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ABSTRACT 
 

This study aimed to describe and validate the formation of the rings in the spine of the pectoral fin and to 

determine the coherence of the OTC mark with the rings of three species of Caspian Sea sturgeon, the 

Persian sturgeon (Acipenser persicus), the Starry sturgeon (Acipenser stellatus) and Ship sturgeon 

(Acipenser nudiventris). Validation was achieved by comparing the total radius of the fin spine of fish of 

known age after one and two years of growth with the measured radius of the first and second rings in the 

zone. There was no overlap between the measured radius for the first year and the increase for the second. 

The Ship sturgeon showed the largest width of the second ring followed by the Persian sturgeon and Stellate 

sturgeon. The results indicate that the highest growth parameter belongs to the juvenile Ship sturgeon. This 

research showed that chemically marking the fin spines of juvenile Acipenseridae leads to unbiased 

estimates and contributes to the knowledge of the population dynamics of these species. The study found 

that the combination of the dial ring of the pectoral fin spine with growth validated the age estimation in 

juvenile sturgeon Ship, Persian, and Starry sturgeon. 
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RESUMO 
 

O objetivo deste estudo foi descrever e validar a formação dos anéis na espinha da nadadeira peitoral de 

três espécies de esturjão do mar Cáspio: o esturjão-persa (Acipenser persicus), o esturjão-estrelado 

(Acipenser stellatus) e o esturjão-de-navio (Acipenser nudiventris), bem como determinar a coerência da 

marca OTC com os anéis dessas três espécies. A validação foi alcançada comparando-se o raio total da 

espinha da nadadeira de peixes de idade conhecida, após um e dois anos de crescimento, com o raio medido 

do primeiro e segundo anéis na zona. Não houve sobreposição entre o raio medido no primeiro ano e o 

aumento no segundo. O esturjão-de-navio mostrou a maior largura do segundo anel, seguido pelo esturjão-

persa e pelo esturjão-estrelado. Os resultados indicam que o maior parâmetro de crescimento pertence ao 

esturjão-de-navio juvenil. Esta pesquisa mostrou que a marcação química dos espinhos das nadadeiras de 

juvenis de Acipenseridae leva a estimativas imparciais e contribui para o conhecimento da dinâmica 

populacional dessas espécies. O estudo descobriu que a combinação do anel do mostrador da barbatana 

peitoral espinhal com o crescimento validou a estimativa de idade em esturjão-de-navio juvenil, esturjão-

persa e esturjão-estrelado. 
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INTRODUCTION 
 

A dramatic decline in diadromous species 

including sturgeon fish has been seen in the last 

century (Limburg and Waldman, 2009); the 

conservation of these endangered species requires 

an understanding of the life history traits. The life 

history character is dependent on age 

determination to estimate the appropriate 

conservation measures (Bakhshalizadeh et al., 

2017), but often the validity of the age data, based 

on the analysis of hard calcific structures, has not 

been established. Errors in age determination 

cause overfishing and increased uncertainty in 

harvest guidelines (Beamish and Mcfarlane, 

1983). Various methods including length-

frequency analysis, mark and recapture studies, 

rearing studies and marginal increment analysis 

validate age estimation (Pearson, 1996; Panfili 

and Tomas, 2001; Crumpton et al., 2012).  
 

Moreover, the estimation of sturgeon age is 

commonly made from cross-sections of the 

pectoral fin spines (Koch and Quist, 2007; 

Baremore and Rosati, 2014), based on the optical 

appearance of temporal cycle. These bony 

structures provide the greatest precision and 

accuracy for age estimation, and unlike other 

structures such as otoliths, opercles, clavicles, 

cleithra, and medial nuchals, they can be obtained 

without killing the fish (Brennan and Cailliet, 

1989). Furthermore, the growth rate and accuracy 

of age estimation in sturgeon fish are critical to 

evaluating population abundance, age structure, 

recruitment, and mortality (Brennan & Cailliet, 

1989; Pauly et al., 2003; Balazik et al., 2012), this 

requires validation of the age. However, 

inaccurate age estimation can lead to estimation 

errors in the demographic variables of the 

population, the correct identification of the first 

and second annuli usually problematic in sturgeon 

fish (Stevenson and Secor, 2000). One way to 

validate annulus formation in fin spines is through 

oxytetracycline (OTC) mark analysis.  
 

However, tetracycline labels are used for the first 

time to mark calcified structures for validating 

annuli (Weber and Rigway, 1967) and more 

recently oxytetracycline (OTC), alizarin red S 

(ARS), calcein and incorporation of 137Ba2+ in 

pectoral fin spines are used as a time marker for 

several fish species (Brown and Powell, 2002; 

Mirali et al., 2017, Withers et al., 2019). 

Likewise, marking sturgeon species with OTC has 

been conducted in some research. In most surveys 

of sturgeon fish, the preferred method is injecting 

OTC, and is aimed at age and growth studies 

(Rein and Beamesderfer, 1994; Rossiter et al., 

1995; Fielder, 2002). The first rings in sturgeon 

fish can produce a greater aging error than the 

older rings. Therefore, the correct identification of 

these first rings is essential to accurately 

determine the ages of the oldest fish. There is no 

data available to describe and validate annulus 

formation in any hard structure of any species of 

Persian sturgeon, Acipenser persicus, Starry 

sturgeon, Acipenser stellatus, and Ship sturgeon, 

Acipenser nudiventris. The above-mentioned 

species are limited to the Black, Azov, Aral, and 

Caspian Seas and are the most important sturgeon 

species inhabit in Caspian Sea fisheries (Pikitch et 

al., 2005). The largest populations are now 

concentrated in the Caspian Sea, from which they 

migrate into the Volga, Kura, Ural, Terek, Sulak, 

and Samur rivers (Berg, 1965). They also live in 

the Iranian rivers Sefid-Rud and Gorgan-chaii 

(Pourkazemi, 2006). These species are 

commercially the most common sturgeons in 

catches from Iranian coastal waters of the Caspian 

Sea, comprising more than 60% of the total 

sturgeon catch (Moghim et al., 2006; Fazli and 

Moghim, 2014).  
 

Because of their status as the greatly threatened 

species in the International Union for 

Conservation of Nature (IUCN), the restocking is 

done by the Iranian fisheries program into both the 

Sefidrood and Gorganrood river estuaries of the 

south Caspian Sea for Acipenseridae process. The 

artificial juvenile fish should release with marks 

that are quickly identified at a low cost from wild 

fish and between released sites without scarifying 

fish. The aim of this study was to describe and 

validate annulus formation in sectioned pectoral 

fin spines and to reveal the consistency of the 

OTC mark with annuli. The validation was 

accomplished by comparing the total radius of the 

fin spine after one and two years old with the 

measured radius of the first and second zone 

annuli. In addition, we examined the pattern of 

growth in the fin spines to determine if the annuli 

zone measurements were stable or if they varied 

with fish species. 
 

MATERIALS AND METHODS 
 

A total of 19 Persian sturgeons, 20 Starry 

sturgeons, and 16 Ship sturgeons were collected 

from experimental tanks of Shahid beheshti 

hatchery with an initial weight of 67.10 ± 26.49, 
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61.49 ± 32.51, and 69.23±30.02 g respectively. 

Samples were maintained in the fiberglass tanks 

(1.5m3) with the density of 112.56 g m-3 under 

similar conditions of water quality (temperature 

20.5 ± 2.5°C, dissolved oxygen 7.0 ± 1.2mg L-1, 

pH 7.2 ± 0.8, 12Light:12Dark) during 2.5 years, 

in the Fisheries Department, Faculty of Natural 

Resources, University of Guilan, Sowmeh-Sara, 

Iran. Fish were fed manually twice daily with a 

commercial diet (Biomar, Nersac, France; 35% 

protein) throughout the experiment. The amount 

of feed was adjusted weekly to accommodate for 

the changes in fish weight. Experimental tanks 

were siphoned daily.  
 

All fish were injected with a 25mg kg-1 body-

weight dosage of oxytetracycline (OTC) into the 

red muscle under the lateral scute near the head 

(Monaghan, 1993). Due to variability in the 

breeding time of sturgeon species, injection was 

administrated in April, May, and June for the 

Persian sturgeon, Ship sturgeon, and Starry 

sturgeon, respectively. Injection repeated the 

second year as same as the first year. The total 

length, fork length, and total weight were 

measured for all fish. A part of the right pectoral 

fin spine was removed using methods described 

by Koch and Quist (2007) for detecting OTC 

marks three months after the second injection. 

Transverse sections were obtained using a fret 

saw and sections were polished with 250 and 400 

grit sandpapers successively until the thickness of 

the sections reached 0.3-0.6mm. Sections were 

cemented to a glass slide and illuminated first with 

ultraviolet light to fluoresce the OTC marks and 

then with regular light to identify annuli. 

Procedures have been approved by the Authors’ 

Institution’s Ethics Committee, and care was 

taken to minimize the number of animals used. 
 

For measuring the radius of first and second 

annuli to the nearest micrometer, an image was 

captured under 40× magnification and measured 

to the nearest micrometer across both axes right 

and left which is the radius of each concentric 

annulus from the focus to the outside edge of each 

translucent zone, each annuli comprised of an 

opaque zone by the side of a translucent zone 

(Brennan & Cailliet 1989). Body weight increase 

(BWI), specific growth rate (SGR), and condition 

factor (CF) were measured using the following 

formulae: BWI = (W2-W1)*100 / W1, where W1 

and W2 indicate the initial and final weight (g) 

respectively. SGR = (Ln W2 - Ln W1)*100 / Time 

(year); CF= 100 (W / FL3), where W is the total 

body weight and FL is the fork length (cm). 

Parameters of the length-weight relationship were 

calculated by fitting the power function to length 

and weight data (Ricker, 1975): W = a FLb , where 

W is the gutted weight, a and b are regression 

constants and FL is the fork length. 
 

Data were first checked for normality 

(Kolmogorov-Smirnov) and homogeneity of 

variances (Levene test). A paired sample T-test 

was used to determine if there was a difference 

(no overlap) between the first and second annular 

radius of the three species. To compare the width 

of both radius among the species, one-way 

ANOVA was used. This was followed by using 

pair-wise comparisons (Tukey’s post hoc test). 

For comparing body weight increase (BWI), 

specific growth rate (SGR), and condition factor 

(CF) among species, one-way ANOVA was used. 

This was followed by using pair-wise 

comparisons (Tukey’s post hoc test). All 

statistical analyses were performed with the SPSS 

1997 (SPSS Base 7.5 for Windows Inc., Chicago 

IL, USA) software package and differences of 

P<0.05 were considered statistically significant.  
 

RESULTS AND DISCUSSION 
 

In this study, it was found that Persian Sturgeon, 

Starry sturgeon, and Ship sturgeon fin spines can 

be marked with OTC. Results from the 

experiments showed that no discontinuous marks 

were seen in all three species individuals, and 

mark morphology was linked to the chemical 

nature (Figure 1). For the comparison of the mean 

width of the annuli of the three species, only the 

right axis was used (Table 1). There was no 

overlap between the measured radius for the first 

annual and those measured for the second 

increment radius. The width of the first annual 

increment was similar for the Persian sturgeon 

and Ship sturgeon and larger than Starry sturgeon 

(P<0.05). The width of the second annual 

increment differed considerably (P<0.05) among 

the species studied. The Ship sturgeon showed the 

largest width of the second annulus followed by 

the Persian sturgeon. (Figure 1). 
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Table 1. Parameter of morphometric, meristic, and growth (mean ± SD) compared among A. persicus, A. 

stellatus, and A. nudiventris sturgeon species, for 365 days 

Parameter A. stellatus A. persicus A. nudiventris 

Fork length initial (cm) 30.45± 3.62a 27.73± 3.52a 28.43± 4.16a 

Fork length final (cm) 52.61± 3.99a 48.96± 5.48a 55.59± 2.59a 

Weight initial (g) 61.49± 32.51a 67.10± 26.49a 69.23± 30.02a 

Weight final (g) 486.43± 250.23c 678.16± 242.20b 866.81± 86.80a 

y = a Xb y = 0.000005 X4.0193 y = 0.0001 X3.9646 y = 0.0001 X3.9902 

r2 0.9729 0.9815 0.9912 

Body weight increase (g) 688.53± 264.71c 914.41± 191.72b 1,099.04± 191.87a 

Specific growth rate (%/day) 0.55± 0.09c 0.63± 0.06b 0.69± 0.02a 

Condition factor 0.33± 0.04c 0.55± 0.07b 0.65± 00.04a 

First annual radius (µm) 305.24± 51.25b 659.24± 59.40a 741.07± 50.17a 

Second annual radius (µm) 1,365.06± 114.60c 1,933.93± 112.39b 2,984.23± 122.60a 

Survival (%) 100 100 100 
Means followed by a different letter(s) within each column (denoted by upper-case letters) are significantly different 

by Tukey’s HSD test at P<0.05. 

 

 
Figure 1. The presence of the OTC marks was appeared as a crisp distinct line under the ultraviolet light in 

pectoral fin spine of all species. 

 

The Starry sturgeon had the smallest one. No 

mortality due to the OTC injection was occurred. 

In all cases, the presence of the OTC marks easily 

appeared as a crisp distinct line with ultraviolet 

light The highest BWI, SGR, and CF were 

observed for the juveniles of Ship sturgeon, 

Persian sturgeon, and Starry sturgeon, 

respectively. The results generally indicate that 

the highest parameter belongs to the juveniles of 

Ship sturgeon. The coefficient of determination 

(r2) of the length-weight relationship was 0.982 

for Acipenser persicus, 0.991 for Acipenser 

nudiventris, and 0.973 for Acipenser stellatus. 

The results of this study showed that growth 

parameters had a statistically significant 

difference among the species (P<0.05). 

 

In our study, new techniques for chemically 

marking juvenile Acipenseridae provided with 

OTC and demonstrate the ability to detect these 

marks on pectoral fin spines by fluorescent 

microscopy. These marks are easily detected, and 

each marked structure is continuing, matches with 

annuli which can be assessed with similar results. 

Although vascular cavities are numerous in larvae 

and juveniles (Jatteau and Lochet, 2011), a good 

impregnation of the marker in the pectoral fin 

spine produce continuous marks, with a 

detrimental effect on mark quality and detection, 

so this information supports the use of nonlethal 

methods for analyzing OTC marks on these 

species. Moreover, OTC mark in the dorsal spine 

of juvenile yellow perch Perca flavescens and fin 

spines of juvenile mulloway Argyrosomus 

japonicas were seen obviously and when 

compared to otoliths support that there are no 

significant discrepancies between marks on 

otoliths and those on fin spines (Brown and 

Powell, 2002; Taylor et al., 2005).  
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Although marks in the same dosage of OTC could 

be detected in 100% of pectoral fin spines of 

Persian Sturgeon, Acipenser persicus, Starry 

sturgeon, Acipenser stellatus, and Ship sturgeon, 

Acipenser nudiventris, detection of OTC marks in 

white sturgeon were 98% (Rien and 

Beamesderfer, 1994). Moreover, Speare (1992) 

used OTC marks to directly validate the frequency 

of growth increments on the fin spine of billfish. 

Validation of increment periodicity in early- 

juvenile and old-late age classes was a priority as 

mentioned by Campana (2001) because it inhibits 

errors in growth parameters. No 

mortality/negative impact on the fish were seen in 

our research which is supported by Collins and 

Smith (1996) in shortnose sturgeon’s 

Scaphirhynchus platorynchus and Koch et al. 

(2011) in Pallid Sturgeon Schaphirhynchus albus. 

So, using pectoral fin spine was a viable 

alternative to otoliths for validation or mark-

recapture studies. In the case of the three studied 

species of the Caspian Sea, the differential 

relationship of the growth parameters and their 

relationship with the annual radius of each species 

corroborates that there is a significant variation of 

the annuli per year and between species, which 

has been determined for species in America 

(Andres et al., 2018). 

 

Interpretation of annuli in pectoral spines to 

determine age in sturgeons was a proven method 

in various species of juveniles and adults in 

different parts of the world (Stevenson and Secor, 

2000). The annual width of annuli in sectioned 

pectoral spines was associated with the highest 

growth of Ship sturgeon > Persian sturgeon > 

Starry sturgeon (Table 1). On the other hand, 

Kalish (2001) confirmed that the estimated age 

structure and growth rates of long longevity and 

slow-growing fish by OTC marking were accurate 

than the analysis of bomb radiocarbon method. In 

this study, it was shown that the application of 

OTC could improve the recognition of the annuli 

for the first and second years.  

 

Further, the presence of numerous vascular 

channels and incorporation of secondary fin 

spines into the posterior lobe of the first spine 

could potentially lead to errors in age 

determination, making the first increment difficult 

to identify (Brennan and Cailliet, 1989). To obtain 

the most precision and accuracy ages, mean 

annular radius measurements should be used 

regularly to identify the first and second annuli. 

There was a general agreement between the 

number of annual growth zones and OTC marks 

that were deposited similar to those reported by 

Rien and Beamesderfer (1994). In addition, 

because of no overlapping between the first and 

second annular radiuses measures in juvenile 

Persian sturgeon, Starry sturgeon, and Ship 

sturgeon, it is a useful criterion for age 

determination and applicable for restocking 

program and stock assessment. Very few studies 

have been conducted using OTC marks on 

sturgeon fish (Rien and Beamesderfer, 1994; 

Crumpton et al., 2012). Crumpton et al. (2012) 

demonstrates similar results of detecting OTC 

marks chemically in fin spines and otoliths of 

shortnose sturgeon, so using pectoral fin spine 

recommend a desirable method for endangered 

species like sturgeon fish. Because of some 

differences seen in the right and left axis pectoral 

fin spines, we suggest choosing the constant axis 

for measuring all fin sections. The dosage of OTC 

injection would not affect survival, as reported by 

Mcfarlane and King (2001). 

 

Transversal sections of pectoral fin spines are the 

clear and reliable way to interpret annual annuli in 

Ship sturgeon, Persian sturgeon, and Starry 

sturgeon, however otoliths were irregularly 

shaped and their annuli were difficult to interpret 

(Stevenson and Secor, 2000). Nevertheless, 

difficulties in reading the fin sections were caused 

by damaged sections, abnormal or compressed 

bands on the anterior fin spine margin of older fish 

(Brennan and Cailliet, 1989; Murie et al., 2009). 

This research suggests that OTC can be detected 

clearly following OTC treatment. This work also 

represents a preliminary step in developing 

protocols for marking the fin spines of juvenile 

Ship, Persian, and Starry sturgeon prior to the 

initiation of a large-scale stocking program that 

utilizes OTC marks as a method of identification.  

 

Using fin spines as the primary method for mark 

detection gives researchers the potential to 

evaluate stock status, habitat use, and life history 

of protected species that benefit from nonlethal 

methods of identification, including these 

sturgeon species in the Caspian Sea. Results also 

indicated that sturgeon fin spine is a uniquely 

powerful tool because it applies a nonlethal 

sampling technique to collect life history 

information that can be used to more effectively 

manage long-lived group of fishes like Caspian 

Sea sturgeon that face several anthropogenic 
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threats. We suggest additional studies should be 

done to determine the efficacy of applying OTC 

marks during the embryonic and larval stages and 

the long-term retention of marks in the fin spines 

of Caspian Sea sturgeon to maximize the 

information on growth rate, movements, and 

maturation in the wild. 

 

CONCLUSIONS 

 

The present study showed that the combination of 

marking of the pectoral fin spine rings with 

growth validated the age estimate in the juveniles 

of Ship, Persian, and Starry sturgeons. This helps 

to analyse the width of the fin spine increments in 

the older mature sturgeons which is essential for 

determination of the growth trajectory and 

demographic variables of fish. It is suggested to 

compare the marks of used technique in this study 

with other techniques such as Calcein and alizarin 

red S (ARS) to evaluate their efficiency. 
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