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Non-invasive and non-lethal sampling methods are widely employed in conservation
biology, but their long-term effects on sampled organisms remain understudied. To
evaluate these impacts on fish and establish a scientific framework for ethical sampling
practices, we conducted a dual investigation using the plateau-endemic species
Gymnocypris chilianensis (Cyprinidae). First, genetic diversity in a cultured population
was analyzed using non-invasive mucus sampling. Sequencing of mitochondrial Cytb
(1098 bp) and D-loop (696 bp) regions revealed low genetic diversity, with Cytb showing
six polymorphic sites, seven haplotypes (haplotype diversity H = 0.354; nucleotide
diversity = 0.0004), and D-loop displaying 10 polymorphic sites, 9 haplotypes (H =
0.787; m = 0.00315). The D-loop region demonstrated higher variability, supporting its
utility as a marker for population genetic studies. Second, 180 individuals were divided
into three groups, i.e., groups N (macus), Q (fin), and C (control), and monitored for 70
days to assess growth parameters (standard length, body weight), condition factor (K),
and mortality. Generalized additive models (GAMs) revealed no significant differences in
morphological indicators (p > 0.05) or mortality rates among groups, with a nonlinear
standard length—weight regression relationship identified. Notably, all groups exhibited
K values exceeding 200%, indicating excellent body condition. Comparative analyses
confirmed minimal sequence divergence between non-invasive and traditional sampling
methods, validating methodological reliability. This study provides the first long-term
evaluation of non-invasive and non-lethal sampling impacts on fish growth, the results
showed that non-invasive sampling had no significant impact on the growth or survival
of fish, which was very important for future research and protection, combined with
genetic diversity insights, offering critical guidelines for conserving vulnerable species
like G. chilianensis in the Qinghai-Tibet Plateau.

vasive sampling has gained prominence. This approach col-
lects genetic material from naturally shed biological sam-
ples (e.g., mucus, feces, scales, or skin/oral swabs) without
capturing or disturbing individuals.34 Non-invasive sam-
pling has been successfully applied to endangered species
like the Chinese Egret (Egretta eulophotes),> Ocean Sunfish

INTRODUCTION

Over the past decades, conservation genetics has emerged
as a pivotal tool for managing and recovering endangered
taxa.! In genetic studies of imperiled species such as Gym-
nocypris chilianensis (Cyprinidae), the reliability of DNA

sampling methods and their impact on animal welfare are
critical considerations. Traditional destructive sampling,
which requires euthanizing animals to extract tissues, is
unsuitable for endangered species.2 Consequently, non-in-

(Mola mola),® and Chinese Giant Salamander (Andrias da-
vidianus).” However, terminological inconsistencies persist:
some studies broadly classify minimally invasive tech-
niques (e.g., skin swabbing) as “non-invasive” (sensu lato),
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while stricter definitions (sensu stricto) mandate no physi-
cal contact.# In contrast, non-lethal methods (e.g., fin clip-
ping) retain animal survival but may impair behavior and
fitness due to invasiveness.%3 Long-term comparative
analyses of sampling impacts—such as growth metrics
(Iength-weight relationships, condition factor) and mortal-
ity—are thus essential to optimize ethical and practical out-
comes.?10

Gymnocypris chilianensis (Cyprinidae) was first named by
Li and Zhang (1974)!1 during a fish survey in the Hexi Cor-
ridor area. The distribution of G. chilianensis is very nar-
row in China, it distributed only in the three rivers originat-
ing from Qilian Mountains, including Shiyang River, Heihe
River, and Shule River.12 In recent years, due to changes
in the ecological environment, construction of water con-
servancy projects and human overfishing, the habitat of G.
chilianensis has been severely damaged, resulting in a sharp
decrease in wild resources.!3 Therefore, the protection of
its wild germplasm resources is particularly important. Re-
search on genetic diversity based on DNA serves as a crucial
prerequisite for formulating effective conservation strate-
gies for G. chilianensis, and thus has garnered widespread
attention.14 Currently, research on G. chilianensis primar-
ily involves collecting small amounts of muscle tissue from
live specimens, with limited studies utilizing non-invasive
sampling methods.

The evolution speed of Cytb gene is moderate, and it
is widely used to study the genetic diversity and genetic
structure of populations.!> The mitochondrial D-loop re-
gion, lacking coding constraints, is the most rapidly evolv-
ing region in mitochondrial DNA due to the absence of
selective pressure. It is often used to study the genetic
differentiation between populations and within popula-
tions.16

Here, we evaluate long-term effects (70 days) of skin
swabbing versus fin clipping on growth performance and
mortality in farmed G. chilianensis. Concurrently, mito-
chondrial Cytb and D-loop sequencing will elucidate ge-
netic diversity patterns to inform breeding strategies and
mitigate inbreeding risks.17-18 This dual approach aims to
provide reference for the breeding and germplasm improve-
ment of good varieties of G. chilianensis, to advance ethical
sampling protocols and genetic conservation frameworks
for G. chilianensis, and will be beneficial to the conservation
and sustainable utilization of threatened freshwater fishes.

MATERIALS AND METHODS

EXPERIMENTAL MATERIALS AND SOURCES

The G. chilianensis individuals used in the experiment were
all artificially bred in a farm named Gansu Cold Water Fish
Breeding Center (Linze, Gansu, China), which is a typical
plateau area with an altitude about 1500 meters high above
sea-level.19

Given that seventy days generally spans the essential de-
velopmental milestones in piscine growth cycles, this tem-
poral span was accordingly designated as the study period.
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EXPERIMENTAL DESIGN

A total of 180 individuals of varying sizes were randomly
selected and divided into three groups: “Group N” for skin
swabs, this group represents non-invasive sampling.
“Group Q” for partial pectoral fin samples, and “Group C”
as the control group, with 60 individuals in each group.
Group N (mucosal biopsy via dermal swab) represents non-
invasive monitoring. Group Q (sublethal fin ray excision)
represents non-lethal sampling. Group C (baseline control)
received no manipulative procedure. We denote the be-
ginning data of the experiments as “A” and the ending
data of the experiments as “B”. Consequently, we have six
sets of data: CA, QA, NA, CB, OB, and NB. The samples
from the three groups were separated into nine tanks (20
individuals in each tank) and cultured in the same envi-
ronment, including water temperature, pH value, dissolved
oxygen, and feeding methods. On March 8, 2023, the stan-
dard length and weight of all individuals in each group were
measured, recorded, and then released into the tank. On
May 18, 2023, after 70 days of culturing since March 8, the
standard length and body weight of all individuals, as well
as the number of surviving individuals were measured and
recorded again.

GENOMIC DNA EXTRACTION

Using a sterile swab, gently wipe the surface mucus on one
side of the skin three times. Then place the swab into a 1.5
mL EP tube. Add 100 pL of lysis buffer to the EP tube. The
lysis buffer contains 100 mmol/L. NaCl, 10 mmol/L Tris-
HCl, 1 mmol/L EDTA (pH = 8.0), 1.0% SDS. 0.1 mg/mL
proteinase K. Incubated at room temperature for 15 min-
utes to complete lysis. Genomic DNA was extracted from
each sample using an Animal Tissue Genomic DNA Extrac-
tion Kit by Sangon Biotech (Shanghai) Co., Ltd. DNA con-
centration was determined using a nucleic acid/protein an-
alyzer (Merinton spectrophotometer), and DNA quality was
assessed through 1% agarose gel electrophoresis.

PCR AMPLIFICATION AND SEQUENCING

Primer Premier 5 software20 was used to design primers
for amplifying the Cytb gene sequence and D-loop region
sequences. The primer information used in this study is
detailed as follows: for the amplification of cytochrome b
gene (cytb), L14724 (forward primer, 5- GACTTGAAAAC-
CACCGTTG -3’) and H15915 (reverse primer, 5- CTCC-
GATCTCCGGATTACAAGAC -3’) were selected to form a
primer pair; The mitochondrial control region (D-loop) was
amplified by D-loop F (forward primer, 5 - GGGATATGT-
CATCCTTTATGG -3’) and D-loop R (reverse primer, 5 “-
GGGTTTGACAAGAATAACAGG -3’). The PCR reaction sys-
tem (25 pL total volume) consisted of 1 uyL dNTP Mix, 1 uL
each of forward and reverse primers (10 mmol/L), 1 yL tem-
plate DNA, 2.5 uL Taq Buffer, 0.2 pL Taq polymerase, and
ddH,0 added to reach a final volume of 25 pL. The PCR am-
plification parameters were set as follows: 95°C pre-denat-
uration for 5 min; 30 cycles of 94°C denaturation for 30 s,
58°C annealing for 30 s, and 72°C extension for 30 s; fol-
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lowed by a final extension at 72°C for 30 s. The PCR prod-
ucts were purified and subjected to bidirectional sequenc-
ing using Sanger method on ABI 3730XL Sequencer.

SEQUENCE ALIGNMENT AND PHYLOGENETIC ANALYSIS

Sequences were aligned using Clustal X software?! and
manually corrected, with trimming of base pairs exhibiting
unstable sequencing signals at both ends. Genetic diversity
parameters of the cultivated G. chilianensis population were
analyzed using DnaSP 6.0,22 including Tajima’s D neutrality
test. Nucleotide mismatch distribution analysis was per-
formed for both the Cytb gene and D-loop region se-
quences. Base composition was calculated with MEGA 11,23
and Neighbor-Joining (NJ) phylogenetic trees (based on the
Kimura 2-parameter model?4) were constructed for both se-
quence haplotypes using 1000 bootstrap replicates.25

MEASUREMENT OF GROWTH PARAMETERS

Weigh the body weight (W) using a digital electronic scale,
accurate to 0.1g; Measure the standard length (L) with a
ruler, accurate to 0.1cm. Based on the analysis of biological
measurement data before and after the experiment, the
standard length and body weight distribution of three
groups of G. chilianensis samples were analyzed in Graph-
Pad Prism.26

RELATIONSHIP BETWEEN STANDARD LENGTH AND
BODY WEIGHT

Preliminary analysis (graphical plots) indicated the pres-
ence of non-linear relationships. Consequently, generalized
additive models GAM,27 using the ‘mgcv’ package in R.28
The model uses the standard length of the sample as the
response variable and body weight as the explanatory vari-
able to explore the non-linear relationship between the
standard length and body weight of fish.

W=s(L)+ €

Where W represents the weight of fish, L denotes the
standard length of fish, s (+) is a smooth function used to
fit the potential non-linear relationship between standard
length and body weight, and € represents the error term,
assumed to follow a normal distribution.

CONDITION FACTOR

Fulton state fullness (K) indicates the growth state of fish.29
The higher the K value, the better the growth of fish, and
its calculation formula is:

K=W/L3x 100

Where W represents the weight of fish, L denotes the
standard length of fish.

MORTALITY

Death is defined as the cessation of individual life activities
in fish, characterized by the cessation of swimming, stiffen-
ing of the body and loss of mobility.30 In this experiment,
the number of dead individuals in each of the three groups
was recorded and analyzed using SPSS software.3! Firstly,
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the mortality percentage for each group was calculated
(number of dead individuals/total number of individuals x
100%). Subsequently, a chi-square test (or Fisher’s exact
test when the sample size is small) was employed to deter-
mine whether the difference in mortality rates between the
two groups was statistically significant (P<0.05 indicates a
significant difference).

RESULTS

CHARACTERISTICS AND VARIATIONS OF CYTB AND D-
LOOP SEQUENCE FRAGMENTS

Consensus sequences of the Cytb gene (1098 bp) and D-
loop region (696 bp) were obtained from 70 G. chilianensis
individuals. Base composition and variation rates demon-
strated that the Cytb and D-loop sequences of G. chilianen-
sis in this study exhibited A+T contents of 56.3% (Cytb) and
63.5% (D-loop), the average A+T content in both sequences
exceeded G+C, consistent with mitochondrial base compo-
sition in teleost fishes.

POPULATION GENETIC STRUCTURE

For the Cytb sequences, 6 polymorphic sites (S), 7 haplo-
types (H), a haplotype diversity (Hd) of 0.354, nucleotide di-
versity (Pi) of 0.00040, and an average nucleotide difference
(K) of 0.384 were identified. The D-loop region sequences
revealed 10 polymorphic sites (S), 9 haplotypes (H), Hd of
0.787, Pi of 0.00315, and K of 1.841 (Table 1). Compara-
tive analysis demonstrated that the D-loop region exhib-
ited higher haplotype diversity (Hd) and nucleotide diver-
sity (Pi) than the Cytb sequences. Additionally, the D-loop
region showed greater numbers of polymorphic sites and
haplotypes, along with a significantly higher average nu-
cleotide difference (K). These results clearly indicate that
genetic diversity metrics based on the D-loop region se-
quences are markedly superior to those derived from the
Cytb sequences.

POPULATION GENETIC DIFFERENTIATION

The average genetic distance for the Cytb gene in the cul-
tivated G. chilianensis population was 0.00133, while the D-
loop region exhibited a higher value of 0.00279, indicating
a greater degree of genetic differentiation based on the D-
loop region compared to the Cytb gene.

Neutrality test analysis yielded Tajima’s D values of
-1.65080 (P > 0.05) for Cytb and -0.30479 (P > 0.05) for
the D-loop region. Nucleotide mismatch distribution analy-
sis of both sequences revealed unimodal patterns (Figures
1A, 1B), suggesting an excess of nucleotide site variations
relative to neutral evolutionary expectations. These results
may reflect a historical population expansion.

NJ PHYLOGENETIC TREES OF THE G. CHILIANENSIS
POPULATION

The haplotype distributions for the Cytb gene and D-loop
region are summarized in Table 2. Neighbor-Joining (NJ)
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Table 1. Genetic diversity parameters of Cytb gene and D-loop sequence populations

Haplotype Haplotype Nucleotide Tajima
Sequence Number number (H) diversity (Hd ) diversity (Pi) <D
Cytb
(1098bp) 70 7 0.354 0.0004 1.6508
D-loop
(696bp) 70 9 0.787 0.00315 0.30479
D-loo
Cytb ]
0.8 F Freq. Obs. 0.4 ——  Freq. Obs.
Freq. Exp. Freq. Exp.
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Figure 1. Nucleotide mismatch distribution curve of Cytb gene (A) and D-loop region (B) in cultured populations
of G.chilianensis ( The unimodal distribution indicates that the population has expanded )

Table 2. Population distribution of cytb gene and D-loop haplotypes

Cytb D-loop
Haplotype Number Haplotype Number
Hap-1 6 Hap-1 17
Hap-2 56 Hap-2 13
Hap-3 2 Hap-3 1
Hap-4 1 Hap-4 1
Hap-5 1 Hap-5 24
Hap-6 3 Hap-6 4
Hap-7 1 Hap-7 3
Hap-8 1
Hap-9 6

trees constructed from both sequence haplotypes exhibited
polytomies (Figures 2A, 2B). D-loop region: Hap1l, Hap4,
Hap5, and Hapé6 clustered into a dominant branch, repre-
senting 46 individuals. Haplotypes Hap2 and Hap3 formed
a subclade, representing 14 individuals. Haplotypes Hap8
and Hap?9 first clustered together, then merged with Hap?7,
forming a branch representing 10 individuals. Cytb gene:
Hapl, Hap2, Hap3, and Hap4 grouped into a major cluster,
representing 65 individuals. Hap5 diverged as a singleton
branch, representing 1 individual. Haplotypes Hap6 and
Hap7 each formed distinct branches, collectively represent-
ing 4 individuals.
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STATISTICAL ANALYSIS OF MORPHOLOGICAL INDEXES

Each group comprised 60 individuals selected through ran-
dom sampling, and their standard length and body weight
were recorded after a long-term observation of 70 days. The
three sets of data before the experiment were denoted as
CA, QA, and NA, while the three sets of data after the ex-
periment were denoted as CB, QB, and NB. The distribu-
tion of standard length and body weight of the three groups
of G. chilianensis is relatively concentrated. Before the ex-
periment, the standard length of the samples in the three
groups was mainly between 15 cm and 25 c¢m, accounting
for 93.33%, 96.66% and 100% respectively, and the body
weight was mainly distributed between 40 g and 100 g, ac-
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Figure 2. NJ tree of the farmed G. chilianensis based on genetic distances for haplotypes of Cyt b genes (A) and D-

loop region (B)

counting for 80.00%, 87.50% and 81.66% respectively. Per-
form an independent-samples T-test on the two experi-
mental groups before and after the experiment respectively
with the control group. As shown in the Figure 3, the re-
sults indicate that there is no significant difference between
the two experimental groups and the control group before
the experiment (P > 0.05), and likewise, there is no signif-
icant difference between the two experimental groups and
the control group after the experiment (P > 0.05).

REGRESSION RELATIONSHIP BETWEEN STANDARD
LENGTH AND BODY WEIGHT BASED ON GAM

The fitting results of the regression relationship between
the standard length and body weight of G. chilianensis sam-
ples before and after the experiment are shown in Figure
4. They clearly demonstrate the distinct growth patterns
of the three groups of samples before and after the ex-
periment, all exhibiting a non-linear relationship. The QB
group demonstrates the best fitting effect, while the NA
group shows the least. Specifically, when the standard
length exceeds 25, an inflection point appears in the CA
group. When the standard length surpasses 24, inflection
points emerge in both QA and QB groups. However, no
notable inflection points are observed in the remaining
groups.

CONDITION FACTOR

The discrete distribution of sample condition factors
among the three groups after the test is illustrated in the
Figure 5A. The K values for all three groups exceed 200%.
The lowest K value is observed in Group Q, approximately
at 200%, while the highest K value is found in Group N,
nearing 800%. Overall, the distribution of K values among
the three groups is relatively similar, with most falling be-
tween 400% and 600%. Condition factor, as an important
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indicator reflecting the growth status of fish, is used to de-
note the growth rate of fish and the nutritional status of
fish stocks. According to the fish plumpness standard estab-
lished (Morton, 2006), a plumpness range of 80% to 100%
is considered extremely poor, 100% to 120% is poor, 120%
to 140% is fair, 140% to 160% is good, and a level of 160%
or above is excellent. When applied to this study, the re-
sults indicated that the plumpness of all three groups of G.
chilianensis exceeded 160% after 70 days of the experiment,
indicating that the plumpness evaluation could achieve ex-
cellent levels.

MORTALITY

After 70 days of long-term observation, 8 fish in group
C died, 9 in group N died, and 10 in group Q died. The
mortality rates of the three groups were 13.33%, 15%, and
16.66% respectively (Figure 5B). Given that mortality was
also observed in the control group, this likely represents
natural mortality during long-term cultivation and does
not affect the validity of the final experimental outcomes.
After ANOVA analysis, there was no significant difference
in mortality rates between the groups.

DISCUSSION

Non-invasive sampling (sensu stricto) emphasizes sam-
pling without physical contact with the target.* However,
since aquatic animals make it challenging to obtain DNA
without such contact, this study adopted non-invasive sam-
pling (sensu lato). Referring to latest interpretation of sam-
pling methods, the two methods explored in this study
align with the narrow definitions of both non-invasive and
non-lethal sampling. This study analyzed the mitochondr-
ial Cytb sequence and D-loop region sequence of the G.
chilianensis. Based on non-invasive sampling techniques,
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Figure 3. T-test chart of standard length (A) and
weight (B) in experimental group and control group

the genetic characteristics of the aquaculture population
were revealed, compared the long-term effects of non-in-
vasive and non-lethal sampling on fish growth, selecting
body surface wiping as a representative of non-invasive
sampling and pectoral fin cutting as a representative of
non-lethal sampling. In practice, providing reference for
molecular ecology and conservation biology research of G.
chilianensis and other rare and endangered fish species in
the Qilian Mountains.

SEQUENCE CHARACTERISTICS OF THE CULTIVATED G.
CHILIANENSIS POPULATION

Mitochondrial Cytb gene and D-loop region sequences are
widely used in fish population genetics. Consistent with
the general characteristics of teleost mitochondrial
genomes—"“high A+T content and low G+C content” both
exceeding their respective G+C values.
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GENETIC DIVERSITY ANALYSIS OF THE CULTIVATED
POPULATION

Compared to the wild G. chilianensis populations studied
by Zhang et al.l4 the cultivated population in this work
showed reduced genetic diversity in both Cytb and D-loop
regions, likely due to genetic bottleneck effects under arti-
ficial breeding conditions. Grant et al.32 proposed thresh-
olds for genetic diversity metrics: haplotype diversity (Hd)
> 0.5 and nucleotide diversity (Pi) > 0.005. In this study,
the Cytb gene fell below both thresholds (Hd = 0.354, Pi
= 0.00040), indicating low genetic diversity, which may re-
flect a founder effect from limited parental stock during
early breeding stages. Rapid expansion of aquaculture scale
post-initial breeding success likely amplified the genetic in-
fluence of a few founder individuals. In contrast, the D-loop
region exceeded the Hd threshold (0.787) and exhibited
higher Pi (0.00315), suggesting stable population genetic
structure. Overall, the D-loop region demonstrated supe-
rior genetic diversity and structural stability compared to
Cytb, aligning with its faster mutation rate in mitochondr-
ial DNA. These findings confirm the D-loop’s suitability as
an ideal marker for studying genetic differentiation in this
species.

NJ HAPLOTYPE TREE ANALYSIS OF THE CULTIVATED
POPULATION

The NJ haplotype trees revealed polytomies (Figure 2), re-
flecting complex internal genetic structure. High bootstrap
values supported three primary branches across both genes,
suggesting maternal origins from three distinct lineages.
Wild G. chilianensis populations are distributed across three
inland river basins in the Qilian Mountains: the Shiyang
River, Hei River, and Shule River. Geographic barriers (e.g.,
mountainous terrain) and seasonal river fragmentation
likely restricted gene flow between basins, leading to ge-
netic divergence among broodstock selected from different
maternal lineages. The dominance of specific branches
(e.g., 65 individuals in the Cytb major cluster) implies po-
tential adaptive advantages of certain genotypes under
aquaculture conditions. Future studies should analyze phe-
notypic traits associated with these haplotypes to inform
precision breeding strategies for new varieties.

THE LONG-TERM IMPACTS OF NON-INVASIVE
SAMPLING ON GROWTH

This study uses the G. chilianensis as a representative
species. After conducting non-invasive and non-lethal
sampling on the samples, we evaluated whether there were
significant impacts on the long-term (70 days) growth and
development of the samples through standard length, body
weight parameters, fatness, and mortality rates. The exper-
iment proved that there were no significant differences in
several indicators between the samples after both types of
sampling and the samples without sampling, providing a
strong basis for the further application of non-invasive and
non-lethal sampling in ichthyology and even conservation
biology research.33 The results of standard length and body
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weight parameters showed that there was no significant dif-
ference in the growth and development of the samples after
sampling compared to the samples without sampling, in-
dicating that the growth and development of the fish were
not significantly affected. The lack of significant difference
in fatness reflects that sampling has caused damage to the
feeding behavior and energy reserve process of the samples.
The lack of significant difference in mortality rates further
demonstrates that both sampling methods pose less threat
to the fish, and also proves that there was no significant
death of samples due to stress after sampling.34Some rele-
vant studies have indicated that non-invasive or non-lethal
sampling methods might affect the behavior or physiolog-
ical state of animals in the short term.3%3¢ Through our
long-term research, the results demonstrate that non-inva-
sive and non-lethal sampling has no significant impact on
fish. This is believed to be the first time that non-invasive
or non-lethal sampling has been experimentally confirmed
to have no long-term effects.
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THE APPLICATION VALUE OF RARE FISH CONSERVATION
AND NON-INVASIVE SAMPLING

The G. chilianensis as a representative species of plateau
fish, holds significant importance for the conservation of
plateau fish.14 Plateau fish have adapted to the unique
plateau environment over a long period of evolution, devel-
oping distinct genetic traits. They predominantly inhabit
the distinctive and fragile plateau aquatic ecosystem. Ow-
ing to the secluded and specific nature of the environment,
many fish populations are small, rendering germplasm re-
sources highly valuable.3” The loss of any individual can
potentially have an irreversible impact on the entire pop-
ulation.38 Traditional invasive sampling methods, such as
tissue dissection, directly result in the death of fish indi-
viduals, and the sampling process itself induces stress re-
sponses in the fish, potentially disrupting research on their
normal physiological state. Noninvasive sampling avoids
these additional stress factors, allowing for a more precise
exploration of fish physiological characteristics. For certain
rare plateau fishes like Schizothorax,3? each individual plays
a crucial role in maintaining the population. Employing
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non-invasive sampling not only procures the necessary
samples but also minimizes any impact on the samples, en-
suring the fish can continue to survive and reproduce natu-
rally, maintaining population stability. This, in turn, fosters
sustainable fish research in the plateau region and aids in
the protection of the local ecological environment.

COMPARISON OF NON-INVASIVE SAMPLING VS.
TRADITIONAL SAMPLING METHODS

Advances in sequencing technologies have enabled the de-
velopment of efficient, low-cost genotyping methods,
which are now critical tools in genetic studies of endan-
gered fish species. Mucus, as a specialized physiological
feature of fish, offers significant advantages for non-in-
vasive DNA sampling. Surface mucus swabbing in G. chil-
ianensis demonstrates simplicity, rapidity, and high effi-
ciency, with minimal impact on sampled individuals.
Immediate preservation of collected mucus in centrifuge
tubes effectively prevents DNA contamination.

In contrast, traditional fin-clipping methods used by
Zhang et al.14 yielded Cytb sequences (1100 bp) and D-loop
sequences (750 bp), which align closely with the 1098bp
Cytb and 696bp D-loop sequences obtained in this study via
mucus swabbing. This confirms the feasibility of non-inva-
sive mucus-based sampling for this species, achieving re-
search objectives without compromising animal welfare.

Given the limited adoption of non-invasive methods in
wild fish research, we advocate for their broader application
in studies of germplasm resources and conservation. This
approach maximizes the balance between animal protec-
tion and scientific requirements, offering an ethical frame-
work for future biodiversity investigations.

Israeli Journal of Aquaculture - Bamidgeh

Additionally, there are certain limitations in this study.
The samples used are all from artificially bred populations,
which differ from their wild counterparts. Meanwhile, the
70-day observation period was conducted entirely within
the breeding environment, distinct from the wild environ-
ment where samples are returned after field collection.
Hence, in subsequent research, we can utilize non-invasive
sampling to conduct comparative genomics studies on the
G. chilianensis populations distributed across various
basins. This will help reveal the genetic relationships and
evolutionary divergences among different populations, pro-
viding compelling evidence for the study of the biogeogra-
phy and evolutionary history of the G. chilianensis. Further-
more, we can perform multiple non-invasive samplings of
the G. chilianensis within the same basin to assess the im-
pact of sampling methods on the fish through long-term
dynamic monitoring.
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