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Abstract Chinese giant salamander (Andrias davidianus) is salamander germplasm resource that only distributed in China. It is the material

basis of the evolution principle research, genetic research and artificial breeding. Since the 1990s, overharvesting, water pollution and habitat

changes have seriously destroyed the germplasm resources of A. davidianus, their population density has decreased since then. Strengthening

the protection and rational utilization of A. davidianus germplasm resources are key factors in impacting the healthy, stable and sustainable de-

velopment of A. davidianus industry. Under the above background, we discussed the current problems with the protection for A. davidianus

germplasm resources, put forward suggestions for the conservation of A. davidianus germplasm resources. It is expected to provide a reference

to effective protection for A. davidianus germplasm resources, and provide a scientific foundation for further studies, so as to promote the high-

quality development of related industry.
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1 Introduction

Chinese giant salamander (Andrias davidianus) is the largest
extant amphibian in the world. It is widely distributed in China
historically, while has been classified as endangered due to habitat

. The economic value, pro-

destruction and hunting by human
tection status and special evolutionary position from aquatic to ter-
restrial animal of A. davidianus have been widely reported”™>". Tt
is regarded as a kind of rare and precious tonic in many countries
and regions due to its good meat quality and high nutritional val-
ue'®’. The miraculous effects of A. davidianus such as strengthe-

ning stomach and helping digestion”

created great interest and
provided a strong market drive, therefore, A. davidianus is com-
mercially cultured”®’ and allowed to reach the market, which pro-
vides an effective way to develop the rural economy and augment
farmers’ income.

The distribution of aquatic germplasm resources in China is

) However, due to the comprehensive im-

extremely extensive
pact of social and economic development, ecological environment
destruction, overharvesting and many other factors, the aquatic
germplasm resources in natural water have decreased sharply .
The disordered exchange of seedlings has polluted the species gene
pool, the genetic background as well as genetic structure of many
economic species is confused""’ | A. davidianus was no exception
since the late 1990s, and has reached a very serious level'” ™"

Up to the year 2015, there are only 36 national aquatic original
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breeding institutions in China, and no national preservation agency
has been built for A. davidianus. Germplasm resources are lack of
scientific protection, financial, technical strength and scientific
research team are relatively scattered. A. davidianus breeding en-
terprises have no strength to carry out scientific and technological
research on original species protection.

2 Status of A. davidianus germplasm resources
2.1 Reduction of A. davidianus wild germplasm resources We
have identified three reasons to explain the decline in A. davidia-

1) poaching is

nus resources. Overharvesting is a main reason
accompanied and this eventually led to a plunge in the wild germ-
plasm resources of A. davidianus. In the 1980s, there were about
300 000 wild A. davidianus individuals distributed in Lushi Coun-
ty, Henan Province. In the 1990s, high profits in the illegal mar-
ket led to large numbers of wild A. davidianus being poached,
which caused huge damage to the wild populations. Secondly, the
deterioration of water ecological environment destroyed the living
environment of A. davidianus'" . Large areas of forest vegetation
were destroyed by mining since the 1990s (e. g. Luanchuan Coun-
ty and Lushi County in Henan Province) , mineral processing has
caused water pollution, which threaten the survival of A. davidia-
nus directly. Thirdly, river damming, road building and some oth-
er human activities destroyed the river ecosystem, local adaptation
is driven by environment components and results in locally adapted
phenotypes ™. In fact, some rivers have even been landfill , habi-
tat loss causing great damage to the survival of A. davidianus.

2.2 Weak basic work of researches on A. davidianus germ-
plasm resources and insufficient research depth
20 years, conservation efforts such as breeding in captivity, re-

In the past

lease back into nature and national reserves has been carried out,
captive breeding of A. davidianus has been widely studied, which
drove the maturity of breeding technology, while the collection,
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protection and research of A. davidianus germplasm resources are
still in the initial stage. The germplasm conservation work is scat-
tered and not systematic. Most of them do not have a standardized
management system and long-term funding support. Basically,
these strategies did not play the role of germplasm bank in serving
the development of seed industry. Although a lot of efforts have
been done on the basic research of germplasm resources, the re-
search on population genetic structure, molecular markers and
biodiversity is still scarce, and the genetic background of A. da-
vidianus breeding in many places is still not clear ', The existing
germplasm identification methods still mainly stay on morphologi-
cal classification, and even rely on visual judgment. The existence
of multiple species complicates the situation, the lack of molecular
level identification methods and population specific genetic mark-
ers has caused technical difficulties in further protecting and stud-
ying the genetic resources of A. davidianus. Due to the disordered
exchange of breeding parent and juveniles, as well as poor breed-
ing management, the germplasm is seriously mixed and the gene
bank of A. davidianus is polluted, which brings difficulties to the
study on genetic background and genetic structure of A. davidia-
nus germplasm. The above factors have caused the degradation of
breeding A. davidianus germplasm, serious decline in traits can
be observed, such as reduction of growth rate, deterioration of
quality, decreased disease resistance, which greatly affected
production.

2.3 Weak protection of A. davidianus germplasm resources
Only 17 nature reserves have been established in China, they are
located in Hunan Province (2) , Hubei Province (2), Guangdong
Province (1), Sichuan Province (2), Jiangxi Province (1),
Henan Province (5), Shaanxi Province (2), Gansu Province (1)
and Chongqing City (1). Tt should be pointed out that Zhangjiajie
Chinese Giant Salamander Reserve in Hunan Province is the only
) These indicate that the
protection of A. davidianus germplasm resources is weak and in-

national A. davidianus nature reserve

sufficient.

Given that few institutions were engaged in the conservation
of A. davidianus germplasm resources, a provincial A. davidianus
fishery germplasm resources protection area was established
(2013) in Kaihua County, Quzhou City of Zhejiang Province, in-
tend to protect the wild resources of A. davidianus, enrich the
biodiversity and improve the ecological environment. The Docu-
ment of Agricultural Office of Fisheries ([2014] No. 47) an-
nounced the seventh batch of national aquatic germplasm resources
2014,

Hongchang National Aquatic Germplasm Resources Protection

protection zones on July 22, among them, Gansu
Zone involved species include A. davidianus and the northern
mountain stream salamander ( Batrachuperus pinchonii). Yunnan
Province approved the establishment of the Guangnan Chinese Gi-
ant Salamander Provincial Aquatic Germplasm Resources Protec-
tion Zone in 2016, aiming to carry out breeding experiment and
protect wild A. davidianus resources.

Although these reserves and original breeding farms have
played a certain role in the protection of A. davidianus germplasm
resource, in view of the huge amount of A. davidianus germplasm
resources in China™'', the number of protection sites that have
been built and continuously supported is still limited. The cover-

age is insufficient, and related system is no completed. In addi-
tion, equipment of these institutions is backward, they do not have
sufficient scientific research conditions and technical strength. It
is not possible for them to conduct in-depth research on germplasm
conservation. Their work is mainly to maintain the survival and re-
production of this group, and lacks systematic resource utilization
plans and conservation planning. The above conditions lead to hy-
bridization, promiscuity and backcrossing occurring frequently,
causing serious degradation of the excellent properties of artificial-
ly preserved germplasm resources.

3 Hypothesis of research

In view of the main problems in A. davidianus germplasm re-
sources, and in combination with the actual situation of the large
coverage of A. davidianus resources in China, we proposed the
following work ideas, aiming to make full use of the limited wild
A. davidianus germplasm resources ;

(1) It is recommended to strengthen the investigation, col-
lection and preservation of A. davidianus germplasm resources,
conduct further field investigation to collect wild germplasm re-
sources, explore more about its biological and ecological charac-
teristics, reproductive physiology, endocrine changes, and com-
plete the research on seedling breeding technology. At the same
time, studies on the ecological environment of germplasm re-
sources and the origin preservation technology of A. davidianus
should be carried out. We also should establish different types of
main breeding resource reserves or original breeding farm, carry
out research on conservation techniques of A. davidianus re-
sources. For the protection of endangered resources, effective pro-
tection measures should be taken, to strengthen the construction of
their nature reserves and germplasm resources reserves' > .

(ii) The identification and evaluation of A. davidianus germ-
plasm resources as well as germplasm innovation should be carried
out on a large scale. It is the very time to build A. davidianus
germplasm resources identification platform for important economic
traits of breeding and production (including high yield, high qual-
ity, stress resistance, disease resistance and nutrient efficient uti-
lization ) , study the precise evaluation technology of traits urgently
needed in breeding, improve the identification standards of biolog-
ical and economic traits of preserved resources. In an attempt to
ensure the accuracy of identification and evaluation results as well
as the effectiveness of resource utilization, researches should be
carried out at three levels: genetic diversity, species diversity and
ecosystem diversity >’ . Further research should be carried out on
the conservation of original superior species, the construction of
excellent families, the screening of molecular markers, and the
mining of controlling genes for traits. More attention should be
paid to the basic work of breeding. For example, the collection,
cultivation, screening, pedigree establishment, germplasm identi-
fication, trait analysis and seed conservation of basic groups. It is
necessary to develop the purification and rejuvenation of A. david-
ianus with the construction of excellent provenance retention ca-
pacity simultaneously, carry out large-scale innovative research on
germplasm resources, and strive to realize the rapid transformation
from resource advantage to variety advantage, so as to provide a
steady stream of new materials for the breeding of A. davidianus
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and the development of A. davidianus proliferation industry.

(iii) Tt is recommended to pay attention to the safe preserva-
tion and protection system construction of germplasm resources,
and ensure the safe preservation and early warning monitoring of
germplasm resources is the most important task. Regular genetic
monitoring of germplasm resources stored in genetic breeding cen-
ters and breeding farms should be conducted to determine the "in-
flection point" of genetic diversity declines, so that germplasm
with low or declining genetic diversity can be timely renewed and
rejuvenated. Establish the monitoring and early warning system for
the original habitat protection site (area) of A. davidianus as soon
as possible, so that the agricultural administrative departments at
all levels can grasp the protection information in time. It is neces-
sary to accelerate the establishment and improvement of A. davidi-
anus germplasm resources conservation system, so as to realize the
important economic value and endangered species resources of ori-
gin protection.

(iv) The management, maintenance and operation of conser-
vation facilities such as the resources germplasm banks, genetic
breeding centers, original breeding farms and seedling breeding
agencies of A. davidianus germplasm are lack of stable financial
support, which leads to the weak protection of A. davidianus
germplasm resources, and there is a risk that some of the protected
germplasm resources will be lost again. We should strengthen the
construction of germplasm resources facilities and R&D invest-
ment, establish a sound management mechanism to achieve the
balance of conservation and utilization, so that the A. davidianus
germplasm resources can become a real sustainable public green
health resource.

4 Building public resource service platform for
A. davidianus

4.1 Establishing a public welfare platform for A. davidianus
germplasm resources It is necessary to build germplasm re-
source specimen bank, cell bank, pathogen bank and gene bank
facilities with different geographical distribution based on the dis-
tribution characteristics of A. davidianus, and focus on expanding
the base for breeding and preserving live resources. To strengthen
the construction of A. davidianus original (good) breeding farms,
it is recommended to build six national A. davidianus original
breeding farms in Zhangjiajie ( Hunan Province ), Shennongjia
( Hubei Province ), Hanzhong ( Shaanxi Province ), Zunyi
(Guizhou Province ), Jing'an ( Jiangxi Province ) and Lushi
(Henan Province). On this basis, 15 to 20 excellent A. davidia-
nus breeding farms above the provincial level should be established
to avoid the pollution of A. davidianus germplasm resources from
the source, and to ensure the quality of this industry development.
4.2 Establishing an A. davidianus germplasm resource in-
formation sharing service platform We need to strengthen the
integration of resources and improve the quality of resources.
Based on the existing aquatic germplasm database of the National
Aquatic Germplasm Resources Platform, formulate and improve
the technical procedures for the collection, sorting and preserva-
tion of A. davidianus germplasm resources, and the description
standards of A. davidianus germplasm resources. It is necessary to
realize the digital expression and standardized integration of liv-

ing, cell, sperm, DNA and other resources, improve various data
quality control standards and germplasm resource parameter stan-
dards, design various databases and data structures, improve the
remote data entry and maintenance systems, database management
systems, and A. davidianus germplasm resource portal systems. It
is recommended to improve the carrier efficiency of the platform,
strengthen public services, improve the national germplasm infor-
mation sharing service platform and website system, improve the
sharing and utilization efficiency of A. davidianus germplasm re-
sources, promote the protection and utilization of China’s aquatic
wildlife resources, and lay a solid foundation for promoting the so-
cialization of A. davidianus germplasm resource. The Henan
Aquatic Germplasm Resource Bank has been established in Henan
Province, which has preserved 2 000 living A. davidianus indivi-
duals. All the germplasm resource information has been included
in the National Fishery Germplasm Resource Platform Sharing Sys-
tem. Meanwhile, Henan Province is building an agricultural germ-
plasm resource sharing information platform, and the information
of Henan aquatic germplasm resource bank has also been included
in the platform information sharing system.

4.3 Establishing the testing and evaluation system of A. da-
vidianus germplasm resources
the microsatellite DNA fingerprints of A. davidianus in various

It is recommended to establish

original breeding farms, improved breeding farms and A. davidia-
nus nature reserves. There may be only one kind of A. davidianus
in the history, while due to crustal changes, the original living en-
vironment has been moved and the population has been isolated,
forming different water systems and living plates™ . After a long
period of differentiation, A. davidianus distributed in different wa-
ter systems and different plates will be different, that is to say, the
identified microsatellite sites of A. davidianus in different water

) which can pro-

systems or plates have their own specific sites
duce unique spectral bands of the strain. The spectral bands of
each site are expressed by numerical codes (i. e. digital finger-
print) , by which we can identify A. davidianus from different wa-
ter systems or plates one by one.

In order to facilitate the recovery of wild A. davidianus re-
sources, release farm-bred individuals back into nature environ-
ment should continue. Artificial release of A. davidianus must use
pure-native species. Before releasing, health assessments should
be completed. Moreover, some seedlings should be marked with
molecular markers'® | at least with coded metal markers, so as to
master the germplasm status and releasing effect evaluation of
A. davidianus , the largest extant amphibians'®’.

References

[1] HU QM, LIU Y, LIAO XL et al. A high-density genetic map construction
and sex-related loci identification in Chinese Giant salamander[ J]. BMC
Genomics. 2021, 22(1). 1 -38.

[2] YANG ZJ, XIAO HB, TIAN HF, et al. Suitable feeding frequency of ju-
venile Chinese giant salamander[ J]. Fisheries Science. 2015, 34 629 —
633.

[3] LI S. Freshwater Fish Germplasm Resources and Conservation in China
[ M]. Beijing; China Agricultural Publishing Press, 1996101 —113. (in
Chinese) .

[4] SU J. Protection and utilization of freshwater fish germplasm resources in
China[ J]. Livestock Ecology, 2002, 23 .64 —66.

[5] HU QM, CHANG CF, WANG QH, et al. Genome-wide RAD sequencing



38

Asian Agricultural Research

2023

to identify a sex-specific marker in Chinese giant salamander Andrias da-
vidianus[ J]. BMC Genomics. 2019, 20(1) : 415.

[6] LIU XZ, TIAN HF, YANG ZJ, et al. Suitable stocking density and feed-
ing rate of 1 year old Chinese giant salamander, Andrias davidiaus[]].
Freshwater Fisheries. 2014, 44.109 - 112.

[7] YE C, FEI L, HU S. Rare and economic amphibians of China[ M ].
Chengdu; Sichuan Science and Technology Press, 1993.64 - 69. (in
Chinese) .

[8] LU CQ, CHAI J, MURPHY RW, et al. Giant salamanders; Farmed yet
endangered[ J]. Science, 2020, 367:989.

[9] YAN XL, LU B, MA D, et al. Hydrodynamic modeling to evaluate the
influence of inland navigation channel training works on fish habitats in
the Upper Yellow River[ J]. Ecological Engineering, 2021, 169 :106289.

[10] WANG SY, CARTER CG, FITZGIBBON QP, et al. Respiratory quo-

tient and the stoichiometric approach to investigating metabolic energy
substrate use in aquatic ectotherms[ J]. Reviews in Aquaculture, 2020,
13:1255 —1284.

[11] ZHANG DL, DIRR MA, PRICE RA. Classification of cephalotaxus spe-

cies based on rbel. sequences[ J]. Hortscience, 1996, 31585 - 586.

ZHOU ZY, GENG Y, LIU XX, et al. Characterization of a ranavirus

isolated from the Chinese giant salamander (Andrias davidianus, Blan-

chard, 1871) in China[J]. Aquaculture, 2013, 384 .66 —73.

ZENG S, OUYANG H. Status and suggestions on conservation and sha-

ring of aquatic germplasm resources in China[ J]. Modern Fishery Infor-

mation, 2008, 23: 9 —17. (in Chinese).

MA Z, LIU Y. The demand and status of China’s aquatic germplasm re-

China Fisheries, 2009, 11.25 -27.

[12]

[13]

[14]
source platform construction[ J J.
(in Chinese).

[15] BAI J. Molecular identification technology of fish germplasm[ M ].
jing: Ocean Press, 2011:134 —135. (in Chinese).

[16] MAIRE E, GRAHAM N, MACNEIL MA, et al. Micronutrient supply
from global marine fisheries under climate change and overfishing[ J].
Current Biology, 2021, 31:4132 -4138.

Bei-

OS00S00S00S00S00S00SCOS00S00S0O0SI0SO0SO0SO0S0O0SOOSOOSOOSO0

(From page 34)

[15] DU H. On systematization of environmental law under the public-private
integration order[ J]. Journal of Nanjing Tech University ( Social Sci-
ence Edition) , 2020, 19(4): 19 -29, 115. (in Chinese).

[16] WU YZ, XU ZY. Study on the transformation of cropland protection un-

der the background of rehabilitation system [ ] ].

2019, 41(1): 9 -22. (in Chinese).

SUN XZ. The urgency and legislative proposals of enacting the farmland

protection law[ EB/OL]. (2022-6-13) https: //mp. weixin. qq. com/s/

MbC2F2ZDjpN9A8LzxYOtKA. (in Chinese).

YUAN CC, ZHANG DX, LIU LM, et al. Regional characteristics and

spatial-temporal distribution of cultivated land change in China during

2009 — 2018 [ J]. Transactions of the Chinese Society of Agricultural

Engineering, 2021, 37(1): 267 —278. (in Chinese).

CAO Y, LI GY, WANG JY, et al. Systematic review and research

framework of " non-grain" utilization of cultivated land : From a perspec-

Resources Science,

[17]

[18]

[19

[

tive of food security to multi-dimensional security[ J]. China Land Sci-
ence, 2022, 36(03): 1 —=12. (in Chinese).

YE YH. The analysis of drivers of our country’s cultivated land conver-
sion[ J]. Scientific Decision Making,2015(9) : 33 =50. (in Chinese).
KONG XB, ZHANG BB, WEN LY, et al. Theoretical framework and
research trends of cultivated land quality based on elements-process-

function[ J ]. China Land Science, 2018, 32(9): 14 - 20. (in

[20]

—
[\e]
—_

[

€00400S0000

coeo

[17] SONG X, YAN C, XIE J, et al. Assessment of changes in the area of
the water conservation forest in the Qilian Mountains of China’s Gansu
province, and the effects on water conservation [ J ]. Environmental
Earth Sciences, 2012, 66 2441 —2448.

[18] PUJOLAR JM, BERTOLINI F, JACOBSEN MW. Footprints of natural
selection in North Atlantic Eels: A review[J]. Fishes, 2022, 7. 311.

[19] YAN F, LU J, ZHANG B, et al. The Chinese giant salamander exem-

plifies the hidden extinction of cryptic species[ J]. Current Biology,

2018, 28:590 —592.

LIANG ZQ, WANG CR, WU YA, et al. Length-weight relationships of

nine fish species from the streams of Hunan Zhangjiajie Chinese Giant

[20]

Salamander National Natural Reserve, China[]].
Ichthyology, 2015, 31:954 —955.

CHEN R, DU J, MA L, et al. Comparative microRNAome analysis of
the testis and ovary of the Chinese giant salamander[ J]. Reproduction,
2017, 154:169 -79.

PAN Y, WEI G, CUNNINGHAM AA, et al. Using local ecological
knowledge to assess the status of the critically endangered Chinese giant

Journal of Applied

[21]

[22]

salamander Andrias davidianus in Guizhou province, China[ J]. Oryx,
2016, 50:257 —264.

[23] FRIDLEY JD, GRIME JP. Community and ecosystem effects of in-
traspecific genetic diversity in grassland microcosms of varying species
diversity[ J]. Ecology, 2010, 91,2272 —2283.

[24] MURPHY RW, FU J, UPTON DE, et al. Genetic variability among en-
dangered Chinese giant salamanders, Andrias davidianus[J]. Molecular
Ecology, 2010, 9:1539 - 1547.

[25] GENG XF, ZHANG L, ZANG XY, et al. RNA-seq analysis provides
insight into molecular adaptations of Andrias davidianus[J]. Develop-
ment Genes & Evolution, 2019, 229 .197 —206.

[26] HUANG Y, XIONG JL, GAO XC, et al. Transcriptome analysis of the
Chinese giant salamander (Andrias davidianus) using RNA-sequencing

[J]. Genomics Data, 2017, 14.126 —131.

0@00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S0O0S0

Chinese ) .

LI B, WANG RM, LU Q. Does the management right insecurity hinder
farmers’ investment in land improvement[ J]. Journal of Agrotechnical
Economics, 2022(5) : 105 -=116. (in Chinese).

DANG YX, LIAO YB, KONG XB, et al. Discussion on the top-level
design and optimization of the system of cultivated land requisition-com-

[22]

[23]

pensation balance[ J]. Natural Resource Economics of China, 2022, 35
(6): 43 -48, 83. (in Chinese).

CUI NB, SHENG SY. Quantitative research on cultivated land ecologi-
cal compensation standard based on equity[ J]. Bulletin of Soil and Wa-
ter Conservation, 2021, 41(1); 138 —143. (iin Chinese).

HE Q, YANG ML. The framework of ecological compensation mecha-

[24]

[25]
nism of cultivated land resources in china and its countermeasures[ J ].
Prices Monthly, 2015(12) : 86 —89. (in Chinese).

[26] LIU MH. On the consensus foundation of pluralistic society and con-

struction of China’s harmonious society[ J]. Theory and Reform, 2011

(2):5-8. (in Chinese).

DENNIS C, MUELLER. Public Choice [ M]. Beijing; China Social

Sciences Press, 1999.

CUI XL, ZHAO YX. Research on the unbalanced development and con-

vergence of land marketization in China[ J]. Chinese Journal of Agricul-

tural Resources and Regional Planning, 2021, 42(9): 72 - 80. (in

Chinese) .

[27

[

[28]



