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In this study, a significant difference was demonstrated between the otolith increments of wild and reared Hedinichthys yar-
kandensis (day, 1877) (P < 0.05). By comparing the width of the first 40 daily increments of otoliths, it was found that the otolith
width of the wild H. yarkandensis was significantly wider than that of the reared H. yarkandensis. The otolith daily increment
width of wild H. yarkandensis tends to increase significantly with age and then decreases slowly, while the otolith daily increment
width of reared H. yarkandensis grows more steadily. This may be related to the different growing conditions of the two groups.
This study investigates the relationship between the early life history of H. yarkandensis and the daily otolith increment and
provides a basis for identifying fish groups and fish life histories through differences in otolith microstructure.

1. Introduction

Hedinichthys yarkandensis (Day, 1877), belonging to the
order Cypriniformes, family Cyprinidae, subfamily Nem-
achilinae, genus Triplophysa, and subgenus Hedinichthys, is
endemic to the Tarim River system in Xinjiang [1]. Hedi-
nichthys yarkandensis (H. yarkandensis) is a dominant
economic fish, mainly found in slow-moving shallow water
habitats [2] and active physiological functions at 6°-7°C,
indicating that this fish is a cold-water fish. The Tarim River
is the longest endorheic river in China and the fifth largest
inland river in the world, with a total length of 1,321 km, and
is a typical seasonal river in arid conditions [3]. It is located
in the northern part of the Tarim Basin in the Xinjiang
Uygur Autonomous Region. It originates in the Tianshan
Mountains and the Karakoram Mountains, runs along the
northern edge of the Taklamakan Desert, through the
southern part of the counties (cities) of Aksu, Shaya, Kucha,
Luntai, Korla, and Yuli, and flows into Lake Taitma along the
end [4]. In recent years, overfishing of this species and
climate change have led to a decline in river flows in the
Tarim River basin, resulting in a dramatic decline in

H. yarkandensis population. Researchers have begun to
study H. yarkandensis and measured the full mitochondrial
DNA sequence of this species [5, 6]. To understand the
genetic status of H. yarkandensis and to protect the normal
reproductive life of the species, the researchers studied the
genetic diversity and population differentiation of the
species [2].

In recent years, researchers have carried out a series of
studies on the otoliths of fish. Some studies have confirmed
that estimating age through otoliths is accurate through the
use of oxygen isotopes [7]. The otoliths have been used to
classify and identify H. yarkandensis by their morphological
characteristics [8]. Due to different growth environments,
the morphology of otoliths in the same species of fish varies.
A study analyzed the differences in otolith morphology of
five Scorpaena species in different sea areas [9]. Research has
analyzed abnormal otolith morphology information of blind
eye sagittal otoliths in different marine Flatfish species
through otolith morphology and characteristics [10]. In
addition, morphological, morphometric, and contour shape
analysis methods were used to compare the sagittal otoliths
of the same sea area and genus of Lepidorhombus
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whiffiagonis and Lepidorhombus boscii, and the differences
between the two were also found [11]. This indicates that
otoliths can exhibit significant specificity under the influence
of fish genetics and living environments. Researchers find
daily increments of otoliths can assess early growth rates in
fish [12]. Microstructural analysis of the otoliths of Stig-
matopora argus and Stigmatopora nigra verifies the initial
occurrence and periodicity of incremental otolith deposition
[13]. The researchers assessed the growth of the larval stage
in detail by daily incremental analysis of otoliths [14-17].
Some studies show that otolith microstructure data can be
used to reveal the impact of the environment on the growth
of young fish, the transfer process between life stages, and
the performance of young survival in specific habitats
[18-20]. No relevant studies have been reported to discern
the early life history of H. yarkandensis by otolith daily
increments.

Otolith microstructure analysis provides important bi-
ological and ecological information on the early life history
of fish. This information is particularly important for
interpreting and predicting the population dynamics of
socioeconomically important fishery species [19]. In this
study, the differences between wild and reared
H. yarkandensis were investigated by observing the width of
daily otolith increments in H. yarkandensis caught in the
Tarim River and reared at the Tarim University Experi-
mental Station. The relationship between the early life
history and daily otolith increments of H. yarkandensis was
investigated to provide a basis for inferring the living en-
vironment of the fish through otolith microstructure.

2. Materials and Methods

2.1. Material Sources. Fifty-six wild H. yarkandensis were
collected in July 2021 in the Tarim River (N 40°30'50.62" E
80°59'6.11") (see Figure 1) using custom-made gillnets
(mesh 4-8 cm) and ground cages (mesh 1 cm). Fifty reared
H. yarkandensis were collected randomly in October 2021 at
the Tarim University Experiment Station. Samples were
collected up to 1lyear of age. A study comparing scales,
bones, and otoliths of H. yarkandensis found otoliths to be
the most reliable structure for measuring their age [21].
Among the three types of otoliths in H. yarkandensis, the
lapilli otoliths are the most structurally stable and more
suitable for age estimation. Samples were collected, and
otoliths were removed and then washed and dried with
anhydrous ethanol.

2.2. Preparation of Otolith Samples and Daily Increment
Counts. A randomly selected subset of left and right otolith
samples (n=50) was used for comparison. There was no
significant difference between the left and right otoliths
(P > 0.05); therefore, the right lapillus otolith was uni-
formly used for analysis. Lapillus otoliths are small in size,
and to prevent damage to their internal microstructure, it is
simpler and clearer to polish them by hand [21-23]. The
lapilli were removed from each specimen and fixed on slides
using a liquid plastic soldering tool (Bondic®). Otoliths were
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polished repeatedly by gently pressing them on 1000 and
1200 grit sandpaper in a circular motion until the origin and
daily whorl of the otolith were clearly visible (see Figure 2).
Otoliths with unclear or unrecognizable otolith origins and
daily whorl outlines due to excessive grinding were not used.
An Olympus CKX41 camera system was used to photograph
each otolith and save them, and then, the first 40 daily otolith
whorls were counted using ImageJ v1.8.0. The otoliths were
measured along the short axis starting at the first increment
of the otolith. The same sample was read twice in duplicate
with an error of no more than 10%, at least 1 month between
readings and a random sample.

2.3. Data Analysis. Data were checked for conformity to
a normal distribution using the Shapiro-Wilk test. Ho-
moscedasticity was checked using Levene’s test. Then,
analysis of variance (ANOVA) was used to test whether
there were differences in the width of daily increments
between wild and reared H. yarkandensis. The daily round
data were processed using SPSS 16.00 software, and plots
were made using Origin 2020 and Adobe Photoshop CS6.

3. Results

There was a significant difference in the width of daily otolith
increments  between  the  reared and = wild
H. yarkandensis(P < 0.05). The width of the daily increment
in reared H. yarkandensis ranged from 2.1 to 9.5 ym, while
that of wild H. yarkandensis ranged from 2.2 to 22.8 ym. The
width of daily increments of wild H. yarkandensis was wider
than that of the reared group. The width of the daily in-
crements in the first 40 days of the age estimations of wild
H. yarkandensis is more variable; however, overall, the width
of the daily increments gradually widens with increasing age,
peaking at 34 days of age and then gradually narrowing. The
width of the daily increments in the first 40 days of the age of
the reared H. yarkandensis is relatively stable (see Figure 3).

4. Discussion

The results of this study show that the daily increment width
of the wild of H. yarkandensis is wider than that of the reared
group, verifying that the difference in the early living en-
vironment of individuals between the two groups can cause
differences in otolith microstructure. The difference in the
living environment is an important reason for this difference
[24, 25]. The temperature of water is an important factor
[26], and research has shown a positive correlation between
otolith growth and fish growth [27]. A warm water envi-
ronment will increase the abundance of bait, which is
conducive to the rapid feeding and growth of fish. At the
same time, the palatability of bait also affects the deposition
of mineral elements on otoliths [28]. The growth and de-
velopment of individual fish can also lead to rapid growth of
otolith microstructures, leading to greater daily widening of
wild populations. This study found that the daily in-
cremental width of otoliths in the wild population showed
a trend of increasing and then decreasing growth. It was
found that a daily growth cycle occurs during the rapid
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FiGure 1: Wild Hedinichthys yarkandensis sampling point.
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F1GURE 2: Otolith microstructure of the (a) reared and (b) wild Hedinichthys yarkandensis (AP: red dot is otolith origins; black dots represent

the daily increase in otoliths).

growth period of fish around 7-8 months [29]. The water
temperature in the Tarim River rises gradually during 7-
8 months after a long period of a high temperature and light.
The breeding period of H. yarkandensis is from the end of
May to late June [30], so the juvenile stage of H. yarkandensis
is during the period of rising water temperature in the Tarim
River, promoting the growth of H. yarkandensis juveniles.
The growth of fish varies greatly with the seasons, with high
feeding and rapid growth of fish, and subsequently otoliths,
at high temperatures, and vice versa [31]. Therefore, the
width of the daily increments in the wild population wid-
ened significantly with the significant increase in temper-
ature, with the width peaking at 34 days of age estimation. It
is presumed that the water temperature on day 34 of age and
the abundance of bait in the water reached the optimum

growth value for H. yarkandensis within 40 days of age. It is
generally accepted that the otolith incremental width de-
creases rapidly towards the edge after reaching a maximum
[32-35]. Perhaps due to temperature and oxygen transport
capacity, the daily increment width in this study began to
decrease after approximately 34 days. Fish have been at-
tributed to an increase in the aerobic standard metabolic rate
and a decrease in appetite at temperatures above optimal.
Therefore, with the increasing temperature in the wild en-
vironment, it may limit the growth of fish [36].

The study illustrated that the daily incremental rate of
otolith deposition may be influenced by fish activity patterns
[37, 38]. The wild H. yarkandensis has the biology of
a benthic organism with a life pattern of periodic migration,
selective spawning, and intense predation [39]. Daily
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F1GURE 3: Overall trend chart of daily incremental width of otoliths
in the first 40 days of reared and wild Hedinichthys yarkandensis
(“7” the error bars on both sides represent each otolith of the

same age).

incremental growth of otoliths in wild H. yarkandensis may
also vary with seasonal factors. Researchers have observed
seasonal changes in the composition of otoliths, which are
usually related to and lagging behind the environmental
temperature cycle [40]. During the growing season with high
temperatures, the amount of otolith elements added is the
highest [41]. Environmental instability in the wild can also
lead to unstable growth rates in the wild H. yarkandensis,
which in turn leads to uneven daily incremental widths. The
reared H. yarkandensis is well-fed and reared in a stable
environment, and as a result, the daily increment width is
narrower and more regular in the farmed population than in
the wild fish [42].

This study demonstrates the difference in daily in-
crement widths between wild and reared H. yarkandensis
populations. This practical and straightforward method can
be used to identify wild and reared fish and provide a da-
tabase for the study of otolith microstructure in fish. It
enriches the basic biological data of H. yarkandensis and
promotes the conservation of germplasm resources of
H. yarkandensis [19].

Data Availability

The data that support the findings of this study are openly
available in 4TU. ResearchData at https://doi.org/10.4121/
9250£19-182b-477f-bb09-94b7c8d84048.

Disclosure

Liwei Xia and Chengxin Wang are the co-first authors.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this article.

Journal of Applied Ichthyology

Authors’ Contributions

Liwei Xia and Chengxin Wang contributed equally to
this study.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China (31360635), the Special Agriculture
and Rural Finance Project (Investigation on Fishery Re-
sources and Environment in Key Waters of Northwest
China), and the Corps Science and Technology Bureau
Project (2017DB003 and 2022DB019).

References

[1] S. Chen, C. Xie, D. Li, N. Yao, H. Ding, and Z. Zhang,
“Length-weight relationships of five Triplophysa species from
the northwest of China,” Journal of Applied Ichthyology,
vol. 33, no. 6, pp- 1234-1236, 2017.

[2] X. Zhou, S. Yi, W. Zhao et al., “Genetic diversity and pop-
ulation differentiation of kashgarian loach (Triplophysa yar-
kandensis) in Xinjiang Tarim River basin,” Biology, vol. 10,
no. 8, p. 734, 2021.

[3] S. A. Chen, J. Hou, N. Yao, C. Xie, and D. Li, “Comparative
transcriptome analysis of Triplophysa yarkandensis in re-
sponse to salinity and alkalinity stress,” Comparative Bio-
chemistry and Physiology Part D: Genomics and Proteomics,
vol. 33, Article ID 100629, 2020.

[4] Y. Guo, R. M. Zhang, and L. G. Cai, Xinjiang Fish Journal,
Xinjiang Science and Technology Press, Urumgqi, China, 2012.

[5] S. A. Chen, C. H. Ma, H. P. Ding, X. J. Zhou, and C. X. Xie,
“The reproductive biology of Triplophysa (Hedinichthys)
yarkandensis (Day) in Tarim river,” Acta Hydrobiologica
Sinica, vol. 37, no. 5, pp. 810-816, 2013.

[6] S. Chen, N. Ya, C. Xie, S. Wang, and D. Ren, “Complete
mitochondrial genome of the Triplophysa (Hedinichthys)
yarkandensis (day),” Mitochondrial DNA Part B, vol. 1, no. 1,
pp. 235-236, 2016.

[7] T. D. Rittweg, C. Trueman, E. Ehrlich, M. Wiedenbeck, and
R. Arlinghaus, “Corroborating otolith age using oxygen
isotopes and comparing outcomes to scale age: consequences
for estimation of growth and reference points in northern pike
(Esox lucius),” Fisheries Management and Ecology, vol. 00,
pp. 1-16, 2023.

[8] X. Wang, D. Chen, Z. Lv et al., “Transcriptomics analysis
provides new insights into the fish antiviral mechanism and
identification of interferon-stimulated genes in grass carp
(Ctenopharyngodon idella),” Molecular Immunology, vol. 148,
pp. 81-90, 2022.

[9] S. Yedier and D. Bostanci, “Morphologic and morphometric
comparisons of sagittal otoliths of five Scorpaena species in
the sea of marmara, mediterranean sea, aegean sea and black
sea,” Cahiers de Biologie Marine, vol. 64, no. 4, pp. 357-369,
2021.

[10] S. Yedier, D. Bostanci, and D. Tirker, “Morphological and
morphometric features of the abnormal and normal saccular
otoliths in flatfishes,” The Anatomical Record, vol. 306, no. 3,
pp. 672-687, 2023.

[11] S. Yedier, S. Kontas Yal¢inkaya, D. Bostanci, and N. Polat,
“Morphologic, morphometric and contour shape variations of
sagittal otoliths of Lepidorhombus spp. in the Aegean Sea,”


https://doi.org/10.4121/f9250f19-182b-477f-bb09-94b7c8d84048
https://doi.org/10.4121/f9250f19-182b-477f-bb09-94b7c8d84048

Journal of Applied Ichthyology

[12

(13]

(14

[15

(16

(17]

[18

(19]

[20

(21]

(22]

(23]

(24]

(25]

Anatomia Histologia Embryologia, vol. 52, no. 2, pp. 279-288,
2023.

S. Sponaugle, “Otolith microstructure reveals ecological and
oceanographic processes important to ecosystem-based
management,” Environmental Biology of Fishes, vol. 89,
no. 3-4, pp. 221-238, 2010.

K. L. Parkinson, D. J. Booth, and J. E. Lee, “Validation of
otolith daily increment formation for two temperate syn-
gnathid fishes: the pipefishes Stigmatopora argus and Stig-
matopora nigra,” Journal of Fish Biology, vol. 80, no. 3,
pp. 698-704, 2012.

Z.Tonkin, A. J. King, and A. I. Robertson, “Validation of daily
increment formation and the effects of different temperatures
and feeding regimes on short-term otolith growth in aus-
tralian smelt Retropinna semoni,” Ecology of Freshwater Fish,
vol. 17, no. 2, pp. 312-317, 2008.

M. Joh, M. Nakaya, N. Yoshida, and T. Takatsu, “Interannual
growth differences and growth-selective survival in larvae and
juveniles of marbled sole Pseudopleuronectes yokohamae,”
Marine Ecology Progress Series, vol. 494, pp. 267-279, 2013.
Y. Song, F. Cheng, S. Zhao, and S. Xie, “Ontogenetic devel-
opment and otolith microstructure in the larval and juvenile
stages of Mandarin fish Siniperca chuatsi,” Ichthyological
Research, vol. 66, no. 1, pp. 57-66, 2019.

W. Gao, M. Nakaya, T. Ishikawa et al., “Validation of otolith
daily increment formation and growth analysis of yellow
goosefish Lophius litulon,” Fisheries Science, vol. 87, no. 4,
pp. 541-548, 2021.

K. Spich and D. P. Fey, “Using otolith microstructure analysis
in studies on the ecology of the early life stages of cod, Gadus
morhua L.: a review,” Fisheries Research, vol. 250, Article ID
106265, 2022.

M. Wilson, S. Sponaugle, and K. Grorud-Colvert, “Testing
assumptions underlying cabezon (Scorpaenichthys marmor-
atus) otolith microstructure analysis using wild-caught ju-
veniles and opportunistic rearing of eggs and larvae,” Journal
of Fish Biology, vol. 102, no. 5, pp. 1088-1095, 2023.

S. L. Clark Barkalow, M. J. Chavez, and S. P. Platania, “Otolith
microstructure analysis elucidates spawning and early life
histories of federally endangered fishes in the San Juan River,”
Ichthyology and Herpetology, vol. 109, no. 3, pp. 860-873,
2021.

X.Y. Wang, S. A. Chen, Y. Song, C. X. Wang, and F. Liu, “Age
and growth of Hedinichthys yarkandensis (day, 1877) in the
hotan river,” Water, vol. 15, no. 16, p. 2948, 2023.

R. J. Wootton, Ecology of Teleost Fishes, Springer Science and
Business Media, Berlin, Germany, 2012.

B. Ma, C. Xie, B. Huo, X. Yang, and P. Li, “Age validation, and
comparison of otolith, vertebra and opercular bone for es-
timating age of Schizothorax o’connoriin the Yarlung Tsangpo
River, Tibet,” Environmental Biology of Fishes, vol. 90, no. 2,
pp. 159-169, 2011.

E. Moksness and P. Fossum, “Distinguishing spring-and
autumn-spawned herring larvae (Clupea harengus L.) by
otolith microstructure,” International Council For The Ex-
ploration Of The Sea Journal of Marine Science, vol. 48, no. 1,
pp. 61-66, 1991.

P. J. Wright, D. Rowe, and J. E. Thorpe, “Daily growth in-
crements in the otoliths of atlantic salmon parr, Salmo salarL.
and the influence of environmental factors on their period-
icity,” Journal of Fish Biology, vol. 39, no. 1, pp. 103-113, 1991.

(26]

(27]

(28]

(29]

(30]

(31]

(32

(33]

[34

(35]

(36]

[37

(38]

(39]

(40]

Z. Zhang and N. W. Runham, “Effects of food ration and
temperature level on the growth of Oreochromis niloticus (L.)
and their otoliths,” Journal of Fish Biology, vol. 40, no. 3,
pp. 341-349, 1992.

S.R. Thorrold and J. A. Hare, “Otolith applications in reef fish
ecology,” In Coral Reef Fishes, Academic Press, pp. 243-264,
Cambridge, MA, USA, 2002.

C. M. Morrison, M. Kunegel-Lion, C. P. Gallagher et al.,
“Decoupling of otolith and somatic growth during anadro-
mous migration in a northern salmonid,” Canadian Journal of
Fisheries and Aquatic Sciences, vol. 76, no. 11, pp. 1940-1953,
2019.

Y. Jia and Y. Chen, “Otolith microstructure of Oxy-
gymnocypris stewartii (cypriniformes, cyprinidae, schizo-
thoracinae) in the lhasa river in tibet, China,” Environmental
Biology of Fishes, vol. 86, no. 1, pp. 45-52, 2009.

L. Zheng and W. Q. Tang, “Age, body growth and re-
productive characteristics of Triplophysa yarkandensis,”
Chinese Journal of Zoology, vol. 45, no. 05, pp. 29-38, 2010.
A. T. Souza, K. Soukalova, V. Déd et al., “Ontogenetic and
interpopulation differences in otolith shape of the european
perch (Perca fluviatilis),” Fisheries Research, vol. 230, Article
ID 105673, 2020.

R. Lecomte-Finiger, “Growth history and age at recruitment
of european glass eels (Anguilla anguilla) as revealed by
otolith microstructure,” Marine Biology, vol. 114, no. 2,
pp. 205-210, 1992.

C. H. Wang and W. N. Tzeng, “Interpretation of geographic
variation in size of american eel Anguilla rostrata elvers on the
atlantic coast of north America using their life history and
otolith ageing,” Marine Ecology Progress Series, vol. 168,
no. 168, pp. 35-43, 1998.

T. Arai, T. Otake, D. Limbong, and K. Tsukamoto, “Early life
history and recruitment of the tropical eel Anguilla bicolor
pacifica, as revealed by otolith microstructure and micro-
chemistry,” Marine Biology, vol. 133, no. 2, pp. 319-326, 1999.
T. Arai, D. Limbong, T. Otake, and K. Tsukamoto, “Meta-
morphosis and inshore migration of tropical eels Anguilla
spp. in the indo-pacific,” Marine Ecology Progress Series,
vol. 182, pp. 283-293, 1999,

R. W. Gauldie, “The morphology and periodic structures of
the otolith of the chinook salmon (Oncorhynchus tshawyt-
scha), and temperature-dependent variation in otolith mi-
croscopic growth increment width,” Acta Zoologica, vol. 72,
no. 3, pp. 159-179, 1991.

F. Jutfelt, T. Norin, E. R. Asheim et al., “Aerobic scope
protection’ reduces ectotherm growth under warming,”
Functional Ecology, vol. 35, no. 7, pp. 1397-1407, 2021.

J. D. Neilson and G. H. Geen, “Otoliths of chinook salmon
(Oncorhynchus tshawytscha): daily growth increments and
factors influencing their production,” Canadian Journal of
Fisheries and Aquatic Sciences, vol. 39, no. 10, pp. 1340-1347,
1982.

S. A. Chen and N. Yao, “Research on biological characteristic
of the Triplophysa (Hedinichthys) yarkandensis (day) in Tarim
River,” Journal of Hydroecology, vol. 1, no. 5, pp. 100-102,
2008.

G. S. Cook, “Changes in otolith microchemistry over a pro-
tracted spawning season influence assignment of natal ori-
gin,” Marine Ecology Progress Series, vol. 423, pp. 197-209,
2011.



[41] K. Hissy, J. Groger, F. Heidemann, H. H. Hinrichsen, and

(42

L. Marohn, “Slave to the rhythm: seasonal signals in otolith
microchemistry reveal age of eastern Baltic cod (Gadus
morhua),” International Council for the Exploration of the Sea
Journal of Marine Science, vol. 73, no. 4, pp. 1019-1032, 2016.
Z. Zhang, R. J. Beamish, and B. E. Riddell, “Differences in
otolith microstructure between hatchery-reared and wild
Chinook salmon (Oncorhynchus tshawytscha),” Canadian
Journal of Fisheries and Aquatic Sciences, vol. 52, no. 2,
pp. 344-352, 1995.

Journal of Applied Ichthyology





