, using tethers made of medical
nylon, stainless steel, cable ties, steel wires/strings, or nylon bolts and nuts [4,10,11].

However, previous studies reported disadvantages associated with the external at-
tachment of biologgers to fish, including muscle and integument damage caused by the
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attachment wire, secondary dislodgement of the biologger, and reduced swimming abil-
ity [4,12,13]. The weight of the biologger can also cause epidermal damage and impact
the fish swimming ability due to its external attachment [4]. Although there are no univer-
sally established rules governing the relation between biologger weight and fish weight
to avoid adverse effects, a few researchers contend that the weight of the biologger must
ideally be below 2% of the fish body weight to prevent any undue impact on research
outcomes [4,14]. However, it is necessary to note that these claims may vary depending on
the fish species [15], highlighting the need to assess the impact of the biologger weight on
the physiological status of fish before conducting biotelemetry research [4].

Blood biochemistry factors are widely recognized as indicators for evaluating and
understanding the effects of stress, including those caused by the external or internal
attachment of biologgers, on fish physiology and health [13,16–19]. In recent years, the
development and utilization of biomarker genes to assess the health status of organisms
has garnered significant interest. The assessment of the health status using biomarker
genes offers the advantage of a rapid and cost-effective evaluation of the condition of
an individual. In marine organisms, stress induced by environmental changes can dis-
rupt homeostasis and lead to poor health. Consequently, many studies have employed
biomarker genes to investigate the stress-induced effects on the physiology and health of
marine organisms [20–22]

The spotted sea bass (Lateolabrax maculatus) is a highly economically valuable species
in aquaculture [23] and has a wide distribution range, from the coasts of China to Viet-
nam and the Korea [24,25]. However, limited research has been conducted regarding its
geographical distribution and ecology. Biotelemetry research is crucial for assessing the
potential utilization of fish resources and acquiring scientific information. However, no
previous studies investigated this aspect. Accordingly, this study serves as a preliminary
investigation to gather geo-ecological information on spotted sea bass using biologgers. In
this study, we aimed to assess the impact of the ratio of biologger weight to fish body weight
in spotted sea bass equipped with biologgers by analyzing changes in serum biochemical
markers and the expression of specific biomarker genes involved in apoptosis, stress, and
immunity over time. The execution of this study necessitated the collection of samples such
as blood, liver, and muscle. Consequently, this research had to be conducted in indoor rear-
ing tanks. The environmental conditions required for such research imposed constraints on
the experimental setup. To conduct the study, a suitable stocking density was maintained
in the rearing tanks to ensure a stress-free environment for the experimental subjects.

2. Materials and Methods
2.1. Experimental Fish and Attachment of the Biologgers

Spotted sea bass (n = 12, mean body weight: 2399.2 ± 212.3 g, mean total length:
64.7 ± 3.3 cm, mean ± SD) were used as the experimental fish. These fish were reared in
the biological laboratory at the Korea Institute of Ocean Science and Technology. Through-
out the experiments, the fish were maintained in a recirculating filtration system, which
included a biological filtration tank, a foam separator, and a rearing tank. They were fed a
commercial feed (Aller Aqua, Christiansfeld, Denmark) with a protein content of 49.0%
at a dosage of 1.0–1.5% of the fish body weight before the experiments. The biologgers
employed in the study included a dummy mark-report satellite tag (mrPAT; Wildlife Com-
puters Inc., Redmond, WA, USA) weighing 40 g and the MET CATS dummy (Marin EQ &
Technology Solutions, Busan, Republic of Korea) weighing 140 g (Figure 1).

The experimental groups consisted of a control group without an attached biologger
(C) and three biologger-equipped groups with biologgers weighing 2.0–3.0% of the fish
body weight (W2), 5.0–6.0% of the fish body weight (W5), and 10.0–12.0% of the fish body
weight (W10). To the spotted sea bass of the W2 group, one dummy mrPAT was attached,
whereas to those of the W5 and W10 groups, one and two MET CATS dummies, respectively,
were attached to the muscle beneath the dorsal fin. Each experimental group, including the
control group, consisted of three individuals. Before the attachment of the biologger, all
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experimental fish were subjected to a 2-day fasting period to reduce stress. The fish were
anesthetized with 150 mg/L of 2-phenoxyethanol (Junsei Chemical Co., Ltd., Koshigaya,
Saitama, Japan), their body weights were measured, and subsequently, the biologgers were
attached. Following the attachment, the attachment sites in all experimental fish were
disinfected with a povidone–iodine solution, following which, the fish were immersed
for 1 min in seawater containing 200 mg/L of the antibiotic oxytetracycline [26]. The fish
were then randomly distributed into two rearing tanks (1.5 × 1.5 × 0.6 m), with six fish
in each tank. The number of experimental fish was determined according to the size of
the indoor rearing tanks installed for the study. This is because the stocking density can
affect experimental fish. The rearing tanks maintained a salinity of 31.5–33.5 psu, a water
temperature of 16.0–20.0 ◦C, dissolved oxygen levels of 6.8–8.1 mg/L, a pH of 7.8–8.1, and
ammonia, nitrite, and nitrate nitrogen levels of 0.12–0.15 mg/L, 0.002–0.003 mg/L, and
1.2–4.5 mg/L, respectively. The experiments were conducted over a total period of 21 days.
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2.2. Blood Biochemistry

To investigate the internal physiological responses of spotted sea bass to the biologgers
at varying ratios of biologger weight/fish body weight, blood samples were collected
from both control and experimental groups at various time points (days 0, 1, 7, 14, and 21)
following the biologger attachment. The collected blood samples were used to analyze
changes in serum biochemical markers and serum antioxidant levels, specifically, in super-
oxide dismutase (SOD). Before blood collection, each experimental fish was anesthetized
with 2-phenoxyethanol (150 mg/L) for 1 min to minimize stress. Blood on each sampling
day was collected from the caudal blood vessel using a syringe treated with heparin, and
then the fish were immediately returned to the rearing tank. The blood samples were
centrifuged at 12,000 rpm for 5 min at 4 ◦C to separate the plasma, subsequently analyzed
for glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), total
protein (TP), total cholesterol (TCHO), and triglyceride levels. The measurements were
performed using a blood analyzer (DRI-CHEM 4000i; FUJIFILM, Tokyo, Japan). In addition,
the SOD levels in the plasma were determined using the competitive–inhibition enzyme-
linked immunosorbent assay (ELISA) technique performed with an ELISA kit (CUSABIO,
Wuhan, China).

2.3. Total RNA Extraction from Liver and Muscle

The liver and muscle were selected to assess the fish health status and stress levels
using biomarker gene expression. Total RNA was extracted from these tissue samples using
RNA Isoplus (TaKaRa, Shiga, Japan), following the manufacturer’s extraction protocol.
The extracted total RNA was then quantified using a spectrophotometer (NanoVue, GE
Healthcare, Buckinghamshire, UK). A quality check was performed to ensure the quality
of the RNA, which confirmed that the 260/280 ratio fell within the range of 1.8–2.0. The
extracted total RNA was subjected to DNase I treatment to remove any remaining genomic
DNA and obtain pure total RNA free from genomic DNA contamination.
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2.4. cDNA Synthesis Using Reverse Transcriptase

A reverse transcriptase (RT) reaction was conducted to generate a complementary
DNA (cDNA) strand using only the mRNA present in the extracted total RNA. The RT
reaction involved the usage of reverse transcriptase and 1 µg of total RNA. The synthesis
of cDNA was performed using the CycleScript RT PreMix (dT) kit from Bioneer (Daejeon,
Republic of Korea). To prepare the final reaction solution, 1 µg of total RNA and DEPC
water were added to the premix provided in the kit, resulting in a total volume of 20 µL.
The reaction was then carried out in a thermocycler (TaKaRa, Shiga, Japan), with the
following temperature cycles repeated 12 times: 20 ◦C for 30 s, 42 ◦C for 4 min, and 55 ◦C
for 30 s. Finally, the reaction was terminated by heating at 95 ◦C for 5 min, resulting in
cDNA synthesis.

2.5. Assessment of the Expression of Biomarker Genes Using the Real-Time Polymerase
Chain Reaction

The expression of biomarker genes was assessed using the real-time polymerase chain
reaction (real-time PCR or qPCR). For the qPCR reaction, the SFC green 1 fast qPCR 2×
master mix (SFC, Hongseong, Republic of Korea) was used. The reaction mix consisted
of 1.0 µL of cDNA, 1.0 µL of each primer (20 pmol), 10.0 µL of master mix, and D-water,
resulting in a final reaction volume of 20.0 µL. The qPCR reaction was performed using a
qPCR system (CFX96 Optics Module; BIO-RAD, Singapore), and the fluorescence of the
amplification product was monitored. The amplification conditions included an initial
denaturation step at 95 ◦C for 5 min, followed by 40 cycles of denaturation at 95 ◦C for 20 s,
annealing at 58 ◦C for 20 s, and extension at 72 ◦C for 20 s. A melting curve analysis was
conducted by gradually increasing the temperature from 65 ◦C to 95 ◦C at 0.5 ◦C intervals.
The comparative Ct method was employed to determine the relative expression levels of
the target genes, with the expression levels normalized to that of the housekeeping gene
rpl7. The primer sequences used for the qPCR analysis of the biomarker genes are shown
in Table 1.

Table 1. Sequences of the primers used for biomarker gene expression analysis.

Biomarker
Genes Primer Sequence Amplicon

Size (bp) Reference

bax 5-TTCATCCGTCTGCTCTTCACAAAC-3
5-GGTGGCTGGGAGGGTATTCG-3 108 Yan et al. (2021) [27]

hsp70-2 5-CCTCATCCAGGTCTACG-3
5-CTGCTCATCCTCGCTAA-3 388 Sun et al. (2021) [28]

Cx32.7 5-CCCTCGTCCTCAGTCTGGTTG-3
5-TGTTCTCAGGCGATACGTTCTTG-3 252 Sun et al. (2022) [29]

rpl7 5-ACCCCAACCTGAAGTCTGTG-3
5-ATGCCATATTTGCCAAGAGC-3 121 Wang et al. (2018) [30]

2.6. Statistical Analyses

An analysis of variance (ANOVA) was conducted to analyze the blood samples by
examining the experimental groups using the SPSS 11.5 program (SPSS, Chicago, IL, USA).
In the cases where a significant difference was observed in the ANOVA results, Tukey’s
multiple range test was used to determine the significance between the means at a 95%
confidence level.

For the analysis of biomarker genes, Student’s t-test was used to assess the significance
between the control and the experimental groups. A p-value of 0.05 or lower was considered
statistically significant.
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3. Results and Discussion
3.1. Blood Biochemistry Analysis for Assessing the Health of Spotted Sea Bass in Response to Stress
Induced by the Attached Biologgers at Different Biologger/Fish Body Weight Ratios

Figure 2 illustrates the changes in the plasma concentrations of GOT, GPT, TP, TCHO,
and triglycerides in spotted sea bass based on the ratio of biologger weight to fish body
weight and the duration of the biologger attachment. On day 0 and days 1, 7, 14, and
21 after the attachment, the concentrations of serum TP, TCHO, and triglycerides were
not significantly affected by the biologger weight (p > 0.05). However, on day 7 post-
attachment, the concentrations of GOT and GPT in the W10 group were significantly
higher than in the other experimental groups (p < 0.05). The serum TP concentration is an
indicator that reflects the immune function of fish, and changes in this concentration can be
clinically relevant [31]. However, the biologger/fish body weight ratio did not affect the
TP concentration in this study. TCHO and triglycerides are critical components and energy
substrates derived from fat that meet the energy demands of fish [32–34]. Although TCHO
and triglycerides are closely related indicators [31,35], the biologger/fish body weight
ratio did not affect their concentrations, indicating that it did not impact body homeostasis
and metabolism in spotted sea bass. Notably, GOT and GPT are non-specific plasma
enzymes implicated in sugar, lipid, and protein metabolism [36]. Their activity increases
when fish are in poor physiological conditions or when tissues such as the liver, heart, and
muscles are damaged, which leads to their elevated blood levels [37]. They are important
indicators for evaluating the stress response in fish [38]. The significantly higher levels
of GOT and GPT observed in the W10 group than in the groups C, W2, and W5 on day 7
post-attachment suggested that a high biologger/fish body weight ratio can act as a stress
factor, potentially causing muscle damage in spotted sea bass and affecting physiological
activities. Park and Oh [37] conducted a similar study on rockfish (Sebastes schlegelii) and
red sea bream (Pagrus major), attaching dummy mrPATs at biologger/fish body weight
ratios of 4.1–4.9% and 3.1–3.2%. They reported no significant effects on the TP, TCHO,
and triglyceride levels, which aligns with the findings obtained in the present study [37].
Oh and Jeong [26] reported no effects on the plasma GOT and GPT concentrations in
yellowtails (Seriola quinqueradiata) after attaching dummy mrPATs at a biologger/fish body
weight ratio of 0.7–0.9% for 28 days. However, they observed an effect on the TP and TCHO
concentrations [26]. Oh [39] reported no significant changes in the serum concentrations
of GPT, GOT, TP, and TCHO 35 days after attaching a dummy mrPAT to spotted sea
bass with an average weight of 2356.7 g at a biologger/fish body weight ratio of 1.5–2.0%
compared with their concentrations in spotted sea bass without attached biologgers [39].
These varying results suggest that the effects of the biologger weight/fish body weight
ratio may differ depending on the fish species.

Figure 3 illustrates the changes in SOD concentrations in the plasma of spotted sea bass
over time based on the ratio of biologger weight to fish body weight. As shown in Figure 2,
the SOD concentrations were similar in the four experimental groups before the biologger
attachment (day 0) and were not significantly different on days 1, 7, 14, and 21 after the
biologger attachment, except for a significant increase (p < 0.05) on day 1 post-attachment
in the W10 group. Stress can lead to the generation of reactive oxygen species in the body
of fish, causing damage to cell and organ membranes and resulting in a functional decline.
Notably, SOD is a representative immune indicator and acts as an antioxidant enzyme
in the body, protecting against damage to cellular functions caused by the generation of
free radicals [40]. The significant temporary increase in SOD concentrations on day 1 post-
attachment in the W10 group suggests that the stress levels were the highest immediately
post-attachment and then gradually decreased over time as the fish adapted, indicating
a decrease in the stress levels over time. These findings are consistent with the results
observed for GOT and GPT, which showed a significant increase in the levels of these
markers on the seventh day after the biologger attachment in the W10 group compared
to the control, W2, and W5 groups. The levels of GOT and GPT increase in the blood, in
addition to their enhanced activation, during physiological stress and tissue damage in
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fish [37]. Therefore, the attachment of biologgers with a high biologger/fish body weight
ratio of 10.0–12.0% (i.e., W10) appeared to induce stress in spotted sea bass. In addition,
the stress caused by the biologger attachment was most prominent in the early days post-
attachment, specifically on days 1 and 7, after which the stress level decreased, and the
fish entered an adaptation phase. It is important to note that not only the weight of the
biologger but also factors such as attachment location, attachment method, fish capture,
and anesthesia during the attachment can induce stress in fish and cause physiological
changes in the body [17,18,39,41–43]. Therefore, the impact of these factors needs to be
considered and further investigated in the future.
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Figure 2. Changes in serum glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase
(GPT), total protein, total cholesterol, and triglyceride concentrations in spotted sea bass equipped
with biologgers at different biologger/fish body weight ratios (C: unattached, W2: 2–3% of fish
weight, W5: 5–6% of fish weight, W10: 10–12% of fish weight) over time. Values (mean ± SD, n = 3)
with a different letter for data acquired on the same day indicate a significant difference (p < 0.05).
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Figure 3. Changes in serum superoxide dismutase concentrations in spotted sea bass equipped
with biologgers at different biologger/fish body weight ratios (C: unattached, W2: 2–3% of fish
body weight, W5: 5–6% of fish body weight, W10: 10–12% of fish body weight) over time. Values
(mean ± SD, n = 3) with a different letter for data acquired on the same day indicate a significant
difference (p < 0.05).

3.2. Analysis of the Expression of Health Biomarker Genes Associated with Stress in Spotted Sea
Bass Equippe with Biologgers at Different Biologger/Fish Body Weight Ratios

The expression levels of genes associated with apoptosis, stress, and immunity were
analyzed to evaluate the stress levels and assess the health status of the spotted sea bass
equipped with biologgers. Specifically, the genes bax, hsp70-2, and Cx32.7 were selected
as biomarker genes to assess the fish stress levels and overall health. This analysis was
conducted after 21 days following the attachment of the biologger.

The expression of the bax gene in the liver tissue was significantly higher in the
experimental groups with spotted sea bass equipped with biologgers than in the control
group. However, there was no significant difference in the expression of the bax gene in the
liver tissue based on the weight of the biologger (Figure 4). Similarly, the expression of the
bax gene in the muscle tissue was significantly higher in the experimental groups equipped
with biologgers than in the control group. However, there was no significant difference in
the bax expression levels in the muscle tissue between the three groups W2, W5, and W10,
equipped with biologgers (Figure 5).
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is activated by several factors, such as stress, heat, hydrogen peroxide, and pH [44]. The 
activation of the bax gene involves the interaction with p53, a tumor suppressor protein, 
and its upregulation is associated with apoptosis [45]. The expression of the bax gene 
tends to increase in response to stress and inflammation [46]. For example, the exposure 
of largemouth bass to the pesticide chlorpyrifos leads to increased bax gene expression 
due to oxidative stress and apoptosis in the fish body [47]. The flavonoid rutin, which 
reduces oxidative stress and inflammation, decreases bax expression in silver catfish [47]. 
Feeding restriction in male zebrafish leads to increased bax gene expression and a de-
creased bcl-2/bax ratio, accompanied by decreased sperm count, testicular tissue apopto-
sis, and inflammation [48]. These findings indicate that bax can serve as a biomarker gene 
in fish to evaluate the individual health status in terms of stress, apoptosis, and inflam-
mation. In this study, the experimental group with the attached biologger showed an in-
crease in bax gene expression compared to the control group without the biologger. 
However, the difference in the expression levels was relatively small, and there was no 
significant difference based on the weight of the biologger. These results suggest that the 
stress response in living organisms decreases significantly after 21 days from biologger 

Figure 4. Expression of bax mRNA in the liver of spotted sea bass, L. maculatus, analyzed by real-time
reverse transcription PCR (qRT-PCR). C: control; W2, W5, and W10: biologger weight of 2–3%, 5–6%,
and 10–12% of fish body weight, respectively. * indicate significant differences from the values of the
control group (C), as assessed by Student’s t-test (n = 3, * p < 0.05).



J. Mar. Sci. Eng. 2024, 12, 793 8 of 14

J. Mar. Sci. Eng. 2024, 12, x FOR PEER REVIEW 8 of 14 
 

 

 
Figure 4. Expression of bax mRNA in the liver of spotted sea bass, L. maculatus, analyzed by re-
al-time reverse transcription PCR (qRT-PCR). C: control; W2, W5, and W10: biologger weight of 2–
3%, 5–6%, and 10–12% of fish body weight, respectively. * indicate significant differences from the 
values of the control group (C), as assessed by Student’s t-test (n = 3, * p < 0.05). 

 
Figure 5. Expression of bax mRNA in the muscle of spotted sea bass, L. maculatus, analyzed by re-
al-time reverse transcription PCR (qRT-PCR). C: control; W2, W5, and W10: biologger weight of 2–
3%, 5–6%, and 10–12% of fish body weight, respectively. * and ** indicates a significant difference 
from the value in the control group (C), as assessed by Student’s t-test (n = 3, * p < 0.05, ** p < 0.01). 

After 21 days from attaching the biologger to the back muscles, the expression levels 
of the bax gene in both liver and muscle tissues increased compared with that in the con-
trol group without the biologger. However, the difference in the expression levels was 
relatively small, within 1.5-fold. The bax gene encodes a member of the bcl-2 family, 
which acts as an anti-apoptotic or pro-apoptotic regulator in various cellular activities. It 
is activated by several factors, such as stress, heat, hydrogen peroxide, and pH [44]. The 
activation of the bax gene involves the interaction with p53, a tumor suppressor protein, 
and its upregulation is associated with apoptosis [45]. The expression of the bax gene 
tends to increase in response to stress and inflammation [46]. For example, the exposure 
of largemouth bass to the pesticide chlorpyrifos leads to increased bax gene expression 
due to oxidative stress and apoptosis in the fish body [47]. The flavonoid rutin, which 
reduces oxidative stress and inflammation, decreases bax expression in silver catfish [47]. 
Feeding restriction in male zebrafish leads to increased bax gene expression and a de-
creased bcl-2/bax ratio, accompanied by decreased sperm count, testicular tissue apopto-
sis, and inflammation [48]. These findings indicate that bax can serve as a biomarker gene 
in fish to evaluate the individual health status in terms of stress, apoptosis, and inflam-
mation. In this study, the experimental group with the attached biologger showed an in-
crease in bax gene expression compared to the control group without the biologger. 
However, the difference in the expression levels was relatively small, and there was no 
significant difference based on the weight of the biologger. These results suggest that the 
stress response in living organisms decreases significantly after 21 days from biologger 

Figure 5. Expression of bax mRNA in the muscle of spotted sea bass, L. maculatus, analyzed by
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After 21 days from attaching the biologger to the back muscles, the expression levels
of the bax gene in both liver and muscle tissues increased compared with that in the
control group without the biologger. However, the difference in the expression levels
was relatively small, within 1.5-fold. The bax gene encodes a member of the bcl-2 family,
which acts as an anti-apoptotic or pro-apoptotic regulator in various cellular activities. It
is activated by several factors, such as stress, heat, hydrogen peroxide, and pH [44]. The
activation of the bax gene involves the interaction with p53, a tumor suppressor protein,
and its upregulation is associated with apoptosis [45]. The expression of the bax gene
tends to increase in response to stress and inflammation [46]. For example, the exposure
of largemouth bass to the pesticide chlorpyrifos leads to increased bax gene expression
due to oxidative stress and apoptosis in the fish body [47]. The flavonoid rutin, which
reduces oxidative stress and inflammation, decreases bax expression in silver catfish [47].
Feeding restriction in male zebrafish leads to increased bax gene expression and a decreased
bcl-2/bax ratio, accompanied by decreased sperm count, testicular tissue apoptosis, and
inflammation [48]. These findings indicate that bax can serve as a biomarker gene in fish to
evaluate the individual health status in terms of stress, apoptosis, and inflammation. In this
study, the experimental group with the attached biologger showed an increase in bax gene
expression compared to the control group without the biologger. However, the difference
in the expression levels was relatively small, and there was no significant difference based
on the weight of the biologger. These results suggest that the stress response in living
organisms decreases significantly after 21 days from biologger attachment. Therefore, it
is important to ensure that the biologger remains attached for a sufficient period without
falling off to minimize the impact on the organism. After 21 days from attaching the
biologger, the expression of the hsp70-2 gene in the liver tissue was significantly higher in
the experimental groups with the attached biologger compared to the control group. There
was no significant difference in the expression of the hsp70-2 gene based on the weight of
the biologger in the experimental groups (Figure 6).

Similarly, the expression of the hsp70-2 gene in muscle tissue was higher in the experi-
mental groups with the attached biologger compared to the control group. There was no
significant difference in the expression of the hsp70-2 gene depending on the weight of the
biologger (Figure 7).
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The approximately 1.5-fold difference in the expression levels of the hsp70-2 gene was
also relatively small. Hsp70 proteins play a role in protecting cells from heat or oxidative
stress [28]. They are involved in various biological processes, including signaling, apoptosis,
protein homeostasis, and cell growth and differentiation and are implicated in diseases such
as cancer, neurodegenerative diseases, cellular aging, and inflammatory diseases [49,50].
Hsp70-2 is a specific isoform of Hsp70 that is involved in maintaining homeostasis against
stress [28]. In the liver tissue, the expression of the Cx32.7 gene was significantly higher in
the experimental groups with the attached biologger compared to the control group after
21 days from the biologger attachment. The difference in the expression was also higher
than two-fold. However, there was no significant difference in the expression of the Cx32.7
gene based on the weight of the biologger in the experimental groups (Figure 8). Similarly,
the expression of the Cx32.7 gene in muscle tissue was higher in the experimental groups
with the attached biologger compared to the control group, with an approximately 2.5-fold
difference. There was no significant difference in the expression of the Cx32.7 gene in the
muscle tissue depending on the weight of the biologger (Figure 9). The expression levels of
the Cx32.7 gene were relatively higher than those of the bax and hsp70-2 genes in both liver
and muscle tissues. Connexin32 (Cx32) is a protein involved in regulating signals through
cell membranes, primarily in the liver and peripheral nervous system, and is expressed
in various organs. It plays a role in the immune function via the release of extracellular
ATP during inflammation, injury, or apoptosis [29,51]. Cx proteins have various immune
functions beyond ATP release. In sea bass, Cx32.7, a specific isoform of Cx32, is known to
be involved in pro-inflammatory ATP release and the immune response [29].
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real-time reverse transcription PCR (qRT-PCR). C: control, W2, W5, and W10: biologger weight of
2–3%, 5–6%, and 10–12% of fish body weight, respectively. ** indicates a significant difference from
the value in the control group (C), as assessed by Student’s t-test (n = 3, ** p < 0.01).

The biomarker genes selected for evaluation are associated with apoptosis, stress, and
immunity. The expression of these genes is associated with the maintenance of homeostasis
when the body encounters stress and immune imbalances. By analyzing the expression
patterns of these genes, we can detect levels of stress and immunity, which, in turn, provides
insights into the overall health status of an organism. A high expression of these genes
indicates the body’s effort to maintain homeostasis, and the level of gene activity can be
measured as an indicator of their related functions.

In this study, the level of stress in experimental fish with attached biologgers was
assessed by analyzing the expression of the biomarker genes bax, hsp70-2, and Cx32.7. The
results showed that the expression of these biomarker genes in the experimental fish with
biologgers was slightly higher compared to that in the control fish without biologgers.
However, the overall difference in gene expression based on the weight of the biologgers
was not significant. Among the biomarker genes, Cx32.7 exhibited higher sensitivity and
significance in terms of expression. The evaluation of biomarker genes is known to be
highly sensitive and can provide more sensitive assessments compared to protein-level
evaluations. In this study, the Cx32.7 gene, which is primarily associated with inflammation,
showed significant expression changes. We hypothesized that the main source of stress
in the spotted sea bass was inflammation in the tissues following the attachment of the
biologgers. Analyzing the expression of biomarker genes in the tissues of experimental fish
is an important method for evaluating the health of organisms in response to stress.

The use of biologgers in biological telemetry typically involves attaching them to the
target organisms. However, depending on the attachment location or surgical method, this
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process can potentially cause injury to the target fish and negatively affect their normal
swimming, growth, food intake, and survival. Previous studies examined these potential
negative impacts [4,9,15].

This study aimed to assess the impact on experimental animals of biologger attachment
by conducting a blood biochemistry analysis and examining biomarker genes related to
stress, cell death, and immunology up to 21 days after biologger attachment. The findings
suggest that variations may arise depending on the size of the target species and the method
used to attach the biologger. However, the results of this study indicate that the level of
stress experienced by the organisms during the 21 days following the biologger attachment
was minimal. This suggests that the organisms were able to adapt to the presence of the
biologger. Therefore, researchers interested in collecting data for eco-physiological research
using biologgers should prioritize the selection of biologgers with high performance and
efficient attachment capabilities.

This study required research methods such as the collection of blood, liver, and muscle
from experimental fish for 21 days. Because it is difficult to carry out these procedures
in the ocean, it was conducted in an indoor rearing tank (1.5 × 1.5 × 0.6 m). In addition,
the 12 experimental fish used for the study were evenly divided into a control group and
3 experimental groups after weighing them, considering the size and the rearing density in
the rearing tanks. In terms of reliability of the research results, it is believed that the number
of experimental fish used could be low. However, due to the nature of this research, it was
difficult to conduct it using a large number of animals. We tried to improve the reliability
of the study through blood biochemistry analysis and the analysis of biomarker genes to
ensure trust in the research results. The results of this study are believed to be valuable as
basic data for related research.

4. Conclusions

A high ratio of biologger weight to fish body weight (i.e., 10–12%) affected blood
biochemistry in spotted sea bass early after the biologger attachment (i.e., up to day 7),
but had no effect thereafter. The experimental fish equipped with the biologger showed
slightly higher expression levels of biomarker genes compared to the experimental fish
not equipped with the biologger. These expression patterns of genes are believed to be
because genetic analysis is more sensitive compared to blood biochemistry. These results
indicate that spotted sea bass adapts over time after the attachment of biologgers of up
to 10–12% of their body weight, as also indicated by the examined blood biochemistry
under our experimental conditions, which provides clues to determine the best timing
of the release of individuals with biologger attached for future biotelemetry studies of
marine fish. Biologgers are very useful equipment for studying fish ecology, migratory
routes, and behavior, but the weight of the biologger can have a physiological effect on
the target fish. Therefore, it is important to determine the timing of release of fish with
biologger attached by considering the weight of the attached biologger and the time after
the biologger attachment during which the target fish’s physiology is not affected.
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