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On the deterioration process of Ecklonia and FEisenia beds observed
in 2013 at Gounoura, Iki Island, Nagasaki Prefecture, Japan.
-Initiation of the bed degradation due to high water
temperature in summer and subsequent cascading effect
by the grazing of herbivorous fish in autumn-

Kousuke YATSUYA!?* Takanari Kiriyama®, Setuo KryomoTo'
Takeshi TANEDA! and Taku YOSHIMURA'

Abstract: In 2013, summer water temperature off Iki Island was the highest among the
eight years from 2006 to 2013. Deterioration of kelp (Ecklonia spp. and Eisenia bicyclis)
beds occurred around Iki Island. Summer water temperature was higher on the western
coast than the southern coast of the island, and within the same area it was higher in
shallower zone than in deeper zone. In late August and early September, fronds of kelp
were lost, and the lower part of the stipe had lost its color and was bent. Deterioration
of kelp progressed more rapidly in the areas with relatively higher water temperature.
Until October, kelp beds in deeper zones or along the southern coast of the island, where
water temperature was relatively low, remained with less damages. But in October to
December, the kelp beds in these areas were heavily grazed by herbivorous fish.
Juveniles of the kelps appeared in late December and their density was proportional to
the amount of fronds that remained at the previous reproductive season (October to
November). In this process of the kelp bed deterioration in Iki Island, higher water
temperature and grazing by herbivorous fish affected the kelp beds with a time lag and
spatial difference, rather than occurring simultaneously.

Keywords : Ecklonia spp., Eisenia bicyclis, kelp bed, deterioration, high water tempera-
ture, grazing by herbivorous fish, Iki Island
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Fig. 1. Photographs showing anomalous characteristics of Ecklonia spp. at the same shallow area in Tobi-
se, Iki Island, on 27 August, 2013 (A) and 10 September, 2013 (B). Some stipes were white or had lost
its color, and others bent near the holdfast on 27 August (A). Many of thalli with the anomalous stipe
had been lost and only the holdfast remains, while a few thalli kept blades but in a deteriorating
condition, on 10 September (B).
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Fig. 2. Maps showing monitoring sites off Gounoura, Iki Island. Stars and a diamond numbered 1-8
and circles termed A-E are located along the western and southern coasts of Gonoura, Iki
Island. Stations 1-7 and A-E indicate monitoring sites for Ecklonia spp. and Eisenia bicyclis.
Water temperature was recorded at Waka (Stn. 8) and Tsubo (Stn. A). 1: Tenaga-shima, 2:
Saruiwa-shita, 3: Takanosu, 4 Twins-beach, 5. Oh-se, 6 Tobi-se, 7. Sango-zaki, 8 Waka, A:
Tsubo, B: Goh-se, C: Man-no-ura, D: Haze, E: Shihara.

Table 1. Monitoring sites in each monitoring date. Deterioration of kelp was investigated on more than
25 thalli of kelp (O), while the deterioration was monitored only by a line survey (L) or an
investigation into identified individuals (X). Abbreviations of the monitoring sites in Fig-
ures 5 and 6 are also indicated in parenthesis
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Fig. 3. Water temperature at depths of 3 and 7 m in
Waka and 7 m in Tsubo (A). Mean temper-
ature for 2006 to 2012 in Waka is superim-
posed and the upper panel focuses on sum-
mer, 2013 (A). Cumulative time for which
water temperature in each plot was =30C,
30°C > temperature = 29°C or 28°C >tempera-
ture =29°C in summer, 2013 (B).
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Fig. 5 Composition of Ecklonia spp., Eisenia bicyclis and unidentified individuals in monitoring sites for each
investigation. Unidentified individuals were considered to be Ecklonia spp. or Lisenia bicyclis, but the
absence of fronds prevented from identification. Abbreviations of the monitoring sites; TW: Twins-
beach, TB: Tobi-se, SZ: Sango-zaki, TS: Tsubo. Depth zone (S: Shallow, M: Middle, D: Deep) and depth
below chart datum level are also indicated on the left side of panels. Monitoring sites along the
westermn coast are located in the upper panel and those along the southern coast ave in the lower
panel for each date.
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Fig. 6. Changes in compositions of kelp (Ecklonia spp., Eisenia bicyclis and unidentified) which remained with
different parts of the thalli at monitoring sites along the western and southern coasts of Gounora, Tki
Island. Note that patterns of horizontal bars in August 27-28, 2013 and these in other days are partly
different. Abbreviations and arrangements are the same as in Fig. 5.
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Fig. 7. Changes in composition of discolored or normal stipe of Ecklonia spp., Eisenia bicyclis and unidenti-
fied individuals. Unidentified individuals are as in Fig. 5. Abbreviations of species name; Eck: Ecklo-
nia spp., Eis: Eisenia bicyclis and un-id.: unidentified individuals. Depth zones (S: Shallow, M: Middle,
D: Deep) are also indicated on the left side of the panels. Monitoring sites along the western and
southern coast are separated by broken hine.
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Fig. 8. Changes in composition of bent or normal stipe of Ecklonia spp., Eisenia bicyclis and unidentified
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as in Fig. 7.
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are grazed by herbivorous fish.
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Fig. 11. Density of juvenile Ecklonia spp. and
Eisenia bicyclis on 23-24 December, 2013 (A)
and 29-30 January, 2014 (B). In January ju-
venile thalli of Unidaria pinnatifida, with
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in panel (A) and (B).
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