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In order to deeply analyze the individual biological characteristics of unique fish in 
China, lay a solid foundation for the effective protection of its germplasm resources, and 
further enrich and consolidate the basic biological data system of endemic fish in the 
world. According to the ethical norms and fishing licenses, 5 samples of Diptychus 
maculatus and 3 samples of Aspiorhynchus laticeps were collected from the Tarim River 
system in Baicheng County from 2023 to 2024. The morphological characteristics, age 
identification and anatomical observation of the two fishes were analyzed by classical 
biological methods. Both fish belong to Cypriniformes, Cyprinidae, Schizothoracinae. D. 
maculatus has a long body, a conical head, and a lower mouth with a pair of fish whiskers. 
The mouth is slightly blunt and arcuate, and the lateral line is complete. A. laticeps has a 
long, slightly flattened body, a round abdomen, and a large head that is flattened at the 
front. It also has a pair of fish whiskers located at the corners of the mouth. Age 
identification materials: D. maculatus lapillus 6+, asteriscus 6+, vertebra 6+, anal scales 
6+, opercular bone 5+, A. laticeps lapillus 7+, asteriscus 7+, vertebra 7+, anal scales 7+, 
opercular bone 7+. The peritoneal wall of D. maculatus is black or brown the tooth type 
was 3·4-4·3; the external behavior of gill rakers was 8-13; and the internal behavior was 
12-16. A. laticeps pharynx teeth 3 lines, tooth type is 2·3·5-5·3·2; the external behavior of 
gill rakers was 11-13; and the internal behavior was 15-18. D. maculatus and A. laticeps 
are special species distributed in the Tarim River system. Their evolutionary adaptation is 
closely related to the uplift of the Qinghai-Tibet Plateau. This study provides important 
data for better understanding the individual biological characteristics of these two 
endangered fish species and lays the foundation for their germplasm resource 
conservation. 

INTRODUCTION 

The Tarim River system is a crucial water body in China’s 
arid inland region, known for its long history and complex 
ecology.1 As China’s longest inland river, it originates in the 
Tianshan Mountains, flows through the Tarim Basin, and 
eventually empties into the Tarim Salt Lake.2 The unique 
geographical and climatic conditions along the river sup
port distinct biodiversity, particularly in fish resources, 

which are of significant interest for scientific research and 
ecological restoration. The diverse fish populations in the 
Tarim River system reflect the area’s ecological character
istics.3 Among them, Schizothorax is famous for its unique 
biological characteristics and adaptability, and has become 
a hot topic in academic research. Their importance in the 
food chain has led researchers to conduct in-depth discus
sions on the ecological habits, reproductive behavior, and 
adaptability to the water environment of this group.4 
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The Tarim River system has bred a variety of fish species, 
among which the representative species of Schizothoracine 
fishes, Diptychus maculatus and Aspiorhynchus laticeps, have 
attracted wide attention5,6. D.maculatus belongs to Cyprini
formes and Cyprinidae (Institute of Zoology, Chinese Acad
emy of Sciences, 1979).7 It is a flagship species in the Tarim 
River system. It is distributed in alpine cold waters and is 
a rare fish endemic to China.7 Steindachner first recorded 
and described D.maculatus on the basis of specimens col
lected at Upper Source Leh on the Indus River, and named it 
D.maculatus in 1866.8 In recent years, due to the construc
tion of a large number of reservoirs and dams, the breed
ing habitat and migration channels of D.maculatus have 
been severely damaged, resulting in a sharp decline in its 
wild population.9 Due to its endangered status, D. macula
tus has attracted wide attention. In 2021, the D. maculatus 
was listed in the ‘List of National Key Protected Wild Ani
mals (Grade Ⅱ)’.10 According to its ecological characteris
tics, the research of D.maculatus mainly focuses on distrib
ution, external morphology, physiological ecology, artificial 
reproduction and disease control. The A. laticeps also be
longs to the Cyprinidae, and its habits tend to inhabit large 
lakes and slow-flowing waters, which has rich economic 
value.11 The distribution of this fish has been seriously af
fected by human activities, and there are only a few distri
bution points left in the area where it was originally wide
spread.3 The A.laticeps was listed in the ‘List of National 
Key Protected Wild Animals (Grade Ⅰ)’ and was included in 
the ‘China red data book of endangered animals (Fish)’ as 
early as 1988.10,12 

D. maculatus is characterized by its prominent spots on 
the sides of its body, bright colors, and strong adaptability, 
allowing it to thrive in various aquatic environments. It 
plays an important role in natural ecosystems and fishery 
production.8 A. laticeps is widely recognized for its unique 
kiss-shaped mouth and living habits; its flat snout is 
adapted for a specific feeding method, yet its population 
size and distribution are significantly affected by changes in 
the water environment.13 Although these two fish species 
have different biological characteristics, they are both vital 
for the stability and health of the Tarim River ecosystem. 
Studying their ecological habits and adaptation mecha
nisms is of great significance for protecting the fragile 
ecosystem of the Tarim River Basin. Furthermore, protect
ing the habitat of D. maculatus is crucial for maintaining the 
ecological balance of A. laticeps and further promoting the 
protection of regional biodiversity.11,14 Therefore, the com
prehensive study of these two fish species can promote the 
ecological protection of the Tarim River system and help 
to establish a more stable natural habitat and biodiversity 
conservation framework.15 

To deeply analyze the biological characteristics of the 
two endangered fishes, effectively protect the germplasm 
resources of the world’s endemic fishes, and consolidate the 
basic data system of the biology of the world’s endemic 
fishes. This study mainly collected and analyzed the mor
phological characteristics, age and growth characteristics 
of the two rare fish species distributed in the Tarim River 
system from 2023 to 2024, and discussed the adaptive be

havior of these two rare fish species. It is hoped that the 
in-depth study of the two endangered fish species will pro
mote the protection of aquatic biodiversity and ecological 
balance, provide important data and information for the 
development of biology, ecology, and other related disci
plines, and lay the foundation for the conservation of fish 
germplasm resources. 

MATERIALS AND METHODS 

SAMPLE COLLECTION 

In this study, which was approved by the Science and Tech
nology Ethics Committee of Tarim University (approval 
code:2023027). From 2023 to 2024, 5 samples of D. mac
ulatus samples and 3 samples of A. laticeps were collected 
by using gillnets and surface cages (mesh 2a = 20 mm) in 
the Tarim River (81°57’E, 41°92’N) system, China (Figure  
1). Biological determination and gender identification were 
performed on site, and three pairs of otoliths were removed 
and stored in 0.2 mL centrifuge tubes; 4-9 vertebrae and 
anal scale were fixed with 95% ethanol in 2 mL centrifuge 
tubes for use; and other tissues were fixed with 10% forma
lin solution and brought back to the laboratory for further 
treatment. 

METHODS 

Treatment with 5 kinds of age identification materials, em
bedding and fixing of lapillus, sandpaper grinding, polish
ing, acetone dissolution, turning and fixing, continue pol
ishing until the center core is clear; The growth rings were 
observed with xylene drops in asteriscus and photographed 
with SMZ 1270i. The vertebra were boiled in water for 5-10 
min, the connective tissue was removed, and the xylene was 
transparent. The opercular bone was boiled for 1 min, and 
the connective tissue was removed and photographed by 
microscope. The anal scale was washed with warm water 
and the mucous membrane was removed. 

CT scanning was performed on the whole fish (Micro 
CT μ80 microCT instrument). Scanning conditions were as 
follows: voltage (70 kVp), current (114 μA), 360° rotation 
scanning, scanning 180 min, resolution 14 μm, average 
frame 4, Angle gain 0.4°. The skeletal system was recon
structed by pCT Ray v4.0-1. 

DATA PROCESSING AND ANALYSIS 

SPSS 18.0 and ORIGIN 9.0 were used and expressed as Mean 
and standard deviation (Mean ± S.D.). 

RESULTS 

MORPHOLOGICAL CHARACTERISTICS 

D. maculatus is cylindrical anteriorly and slightly flattened 
posteriorly. Head obtusely conical. Anastomosis promi
nent. Mouth inferior, transverse or arcuate; mandibles with 
acute angular margins; right and left lobes of lower lip nar
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Figure 1. Schematic diagram of the sampling sites of        D. maculatus   and  A.laticeps  

Figure 2. D. maculatus   (This picture shows the largest      
captured individual)   

Figure 3. Lateral view and ventral view of head of         D.  
maculatus  

row, with granular surfaces; postlabial sulcus interrupted. 
Whiskers 1 pair, stout, shorter than or equal to eye diame
ter. Eyes equal in size, laterally superior. Pharyngeal teeth 
columnar, apically pointed, hooked. Hypopharyngeal bones 
narrow and long. Thorax and abdomen naked and scale-
free; gluteal scales and lateral line scales larger; lateral 
body scales arranged above and below lateral line in imbri
cate or very sparse. Lateral line complete, laterally median 
(Figure 2 ,  Figure 3 ). Dorsal fin pattern Ⅱ, 8, anal fin pat
tern Ⅱ, 5, pectoral fin pattern Ⅰ, 7~8, ventral fin pattern 
Ⅰ, 7~8; 

Figure 4. A.laticeps  (This picture shows the largest      
captured individual)   

A. laticeps ellipsoidal, slightly oblate. Big head. Kiss flat, 
wedge-shaped ; wide mouth, front; the jaw is in the upper 
collar, and there is no qualitative edge. Must be short, 1 
pair. Eyes small, oval, side upper, close to the snout. The 
hypopharyngeal bone is narrow, 5 ~ 6 times wider than the 
width of the pharynx. The pharynx is columnar, apically 
pointed, and hooked. The gill cake is sparse and short. The 
scale is small, the side line is complete, and the side is 
medium. The distance from the starting point of dorsal fin 
to the rostrum is greater than that from the caudal fin base. 
The anal fin is close to the anus. The starting point of the 
ventral fin is located below or slightly behind the start
ing point of the dorsal fin. Caudal fin forked. Body color 
changes slightly with individual size.Aged individuals over 
900 mm in length have brown spots on both sides of the 
head and each scale. The upper side is thicker and the lower 
side is lighter. The dorsal fin is brown, and the pectoral, 
ventral, anal fins and the lower leaves of the caudal fin are 
bright orange (Figure 4 ,  Figure 5 ). Dorsal fin pattern Ⅲ, 8, 
anal fin pattern Ⅱ, 5, pectoral fin pattern Ⅱ, 7~8, ventral 
fin pattern Ⅰ, 8~9. 
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Figure 5. Lateral view and ventral view of head of         
A.laticeps  

Table 1. Measurable Characters of    D. maculatus   

Measurement 
project 

Mean ± S.D. Range 

TW 
173.69 ± 

221.31 
5.5 - 563.46 

TL 
206.86 ± 

126.66 
88.35 - 
394.46 

BL 
178.13 ± 

113.57 
71.75 - 
346.79 

BD 31.31 ± 20.77 11.81 - 62.07 

BW 17.33 ± 13.79 5.11 - 44.80 

HL 39.15 ± 22.61 17.25 - 73.65 

SL 13.90 ± 8.53 5.51 - 27.49 

ED 5.92 ± 1.78 4.38 - 9.33 

EI 13.06 ± 8.45 5.17 - 28.59 

CPL 25.33 ± 12.83 12.78 - 44.25 

CPH 14.43 ± 9.93 4.83 - 28.61 

Pectoral fin length 24.37 ± 1.39 22.48 - 26.38 

Ventral fin length 20.47 ± 1.41 19.07 - 22.62 

Anal fin length 32.53 ± 2.93 29.12 - 37.02 

QUANTIFIABLE CHARACTER ANALYSIS 

The standard deviations of body height, body width, head 
length, snout length, eye diameter, eye distance, caudal 
stalk length and caudal stalk height were 20.77, 13.79, 
22.61, 8.53, 1.78, 8.45, 12.83 and 9.93, respectively. The 
standard deviation of body mass is 125.19, indicating that 
the size of body mass is different. The standard deviations 
of total length and body length were 61.55 and 67.44, re
spectively, indicating that the population size of D. macula
tus covered a wide range (Table 1 ). The standard deviations 
of body height, body width, head length, snout length, eye 
diameter, eye distance, caudal stalk length and caudal stalk 
height were 5.00, 4.75, 10.02, 2.81, 0.99, 2.43, 5.67 and 0.04, 
respectively. The standard deviation of body mass is 125.19, 
indicating that the size of body mass is different. The stan
dard deviations of total length and body length were 22.72 
and 19.51, respectively, indicating that the population size 
of A. laticeps covered a wide range (Table 2 ). 

From the ratio of measurable traits (Table 3   and  Table  
4), it can be observed that the BL/ED ratio shows the widest 
variation range among the two fish species, while the HL/
CPL and BD/TW ratios exhibit the smallest variation range. 

Table 2. Measurable Characters of    A.laticeps  

Measurement 
project 

Mean ± S.D. Range 

TW 
1036.64 ± 

77.54 
959.1 - 

1114.17 

TL 
514.92 ± 

22.72 
492.2 - 
537.63 

BL 
453.52 ± 

19.51 
434.01 - 
473.02 

BD 70.97 ± 5.00 65.97 - 75.97 

BW 56.54 ± 4.75 51.79 - 61.28 

HL 
125.62 ± 

10.02 
115.6 - 
135.64 

SL 35.42 ± 2.81 32.61 - 38.23 

ED 10.05 ± 0.99 9.06 - 11.04 

EI 25.43 ± 2.43 23.00 - 27.85 

CPL 56.60 ± 5.67 50.93 - 62.27 

CPH 33.29 ± 0.04 33.25 - 33.32 

Pectoral fin length 64.20 ± 4.39 59.81 - 68.58 

Ventral fin length 52.97 ± 3.72 49.25 - 56.68 

Anal fin length 60.63 ± 8.14 52.49 - 68.76 

Table 3. Ratio of measurable characters of      D.  
maculatus  (n=2)  

Trait Ratio Mean±S.D. Range 

BL / BD 5.88 ± 0.46 5.19 - 6.49 

BL / HL 4.37 ± 0.33 3.97 - 4.83 

BL / CPL 6.59 ± 1.00 5.61 - 8.05 

BL / ED 27.49 ± 10.94 15.91 - 44.41 

HL / ED 6.14 ± 2.01 3.82 - 9.20 

HL / CPL 1.50 ± 0.15 1.31 - 1.67 

HL / CPH 3.05 ± 0.59 2.45 - 3.97 

CPL / CPH 2.06 ± 0.47 1.48 - 2.79 

BD / TW 3.10 ± 4.05 1.24 - 12.15 

Body length ranges from 5.19 to 6.49 times the body height, 
3.97 to 4.83 times the head length, and 5.27 to 8.82 times 
the caudal stalk length. The head length varies from 3.82 
to 9.20 times the eye diameter, and the caudal stalk length 
is 1.48 to 2.79 times the caudal stalk height. These obser
vations indicate that D. maculatus has a long body, a slen
der structure, a relatively small head, small eyes located at 
the front of the head, and a slightly rectangular tail stalk.In 
contrast, the BL/ED and HL/ED ratios of A. laticeps display 
significantly greater variation compared to those of D. mac
ulatus. This suggests that A. laticeps possesses a long and 
slightly flattened body, along with a larger head. 

AGE DETERMINATION 

The age of D. maculatus was determined using five age de
termination materials (Figure 6 ), 6+ (a) for lapillus, 6+ (b) 
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Table 4. Ratio of measurable characters of      A.laticeps  
(n=2)  

Trait Ratio Mean±S.D. Range 

BL / BD 6.40 ± 0.18 6.23 - 6.58 

BL / HL 3.62 ± 0.13 3.49 - 3.75 

BL / CPL 8.04 ± 0.46 7.60 - 8.52 

BL / ED 45.29 ± 2.53 42.85 - 47.90 

HL / ED 12.52 ± 0.24 12.29 - 12.76 

HL / CPL 2.22 ± 0.05 2.18 - 2.27 

HL / CPH 3.77 ± 0.30 3.48 - 4.07 

CPL / CPH 1.70 ± 0.17 1.87 - 1.53 

BD / TW 0.07 ± 0.00 0.07 - 0.07 

for asteriscus, 6+ (c) for vertebra, 6+ (d) for anal scale, and 
5+ (e) for opercular bone. 

The age of A. laticeps was determined using five age de
termination materials (Figure 7 ), 7+ (a) for lapillus, 7+ (b) 
for asteriscus, 7+ (c) for vertebra, 7+ (d) for anal scale, and 
7+ (e) for opercular bone. 

ANATOMICAL OBSERVATION 

The anus of D. maculatus is not advanced and the abdom
inal cavity is large, the peritoneal wall is black, and the 
mesangium keeps the organs in a relatively fixed position 
in the body cavity (Figure 8-a ). There are no gnathic teeth, 
oral teeth and free tongue in the mouth, but there are pha
ryngeal teeth in the oropharyngeal cavity, only on the fifth 
branchial arch (pharyngeal bone), columnar, apical, and 

Figure 6. 5 kinds of age identification materials of        D. maculatus   
Note: (a) Lapillus, (b) Asteriscus, (c) Vertebra, (d) Anal scale, (e) Opercular bone 

hooked, powerful teeth with few grains and distinct grains, 
teeth of 3·4 - 4·3; It has two rows of pharyngeal teeth on 
the inside: the first row has the largest four, the second 
row has three smaller ones. Gill harrows are 14 to 19 for 
outsiders and 19 to 24 for insiders (Figure 8-b ,c). Ante
rior chamber (bladder body) 37 mm, posterior chamber 10 
mm (Figure 8-d ). D. maculatus has no stomach, and the in
testine is closely connected with the esophagus and coiled 
in the abdominal cavity. The intestinal recursion area is 
smaller than other parts, so the intestine is divided into 
four parts: anterior intestine, midintestine, posterior intes
tine and rectum. The intestinal length is 205 mm (Figure  
8-e). 

A. laticeps ventral and dorsal scales are small, and the 
body side scales are larger. There is a line of extra-large 
anal fins on both sides of the anus and the gluteal fin base, 
and the gluteal scales are developed (Figure 9-a ). Wide 
mouth, front ; the mandible is longer than the maxilla and 
has no horny margin. The hypopharyngeal teeth are colum
nar, and the apex is sharp and slightly curved. There are 
three rows of pharyngeal teeth, tooth type 2·3·5 ~ 5·3·2, gill 
raker outer row 11 ~ 14, inner row 15 ~ 18 (Figure 9-b ,c).  
The swim bladder in A. laticeps has two chambers, the an
terior chamber is enlarged, and the length of the posterior 
chamber is about 1.6 times that of the anterior chamber 
(Figure 9-d ). The intestine is short, only 1.2 times the body 
length (Figure 9-e ).  
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Figure 7. 5 kinds of age identification materials of        A.laticeps  
Note: (a) Lapillus, (b) Asteriscus, (c) Vertebra, (d) Anal scale, (e) Opercular bone 

Figure 8. Anatomical observation of    D. maculatus   
Note: (a) Viscera, (b) Pharyngeal teeth, (c) Gill harrow, (d) Swim bladder, (e) Gut 

DISCUSSION 

MORPHOLOGICAL STRUCTURE 

The shape characteristics of fish can be divided into three 
categories: morphological traits, countable traits and pro
portional traits.16 We found that the D. maculatus gill har
row was 8~12 for laymen and 12~14 for experts, wich dorsal 
fin pattern Ⅱ, 8, anal fin pattern Ⅱ, 5. Comparing the mor
phological characteristics of D. maculatus from other re
gions, that the D. maculatus from the Ili River gill harrow 
was 16~20 for laymen and 21~27 for experts, wich dorsal 
fin fin form Ⅱ, 8~9, anal fin fin form Ⅱ, 5; D. maculatus 

from the Taxkorgan River gill harrow was 9~13 for laymen 
and 14~16 for experts, wich dorsal fin type Ⅱ, 8~9, anal fin 
type Ⅱ, 5. It can be seen that the differences in the num
ber of fin rakers of D. maculatus in the three rivers were 
not significant (P>0.05),8 but the number of gill rakers of D. 
maculatus in the Ili River was much larger than that in the 
Tarim River, and the number of gill rakers of D. maculatus 
in the Taxkorgan River did not differ much from that of the 
present study.17,18 Some researchers have investigated in
traspecific variation in the morphological traits of Galaxias 
brevipinnis, G. gollumoides, and G. vulgaris across different 
hydrological environments, distinguishing between rapid-
flowing and slow-flowing habitats.19 Additionally, they 
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Figure 9. Anatomical observation of    A.laticeps  
Note: (a) Viscera, (b) Pharyngeal teeth, (c) Gill harrow, (d) Swim bladder, (e) Gut 

compared intraspecific morphological differences between 
Bryconops caudomaculatus and Biotodoma wavrini in two 
Neotropical habitats: a river and a lagoon (p < 0.05).20 

These findings suggest that the differentiation of morpho
logical traits in fish is closely associated with the envi
ronmental conditions in which they live.21 Geographically, 
the Ili River originates in the western part of the northern 
slopes of the Tianshan Mountains and eventually flows into 
Lake Balkhash22; the Taxkorgan River originates in the 
Karakorum Mountains and is a major tributary of the mid
dle and upper reaches of the Yarkand River in the Tarim 
River system.23 Therefore, the morphological characteris
tics of D. maculatus from the Taxkorgan River did not differ 
much from the present study (P > 0.5), whereas those of D. 
maculatus from the Ili River were more different from the 
present study (P < 0.5).24 

Compared with most fish, the most significant feature of 
A.laticeps is the significant enlargement of its head, com
monly known as ’ bighead ', which not only gives it a dis
tinctive appearance, but also reveals its unique evolution
ary path to adapt to the aquatic environment.25 In contrast, 
many common fish, such as Cyprinus carpio (Cyprinus car
pio),26,27 have round heads and do not exhibit the distinc
tive head features of A.laticeps. The shape of A.laticeps is 
slender, the back is slightly protuberant and the abdomen 
is flat. In addition, the fine and neatly arranged scales are 
shining with silvery white luster, which together constitute 
its streamlined shape, effectively reducing water resistance 
and improving swimming efficiency. This is in stark con
trast to the wider and flat fish such as Perca fluviatilis 
(perch).28 Although the latter has its own unique way of 
swimming, A.laticeps is better in reducing water resistance. 
The snout of A.laticeps is flat and broad, which enhances 
the perception ability and improves the predation accuracy. 
Compared with predators such as Serrasalminae known for 
their sharp snout, A.laticeps shows a better predation strat
egy.29 In addition, the A.laticeps fins, especially the caudal 

fin, are broad and powerful, providing them with excellent 
swimming and the ability to evade predators, which is sim
ilar to many fish that rely on speed and agility to survive, 
such as Thunnus, but there are still significant differences 
in specific morphology and adaptive strategies.30 Further
more, the characteristics of A.laticeps body color changing 
with the environment are also rare in fish. This protective 
color mechanism enables it to be effectively concealed in 
different water environments and reduce the risk of preda
tion, which echoes the strategy of some coral reef fish to 
integrate into the surrounding environment by camouflage, 
but the adaptability of A.laticeps is more extensive and flex
ible (Ahi et al., 2020; Donohue et al.31). 

AGE 

Age is not only the basic parameter of fish growth, repro
duction and population structure, but also an important re
search content of fishery ecology.32,33 Accurate age data of 
fish are helpful to evaluate population resources and ana
lyze population dynamics. In this study, the age structure 
of D. maculatus ranged from 2 to 8 years old, and the domi
nant ages were 6 years old. The age of A. laticeps is 5-8 years 
old, and the dominant age is 7 years old. Five age-identified 
materials showed differences in age, with otolith identifica
tion being the most accurate, followed by vertebrae, scales, 
and opercular bones. In many comparative studies of age-
identified fish, otolith readings were found to be more ac
curate than other age-identified materials. Ma34 found that 
otoliths were the most suitable age material for age identi
fication in three age materials (otoliths, vertebrae, and op
ercular bones) for Schizothorax o’connori and Racoma wal
toni, respectively, and Huo35 found that otoliths were better 
than vertebrae for age identification in the age materials 
of Oxygymnocypris stewartii, and that otoliths were also the 
best age material for the age identification of Gadus morhua 
and Triplophysa rosa.32,33 Moreover, otoliths are also the 
best age material for Schizothorax pseudaksaiensis, Gymno
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cypris selincuoensis, Schizopygopsis malacanthus, and Gym
nocypris przewalskii. The reasons for this are that the ver
tebrae is not easy to determine age because the vertebrae 
is thickened at the base of the vertebrae and the central 
whorl is not easy to identify; the scales are prone to wear 
and tear or stagnation with age, which usually underesti
mates the age of older and slower-growing individuals, and 
is only suitable for ageing younger, faster-growing fishes.36 

FEEDING 

During the feeding process of fish, the morphology and 
structure of feeding organs are closely related to the ac
quisition and processing of food, in which the first contact 
with food is the mouth, lips and other external feeding or
gans.37,38 The size of the mouth slit determines the range 
of food volume that can be utilized by the fish, and directly 
affects the bite force. The hypopharyngeal tooth type of 
D. maculatus was conical, which suggests that D. maculatus 
has increased the variety of food taken and the degree of 
omnivory in order to adapt to the colder environment. Nu
merous studies have found that the intestinal tract of phy
tophagous fishes is generally narrower and longer, curved 
and coiled in the abdominal cavity, so that food rich in 
plant fibers can be fully digested and absorbed by pro
longing the retention time of the food in the intestinal 
tract, whereas carnivorous fishes, whose ingested food has 
a higher content of protein and fat, is easier to be digested 
and absorbed, and thus has a shorter intestinal tract. In the 
present study, D. maculatus had no stomach and a long in
testine, consistent with its omnivorous diet.39‑41 

A.laticeps has a slender body, a micro-bulge on the back, 
and a flat abdomen. Its streamlined appearance reduces wa
ter resistance and improves swimming efficiency, which is 
crucial for long-term foraging in water.42 The silvery white 
scales form a subtle reflection in the water, which helps 
A.laticeps to remain hidden in the underwater environment 
and thus more effectively approach the prey.43 The flat and 
broad characteristics of the snout are particularly signifi
cant, which enhances the perception ability of A.laticeps, 
enables it to locate the food source in the water more ac
curately, and also facilitates its predation.44 A.laticeps uses 
its broad snout to search for benthic organisms, small fish 
or aquatic insects in the sediment, showing its unique for
aging strategy. The powerful caudal fin also plays an im
portant role in the predation process, helping A.laticeps 
quickly adjust its direction or accelerate the pursuit of prey. 
These unique structures make A.laticeps efficient foraging 
strategies in specific ecological environments.45,46 

CONSERVATION STATUS 

According to genetic studies, D. maculatus may have mi
grated from central China to the Xinjiang region. This fish 
is mostly found in the upper reaches of rivers at high alti
tudes, and is a cold-water fish that prefers to inhabit rivers 
below 20°C. Due to the high requirements of the living en
vironment and the increase of pollution from human activ
ities in recent years, the population of D. maculatus has de
clined, and in 2021 the D. maculatus was listed in the ‘List 

of National Key Protected Wild Animals (Grade Ⅱ)’. There
fore, it is extremely important to strengthen the research 
on its ecological habits and reproduction patterns to pro
vide a basis for its protection, management and sustainable 
utilization.47,48 

As a unique rare aquatic wild animal in Xinjiang, the 
protection status of A.laticeps has attracted much atten
tion. Due to the limitations of its own biological charac
teristics, such as mature age, low fecundity, and the in
terference of environmental changes and human activities, 
A.laticeps was once on the verge of extinction. Since the 
1980s, A.laticeps has been listed as a first-class protected 
animal in China and included in the ’ Redbook of Endan
gered Wildlife ’ and the ’ National Key Protected Wildlife 
List of China.49‑51 In recent years, in order to protect A.lat
iceps, a number of measures have been taken in Xinjiang, 
including the establishment of aquatic wildlife rescue cen
ters and protection bases, artificial breeding and prolifer
ation.52 The scientific research team successfully hatched 
and cultivated a large number of healthy fry by selecting 
mature gonadal broodstock and implementing artificial 
spawning. At the same time, the proliferation and release 
activities have also achieved remarkable results. A.laticeps 
has re-formed its population in waters such as Bosten Lake, 
and the population has recovered. However, the protection 
of A.laticeps still faces many challenges, such as the con
tinuous change of ecological environment and the invasion 
of alien species.53 Therefore, it is necessary to continue 
to increase protection, strengthen scientific research, and 
explore more effective protection methods and technolo
gies.54‑56 

The study results showed that the morphological fea
tures and age structure of fishes are closely related to their 
living environment. Regarding morphological features, D. 
maculatus and A. laticeps demonstrate unique adaptations. 
These features include the number of gill rakers, body size, 
and changes in body color, which are strategies developed 
by fish to adapt to different ecological environments. Re
garding the age structure, otoliths are the most accurate 
material for identifying the age of fishes due to their resis
tance to abrasion and clear annual rings. The study of feed
ing organs shows that the size of the mouth slit, the type of 
pharyngeal teeth, and the structure of the digestive system 
are all closely related to the food acquisition and process
ing ability of fishes. 

In terms of conservation biology, both D. maculatus and 
A. laticeps are facing the challenges of ecological changes, 
including pollution and invasive alien species. Population 
recovery and ecosystem stabilization of these endangered 
species can be facilitated by strengthening scientific re
search and developing effective conservation strategies. 
This is important for the conservation of biodiversity and 
the sustainable use of ecosystems. 
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