Supplementary Information
Supplementary Methods S1. Detailed water sampling procedures
Water sampling was conducted during both the dry season (March 2023) and rainy season (August 2023) to characterize spatial and seasonal variation in water quality conditions within mangrove ecosystems. Site 3 (Vasai Creek) was sampled only during the rainy season because of logistical constraints.
During the dry-season survey, sampling was conducted at low tide to assess environmental conditions associated with mangrove root systems and sedimentary water environments. Two microhabitats were selected at each site: (1) “root zones,” where mangrove roots were densely distributed and exposed to sediment during low tide, and (2) adjacent narrow tidal channels (“streams”) through which tidal water flowed across the root zone.
At each sampling location, water samples were collected from three depths: 0, 10, and 30 cm below the sediment surface. Surface water (0 cm) was directly collected using clean plastic cups. At 10 and 30 cm depths, sediment-water mixtures were collected manually, allowed to settle, and supernatant water was extracted for analysis. At Site 2, sampling at 30 cm depth in the stream habitat was not possible because of rocky substrate conditions.
During the rainy-season survey, sampling was conducted approximately 1–2 h before low tide. Two locations were selected to evaluate spatial variation along the estuarine gradient: (1) a creek-facing site (“streamside”) and (2) an inland site located approximately 0.5–1 km from the creek (“landside”). Access limitations prevented sample collection at the landside location at Site 1.
Supplementary Methods S2. Analytical instrumentation and calibration
Salinity, nitrate concentration, pH, and electrical conductivity were measured using portable meters (LAQUAtwin Salt-22, NO3-11C, pH11-B, and COND-33B; Horiba Ltd., Japan). Dissolved oxygen (DO) was measured using a portable DO meter (HQ1130; HACH, USA). Oxidation-reduction potential (ORP) was measured using a PH450 ORP meter (Nikko Hansen & Co., Ltd., Japan). Biochemical oxygen demand (BOD) and chemical oxygen demand (COD) were analyzed using pack test kits (WAK-BOD and WAK-COD(H)-2; Kyoritsu Chemical-Check Lab Corp., Japan).
For leaf isotope analysis, approximately 1.0 ± 0.1 mg of powdered leaf material was weighed into tin capsules and analyzed using continuous-flow isotope ratio mass spectrometry (CF-IRMS; ANCA-GSL, SerCon Ltd., UK) at the Environmental Dynamics Laboratory, University of Yamanashi.
For tree-ring isotope analysis, approximately 3.0 mg of wood material was weighed into tin capsules and analyzed using an elemental analyzer-isotope ratio mass spectrometer (EA-IRMS; Delta V coupled with Flash EA 2000, Thermo Fisher Scientific, USA) at the Center for Ecological Research, Kyoto University (CERKU), because of the low nitrogen content of wood samples (Koba et al., 2021).
Alanine and CERKU working standards (CERKU-01, CERKU-03, and CERKU-04) were used for isotopic calibration (Tayasu et al., 2011). Analytical precision was within ±0.03‰ for foliar δ¹³C, ±0.02‰ for foliar δ¹⁵N, and ±0.02‰ for tree-ring δ¹⁵N.
Supplementary Methods S3. Stable isotope notation and calculation
Stable isotope compositions are expressed in delta (δ) notation relative to international standards according to the following equation:
δX = [(Rsample/Rstandard)-1]×1000
where X represents ¹³C or ¹⁵N, Rsample is the isotopic ratio of the sample (¹³C/¹²C or ¹⁵N/¹⁴N), and Rstandard is the isotopic ratio of the international standard. Pee Dee Belemnite carbonate and atmospheric N₂ were used as standards for carbon and nitrogen isotope analyses, respectively.
Foliar δ¹³C values were used as indicators of salinity-related physiological stress and water-use efficiency (Huang et al., 2015; Wei et al., 2008). Foliar and tree-ring δ¹⁵N values were used to evaluate anthropogenic nitrogen inputs and temporal changes in sewage influence (Costanzo et al., 2001; Lugendo & Kimirei, 2021; Savard & Siegwolf, 2022).
Supplementary Methods S4. Radiocarbon dating procedures
To estimate the approximate formation periods of mangrove growth layers, bomb-pulse radiocarbon dating was conducted using accelerator mass spectrometry (AMS) at the Institute of Accelerator Analysis Ltd. (IAA), Kawasaki, Japan.
For each stem core, the innermost growth layer and the 46th layer from the outermost position were selected for radiocarbon analysis. Radiocarbon measurements were used to constrain the approximate age range of growth layers and support the interpretation of long-term δ¹⁵N trends.
Supplementary Methods S5. Generalized additive model settings
To visualize long-term radial trends in tree-ring δ¹⁵N values, generalized additive models (GAMs) were fitted using the mgcv package in R. Thin-plate regression splines were applied as smoothing functions. Smoothing parameters were estimated using restricted maximum likelihood (REML), and the basis dimension (k) was set to 5 after evaluation of model adequacy using gam.check.

Supplementary Table 1. Demographic characteristics of interview participants
	Variable
	Number of people

	Generation
	

	20s
	2

	30s
	1

	40s
	10

	50s
	7

	60s
	4

	70s
	8

	Site
	

	Site 1
	27

	Site 2
	3

	Site 3
	2

	Sex
	

	Male
	19

	Female
	13
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