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Abstract: To elucidate long-term response patterns of Schizothoracine fishes growth to past climate change, we reconstructed a
50-year historical growth chronology of Schizothorax waltoni by using hard tissue dendrochronology and explored its growth
response to past climate variability through mixed-effects models. The results demonstrate that the index of average percentual

error in age estimation between annual ring counting and cross-dating methods was 5.13% and 0%, respectively, with the discre-

s B #: 2025-05-26; &[5 A #: 2025-06-03

ELTE AW AR W BCLIG PG DXCEE 5Kkl 55 5 PR

PEZ B v A (1999—), 55, WEWIA:, B m il %R . E-mail: gsq@webmail hzau.edu.cn
BEEE: W 1983—), B, RIEER, WL, BIFTrmbnl %R E-mail: huobin@mail hzau.edu.cn


mailto:gsq@webmail.hzau.edu.cn
mailto:huobin@mail.hzau.edu.cn

2 [ A N S

%21 %

pancy between the two methods increasing with age. The mean synchrony index of growth chronology was 0.406, and a signifi-

cant decreasing trend in measured increment width was observed with advancing age. The constructed growth mixed-effects

model explained 91.7% of the growth variation in S. waltoni, with intrinsic factors and climatic factors collectively accounting

for 80.1% of the explanatory power. The growth of S. waltoni exhibited both individual and interannual variability, with a

growth regime shift occurring in the 1990s. Temperature, Arctic Oscillation (AO), El Nifio-Southern Oscillation (ENSO), and

Indian Ocean Dipole (IOD) all showed negative linear relationships with fish growth, demonstrating spatial and lag effects on

growth patterns. Notably, IOD emerged as the key climatic driver, with an estimated parameter value of —0.061 8. Future studies

should incorporate sexual maturity and additional environmental factors into model construction while considering temporal

scales, spatial scales, and species-specific characteristics to achieve a more comprehensive understanding of schizothoracine

fishes' growth responses to multifaceted environmental changes.
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Table 1 Specimen information for S. waltoni collected in

Yarlung Zangbo River
REEAE( A AR
Sampling year Sample number Age range
2008 73 3~36
2009 135 5~41
2012 127 2~32
2017 21 4~28
2018 25 10~26
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Table 2 Definition and description of parameters adopted in mixed-effects models
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Table 3 Parameter estimates of optimal random
models for S. waltoni

R FREL

Correlation

T2 (brifie)
Variance (SD)

BERLA

Random effect

A& FishID
A& Age|FishID
4EA} Year

AEIBAEA Age|Year
5%2= Residual

0.034 8 (0.186 5)
0.0392(0.197 9) 0.65
0.007 0 (0.083 4)

0.021 3 (0.146 1) 0.98

0.050 8 (0.225 4)
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Fig.5 Temporal variation in annual growth index of
S. waltoni
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Table 4 Parameter estimates of optimal intrinsic
fixed models for S. waltoni

DAL i1 7 R FETHE (FrifE2E) t{H

Intrinsic effect Estimate (SE) t-value

#HE Intercept 3.492 4 (0.020 0) 174.613""

AR Age -0.997 0 (0.028 2) -35.380""

AR AAC —0.075 9 (0.023 7) -2.895"

PE5] Sex ~0.028 7 (0.018 4) -1.558
HHE: **p<0.01; *** p<0.001,

Note: **, p<0.01; ***. p<0.001.
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Table 5 Extrinsic models exploration of S. waltoni
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Parameter Optimal model
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X IR IM+Up_prec_lag+
1-year lagged NAQ_lagtAO_lag+ 18 10.50 -—278.48
EASMI_lag+ ' :
study area
I0D_lag+IMI_lag
S IM+Up_temp_lag+
1-year lagged AO_lag+ENSO_lag+ 14 0 -277.26
upstream region I0D_lag
TE: IM R iR U BEATURI A [ 5 RO A 5 K S7n BBy v

ISR s AAIC, FR SRR 5 S 5 Mt
fEEMEMZEE; LL R EUR I
Note: IM represents the optimal random and intrinsic models selected
in the preliminary analysis; K represents the number of estimated
parameters; AAICc represents the difference in AICc between the
current model and the model with the lowest AIC; LL represents
the log likelihood.
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Fig. 7 Predicted effects of IOD with 1-year lag on growth of
S. waltoni
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Table 6 Parameter estimates of optimal extrinsic
fixed models for S. waltoni

M 1 RE R FhTHE (bRAfEDR) tfH

Extrinsic effect Estimate (SE) t-value

b3 5 R Up_temp_lag —0.006 4 (0.0147)  —0.045
A AL S AO_ lag —0.0419 (0.0168)  —1.670
i EJE/R JEW R 77 52 ENSO_lag —0.007 8 (0.0093)  —0.846
TG ENEE L F 10D _lag —0.061 8 (0.0260)  —2.375

e *. p<0.05,

Note: ¥, p<0.05.
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Fig. 8 Cross-dating result for annual growth increment of
S. waltoni during 1974—1986 (a) and 1987—-2008 (b)

Note: Black and white dots represent annual rings; W represents that
the current ring width is significantly greater than the adjacent ring
width; N represents that the current ring width is significantly smaller
than the adjacent ring width.
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