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Abstract: The effectiveness of chemical compounds for marking hard tissues in juvenile silver carp
(Hypophthalmichthys molitrix) is not well known. We analyzed the use of alizarin complexone (ALC)
as a fluorescent marker to mark the various hard structures of juvenile silver carp. Experimental fish
(~2 months old) were randomly assigned to either control or marking groups, which were immersed
in 0 or 100 mg/L ALC solutions, respectively, for 2 days. The otoliths, fin rays, and scales of the fish
were then sampled, visualized using fluorescence microscopy, and evaluated after 10 days. The ALC
treatment was effective for marking certain hard structures and the marking color was affected by the
light source. There were no obvious differences in the marking efficiency of rays from pectoral, dorsal,
ventral, anal, and caudal fins, but the lapilli and lateral line scales were marked most effectively from
the sampled otolith and scale types, respectively. Our findings indicate that ALC immersion and
fin ray and scale sampling can be used for the effective marking and non-lethal evaluation of hard
structures in juvenile silver carp.

Keywords: marking; alizarin complexone; hard tissue; fin ray; otolith; scale; silver carp
(Hypophthalmichthys molitrix)

1. Introduction

The rapid decline in global fishery resources has increased the demand for restocking
efforts to supplement wild fish populations [1]. For example, wild populations of the
silver carp (Hypophthalmichthys molitrix Valenciennes 1844), which is one of the four major
commercially important carp species in China [2], have been considerably reduced over
the past few decades by overfishing, water pollution, habitat loss, and the construction
of hydroelectric facilities [3]. Consequently, this fish has recently become an important
restocking species for natural resource enhancement.

The marking of hard structures in fish can be used in fisheries ecology for a wide
range of applications, including the investigation of life-history characteristics, population
dynamics, and movement patterns [4,5], as well as determining restocking effectiveness [6].
Lethally sampled otoliths and non-lethally sampled hard tissues (e.g., fin rays, scales) have
received increasing attention as a strategy for assessing fish marking [4,7,8].

The selection of a marking strategy should consider the factors of mark quality [4],
as well as time- and cost-effectiveness [5], and the survival rate of marked fish should be
highlighted in the development of novel marking techniques [9]. The effectiveness of mark-
ing strategies depends on multiple aspects, including life-history stage, marking chemical
concentration, fish immersion time, and the method of application [10,11], which can be
classified as spraying [12,13], injection [14], dietary supplement [15], or immersion [11].
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Fluorescent marking is considered a high-quality strategy for marking hard structures
(e.g., otoliths, scales, fin rays) in fish [16]; the resulting chemical marking is easily distin-
guished from naturally occurring variations in calcified structures [17]. Among the various
fluorescent-marking compounds, alizarin complexone (ALC) has recently been successfully
applied in studies on several fish species [7,15,18]. However, relatively little is known about
the effectiveness of chemical compounds (e.g., ALC) for marking hard tissues in juvenile
(the life-cycle stage that is most suitable for mass marking) silver carp [8].

Accordingly, the present study aimed to evaluate ALC immersion as a strategy for
marking the hard structures of juvenile silver carp, with a focus on marking structures
that can be sampled non-lethally (i.e., scales and fin rays). This evaluation provides a
scientific basis for a better understanding of the intra- and inter-hard structure differences
of fluorescent marking, as well as the feasibility and operability of this marking technology
for other teleost fish.

2. Materials and Methods
2.1. Experimental Fish

Juvenile silver carp (~2 months old) (Figure 1) were purchased from the Changzhou
Professional Nursery Breeding Base, Changzhou City, Jiangsu Province, China, and main-
tained in a glass aquarium (45 cm width x 100 cm length x 50 cm height) filled with
aerated tap water in a laboratory. Every day during the temporary culture process, food
residues and feces were cleaned from the aquarium bottom, and approximately one-third
of the aquarium’s volume was replaced with clean water.
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Figure 1. Location of targeted hard structures in the juvenile silver carp (Hypophthalmichthys molitrix).

2.2. Marking Procedure

The experiment was conducted at the Nanquan Base of the Freshwater Fisheries
Research Center of the Chinese Academy of Fishery Sciences in Wuxi City, Jiangsu Province,
China. After approximately three weeks of temporary culture, juvenile fish (five individuals
per group) were transferred to marking solutions (0 and 100 mg/L ALC; Bioengineering
Co., Ltd., Shanghai, China), which had been prepared using tap water that had been
previously aerated for 48 h. After adding 1 g ALC powder into 10 L of aerated tap water,
the mixture was slowly stirred with a glass rod for 30 min to accelerate its dissolution and



Fishes 2022, 7, 66

30f11

then left for one day to dissolve completely before starting the experiment. After the fish
were maintained in the marking solutions for 48 h, the treatment groups were individually
transferred to a plastic basin, where they were rinsed in water for 10 min and then subjected
to another clean-water-rinsing step. This step was repeated three times to ensure that there
was no solution residue on the surface of the fish. The two treatment groups were then
separately transferred to two clean glass aquaria (50 cm width x 50 cm length x 40 cm
height) for post-marking culture. After 10 days, the fish were sampled, sealed in plastic
bags, and frozen (—20 °C) until processing.

2.3. Hard Tissue Sampling

Hard tissues (Figure 1) were collected from the fish using a dissecting microscope
(NV10, Shanghai Precision Instruments Co., Ltd., Shanghai, China). Lateral line scales
and non-lateral line scales (>5 each) were collected from each fish using forceps, washed
in deionized water to remove the majority of the surface impurities and films, and then
gently flattened on glass slides using coverslips. The first pectoral, dorsal, ventral, anal,
and caudal fin rays were sampled from each fish using dissecting needles and scissors, and
all three otolith types were extracted. Both fin rays and otoliths were washed in deionized
water to remove the majority of surface impurities and films, dehydrated using anhydrous
ethanol, dried, and then embedded in clear nail polish, without grinding or polishing. All
samples were stored in the dark and were maintained at temperatures of < 25 °C to prevent
the degradation of the chemical markings [19].

2.4. Marking Evaluation

Within two weeks of sampling, all hard tissue samples, without any additional grind-
ing, polishing, or sectioning preparation, were visualized using an Olympus BX51 fluo-
rescence microscope (Olympus Co., Tokyo, Japan) (Table 1), which was equipped with
an Olympus XC10 digital camera and the “Stream Start” software included with the de-
vice (Olympus Co., Tokyo, Japan). The exposure time and gain were set to 20 ms and
5.0 dB, respectively.

Table 1. The combined wavelength of the dichromatic mirror and filter used for visual ALC marker

detection.
Wavelength (nm)
Light Source Excitation Filter Suppression Filter Dichromatic Mirror
Brightfield light - - -
Blue excitation light 460-495 510-550 505
Green excitation light 530-550 575-625 570

Referring to the studies by Liu et al. [7] and Taylor et al. [20], marking effectiveness in
the present study was categorized into four grades, based on observation under brightfield
(BE; i.e., transmitted light), blue (WBS), and green (WGS) excitation lights: 0, no marking
(unacceptable); 1, faint marking (unacceptable); 2, moderate marking (acceptable); or 3,
strong marking (acceptable). The mode values of marking grades were used as the quality
scores of hard tissues from each fish specimen.

2.5. Statistical Analysis

Body length and wet mass data are presented as mean =+ standard error (SE) values.
The significance of differences in the mean body length and wet mass values of the control
and ALC-marked groups were evaluated using one-way analysis of variance (ANOVA) in
SPSS 23.0 (IBM, Armonk, NY, USA). Statistical significance was set at p < 0.05.
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3. Results
3.1. Effects of ALC on Fish Survival and Growth

No mortality was observed during the experiment. After the 10-day growth experi-
ment, there were no significant differences observed in either the average body length of
the ALC-marked and control groups (64.94 + 5.51 mm and 67.13 & 5.27 mm, respectively;
N =5 per group) or their body weights (3.58 £ 0.93 g and 4.14 £ 1.26 g, respectively; N =5
per group) based on the results of one-way ANOVAs (p > 0.05).

3.2. Otolith Marking

Unlike all the otoliths of the five fish in the control group without any marker rings,
all three otolith types of the five juvenile silver carp in the marked group exhibited clear
marker rings under visible, blue excitation, and green excitation light, with a marking rate
of 100% (Figure 2, Table 2). However, the marking rings were more complete in the lapilli
and asterisci than in the sagittae, and marker ring color varied, depending on the light
source. For example, under visual light, the marking rings appeared red, with those of
the lapilli and sagittae being clearer than those of the asterisci. Meanwhile, under the blue
excitation light, the marking rings appeared orange-red, which strongly contrasted with
the green coloration of unmarked areas, while under the green excitation light, the marking
rings were bright red, whereas the unmarked areas were a less bright red.

Table 2. Effect of a light source on the detection (mode marking grade) of alizarin complexone
marking in hard tissues from five juvenile silver carps in the marked group.

Marking Grade
WBS WGS

Hard Tissue Type Sample Size

=]
e s ]

Otolith (sagitta)

Otolith (lapillus)

Otolith (asteriscus)

Fin ray (pectoral)

Fin ray (dorsal)

Fin ray (ventral)

Fin ray (anal)

Fin ray (caudal)

Scales (above lateral line)
Scales (on lateral line) 25
Scales (below lateral line) 25

BF: brightfield / transmitted light; WBS: blue excitation light; WGS: green excitation light.
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3.3. Fin Ray Marking

Under different light sources and using the fluorescence microscope, fin ray marking
efficiency varied (Figure 3, Table 2). Fin ray marking was poorly detectable under visible
light but was more evident under the blue and green excitation lights. Under the blue
excitation light, the marked areas appeared a faint red, whereas the unmarked areas
appeared green, while under the green excitation light, the entire ray appeared red, with
brighter fluorescence in the marked areas. There were no obvious differences between the
marking efficiencies of the five types of fin rays.



Fishes 2022, 7, 66

50f11

Figure 2. The typical patterns of marking when alizarin complexone (ALC) is used on otoliths (lapil-
lus, sagitta, and asteriscus) from juvenile silver carp, Hypophthalmichthys molitrix. Note: (al), ALC-
marked lapilli under transmitted light; (a2), ALC-marked lapilli under blue excitation light; (a3), ALC-
marked lapilli under green excitation light; (b1), control lapilli under transmitted light; (b2), con-
trol lapilli under blue excitation light; (b3), control lapilli under green excitation light; (c1), ALC-
marked asterisci under transmitted light; (c2), ALC-marked asterisci under blue excitation light;
(c3), ALC-marked asterisci under green excitation light; (d1), control asterisci under transmitted light;
(d2), control asterisci under blue excitation light; (d3), control asterisci under green excitation light;
(e1), (e4) (enlarged view), ALC-marked sagittae under transmitted light; (e2), ALC-marked sagittae
under blue excitation light; (e3), ALC-marked sagittae under green excitation light; (f1), (f4) (enlarged
view), control sagittae under transmitted light; (£2), control sagittae under blue excitation light;
(£3), control sagittae under green excitation light. The white arrows point to the fluorescent marks.
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Figure 3. The typical patterns of marking when alizarin complexone (ALC) is used for marking fin
rays in juvenile silver carp, Hypophthalmichthys molitrix. Note: (al), ALC-marked pectoral fin rays
under transmitted light; (a2), ALC-marked pectoral fin rays under blue excitation light; (a3), ALC-
marked pectoral fin rays under green excitation light; (b1), control pectoral fin rays under transmitted
light; (b2), control pectoral fin rays under blue excitation light; (b3), control pectoral fin rays under
green excitation light; (¢1), ALC-marked dorsal fin rays under transmitted light; (c2), ALC-marked
dorsal fin rays under blue excitation light; (¢3), ALC-marked dorsal fin rays under green excitation
light; (d1), control dorsal fin rays under transmitted light; (d2), control dorsal fin rays under blue
excitation light; (d3), control dorsal fin rays under green excitation light; (e1), ALC-marked ventral fin
rays under transmitted light; (e2), ALC-marked ventral fin rays under blue excitation light; (e3), ALC-
marked ventral fin rays under green excitation light; (f1, control ventral fin rays under transmitted
light; (£2), control ventral fin rays under blue excitation light; (£3), control ventral fin rays under
green excitation light; (g1), ALC-marked anal fin rays under transmitted light; (g2), ALC-marked
anal fin rays under blue excitation light; (g3), ALC-marked anal fin rays under green excitation light;
(h1), control anal fin rays under transmitted light; (h2), control anal fin rays under blue excitation
light; (h3), control anal fin rays under green excitation light; (i1), ALC-marked caudal fin rays under
transmitted light; (i2), ALC-marked caudal fin rays under blue excitation light; (i3), ALC-marked
caudal fin rays under green excitation light; (j1), control caudal fin rays under transmitted light; (j2),
control caudal fin rays under blue excitation light; (j3), control caudal fin rays under green excitation
light. The white arrows point to the fluorescent marks.

3.4. Marking of Scales

The marking efficiency of the scales also varied under different light sources using
the fluorescence microscope (Figure 4, Table 2). Fin ray marking was unapparent under
visible light but was more evident under the blue and green excitation lights. Under the
blue excitation light, the marked areas exhibited a weak red fluorescence, whereas the
unmarked areas appeared green, and under green excitation light, the entire scale appeared
red, with brighter fluorescence in the marked areas. The marking efficiency of the lateral
line scales was greater than that of scales above and below the lateral line.
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Figure 4. The typical patterns of marking when alizarin complexone (ALC) is used for marking scales
in juvenile silver carp Hypophthalmichthys molitrix. Note: (al), ALC-marked scales above the lateral
line under transmitted light; (a2), ALC-marked scales above the lateral line under blue excitation light;
(a3), ALC-marked scales above the lateral line under green excitation light; (b1), control scales above
the lateral line under transmitted light; (b2), control scales above the lateral line under blue excitation
light; (b3), control scales above the lateral line under green excitation light; (c1), ALC-marked scales
on the lateral line under transmitted light; (c2), ALC-marked scales on the lateral line under blue
excitation light; (c3), ALC-marked scales on the lateral line under green excitation light; (d1), control
scales on the lateral line under transmitted light; (d2), control scales on the lateral line under blue
excitation light; (d3), control scales on the lateral line under green excitation light; (e1), ALC-marked
scales below the lateral line under transmitted light; (e2), ALC-marked scales below the lateral line
under blue excitation light; (e3), ALC-marked scales below the lateral line under green excitation
light; (f1), control scales below the lateral line under transmitted light; (£2), control scales below the
lateral line under blue excitation light; (£3), control scales below the lateral line under green excitation
light. The white arrows point to the fluorescent marks.

4. Discussion
4.1. Variation of Marking Effectiveness among Hard Structures

Otoliths grow in all directions and build concentric layers from the core [21,22]. Fin
rays grow in an additive, incremental manner, with the oldest layers at the core and the
newest layers at the outer edge [23]. Scales consist of a distinct osseous upper layer and
an underlying proteinaceous basal layer. After initial deposition from the focus (similar
to the core), scales grow incrementally to create bony scale circuli [23]. As mentioned
above, all hard tissue samples in the present study were not ground, polished, or sectioned.
Therefore, in Figures 2—4 of this study, the whole surface of the growth layer marked by
ALC during the immersion process of fish is shown, and the boundary lines of the layer in
the hard structures (especially the otolith and fin rays) were the brightest in the fluorescent
images. Nevertheless, due to differences in the chemical compositions of hard structures in
fish, marking effectiveness was expected to vary within and between the hard structures
sampled in the present study, namely, otoliths (sagittae, lapilli, and asterisci), scales (below,
on, and above the lateral line), and rays from the pectoral, dorsal, ventral, anal, and caudal
fins. As expected, under visible light, ALC markings were more visible in the otoliths than
in the fin rays or scales, and the effectiveness of ALC marking also varied among the three
otolith types. Asterisci are the largest and thinnest otoliths in cyprinid fish and are more
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transparent; age could not be determined based on the arrangement of the rings [24]. Under
both visible and excitation lights, markings were more apparent in the lapilli and sagittae
than in the asterisci, which is why asterisci are usually not selected as the focus of research
in marking experiments. However, for the sagitta, the entire otolith shape is arrow-type,
which is susceptible to external forces and fractures during sampling. Due to the shape
of the sagitta, the marked and external rings of the otoliths were close and, thus, difficult
to discriminate during microscopy. In contrast, in terms of the morphology of the otolith
and the difficulty of the sampling operation, lapilli are oval-shaped, with a more regular
external morphology, a clearer ring arrangement, and more distinguishable marking areas.
Thus, the lapilli may be the most appropriate otolith type for marking detection, which
agrees with the findings of previous studies [24-27].

The effectiveness of fluorescence marking has also been reported to vary among tissue
types when using other fluorescent dyes. For example, Elle et al. [28] used calcein to mark
rainbow trout (Oncorhynchus mykiss Walbaum 1792) and reported that the fluorescence
retention of otoliths was greater than that of fin rays. In some cases, such as in the measure-
ment of fish age using oxytetracycline-marked recaptured goliath groupers (Epinephelus
itajara Lichtenstein 1822), the results obtained from both otoliths and dorsal spines are
consistent [29] and, therefore, external tissues (i.e., dorsal spines) can be used for non-lethal
age determination. In contrast, dorsal ray sections were so small that readers tended to have
lower confidence in age-reading. For scales, as observed under visible light in the present
study, studies on other species [30] (e.g., Aristichthys nobilis Richardson 1845) marked with
calcein and alizarin red S have also reported that marker chemicals are ineffective for
marking scales.

The results of the present study demonstrated the intra- and inter-hard structure
differences in fluorescent marking, i.e., there were no obvious differences in the marking
efficiency of rays from the pectoral, dorsal, ventral, anal, and caudal fins, but the lapilli
and lateral line scales of the sampled otolith and scale types, respectively, were marked
most effectively. Notably, although otoliths are considered optimal marking structures as
they consist of calcium carbonate minerals that are metabolically inert and are generally
not resorbed [31], lethal sampling is a major disadvantage. Fin rays and scales can offer
a non-lethal alternative to otoliths [32]. Nevertheless, the use of both calcium phosphate
structures limits resorption [16,23] and loss of marks by sunlight [16]. Furthermore, scales
are well known for being easily peeled off and regenerated [23]. Therefore, the aforemen-
tioned advantages and disadvantages among these hard tissues are of critical concern for
future applications.

It is noteworthy that the marked areas in all three types of hard structures in ALC-
immersed carp were all brighter than those of unmarked structures in the control carp when
observed under blue excitation light and, especially, green excitation light (Figures 2—4).
Similar cases have been found in other species with other fluorescent markers [7,30,33].
Moreover, Katakura et al. [34] demonstrated that otolith, scale, and dorsal fin ray marks
were identified in captive juvenile walleye pollock (Theragra chalcogramma Pallas 1814) one
year after they were marked with ALC. This evidence suggests that this ALC marking
method could be used in the future for identification between marked fish and unmarked
nature fish during stock enhancement. Unexpectedly, in this study, almost all the scale
circuli appeared to be marked by ALC (Figure 4). The mechanism of this phenomenon is
still unknown and should be explored in the future. Nevertheless, it could be assumed
that ALC dye may be deposited into the circuli directly from the immersion solution (as
in the case reported by Able et al. [35]) and indirectly from the skin layer through scale
development (as in the case reported by Katakura et al. [34]).

4.2. Optimum Marker Concentration

The ideal chemical marker concentration for fluorescent marking by immersion varies
among fish types and even among life-history stages. For example, ALC has been reported
to significantly affect hatching. Long-lasting, distinct otolith marks were produced from
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the immersion of Baltic cod (Gadus morhua Linnaeus 1758) yolk-sac larvae in > 50 mg/L
ALC for 24 h. The mortality of eggs and larvae was low during the marking procedure.
The hatching success of ALC-marked embryos was significantly reduced, and hatching
was delayed with increasing ALC concentrations [36]. Other fluorescent dye markers
may also affect fish health [37]. Indeed, results similar to those in the present study
reported the immersion of bighead carp (Aristichthys nobilis Richardson 1845), grass carp
(Ctenopharyngodon idella Valenciennes 1844), and black rockfish (Sebastes schlegelii Girard
1856) in calcein and alizarin red S solution, and the optimum concentrations for detection
of the marker rings in each tissue were not the same [30,33,38].

In the present study, an ALC concentration of 100 mg/L resulted in the successful
marking of hard structures in juvenile silver carp. However, under visible light, the marking
was more effective in otoliths than in either fin rays or scales. This indicated that the optimal
ALC concentrations for marking otoliths, fin rays, and scales were different. Similarly, Lii
et al. [8] reported that the immersion of juvenile silver carp in calcein and alizarin red S at
concentrations of 50-200 mg/L and 150-300 mg/L, respectively, was ineffective for marking
non-lateral line scales. In the present study, the same level of detection was achieved using
a lower concentration (100 mg/L) of ALC. Therefore, ALC might be more suitable than
calcein or alizarin red S for the fluorescent marking of hard structures in juvenile silver
carp. However, if using higher concentrations can improve marking, particularly in fin
rays and scales when observed under visible light, while still ensuring fish safety, then the
use of higher concentrations should be considered.

5. Conclusions

The findings of the present study demonstrate that immersion in ALC (100 mg/L)
can be used for the fluorescent marking of otoliths (lapilli, sagittae, and asterisci), scales
(lateral and non-lateral lines), and rays from the pectoral, dorsal, ventral, anal, and caudal
fins in juvenile silver carp. Marking effectiveness varied when evaluated using different
light sources. However, except in the case of fin rays and scales (the marking of which was
not evident when observed under visible light), the marking of all three hard structure
types could be observed under visible light, blue excitation light, and green excitation
light. The lapilli were the most successful target among the three otolith types, and the
marking of lateral line scales was more effective than that of the non-lateral line scales.
In contrast, no obvious differences were observed in the marking of rays among the five
fin types. Future research should focus more on the practical applications of non-lateral
fin ray and scale structures and the development of strategies to avoid their limitations,
e.g., material turnover, resorption, loss, or regeneration. The present study provides a
method for marking the hard structures of juvenile silver carp and advances the current
understanding of ALC marking targets and efficiency, which is invaluable for assessing the
success of fish restocking programs involving teleost fishes.
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