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Shigeru Kawamata: Use of beached plants to analyze the allometry, modes of failure and life time of the kelp Eisenia bicyclis. Jpn.J.
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Beached plants of the perennial kelp Eisenia bicyclis were examined throughout a year at a wave-exposed shore of Choshi, Chiba, Japan
to examine their allometry, lifetime and the mode of failure. The plant weight was most closely related to the basal stipe diameter. The
diameter was closely related to the arm length, while the stipe length showed a weak correlation with the arm length, suggesting that the
stipe enlongation might vary greatly according to the environmental conditions. The distribution of lifetime was estimated from the arm
length, resulting in that its median value was 3 yr. Plants dislodged with holdfast and those broken at the stipe base accounted for 43% and
35%, respectively. Half of the former plants held attached organisms under the holdfast, suggesting that overgrowth might lead to higher risk
of dislodgement. Most detached plants were found after extremely severe waves due to a typhoon, but many plants broken at the stipe base
also occurred before it, indicating that the break was attributed to factors other than wave force, such as infection. Timing of detached algae

being stranded ashore is discussed for a proper sampling of wrack.
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Fig. 1. Locations of the study beach (between A and B) and
wave measurement points (W1 and W2).
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Fig. 2. Variations in daily maximum significant wave heights at Points W1 and W2 (Fig. 1),
and in the numbers of Eisenia bicyclis (except for the “Decayed”) found at the study beach
dislodged with holdfast and broken at the stipe base. The number is expressed as fractions
of the total number (N = 409) of both groups of plants. Arrows indicate the time at which
Typhoon 9512 passed through the sea area east of Choshi. Crosses indicate no plants found.
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Table 1. Mode of failure and the degree of degradation for all Eisenia
bicyclis plants found at the study beach of Choshi from April 1995 to March
1996.

Mode of failure Fresh Partially Decayed N
decayed

% % % (%)

Dislodged with holdfast 6 30 7 274
43)

Broken at the stipe base 1 27 7 224
(35)

Broken at central stipe position 2 10 4 104
(16)

Laterals detached without stipe 0 4 1 38
(6)

Total 640
(100)

Data in shaded cells were used for the analysis.

Table 2. Results of the linear regression analysis of the relationship between
plant wet weight (g; y) vs. morphometric quantities (x) in a logarithmic
form (log y = a + b log x) for Eisenia bicyclis plants found at the study
beach dislodged with holdfast. Numerals in parentheses are 95% confidence
intervals.

Morphometric quantity a b N r P
Basal stipe diameter (cm)  3.763 3.194 186 079  <0.001
(x0210) (+0.242)

Stipe length (cm) 3714 0.795 186 027  <0.001
(x0.648) (£0.192)
Arm length (cm) 4695 0875 175% 066  <0.001

(£0.208) (x0.094)
* Only adults plants with arms.
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y =46.64 [1-exp {—(x / 2.89)"**}], ("=0.14, N=321) (5)
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Fig. 3. Relationship between basal stipe diameter and plant
wet weight for Eisenia bicyclis found at the study beach
dislodged with holdfast (N = 186).
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Fig. 4. Relationships between arm length and basal stipe
diameter and between arm length and stipe length for the
adults with arms (N = 321) of Eisenia bicyclis found at the
study beach dislodged with holdfast and broken at the stipe
base.
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Fig. 5. Relationship between basal stipe diameter and stipe
length for Eisenia bicyclis found at the study beach dislodged
with holdfast (N = 194) and broken at the stipe base (N = 146).
Curves indicate locally-weighted polynomial regressions.
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Fig. 6. Frequency distribution of the arm length for Eisenia
bicyclis plants found at the study beach dislodged with
holdfast (N = 194) and broken at the stipe base (N = 146). The
age on the top axis is estimated from the arm length.
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