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To protect the germplasm resources of Gymnodiptychus dybowskii (Kessler, 1874), a
species endemic to Xinjiang, the key stages of embryonic development of G. dybowskii
were studied. From May to July 2021, the artificial breeding of G. dybowskii was carried
out at the fish breeding station of the Kenswart Water Conservancy Project. The embryos
and early larvae were obtained using temperature promotion, water stimulation,
hormone induction, and dry insemination techniques. their development process was
observed, and morphological characteristics of each developmental stage were recorded.
The results showed that the mature oocyte was round, heavy, and light yellow, with an
egg diameter of (2.32 # 0.21) mm. The fertilized egg was slightly viscous, and the
viscosity disappeared after water absorption. Under the temperature of 15.6-17.7 °C
(16.23 £ 0.52) °C, the embryonic development of G. dybowskii lasted for 142 h and 33 min
and went through 7 stages of fertilization, cleavage, blastula, gastrula, neurula embryo,
organ formation, and membrane hatching, with a total of 26 periods. The membrane
broke after 2376.724 °C-h. The embryonic development of G. dybowskii follows the rule of
freshwater bony fish, but it differs from other Schizothorax species in the muscular effect
period and membrane emergence mode. In addition, differences in hatching water
temperature among different geographic populations lead to differences in embryo
development duration and accumulated temperature, which further proves that G.
dybowskii is highly adaptive to the ecological environment of its habitat water, and these
characteristics together constitute its survival and reproduction strategy in the natural
environment. In this study, through the artificial breeding experiment of G. dybowskii,
the characteristics of its embryonic development were explored, which laid the
foundation for the cultivation of unique fish seedlings, enriched the early life history data
of G. dybowskii, and further provided basic data for its resource protection.

factors, the population resources of G. dybowskii and other
Indigenous fish are increasingly depleted, and the popula-

INTRODUCTION

Gymnodiptychus dybowskii (Kessler, 1874), belonging to
Cypriniformes, Cyprinidae, Schizothoracids, Gymnodipty-
chus Herzenstein,! is a typical rare and unique cold-water
fish in China, widely distributed in the Ili River in Xinjiang,
and in the north slope of Tianshan Mountains.23 In 2004,
2019, and 2022, it was listed as the Xinjiang Uygur Au-
tonomous Region’s Level I key protection aquatic wildlife.*

In recent years, studies on G. dybowskii have focused
on genetic diversity,>¢ individual biology, 7 population
distribution!011 and phylogeny.!%:13 Related scholarsl4-16
studied the embryonic development of G. dybowskii in the
Kaidu River and Ili River of Xinjiang. Due to the aggravation
of overfishing, water conservancy construction, and other

tion is extremely scarce.l7 Since G. dybowskii is distributed
in different basins, there may be great heterogeneity and
obvious evolutionary characteristics. Therefore, it is urgent
to carry out relevant studies on germplasm conservation,
proliferation, and breeding of G. dybowskii, especially on ar-
tificial breeding of different geographical populations, to
provide technical support for the large-scale production of
fish larvae. It is of great significance for the conservation
and cultivation of this rare fish. By observing and study-
ing the embryonic development of G. dybowskii in Manas
River and comparing it with other fishes of Schizothoraci-
nae, this study aims to find out the typical characteristics
of its embryonic development at various stages, strengthen
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Table 1. Parental information of Gymnodiptychus
dybowskii

Sex Sample Body Body
number length/mm weight/g
Femnale 6 25312+ 210.00 +
14.87 14.14
253.12+ 210.00 +
Male 4 14.87 14.14

the conservation strategies and breeding and release prac-
tices of this unique indigenous species in the Manas River,
and ensure the sustainable utilization of resources of this
rare species and the maintenance of ecological balance.

MATERIALS AND METHODS

SAMPLE COLLECTION

From May to July 2021, the parents of G. dybowskii with
strong physique and no body surface injuries will be se-
lected for artificial breeding at the fish breeding station
of Kenswart Water Conservancy Project in Manas River,
Xinjiang. According to Wang!® and Wu et al.,3 male sec-
ondary sex characteristics were obvious, the head and male
fin “beads” were obvious, and the reproductive pores were
slightly protruding. The abdomen of the female fish is en-
larged, soft, and elastic, and the reproductive pores are red
and prominent. The parental information of G. dybowskii is
shown in Table 1.

ARTIFICIAL INSEMINATION AND INCUBATION

Dry insemination was carried out with a male-to-female ra-
tio of 1:2 ~3 when the parents of G. dybowskii were ma-
ture. After complete insemination, the fertilized eggs were
rinsed with water for 10 ~ 20 min until the egg membrane
absorbed water and expanded, and hatching began. The wa-
ter temperature was kept above 8.00 mg/L, and it was 15.6
~17.7°C (16.23 * 0.52) °C.

The incubation facility is a self-made 0.40 m x 0.30 m x
0.10 m incubator frame, sewn with 40-mesh screen silk and
placed in a 4.00 m x 0.80 m x 0.50 m flume. The fertilized
eggs are laid on the screen in the hatching box with a den-
sity of 2 ~ 4 grains /cm2, and they are stirred gently once
a day for 5 ~ 6 h to maintain sufficient dissolved oxygen
and prevent accumulation and death. Dead eggs are picked
and removed twice in the morning and evening to prevent
mildew.

ARTIFICIAL INSEMINATION AND INCUBATION

During embryonic development, 10-15 fertilized eggs were
randomly selected with a straw every 1 h and placed in
a petri dish with water for incubation. The eggs were ob-
served under an anatomical microscope (SMZ-140 N2GG,
MOTIC, Xiamen) and a camera (PowerShot A3000 IS,
Canon, Xiamen). The sequence of embryo development and
morphological changes at each stage were recorded. It was

Israeli Journal of Aquaculture - Bamidgeh

observed every 20-30 min before the blastocyst stage and
every 1 h during the organ differentiation stage, and more
than 50% of the observed individuals showed new features
as the criteria for dividing developmental periods.1%20

DATA ANALYSIS

Photoshop CS6 for image processing. Estimation of effec-
tive accumulated temperature at each stage of embryonic
development?21:
K =NT

Where K is the accumulated temperature (°C-h), N is the
time required for development to a certain stage (h), and T
is the average water temperature (°C) at the development
stage. SPSS 18.0 and ORIGIN 9.0 were used and expressed
as Mean and standard deviation (Mean #* S.D.).

RESULTS

The embryonic development process of G. dybowskii was di-
vided into 7 stages, namely fertilization, cleavage, blastula,
gastrula, neurula embryo, organ formation, and membrane
hatching, with a total of 26 periods (Table 2).

MORPHOLOGICAL CHARACTERISTICS OF MATURE EGGS

The eggs of G. dybowskii were heavy, large, round, yellow-
ish, with an egg diameter of (2.32 * 0.21) mm (Figure 1-1).
They are slightly viscous and swell when exposed to water.
After fertilization, the viscosity of the egg was enhanced,
and the viscosity was gradually weakened and the eggs dis-
persed. At about 0.71 h after fertilization, the height of the
polar eminence of the blastoderm animal was about 1/4 of

the yolk (Figure 1-2).
CLEAVAGE STAGE

At about 1.14 h after fertilization, a division groove ap-
peared in the raised blastoderm, and two similar cells di-
vided, that is, the 2-cell period (Figure 1-3). Embryo de-
velopment is accelerated, and another division groove
perpendicular to the first division groove appears, dividing
cells into balls, that is, the 4-cell period (Figure 1-4). Then,
the two divisions divide in parallel once, forming 2 columns
of 4 in each column, an 8-cell period (Figure 1-5). Continue
to divide, the cell size is uneven and irregular arrangement,
that is, 16-cell period (Figure 1-6). At the 32-cell period,
the individual differences of the mitotic bulb became larger
(Figure 1-7). During the 64-cell period, the 6th division,
the division time was different, and the spatial distribution
and shape characteristics of blastomes were different (Fig-
ure 1-8). The division continues, with increased mitotic
balls and elevated accumulation above the yolk, resulting in
a Multi-cell period (Figure 1-9).

BLASTULA STAGE

About 10-15 h after fertilization, the cells continue to di-
vide, the number increases, and the blastoderm eminence
is obvious, which is the early blastula period (Figure 1-10).
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Table 2. Embryonic development of Gymnodiptychus dybowskii
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Developmental Time after Time Figure
P Brief characteristics fertilization duration su
stage ordinal
/h /h
Fertilized egg Pale yellow, round, transparent, sedate eggs 0 0 F_[glu
Blastoderm X
formation Animal extremes form a raised blastodisk 0.71 0.71 Eigure
. 1-2
period
2-cell period There is a longitudinal fissure at the top of the blastocyst, and 2 114 0.43 Figure
cells are separated 13
4-cell period Four cells of similar size 3.01 1.87 ';—I_gﬂ
8-cell period Eight cells of similar size 3.6 0.59 I;[Sure
16-cell period 16 similar-sized, shrunken cells 5.06 1.46 E""l:éw‘e
32-cell period The cells were divided into 32 irregular cells 5.83 0.77 i—'_g;'ﬁ
64-cell period The cells were divided into 64 irregular cells 8.33 2.5 ';—I_gﬂ
Mu!tl—cell The cells continue to divide and the clumps swell 10.12 1.79 Eigure
period 1-9
Early blastula Blastocyst protrusion concentrated into a "high hat" shape, the 13.64 352 Figure
period number of cells increased sharply, the boundary is not obvious ) : 1-10
Mlq-blastula Protruding is obvious, the size of both sides is basically equal 18.45 481 Eigure
period 1-11
Late-blastula The blastocyst spreads along the surface of the egg toward the Figure
N 19.28 0.83
period plant pole 1-12
Early gastrula 1/3 of the hypoderm is enclosed, and a ring of the embryo Figure
. X 27.25 7.97
period appears, enclosing part of the yolk 1-13
Mid-gastrula Figure
period The hypoderm encloses 1/2 and the blastocyst appears 32.18 4.93 114
Late-gastrula The germ layer encloses most of the yolk and the embryo shield Figure
N 42.85 10.67
period elongates 1-1
Neurula The embryo body clings to the yolk sac and the front end expands 4753 4.68 Figure
embryo period to form a brain bubble ’ : 1-16
Blas.topore' The hypoderm is enclosed and the blastocyst is closed 50.13 2.6 Eigure
closing perio 1-17
Metameres Multiple pairs of distinct sarcomere 56.52 6.39 Elpure
appearance 1-18
Eve sac Both sides of the head oval depression, clear eye sac 68.20 11.68 Eigure
formation 1-19
Caudal bud The posterior end of the embryo body elongates and the yolk sac 76.67 847 Figure
appearance shrinks to form the tail bud ’ : 1-20
Muscular The tail bud of the embryo body becomes longer, and the back 81.17 45 Figure
effect and tail begin to transmit muscle movements irregularly ) ) 1-21
Lens Visible to the eyes, the embryonic body twisted frequently, and Figure
82.53 1.36
appearance the movement mode was whole body movement 1-22
Otoliths There are two granulosa in the two lateral auricular sacs of Figure
- 83.70 1.17
formation embryo body 1-2
. The heart beats from weak to strong, and the tail stalk becomes Figure
Heart beating longer and can reach the head 88.73 >.03 1-24
Hatching T'he embryo body comes out of the membrane and moves 106.70 17.97 Figure
violently 1-25
Newly hatched The whole body of yolk sac larva is transparent 142.55 35.85 Elgure
larvae 1-26
The height of the blastocyst decreases, which is the mid-
blastula period (Figure 1-11). As the blastocyst expands to
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Figure 1. Embryonic development of Gymnodiptychus dybowskii

1. Fertilized egg; 2. Blastodisc formation period; 3. 2-cell period; 4. 4-cell period; 5. 8-cell period; 6. 16-cell period; 7. 32-cell period; 8. 64-cell period; 9. Multi-cell period; 10. Early
blastula period; 11. Mid-blastula period; 12. Late-blastula period; 13. Early gastrula period; 14. Mid-gastrula period; 15. Late-gastrula period; 16. Neurula embryo period; 17. Blasto-
pore closing period; 18. Metameres appearance; 19. Eye sac formation; 20. Caudal bud appearance; 21. Muscular effect; 22. Lens appearance; 23. Otoliths formation; 24. Heart beat-

ing; 25. Hatching; 26. Newly hatched larvae

the edge, the blastoderm shrinks and appears as a “cap”
over the yolk sac, i.e., the late-blastula period (Figure
1-12).

GASTRULA STAGE

About 20 to 30 h after fertilization, the blastocyst cells
are wrapped to the bottom of the plant to 1/3 of the yolk
height, and the cell edge is curled into a blastocyst ring,
which is the early gastrula period (Figure 1-13). Cells on
one side of the ring rise to form a blastoshield, the mid-
gastrula period (Figure 1-14). The front end of the blas-
toderm expands and further extends to form a larger yolk
plug, which is the late-gastrula period (Figure 1-15).

NEURULA EMBRYO STAGE

About 35-48 h after fertilization, the subderm is covered
with yolk 5/6, the plant has very little yolk, the “horseshoe”
brain vesicle is formed, and the whole embryo body lies on
the yolk sac, which is the neurula embryo period (Figure
1-16). Egg vyolk is enclosed under the germ layer, and the
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blastopore is closed, which is the blastopore closing period
(Figure 1-17).

ORGAN FORMATION STAGE

About 56.52 h after fertilization, 2 ~ 4 pairs of body seg-
ments were observed in the middle of the embryo body,
which gradually increased, that is, the metameres appear-
ance period (Figure 1-18). At 68.20 h, the length of the em-
bryo body was extended with the increase of myotome, and
the outline of the eye sac was formed, that is, the eye sac
formation period (Figure 1-19). 76.67 h, the yolk sphere
was depressed, the tail separated from the yolk sphere, and
entered the caudal bud appearance period (Figure 1-20).
At 81.17 h, irregular contractions of the back myotome and
tail swaying occurred at a frequency of about 7-9 times /min
and then gradually accelerated, that is, the muscular ef-
fect period (Figure 1-21). At 82.53 h, the eyes were visible,
the embryonic body twisted frequently, and the movement
mode was whole body movement, which was transferred
from the head to the tail, that is, the lens appearance period
(Figure 1-22). At 83.70 h, a pair of “stone” -like particles
appeared in the ear sac of the embryonic body, which was
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the otoliths formation period (Figure 1-23). At 88.73 h,
there were ventricular vacuoles at the head of the embryo
body and yolk sac, with heart beating and transparent
blood, that is, the heart beating period (Figure 1-24).

MEMBRANE HATCHING STAGE

About 106.70 h after fertilization, the larval fish exhaled
the membrane and entered the hatching period (Figure
1-25). Before the emergence of the membrane, the em-
bryonic body rolls or rotates faster and impinges on the
egg membrane. The egg membrane becomes soft and thin,
breaks near the tail, free into the water and swings, then
twists violently, the break becomes larger, and the embry-
onic body completely emerges from the membrane (Figure
1-26). The newly emerging membranous larva is light yel-
low, with distinct body segments and no body pigment for-
mation. The yolk sac is spherical at the front and club-like
at the back, close to the abdomen of the larvae. The hemo-
globin on yolk was visible to the naked eye, but the pigment
of eyeball, body pigment, pectoral fin and gill were not. Lar-
vae lie on the bottom side for most of the time, and move
up or up intermittently.

According to morphological characteristics, the embry-
onic development process of G. dybowskii can be divided
into 7 stages: fertilization, cleavage, blastula, gastrula,
neurula embryo, organ formation and membrane hatching,
with a total of 26 periods. When the water temperature was
15.6 ~ 17.7°C, the period from fertilized egg to hatching
lasted 142.55 h, and the accumulated temperature was
2376.72 °C-h. The cleavage period lasted 9.41 h, and the ac-
cumulated temperature was 150.92 °C-h. The blastula pe-
riod lasted 9.16 h, and the accumulated temperature was
143.90 °C-h. The gastrula period lasted 23.57 hours and the
accumulated temperature was 375.74 °C-h. The duration of
neurula embryo period was 7.28 h, and the accumulated
temperature was 116.73 °C-h. The duration of organ differ-
entiation was 38.6 h, and the accumulated temperature was
636.02 °C-h.

DISCUSSION

SIMILARITIES AND DIFFERENCES IN EGG CELL COLOR
WITH OTHER SPECIES

Schizothoracinae generally inhabit plateau waters, and are
commonly found in the slow flow of wide valley channels
or the rapids of canyon channels,22 and have strong adapt-
ability to extreme plateau environments in terms of mor-
phology and ecology. In this study, the eggs of G. dybowskii
were observed to be yellowish in color, similar to those of
S. pseudaksaiensis,23 S. wangchiachii,* S. prenantil> and S.
davidi25; Like Schizothorax species, Triplophysa is a genus of
Cypriniformes that live at high altitudes. The egg color of T.
yarkandensis,26 T. angeli2” and T. leekeri28 were light yellow.
This common trait may be the result of evolutionary adap-
tations to clear water and specific light conditions on the
plateau, helping to protect fertilized eggs from predators
while allowing embryos to develop normally in extreme en-
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vironments. It can be seen that the color of fertilized eggs
of fish, as a part of evolution, reflects the adaptability of
species to the environment, and this evolutionary trend re-
flects the adaptability of the evolutionary characteristics of
fertilized eggs of cypriniformes fishes in different ecolog-
ical niches, thus ensuring the continuity of species in the
extreme environment of the plateau.

Changes in the fish’s living environment and food com-
position lead to changes in egg color.2? The color of fertil-
ized eggs of G. dybowskii from Manas River (faint yellow),
Kaidu River (orange or light yellow)!4 and Kunes River
(bright yellow)!>16 was compared, and it was found that
the color of eggs produced by the parents of three different
geographical populations was different. Wild G. dybowskii
captured in Kaidu River was directly artificially inseminated
and observed, while the parent fish were transferred to
the breeding station for domestication and artificial oxy-
tocin in Kunes River. Related scholars39-33 also found in the
study of embryonic development of S. biddulphi and Aspi-
orhynchus laticeps, that the change of egg color was affected
by living environment and food.

SIMILARITIES AND DIFFERENCES IN EMBRYONIC
DEVELOPMENT WITH OTHER SPECIES

Fish embryo development is not only an important research
topic in animal genetics and developmental biology, but
also a key link in aquatic breeding.34 The embryonic devel-
opment of G. dybowskii went through the stages of blasto-
derm formation, cleavage, blastula, gastrula, neurula em-
bryo, organ formation and membrane hatching, which
followed the law of embryonic development of freshwater
bony fish.35 During the development of G. dybowskii, the
muscular effect period appeared before the lens appearance
period, which was opposite to that of S. irregularis,3¢ S.
eurystomus,3” and S. dolichonema.38 Moreover, in the late
stage of embryonic development, the membrane emerges
first from the tail of G. dybowskii, which is similar to D.
maculates3® and S. pseudaksaiensis.23 However, S. prenantil>
and S. davidi25 did not show similar characteristics in film
release mode, which is related to different fish species.40

EFFECT OF WATER TEMPERATURE ON EMBRYONIC
DEVELOPMENT

Temperature is one of the key factors affecting fish repro-
duction. Too low water temperature prolongates the incu-
bation period, which affects the hatching rate, and too high
water temperature increases the malformation rate.41-44
Compared with the Manas River, Kaidu River!4 and Kunes
River,!>16 the development time of G. dybowskii was similar
in Manas River and Kunes River, while the development
time of G. dybowskii was longer (240 h 49 min) in Kaidu
River. The key stages and developmental characteristics of
the blastoderm of the three geographic populations are
similar, but the developmental duration and accumulated
temperature are different, which may be caused by different
hatching water temperatures. The artificial incubation wa-
ter temperature of G. dybowskii in Kunes River was high,
which was always maintained at 12-15°C, lower than the in-
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cubation water temperature in this study, while the lowest
incubation water temperature of G. dybowskii in Kaidu River
was 9-13°C, resulting in differences in the embryonic de-
velopment time and development stage at membrane emer-
gence of different geographical populations.

Schizothoracinae is a cold-water fish inhabiting high al-
titude and low temperature water environment, and its
breeding water temperature is relatively low.[@350835;3¢:
57,3945 Compared with the embryonic development of other
Schizothoracinae, such as A. laticeps,3! Diptychus macu-
lates,3 S. biddulphi,> S. irregularis,¢ and S. eurystomus,3’
it can be seen that the incubation temperature of the em-
bryos does not exceed 22 °C. This is because their habitat
determines their reproduction and development and the
water temperature is relatively low. Low temperature can
delay embryonic development of fish eggs, reduce energy
consumption, effectively resist strong changes in external
temperature, and thus improve the survival rate of em-
bryos.46

In this study, there was no significantly different be-
tween the embryonic development water temperature of G.
dybowskii (16.23%0.52°C) and that of A. laticeps (16.27£0.41
°C),29 but it was lower than that required for the develop-
ment of S. biddulphi (19 ~ 19.2 °C) and S. pseudaksaiensis (19
~ 21 °C).2345 This is because G. dybowskii mainly distrib-
uted in the three tributaries of the upper reaches of the Ili
River, and S. pseudaksaiensis lived in the middle and lower
reaches of the basin.” Although S. biddulphi is located in
the middle and upper reaches of the Tarim River basin,*8
this may be due to the fact that the average water temper-
ature in the Tarim River basin is higher than that in the
Ili River.1:49-51 It can be seen that the characteristic differ-
ences of fish embryo development are closely related to the
ecological environment of the water they inhabit, and these
characteristics are also a manifestation of their adaptation
to the ecological environment of the water.
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