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Effects of aging on the photosynthetic activity and
life history strategy in temperate seagrasses
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The effects of aging on the photosynthetic activity of the four temperate seagrass species found
in Akkeshi Bay and adjacent Akkeshi-ko estuary, namely Zostera marina, Zostera asiatica,
Zostera japonica and Phyllospadix iwatensis, were determined both in situ and culture tanks.
Accordingly, the fast leaf turnover strategy was investigated in the life history of these
temperate seagrasses (Z. marina, Z. asiatica, Z. japonica and P. iwatensis), and finally the
effect of epiphytes on the photosynthetic activity of the three seagrass species (Z. marina, Z.
asiatica & P. iwatensis) was determined. The newly developed pulse amplitude modulated
(Diving-PAM) fluorometer was used to measure the photosynthetic activity of the seagrass
leaves.

The photosynthetic in situ activity measured as effective quantum yield or Y varied
significantly with leaf age and among species. Younger leaves of Z marina, Z. asiatica, Z.
japonica and P. iwatensis had higher effective quantum yield, indicating that it is more
photosynthetically active than the older leaves which had lower quantum yield. Z. japonica
had the highest photosynthetic activity while Z. asiatica had the lowest activity. The result
suggests that the species of seagrasses found in Akkeshi Bay (Z. asiatica & P. iwatensis) and
adjacent Akkeshi-ko estuary (Z. marina & Z. japonica) had different photosynthetic
characteristics.

Similarly, the photosynthetic activity measured as electron transport rate along the
leaf axis of individual leaves and among leaves in a shoot varied significantly. Young region of
the leaves and young leaves in a shoot with low amount of chlorophyll pigments had higher
maximum electron transport rate (ETRy,,) and minimum saturating irradiance (E;). In contrast,
the old region of the leaves and old leaf in a shoot with high' chlorophyll content had lower
maximum electron transport rate and minimum saturating irradiance. In addition to this, the
decline in NPQ was greater in the young region of the leaves and young leaf in a shoot
suggesting that their photo-tolerance was low compared to the old region of the leaves and old
leaf in a shoot in darkness. Consequently, the recovery period of the young region of the leaves
and young leaf in a shoot after the rapid light curve measurement was shorter than the old
region in the leaves and old leaf in a shoot. Among the seagrass species being studied, Z.
Jjaponica had the highest maximum electren transport rate while Z. asiatica had the lowest
maximum electron transport rate. The higher minimum saturating irradiance in Z. jdponica, Z
marina and ‘P. iwatensis indicates that these species are high lighted while Z. asiatica is low
lighted as indicated by its low minimum saturating irradiance.

On the other hand, the fast leaf turnover strategy against the colonization of epiphytes
was investigated in the temperate seagrasses. Growth rate, turnover time, leaf production rate

and leaf life span were determined in seedling species of Z. marina, Z. asiatica, Z. japonica



and F. iwatensis. With the productivity measurements, the epiphyte density was estimated and
showed a decreasing trend with sampling period. The correlation analysis between abundance
of epiphytes and environmental factors (water temperature, salinity and light) or biological
factor represented by leaf turnover showed no correlation of epiphyte abundance with physical
factors , but a significant negative correlation with leaf turnover in Z marina, Z. asiatica and Z,
Japonica, while a significant positive correlation was found in P, iwatensis. It is suggested that
the decline in epiphyte-density in Z. marina, Z. asiatica and Z. japonica was attributed to their
fast leaf turnover, while no apparent decline of the epiphytes was observed on the leaves of P
iwatensis, which was due to its low growth rate and leaf turnover rate. A similar pattern in the
observed parameters was found when the results were compared between cultured seedlings
and mature in situ seagrasses, indicating that fast leaf turnover strategy is inherent and
adaptive characteristics against epiphytism in life histories of seagrasses.

Lastly, the effect of epiphytes on the photosynthetic activity of Z. marina, Z. asiatica
and P iwatensis was investigated. The epiphyte component on the seagrass leaves was
composed primarily by diatoms and red calcareous algae. The epiphyte cover was higher in the
oldest region of the leaves and the oldest leaf in a shoot. The epiphytes had reduced the
photosynthetic activity of seagrasses, especially most in the oldest leaves where the highest
epiphyte cover was found. However, the effect was marginal and not significant. This result
indicates that there are some areas in the leaves which are not covered by epiphytes which
could cdmpensate for the shading effects of the epiphytes.
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