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Fig. 4 Mechanism diagram of the effects of environmental estrogens on fish population structure
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Tab. 1 Effects of fish on exposure to environmental estrogens
52 gapey  (EHEV IRERRGREM Bols ik S
research topic  experimental fishes representative treatment conditions key conclusions references
P P compounds  (concentration/duration/method) Y
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ffect
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582d
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112 dJE e
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K R f EE, 70 200 ng/g EETilk}; /A EL) G #HSIAR mRNARIA L E TR EE,&3%  [61]
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effects on the D. rerio ey 4, FHONMARTIARGE /N o 2 Pl BRI
immune system b T B b SRR S T, R AR IE N
TG B R
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responses in P. promelas ERE Vi B PRBEAR SG /KPR 2 DABUI BT AR
population FF RS
structure DT BPA 50, 500ng/L; 7W: AEEMERK AGHHEBPARIURLAEER B, plbxileta [71]
D. rerio N7 HISRZATN, (RIS A 5 4 AT AT
N, HATREEAT AT IRECE B AR R
Sk fiy EE, 32+ 53, 109ng/L, AKiEFEFE  ERCESHIGKRE32ngLT, MEHK [73]
P. promelas RA)CEE T 7£53F110.9 ng/LEf T %
TN, EE, R ISR 7
ST YN EE, Sng/L; KWK E KR i A AT AR TR, 0 [74]
H. formosa TR L MRS, PRBEMER R v ARiE T

PR S A A RS S AR A S e 3

AR R €1 S W VA DR A

Notes: The data in the table are derived from the corresponding references.
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Implications of environmental estrogens for fish growth and reproduction

ZHOU Zhifeng ', CHEN Xin ", LI Shengnan ?, ZHOU Rong '?, TAO Min "*'

(1. Engineering Research Center of Polyploid Fish Reproduction and Breeding of the State Education Ministry,
College of Life Sciences, Hunan Normal University, Changsha 410081, China,
2. Yuelushan Laboratory, Changsha 410128, China)

Abstract: Environmental estrogens, as typical endocrine-disrupting chemicals widely present in aquatic environments, can
exert sustained effects on the growth, development, reproductive processes, immune function, and population structure of fish
by disrupting endocrine homeostasis. This review systematically summarizes the research progress on the effects of environ-
mental estrogens on fish growth and reproduction, focusing on aspects such as reproductive physiology and sex differentiation,
expression and regulation of development-related genes, changes in immune function, and population-level responses. Avail-
able studies have shown that environmental estrogens can interfere with gonadal development and sex differentiation by regu-
lating the expression of estrogen receptors, vitellogenin, and genes involved in sex hormone synthesis. They can also alter
immune cell activity, thymus development, and the expression of immune-related factors, thereby impairing immune defense
capabilities in fish. At the population level, environmental estrogens may lead to skewed sex ratios, reduced fecundity, abnor-
mal behaviors, and population decline. However, research on long-term low-concentration exposure, combined exposure to
multiple pollutants, and transgenerational effects remains relatively insufficient, and the underlying mechanisms and
associated ecological risks warrant further investigation. Looking ahead, the regulatory networks underlying the multi-
level responses of fish to environmental estrogens—from the molecular and individual levels to the population level
would be elucidated, by integrating multi-omics analyses, long-term exposure experiments using ecologically relevant con-
centrations, and multigenerational tracking. Thus, this work would provide a theoretical foundation and practical guidance for
ecological risk assessment of environmental estrogens, pollution control in aquatic environments, and the conservation of fish

resources and sustainable aquaculture.
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