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Abstract: The indicator species approach is an important tool for assessing the health of aquatic ecosystems. Its effectiveness
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depends on the selection of species that are both sensitive to environmental changes and representative of the local ecological
community. This study aimed to establish a fish-based indicator species framework suitable for the upper reaches of the Yellow
River. Drawing on field survey data collected from 2022 to 2023, we integrated fish community distribution patterns with species-
environment relationships using a multi-faceted analytical approach and validated the results via the Indicator Value (IndVal)
method. First, redundancy analysis (RDA) was employed to explore the associations between fish distributions and environmental
variables, and to assess species-specific responses to individual environmental gradients. Subsequently, RLQ and Fourth-corner
analyses were used to quantify the coupling between fish functional traits and environmental gradients. Species that exhibited
significant responses in both analyses were selected as candidate indicator species. Ultimately, six key indicator species were
identified for the upper reaches of the Yellow River: Schizopygopsis pylzovi, Chuanchia labiosa, Gymnocypris eckloni,
Platypharodon extremus, Gymnodiptychus pachycheilus, and Triplophysa siluroides. The IndVal method was then used to
evaluate the indicator strength of these species for specific habitats. Among them, five species—S. pylzovi, C. labiosa, P. extremus,
G. pachycheilus, and T. siluroides—exhibited statistically significant indicator values. Furthermore, the Random Forest Model
was applied to examine the relationships between the occurrence of indicator species and environmental factors. The results
revealed that reservoir age, aquaculture age, and the cumulative number of dams were the most important predictors of species
presence or absence. As these variables increased, the occurrence frequency of indicator species decreased significantly. This
study provides a methodological reference for the selection of indicator fish species and offers a scientific basis for the ecological
protection and management of river basins. In addition, these findings provide a methodological basis for the identification of
indicator species and valuable insights to support ecological monitoring, conservation planning, and watershed management in
the Yellow River Basin.
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Fig2. RDA ordination diagram showing the relationship between fish distribution and environmental variables in the upper Yellow River
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Tab.1 Fish list of the upper Yellow River

H Order #} Family J& Genus

Fl Species

e H

Cypriniformes

16 Cobitis
AL Lefua
YEf R Misgurnus

it A} Balitoridae

FIJEfHJE Paramisgurnus
)5 HJE Triplophysa

FEfefa )@ Abbottina
)& Acanthogobio
fifiJ& Acanthorhodeus

fil &} Cyprinidae

il J& Carassius
W 1 J& Chuanchia
il J& Cyprinus

#R 1 JE Gymnocypris
MEJE )R
Gymnodiptychus
D fi 8 Leuciscus
Ji W 145 £ )& Platypharodon
7 fiffJ& Pseudorasbora
il J& Rhodeus
A Schizopygopsis
)5 £ )& Schizothorax
fifi J& Silurus

fii /& H Siluriformes fiF} Siluridae

%5} Bagridae L #%JF Pseudobagrus
fifiJ2 H Perciformes h SR} ) 1 & Micropercops
Odontobutidae
fig % 1} Gobiidae W) ;2 4 J& Rhinogobius
7% H Osmeriformes  #]/R £} Osmeridae /A f4 )% Hypomesus

fe: 7} Salmonidae AP JE Oncorhynchus

LI ALK Cobitis sibirica

ALifk Lefia costata

Vet Misgurnus anguillicaudatus
KEERIVER, Paramisgurnus dabryanus
K= IR Triplophysa brevicauda
15 B IR Triplophysa dalaica
KRR Triplophysa leptosoma
RIT RS Triplophysa orientalis
T 1 R4 Triplophysa pappenheimi
RT3 S5 8] Triplophysa
pseudoscleroptera

T i) 1= JR ¥ Triplophysa scleroptera
Pl =5 BR ¥ Triplophysa siluroides
Y0 = R Triplophysa stenura

Wi K& 588 Triplophysa stoliczkai
Feftfa Abbottina rivularis

Hfif) Acanthogobio guentheri
MY Acanthorhodeus chankaensis
il Carassius auratus

‘B JEH W 1 Chuanchia labiosa

i Cyprinus carpio

BEHE Cyprinus carpio L.

CBEHREE Gymnocypris eckloni

JE IS E S B Gymnodiptychus pachycheilus

IR f. Leuciscus chuanchicus
W3 Wl 5 £ Platypharodon extremus
MU Pseudorasbora parva

G Rhodeus sinensis

I AREL L . Schizopygopsis pylzovi
F 2644 Schizothorax prenanti

fiti Silurus asotus

B Pseudobagrus medianalis
W Micropercops swinhonis

F BRI . Rhinogobius giurinus
WA A Hypomesus olidus

W% Oncorhynchus mykiss
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Tab.2 Species-Environment Correlation Results

o KSR AR R o IR
ki BT NHEFHtas K
) (€29}
B S £ Chuanchia labiosa -0.7912 -0.9963 -0.7675 -0.8383
T AR A Gymnocypris eckloni -0.9955 -0.7965 -0.9999
- Gymnodiptychus
JEIEREE M -0.6566 -0.9939 -0.8779 -0.7158
pachycheilus
32 J TR 15 £, Platypharodon extremus -0.7897 -0.9965 -0.7691 -0.8370
TR Schizopygopsis pylzovi -0.9860 -0.6126 -0.9692
&K i R 5 Triplophysa leptosoma -0.4712 -
B TR i iR R Triplophysa pappenheimi -0.7929 - -0.7407
N Triplophysa
O o g JE A -0.6068 - -0.5401
pseudoscleroptera
Uk 7= T K Triplophysa siluroides -0.4657 -0.9419 -0.9644 -0.5361
7 I 1 Ji 8K Triplophysa stoliczkai -0.8848 -0.9666 -0.6455 -0.9198
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3 WFRRESPIER (p<0.01, ***p<0.001)
Tab.3 Results of Indicator Value (IndVal) Analysis (**p < 0.01, ***p < 0.001)

P)F species IndVal

BB E Chuanchia labiosa 0.417%*
TEBIHR Gymnocypris eckloni 0.25

JE SR EE M Gymnodiptychus pachycheilus 0.58%*%

Wil WA Ui #8. Platypharodon extremus 0.65%**

FR RS FUF Schizopygopsis pylzovi 0.48%**

oMl =5 BRE# Triplophysa siluroides 0.37%*
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Fig.4 Random Forest-Based Analysis: Effects of different anthropogenic disturbance factors on the presence and absence of indicator
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