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According to previous phenological studies, fertile sporophytes of isomorphic brown alga Dictyota
dichotoma are dominant in many parts of Japan, but the detailed phenology of this species has never
been examined in Japan. We conducted a monthly survey of thallus length and fertility throughout the
year at Tateyama and Shimoda, and tried to specify environmental factors related to the phenology.
In both sites, mean thallus length was highest in May, and thalli producing tetrasporangia (i.c., fertile
sporophytes) were more than 50% of all collected samples from winter to spring; highest in spring
at Tateyama and Shimoda, 87.7% and 100%, respectively. The percentage of fertile sporophytes was
negatively affected by the mean water temperature and positively affected by the hour of sunshine
during low tide. These results suggest that the sporophytes get fertile as the thalli grow until late spring,
and most of the well-grown thalli are decreased by high irradiance during summer low tide. In contrast,
thalli having sori of oogonia or antheridia (i.c., fertile gametophytes) were rarely found throughout the
year and the reason of this unbalance between the phases was still unresolved.
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Table 1. Environment data in each month. ND; no data, T, Tateyama, S; Shimoda.
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Mean water

Mean

Mean hour

Integration of

Integration of
precipitation

Integration of
sunshine hours

Year Month  temperature (°C)! precipitation (mm)! of sunshine (h)! low tide time (min.)? during low tide (mm)® during low tide (h)?
T S T S T S T S T S T S
2020 Apr. ND 16.7 ND 10.5 ND 6.4 ND 2480 ND 10.0 ND 12.2
May ND ND ND ND ND ND ND ND ND ND ND ND
Jun. 20.6 21.5 0.2 8.2 6.7 3.7 2640 2660 0 15.0 36.2 20.0
Jul. 21.9 22.2 149 34.0 2.6 2.0 2740 2620 23.5 151.0 11.5 6.3
Aug. 23.2 25.8 3.5 0 4.6 11.0 2720 2360 0 0 22.3 46.8
Sep. 24.8 27.0 3.5 8.6 7.9 6.8 2351 2416 27.5 17.0 28.8 24.1
Oct. 24.9 23.4 4.0 10.9 3.5 5.3 2580 2389 5.5 24.5 15.6 9.7
Now. 22.0 20.8 1.3 0.9 5.2 6.5 2480 2540 3.0 0 3.1 0
Dec. 20.9 16.7 0.7 0 5.0 7.6 2800 3000 0 0 0
2021  Jan. 17.4 15.3 1.2 4.5 5.2 5.3 2980 2900 8.0 0 0
Feb. 16.8 14.4 4.0 4.4 6.9 7.2 2940 2480 0.5 0.5 0 0
Mar. 16.4 17.0 2.8 6.3 4.3 7.5 2280 2580 5.5 30.5 0 21.6
Apr. ND 16.9 ND 5.2 ND 7.9 ND 2620 ND 4.0 ND 17.5
May 18.1 18.5 3.0 8.4 6.0 3.8 2160 2580 11.0 16.5 24.9 23.9
Jun. 19.7 22.1 1.4 12.9 7.8 4.3 2620 2760 0 17.5 39.5 21.0
Jul. 23.3 23.5 27.0 0.7 2.0 9.5 2680 2660 0 0 10.2 41.2
Aug. 26.1 ND 8.4 ND 7.7 ND 2360 ND 37.5 ND 29.3 ND
'Mean value of 14 days before the sampling date. 2Integration value of 14 days before the sampling date.
LERSEH T 14 HEOFME. 2 SREHRT 14 HR O
Table 2. Biological data in each month. ND; no data, T; Tateyama, S; Shimoda.
%2, FADEYT—%. ND; 7—4&7%L, T; L, S; TH.
Fertile sporophyte Fertile female Fertile male Sterile thallus Mean thallus length
Year Month (%)* gametophyte (%) gametophyte (%) %)! (mm)?
T S T S T S T S T S
2020 Apr. ND 61.8 ND 1.6 ND 0.5 ND 36.0 ND ND
May ND ND ND ND ND ND ND ND ND ND
Jun. 35.2 24.0 0 1.0 0 2.0 64.8 73.0 ND ND
Jul. 50.5 69.9 0 4.4 0.5 2.7 49.0 23.0 ND ND
Aug. 0 2.0 0 1.0 0 0 100 97.0 ND 16.7
Sep. 0.5 0.8 0 0 0 0 99.5 99.2 22.5 18.4
Oct. 0.7 1.0 0 0 0 0 99.3 99.0 15.5 16.9
Nov. 3.1 18.8 0 0 0 0 96.9 81.2 15.8 23.0
Dec. 4.0 47.6 0 0 0 0 96.0 52.4 22.0 27.0
2021 Jan. 22.0 82.1 0 0 0 0 78.0 17.9 29.4 33.8
Feb. 56.8 76.2 2.7 0 0 0 40.5 23.8 34.3 38.6
Mar. 72.6 86.7 0.9 0 0.9 0 25.6 13.3 49.1 55.1
Apr. ND 100 ND 0 ND 0 ND 0 ND 71.0
May 87.7 99.1 2.3 0 0.8 0.9 9.2 0 75.6 76.3
Jun. 8.1 0.9 0 0 0 0 91.9 99.1 23.0 25.5
Jul. 6.9 56.8 0 0 0 0 93.1 43.2 19.5 38.9
Aug. 59 ND 0 ND 0 ND 94.1 ND 25.0 ND

IThe ratio of fertile thalli to all thalli examined in each month. *The mean length of all thalli examined in each month.
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Fig. 1. Proportion of reproductive state of Dictyota dichotoma from
April 2020 to August 2021 in Tateyama (A) and Shimoda (B). The
number of thalli collected in each month is shown above each bar. ND
is no data.
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Fig. 2. Scatter plot showing relationship between the biological factors (percentage of fertile sporophyte or mean thallus length) and the
environmental factors (mean water temperature, mean precipitation, mean sunshine hour, integration of low tide time, integration of precipitation
during low tide, or integration of sunshine hours during low tide).
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Table 3. The result of Generalized linear model.
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temperature  precipitation  of sunshine low tide time during low tide hours during low tide
spméﬁﬁﬁiram “3.41e01**  6.08¢-03 ~1.11e-01 7.09¢-05 9.56e-03 3.38¢-02 % 9.67¢-02
Thallus length ~ 4.35e-03 *** 6.77¢-05 1.87¢-03 1.26¢-05 -9.36e-05 ~6.42¢-04 ** 3.30e-03
*p<0.05,* p<0.01,** p <0.001
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Fig. 3. Mean thallus length (n = 30) of Dictyota dichotoma in each
sampling month at Tateyama and at Shimoda. Error-bar indicates
standard error. Different small and capital letters show significant

differences of mean thallus length (p < 0.05) among months based on
Steel-Dwass test at Tateyama and Shimoda, respectively.
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