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Zostera japonica is an intertidal seagrass with a wide latitudinal distribution extending from tropical to
temperate zones. We examined the distributional characteristics of Z. japonica in a subtropical intertidal
zone. In a lagoon-like calm area with low current velocity and short emersion duration, Z. japonica had long
vegetative shoots, high above-ground and below-ground biomasses, and sparse shoot density, compared to
those in sites around the upper and lower distributional limits. At sites around the upper and lower distri-
butional limits, shoot length of vegetative shoots, as well as above-ground and below-ground biomasses,
showed moderate differences between June 2019 and February 2021. In the main distribution area with
dense meadows, shoot length and above-ground biomass reached maximum values during June to August,
while total shoot density increased during the winter season, suggesting that the above-ground biomass
mainly depends on shoot length. The density of reproductive shoots indicated a high value only in February,
implying that sexual reproduction occurs during a short duration around the lowest temperature period.
Therefore, the progress of global warming may cause a decline of reproductive effort in subtropical popula-

tions.
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Fig. 1 Survey line (N2'?) and St. M, and photograph taken by drone in Nagura Bay, Ishigaki Island, Okinawa Prefecture.
Open circles indicate sites for the sampling survey: the survey at all sites was conducted in July 2019 and February
2021. Additionally, the sampling survey at the site 35 m from the benchmark was conducted every few months through-
out the two years. Closed circles indicate sites for the coverage survey.
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Fig. 2 Depth profile (gray line) along Line-N2' and St. M of Nagura Bay. Open circles indicate sites for the sampling sur-

vey. Closed circles indicate sites for the coverage survey.
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Table 1 Physiochemical parameters in each site, measured in July 2019

Site Temperature (°C) Salinity (PSU) Mud content (%) Ignition loss (%) Eh (mV)

25 m 35.97+0.20° 26.58+1.00 1.04+0.49 1.94%0.39 —144.50+33.45"
35m 35.30+0.32° 26.87+4.39 1.01+0.28 1.69%0.30 —168.33+0.82"
90 m 33.72+0.48" 32.40+0.26 0.59+0.09 1.57+0.27 - 187.83+10.65°
110 m 33.41+0.65" 29.67+3.88 0.67+0.18 1.54%+0.28 —188.50+ 16.86°
M 32.55+1.44" 29.86+5.56 1.06+0.36 1.56%0.43 —84.33+12.08"
Site NOy-N (uM) NO,-N (uM) Si0,-Si (uUM) PO,-P (uM) NH,-N (uM)
25 m 9.72 +8.53™ 1.07=0.58" 39.28+4.11° 1.58+0.53" 13.60 + 3.82*
35m 11.40+10.24" 1.61+0.79" 29.73+ 3.38" 1.48+0.23" 13.90 =8.01"
90 m 0.30+0.12" 0.34+0.06" 10.12+1.27° 0.59+0.19" 2.41+0.81"
110 m 0.81+0.51™ 0.74+0.18" 34.45+19.09 1.63+1.44" 4.51+2.38"
M 6.09%4.72" 0.64%0.62" 29.62+7.88" 2.07%0.66" 11.90 =2.52"

Different letters (a, b, ¢) indicate a significant difference between sampling sites (Tukey-Kramer HSD test, p<<0.05).

Values are expressed as mean = SD (n=6).
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Fig. 3 Comparison of total shoot density (a), reproductive shoot density (b), shoot length of vegetative shoots (c), above-
ground biomass (d) and below-ground biomass (e) of Zostera japonica among each site of Nagura Bay in July 2019 and
February 2021. Different letters (a, b, ¢) indicate a significant difference between sites of each month (Tukey-Kramer
HSD test, p<0.05). Values are expressed as mean *SD (n=5-6).
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Table 2 Results of two-way ANOVA testing for the in-
fluence of sampling month (July vs. February), col-
lection site, and interactive effects on each parame-
ter of Zostera japonica

Total shoot df Sum Mean F

density Sq Sq value p
Month 1 3359 3359 48.353 <0.001
Site 4 1339 335 4.818 0.0025
Month:Site 4 73 18 0.262 0.9011
Residuals 46 3195 69

Sum Mean F

Shoot length df Sq Sq value p

Month 1 9263 9263 20.877 <0.001

Site 4 126722 31681 71.401 <0.001
Month:Site 4 4657 1164 2.624 0.0467
Residuals 46 20410 444

Above-ground df Sum Mean F

biomass Sq Sq value p
Month 1 1.3727 1.3727 26.61 <0.001
Site 4 22998 0.575 11.14 <0.001

Month:Site 4 0.4871 0.1218 2.36 0.0671
Residuals 46 2.3732 0.0516

Below-ground df Sum Mean F

biomass Sq Sq value p
Month 1 0.5784 0.5784  9.482 0.00349
Site 4 27687 0.6922 11.348 <0.001

Month:Site 4 0.8274 0.2069 3.391 0.01635
Residuals 46 2.8059 0.061

Table 3 Pearson correlation coefficient between pa-
rameters of Zostera japonica in June 2019 and Feb-

ruary 2021
Total Above-
June 2019 (n=30) ligog}tl shoot ground
g density  biomass
Total shoot density —0.345 — —
Above-ground biomass 0.714* 0.144 —
Below-ground biomass 0.586" 0.154 0.779*
Total Above-
Feb 2021 (n=26) ligog}tl shoot ground
g density  biomass
Total shoot density -0.125 — —

Above-ground biomass 0.751* 0.309 —
Below-ground biomass 0.224 0.611* 0.497*

* Correlation is significant (p<0.05).

1H15H) #533.1°C (20194E8 H1H) DO&#PHIZH
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Table 4 Pearson correlation coefficient for parameters
of Zostera japonica with the physiochemical param-
eters in June 2019 (n=30)

Total Above-  Below-
shoot ground  ground
density biomass biomass

Shoot

Parameter length

Temperature CC)  0.777° —0.382*  0.536"  0.429"
Salinity -0.249 0.166  —0.077 —0.039
Mud content (%) 0.212  —0.092 0.013 0.003
Ignition loss (%) 0.527" —0.172 0.369"  0.232

Eh (mV) -0.060 -0.223 -0.111 —0.376"
NO,-N 0.282 —0.346  0.098  0.101
NO,-N 0.316 —0.117 0315  0.217
Si0,-Si 0.189 —0.111 -0.132 -0.214
PO,-P -0.069  0.118 -0.211 -0.377"
NH,-N 0.359 —0.400* 0.166 —0.025

* Correlation is significant (p<0.05).
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Fig. 4 Seasonal variations in the temperature at the site of 10 m (a), total shoot density (b, closed circle), reproductive shoot
density (b, open circle), shoot length of vegetative shoots (c), and above-ground biomass (d, closed circle) and below-
ground biomass (d, open circle) of Zostera japonica at the site 35 m from the benchmark of Nagura Bay, from June 2019
to April 2021. Temperatures are expressed as the 10-day moving average of values measured at 60-minute intervals, and

other values are mean =SD (n=6-8).

Table 5 Pearson correlation coefficient between pa-
rameters of Zostera japonica collected throughout
the two years at the site 35 m from the benchmark
(n=15)

Total  Above- Below-
Shoot shoot  ground ground

Parameter leneth
g density biomass biomass

Total shoot density 0.281 — — —
Above-ground biomass 0.713%  0.236 — —
Below-ground biomass 0.142 0.235 0.390 —
Temperature 0.148 —0.694" 0.380 0.274

* Correlation is significant (p<0.05).
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Fig. 5 Seasonal variations in the coverage of Zostera
japonica (closed circle) and other seagrass species
(open circle) at each site in Nagura Bay, from June
2019 to April 2021.
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