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Introduction 
Three types of Supporting Information were prepared for this study.  In Supporting Text I, we describe the results of a sensitivity analysis used to evaluate the effects of sea surface height and chlorophyll a concentration on mesozooplankton biomass in the coastal Sea of Japan.  In Supporting Text II, we show the simple arithmetic medians of wet weight values.  In Supporting Text III, we showed the zooplankton assemblages in the genus level via microscopic observations (n =269) in 1970s (April of 1972 and 1973), 1980s (March–May of 1985 and 1990), 2000s, and 2010s.

Supporting Text 1
Introduction
In this study, a generalized linear model (GLM) approach was used to identify the interannual variations, monthly variations, daily variations, and temperature effects, from their arithmetic medians containing sampling bias. However, the visualization of raw data was necessary to confirm that the results of the GLM were adequate. Here, we show the simple arithmetic medians using boxplots (Figure S1). The monthly variations are shown in Figure S1A, the relationship between temperature is shown in Figure S1B, and the yearly median values are shown in Figure S1C. 
We do not show the fractions in the biomass of the small pelagic fish. However, the interannual variations in the biomasses of the Japanese sardine, Sardinops melanostictus (Fig S2A), Japanese anchovy, Engraulis japonicus (Figure S2B), and Pacific round herring, Etrumeus teres have been shown (Figure S2C).

Results
The seasonality of wet weight was also significant and similar among the areas; the major peak of wet weight was observed in April in every subarea, and a minor peak was observed in October and/or November (Figure S1). The log-transformed wet weight per cubic meter was significantly and negatively correlated with SST in all three subareas (p < 0.001); however, the relationships were not linear. Biomass peaked at 15–20° C, 14–17 °C, and 12–13 °C in the western, central, and eastern subareas, respectively (Figure S1).  
The yearly median values varied by one order of magnitude. The lowest annual median value of the western subarea was observed in 1977 (median: 0.037 g m-3, Q1–Q3: 0.022–0.055 g m-3), that of the central subarea in 1978 (0.037 g m-3, Q1–Q3: 0.021–0.054 g m-3), and that of the eastern subarea in 1989 (0.028 g m-3, Q1–Q3: 0.014–0.059 g m-3). The annual highest median value in the western subarea was observed in 1997 (0.51 g m-3, Q1–Q3: 0.51–1.1 g m-3), that of central subarea was 2001 (0.20 g m-3, Q1–Q3: 0.12–0.037 g m-3), and that of eastern subarea was in 2012 (0.138 g m-3, Q1–Q3: 0.079–0.22 g m-3).  
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Figure S1
Arithmetic medians of wet weight values in the western (left), central (centre) and eastern (right) subareas. (A) Monthly variations, (B) variations with temperature, and (C) interannual variations. The y-axes are transformed to common logarithm values. The plot shows the median (horizontal lines within boxes), upper, and lower quartiles (boxes), quartile deviations (vertical bars), and outliers (circles). The blue lines in (B) denote the regression line between temperature and wet weight. 
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Figure S2
Interannual variations of (A) Japanese sardine, Sardinops melanostictus, (B) Japanese anchovy, Engraulis japonicus, and (C) Pacific round herring, Etrumeus teres, in the Tsushima Warm Current region from 1977 to 2019. The data was from the stock assessment reports published in 2020 [Kurota et al., 2020; Muko et al., 2020; Yoda et al., 2020].

Supporting Text 2
Introduction
In this study, we mainly focused on the long-term variations of mesozooplankton abundance.  The results of GLM on the effects of SST, month, sampling time and bathymetry were not mainly discussed, but they were necessary for confirmation of the GLM approach, and thus we descried here. 

Results
The effects of SST based on the least-squared mean (lsmean) values differed among subareas (Figure S3). The wet weights were highest at 13° C in the western subarea, and peaked at 6° C, 16° C, and 29° C in the central subarea (Figure S3). In the eastern subarea, the effect of temperature was weak and no peaks were observed (Figure S3a). The effects of month were also different among the subareas (Figure S3b); a spring (days 61–121, March and April) peak was observed in the central and eastern subareas, but not in the western subarea (Figure S3b). The lowest biomass was observed in winter (days 1–60, January and February), except in the central subarea (Figure S3b). Significant differences in biomass in day and night-time bihourly variations were only observed in the eastern subarea (Figure S3c). In the central and western subareas, the diel variations were not clear, and a peak was observed during the daytime (10–12 AM) in the western subarea (Figure S3c). The effect of bathymetry was clear; the biomass in the shelf waters was higher than that in the slope and deep waters in all three subareas (Figure S3d). In the central subareas, the biomass of the deep waters was higher than that of the slope waters, while the biomass between the deep and slope waters was at the same level in the eastern subarea, and in the slope waters biomass was slightly higher than in the deep waters in the western subarea.
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Figure S3 Responses of (a) temperature, (b) month, (c) sampling time and (d) bathymetry to the wet weights based on least squares mean (lsmean) values in the west (left), central (centre), east (right) subareas. The dots and vertical bars are the lsmean values and 95% confidential intervals, respectively. 

Supporting Text 3
Introduction
	In this study, we calculated the interannual variations in the wet weight of mesozooplankton from 1965 to 2019. At the beginning of the study period, sea surface height and chlorophyll a concentration were not available based on satellite observations. Therefore, we could not evaluate the effects of ocean currents/mesoscale eddies and primary productivity on the wet weight of mesozooplankton. Thus, here we describe the results of a sensitivity analysis used to evaluate the effects of sea surface height and chlorophyll a concentration on mesozooplankton biomass in the coastal Sea of Japan.  

Materials and Methods
	Datasets collected after 1998 were used to identify the effects of sea surface height and sea surface chlorophyll a concentration on mesozooplankton biomass in the coastal Sea of Japan. Sea surface height anomaly (SSHA) data were obtained from linear interpolations of weekly composite merged satellite altimetry measurements (SSALTO/DUACS, https://www.aviso.altimetry.fr). Sea surface chlorophyll a concentration was obtained from Monthly Interpolated Global Ocean Chlorophyll data (OCEANCOLOUR_GLO_CHL_L4_REP_OBSERVATIONS_009_082: https://doi.org/10.48670/moi-00100). Because our generalized linear model approach did not allow for missing data, we adopted monthly interpolated values. The SSHA data were divided into five categories: <-0.15 m (low), -0.15 – <-0.05 m (middle-low), -0.05–<0.05 m (middle), 0.05–<0.15 m (middle-high), and ≥0.15 m (high). The chlorophyll a concentrations were divided into five categories: <0.2 mg m-3 (oligotrophic), 0.2–<0.5 mg m-3 (oligo-mesotrophic), 0.5–<1 mg m-3 (mesotrophic), 1–<2 mg m-3 (meso-eutrophic), and ≥2 mg m-3 (eutrophic).  
The effects of SSHA and chlorophyll a concentrations were estimated using a generalized linear model (GLM). The error distribution of the wet weight per cubic metre was assumed to show a gamma distribution, and the “log” link function was set to model the wet weight. The model was applied to the dataset divided into subareas (west, central, and east). The other parameters were the same as those of the full model, applied in the main text. The full model is as follows. 
WWsubarea ~ glm(year + bimonth + bihour + sst + bathy + chla + ssha)                Eq S1
Here, WWsubarea, sst, bathy, chla, and ssha represent wet weight per cubic metre of subarea, categorised sea surface temperature (every 1° C), categorised bathymetry at the station (shelf, slope, and deep), categorised chlorophyll a concentration, and categorised sea surface height anomalies, respectively. Year, hour, and sea surface temperature were binned every 1 year, 2 hours (bihourly) and 1° C, respectively, to treat them as categorical values. The days from 1st January were binned every 61 d and treated as a bimonth. The significance of the explanatory variables was tested using ANOVA. In addition, the interannual variations in the least-square mean (lsmean) values were compared among these models.
WWsubarea ~ glm(year + bimonth + bihour + sst + bathy + chla)                           Eq S2
WWsubarea ~ glm(year + bimonth + bihour + sst + bathy + ssha)                           Eq S3
WWsubarea ~ glm(year + bimonth + bihour + sst + bathy)                                      Eq S4
Equation S4 is the same as the model in the main text (named base model), but the amount of data is different because we did not use the data where chlorophyll a concentrations were lacking. Therefore, interannual variations differed from those in the main text. The difference in interannual variations among the models, in particular the difference between the results of S4 and other models, showed the effects of SSHA and sea surface chlorophyll a concentration. We named Eq. S1, Eq. S2, and Eq. S3 the full, Chla, and SSHA models, respectively.

Results and Discussion
	Based on the ANOVA, SSHA and chlorophyll a concentrations significantly affected wet weights (p < 0.05), except in the eastern subarea (p > 0.48). The AIC values indicated that SSHA and chlorophyll a concentrations were not selected in the least-AIC model in the eastern subarea, whereas the full model (S1) was selected for the other two areas. The effect of SSHA was not obvious in the western subarea (Figure S4A): the lsmean wet weight was highest in the water whose SSHA ranged from -0.15 to -0.05 m (middle-low), while it was lowest in the water whose SSHA was <-0.2 m (low). In the central subarea, the lsmean wet weight values were the highest in the water where SSHA was <-0.2 m (low). The difference in the effect of SSHA between the full model and the SSHA model (Eq. S1 and S2) was poor among the three areas.  
The effects of chlorophyll a concentration were similar in the western and central subareas (Figure S4B); the lsmean wet weight increased with an increase in chlorophyll a concentration until the meso-eutrophic condition (1–<2 mg m-3), but the lsmean in the eutrophic condition was low, similar to the oligotrophic condition. The difference in the effect of chlorophyll a concentration between the full and Chla models (S1 and S2) was poor among the three areas, similar to the effects of SSHA.
The difference in the interannual lsmean values of wet weight was very small among the four models in every subarea (Figure S4C). The lsmean values of the full model were usually within the range of the 95% confidence intervals of the base model. An exception was observed in 2001 in the western subarea where the lsmean value of the full model was smaller than that of the base model. However, the lsmean value in 2001 in the full model was still the highest during the 1998 to 2019 period. The other exception was observed in 2012 in the central subarea where the lsmean values of the full model were higher than the upper 95% confidence interval values of the base model. The effects of month (bimonthly), temperature, hour, and bathymetry were not significantly different when the models included SSHA and chlorophyll a concentration (Figure S4D–G).
The results of the sensitivity analysis indicated that the mesozooplankton biomass was potentially impacted by the chlorophyll a concentration and oceanic current/eddy structure. We could not ignore these effects; however, the impacts of SSHA and chlorophyll a concentrations were small after 1998. In particular, the trends of interannual variations remained unchanged, considering the effects of SSHA and chlorophyll a concentrations in the models. The sea level in the coastal Sea of Japan was low during 1970–1990 and high during 1990–2010, but the anomalies were ~5 cm [Sasaki et al., 2017]. In addition, eddies were generated in the 1980s in the Sea of Japan [Ichiye and Takano, 1988]. This suggests that the impact of SSHA on the interannual variations in mesozooplankton biomass was limited. The chlorophyll a concentration in the Sea of Japan showed a decreasing trend [Boyce et al., 2010], suggesting that mesozooplankton biomass should have decreased in our models; however, the mesozooplankton biomass increased after 1990. Therefore, we considered the impacts of the chlorophyll a concentration to be small for the interannual variations in mesozooplankton biomass, and the result of the base model (Eq. S4) was considered robust for estimating interannual variations in mesozooplankton biomass in the coastal Sea of Japan.
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Figure S4 The least square mean (lsmean) values (circle or square) with 95% confidence intervals (CI, bar) of wet weight in the western (left), central (centre) and eastern (right) subareas. (A) Effects of sea surface height anomaly (SSHA), (B) effects of sea surface chlorophyll a concentration, (C) effects of year (interannual variation), (D) effects of month (bimonthly variation), (E) effects of temperature, (F) effects of sampling time (bihourly variation), and (G) effects of bathymetry.  

Supporting Text 4
Introduction
We counted the number of individuals at the genus level via microscopic observation in some samples (n =269) in 1970s (April of 1972 and 1973), 1980s (March–May of 1985 and 1990), 2000s, and 2010s. To avoid discrepancies in species identification among the observers, the samples from the 1970s and 1980s (including 1990) were counted at the same time as those from the 2000s and 2010s. The zooplankton assemblages changed with temperature in the Sea of Japan [Kodama et al., 2018]; therefore, the decadal variations were compared in the same temperature range [n = 12, 57, 107 and 93 in 1970s (April of 1972 and 1973), 1980s (March–May of 1985 and 1990), 2000s and 2010s, respectively, Figure S5]. The positions are shown in Figure S4. The major genera are defined as ≥10% proportion in the sample in at least one sample. The differences in plankton assemblages were evaluated using a PERMANOVA (Permutational multivariate analysis of variance) using vegan package [Oksanen et al., 2007] in R. In some of 1980s samples (n = 17), however, Euphausiacea and Amphipoda were already sorted, and thus we did not compare these biomasses.  

Results and Discussion
Sixteen major zooplankton genera were identified through microscopic observation. These 16 genera were selected based on the definition that the proportion in the sample was ≥10% in at least one sample. The decadal variations were significant (PERMANOVA, p = 0.001; Figure S6). The decadal variations in zooplankton assemblages indicated that the proportions of calanoid copepods Mesocalanus and Neocalanus in the 1970s were significantly higher than those in the other three decades, whereas the proportion of cyclopoid copepod Oithona was lower than that of the other three decades (ANOVA with Tukey’s HSD test, p < 0.05, Figure S6). In the 1980s, the proportion of the calanoid copepod Pseudocalanus was higher than that in the 2000s and the 2010s (ANOVA, p < 0.01), and the proportion of the cyclopoid copepod Oithona was lower than that in the 2000s and the 2010s (ANOVA, p < 0.01, Figure S6). The proportions of other mesozooplankton in the 1980s were not significantly different from those in the 2000s and the 2010s (ANOVA, p > 0.05).  
Neocalanus and Pseudocalanus are cold-water genera in the Sea of Japan, and Mesocalanus is a warm-water genus [Iguchi and Tsujimoto, 1997; Iguchi et al., 1999]. Both warm- and cold-water species exist found in the genus Oithona [Iguchi and Tsujimoto, 1997; Iguchi et al., 1999]. Therefore, based on these results, we could not conclude that mesozooplankton assemblages shifted to warm-water species. Geographical variation is also important for zooplankton assemblages. For example, Neocalanus stay in deep waters except in April [Miller and Terazaki, 1989], suggesting that they may not enter shallow waters during this time. Because the remaining samples from the 1970s and the 1980s were only collected in the offshore waters, geographical differences may be important for differences in zooplankton assemblages in these observations.
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Figure S5 Distributions of sampling stations for zooplankton assemblages overlayed with Figure 1 in the main text. The symbols are the stations that observed the plankton assemblages. The coloured dots indicate the stations which observed wet weight values that were used in the statistical analyses. The colours correspond to the subareas. Each symbol denotes a sampling decade. The line in the Sea of Japan and in the western North Pacific represents the Tsushima Warm Current, and Kuroshio, respectively.  
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Figure S6 Decadal variation of mesozooplankton assemblages in the Sea of Japan based on the 16 dominant genera. The sampling stations are shown in Figure S4.
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