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Seagrasses are the only marine flowering plants with underground roots and rhizome systems, forming extensive
monospecific or mixed species beds ranging thousands of kilometers along coastlines. Seagrasses are widely
distributed along protected coastlines around the world, except for Antarctica. Seagrass beds are among the most
productive coastal habitats, and they serve as nursery and foraging grounds to many fish species and invertebrates,
including those with commercial value. Most of the studies that highlight the habitat function of tropical seagrass beds
for fishes were conducted on subtidal seagrass beds, particularly in the Caribbean, where the tidal range is small, and
seagrasses are inundated throughout the tidal cycle. Whereas in the Indo-Pacific, there are wider tidal fluctuations, and
seagrass beds can be identified into intertidal and subtidal zones, with the intertidal zones being exposed to air for few
hours during low tide. Since intertidal seagrass beds establish primarily on the land-sea interface, they are directly
affected by nearshore human activities, such as agricultural runoff, coastal construction, and dredging. Moreover,
intertidal seagrass habitats are often neglected having disappeared without noticed as a consequence. Although
intertidal seagrass beds are common in the tropical Indo-Pacific region, only limited research conducted on the habitat
use of fishes in intertidal seagrass beds. Hence, it is critical to address this research gap for the conservation and
management of these habitats.

This thesis tried to investigate the important habitat function of tropical intertidal seagrass for fishes in the Indo-
Pacific region, particularly in the Philippines, which is a hotspot of reef fish biodiversity. The first chapter aimed to
determine the occurrence and foraging activities of fishes in intertidal seagrass beds on a rising tide. The second chapter
further investigated the possible drivers of fish migration to intertidal seagrass beds, including what type of fishes
occur in the intertidal seagrass beds and whether the food resources of dominant trophic groups are more abundant in

the intertidal seagrass beds than the subtidal seagrass beds and the surrounding bare-sand areas. Overall, this thesis
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recognized the importance of tropical intertidal seagrass beds as fish habitat which has significant implications for the
management and protection of coastal fish biodiversity and fishery resources. This thesis also includes appendix

photographs of identified fish species collected.

Chapter 1: Tropical intertidal seagrass beds: An overlooked foraging habitat for fishes revealed by underwater
videos

Intertidal seagrass beds occur throughout the Indo-Pacific region. Some studies suspect that small fishes and their
piscivorous predators moved to intertidal seagrass beds for foraging when inundated, however, direct and clear
evidence showing fishes engaging in foraging activities in intertidal seagrass beds is still lacking.

This chapter examined the feeding behavior of juvenile fish communities during an incoming tide at two intertidal
seagrass bed sites in northern Mindanao, Philippines (i.e., Plaridel and Laguindingan) during both wet (December
2017 to January 2018) and dry seasons (April to May 2018), by deploying remote underwater video cameras. This
method is able to determine the behavior of individual fish under natural conditions.

Results of the video footage (3 h) revealed nearly half of the recorded fish species arrived within 30 min from the
start of recording, and that species richness gradually increased with the rising tide, reaching 80% of recorded species
within 120 min at both sites in both seasons. Three main fish behaviors were observed and categorized, i.e. feeding,
swimming, and unidentified (motionless or very slowly swimming but not seen in the act of capturing prey and picking
behavior). Most fish species recorded showed feeding behaviors as early as tide started to inundate the beds,
particularly, small juveniles (< 10 cm total length) of labrids, lethrinids, Iutjanids, and siganids were most abundant in
all video recordings. Large juveniles (> 10 cm total length) of the latter three families were first to invade intertidal
seagrass beds with incoming tides, whereas those of Labridae were more abundant in later stages of the tidal cycle
(120 min from the start of recording). However, the timing of feeding behaviors exhibited by those large juveniles also
differ, i.e. labrids, lethrinids, and Iutjanids tend to feed at later tides, while siganids fed on the onset of recording.
Furthermore, the timing of feeding for benthic-invertebrate feeders such as Choerodon anchorago, Halichoeres argus,
Lethrinus harak, and Lutjanus fulviflamma were species-specific, while that of herbivorous species Siganus fisscescens
and S. guttatus fed throughout the incoming tide. In addition, piscivorous Cheilio inermis were also observed feeding
throughout the tide cycle, while Sphyraena barracuda did not exhibit any direct feeding behavior but hunting strategy
were observed.

The occurrence and foraging behavior exhibited by those identified fishes in intertidal seagrass beds in this chapter
demonstrated one of the critical habitat functions of intertidal seagrass beds for fishes: a foraging ground for some
species. This chapter is the first to provide detailed quantitative and qualitative dataset examining behaviors of fishes

in tropical intertidal seagrass beds during an incoming tide.

Chapter 2: Tropical intertidal seagrass beds as fish habitat: Similarity of fish assemblages between intertidal
and subtidal seagrass beds in the Philippines

Although Chapter 1 identified the vital habitat function of tropical intertidal seagrass beds, as a foraging ground
for some fish species, two critical questions were left unanswered: (1) What fishes occur in intertidal seagrass beds
and do they differ from those in subtidal seagrass beds? (2) What are the possible drivers of fish migration to intertidal
seagrass beds?

This chapter tried to evaluate the fish fauna and food habits of fishes occurring in intertidal seagrass beds and

comparison of food resources of the dominant trophic groups in the intertidal and subtidal seagrass beds, and
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surrounding bare-sand areas at the same sites in Chapter 1. Fish collections were done in four habitats (i.e., intertidal
and subtidal seagrass beds and intertidal and subtidal bare-sand areas), using a seine net during the wet and dry season

for two consecutive years (2018 and 2019).

Results showed collected fish species overlapped by 65% between the intertidal and subtidal seagrass beds, which
had a significantly higher species richness and abundance than intertidal and subtidal bare-sand areas. Moreover, the
species richness and abundance of both residents and visitors between intertidal and subtidal seagrass beds did not
differ substantially (although significantly higher than in intertidal and subtidal bare-sand areas), as many site-attached
residents appeared to remain in the intertidal beds during low tide. Benthic-invertebrate feeders, including juveniles
of commercially important species, dominated intertidal seagrass beds, comprising >70% of species richness and
abundance. Since most of the fishes found foraging in Chapter 1 were benthic-invertebrate feeders, four species, i.c.
Halichoeres argus, H.papilionaceous, Lethrinus harak, and Parupeneus barberinus were subjected to gut content
analysis and found to fed primarily on small crustaceans (i.e., harpacticoid copepods and amphipods) and polychaetes.
Furthermore, collected epifauna samples such as small and large benthic crustaceans, polychaetes, and molluscs
showed densities of these food resources were significantly higher in the intertidal and subtidal seagrass beds than in

the surrounding bare-sand areas.

This chapter highlights that in addition to intertidal seagrass beds functioning as a foraging ground to for many
visiting fishes because of its high prey abundance, they also function as a permanent habitat for resident species,

recognizing another important habitat function of intertidal seagrass beds for fishes.

Appendices

Appendices comprised of schematic illustrations of video setup and fish species occurrence in intertidal seagrass
beds during flood tides (Chapter 1), fish species occurrence in intertidal and subtidal seagrass beds during low and
high tide phase (Chapter 2), and photographs of the 143 identified fish species, including species that have only been

identified to genus level, following the photo-documentation methods of Motomura and Ishikawa (2013).
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AL Fm S8 B | Early life history of scombroid fishes (Scombridae, Trichiuridae and Gempylidae) in Tosa
Bay, Japan

B T (1) Guarte, D.M., L.C. Paraboles & 1. Kinoshita. 2019. Taxonomical review of Auxis
(Scombridae, Pisces) larvae using collections around Tosa Bay, Japan. La mer,
57(1/2): 43-50.
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Tosa Bay is important spawning and nursery grounds for sardines, anchovies, mackerels, tunas,
hairtails and mesopelagic fishes. Previous studies in the bay have identified Ashizuri-misaki and
Muroto-saki as important spawning areas for Scomber. Studies indicating central Tosa Bay as
spawning ground for Scomber on the other hand is limited, except for the regular surveys conducted
by the prefectural and national research institutes of the Japan Fisheries Research and Education
Agency. This study was conducted to determine whether scombroids spawn in central Tosa Bay.
Ichthyoplankton samples were collected monthly (April 2017-March 2020) using a larva net towed
obliquely from near the bottom to the surface. In addition to the monthly collections, seasonal tows
were made to elucidate the distribution of scombroids in the water column. To examine the influence
of water conditions to egg and larval distribution, temperature, salinity and transparency were
recorded. A total of 14026 eggs and 25429 larvae were collected during the three-year period. Eggs
were comprised of two species, Scomber and Trichiurus japonicus while larvae of 11 species: three
Gempylidae (Diplospinus multistriatus, Nealotus tripes and Rexea sp.), two Trichiuridae (T. japonicus
and Benthodesmus elongatus) and six Scombridae (Auxis type-A, Auxis type-B, Scomber, Thunnus
alalunga, T. albacares and T. abesus, with Scomber as the most dominant (93.6% of all collections). The
Pacific bluefin (T. orientalis) and skipjack (Katsuwonus pelamis) tunas were never collected. iii
Hydrographic conditions play a major role in determining abundance and distribution patterns of egg
and larval fish populations. In Tosa Bay, the occurrence of early stage scombroids was strongly

influenced by the flow of Kuroshio Current, upwelling and water column profiles particularly
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temperature. Distribution of Auxis and tuna larvae were limited during the warmer months; gempylid
from spring-autumn; Scomber from December-June and September; and T. japonicus throughout the
year. Among scombroid species, the gemyplids appear to be the most affected by upwelling, while T.
japonicus, Scomber and tunas by temperature water profile. In terms of abundance, scombroids were
in high abundances in spring (Scomber and T. japonicus) and summer-autumn (T. japonicus, Auxis and
tunas) when blooms associated with upwelling were observed. Upwelling of deep nutrient-rich waters
in the bay may have fuel the production of lower trophic levels i.e. phytoplankton, zooplankton which
in turn are consumed by scombroid larvae. The eggs and larvae of Scomber and T. japonicus were
distributed throughout the water column. Scomber were collected only in February and May 2019 when
the water column was well-mixed and slightly stratified, while T. japonicus in May, August and
November 2019 when slight to strong stratification occurred. Thus, temperature appears to be the
controlling factor of the vertical distribution of eggs and larvae of at least Scomber and T. japonicus.
Based on the hatching time of eggs after fertilization for some scombroid species (22- 50 hours), the
eggs and larvae collected in the present study were spawned in Tosa Bay, except for the developed
Scomber larvae collected in September 2017 which were probably transported from southern areas.
Compared to the number of spawning months (3-5) of other fish species studied in Tosa Bay, the
occurrence of eggs and larvae of iv Scomber and T. japonicus (6-11 months) appeared to be too long for
one species. Thus, it is speculated that there are at least two cohort populations of Scomber and T.
japonicus spawning in Tosa Bay. Overall, this study highlights the use of pigmentation and
morphometrics in larval taxonomy; influence of hydrographic conditions to the distribution of eggs and
larvae; contribution of plural cohort population to genetic diversity and biodiversity; extension of
known spawning areas and seasons particularly that of Scomber and T. japonicus; and importance of

Tosa Bay as spawning and nursery grounds for scombroid species.
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AL Fm S8 B | Distribution dynamics of early stages of mesopelagic fishes in Tosa Bay, Japan
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The biomass of mesopelagic fishes in the Kuroshio region is approximately 10 million-ton.
Mesopelagic fishes serve as a vital link between the lower and upper trophic level and are key
components in the marine ecosystems. Some of them constitute the main prey source of marine
predators and commercially important fishes like the blue fin tuna. As such, a considerable number of
studies have accumulated over the past decade around the Kuroshio waters — most of which are
seasonal in either fixed or several stations from 100—2000 m and not include the depths target of the
present study (100 m), their larvae migrate to the more advantageous shelf areas than the mesopelagic
zone to prey on zooplankton for higher survival during the critical period. However, the distribution,
occurrence, and dispersion in the shelf waters remained unknown in the Kuroshio region, particularly
in Tosa Bay. Chapter 1: To fill these gaps and to test the hypotheses of nearshore dispersion by the
current, a three-year ichthyoplankton study was carried out in central Tosa Bay from collections in the
five fixed stations with varying bottom depths ranging 40—200 m. Examination of the community
structure, diversity and assemblages then followed using the collected samples. A total of 7,511 larvae
belonging to 9 families, 35 genera, and 66 species were identified showing a high abundance during
late winter to early summer (March—July). Myctophid larvae (ca. 67%) mainly comprised the bulk of
the collected samples, which recorded 44 species or types belonging to 15 genera, including 21
potentially undescribed specimens. The nine most abundant species accounted for ca. 88% of the total
catch and exhibited five occurrence patterns related to temperature change associated with the

seasonal cycles. These include winter (Notoscopelus sp.), late 2 winter—spring (Maurolicus japonicus),
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spring—summer (Diaphus stubby type, Myctophum asperum), spring (Diaphus slender type, Diaphus
stubby-A), and autumn (Sigmops sp., Vinciguerria nimbria & Cyclothone sp.) groups. Species diversity
and mean annual density appeared at the highest value in 2017 than in other years, as a result of
frequent upwelling, nearshore flow path of the Kuroshio Current, and strong upward movement of
ADCP current near the bottom. This subsequently resulted to a shoreward intrusion of numerous
mesopelagic fish larvae along the bay. The colder winter phenomenon during the earlier months of
2018 has caused a pronounced decline in the overall abundance and species diversity. Hence, to
determine whether this phenomenon also affects the cold-loving (M. japonicus) and cold to warm—
loving (M. asperum) species, detailed examination on their pattern, trend, abundance, and distribution
were made using similar ichthyoplankton samples. Additional information on diel vertical distribution
was elucidated from the collections in 2014—2015 at a 130 m depth station. Chapter 2: Eggs and larvae
of M. japonicus (Chapter 2) mainly inhabit in waters deeper than 100 m and advected nearshore when
the Kuroshio Current approached near the bay and an upwelling developed. Occasional dispersion
during high water turbulence was related to their position along the water column and more evident
in larvae than in eggs. Eggs mostly in A and B-stages aggregated at 30—70 m depths in both day and
night, while the A and C-stages from seasonal collections at 50—100 m strata in the 200 m station. Eggs
were twice as abundant at night- than daytime, suggesting that this species spawns at night. Larvae
primarily in preflexion and flexion stages occurred in the 70— 110 m and 90-130 m during the day- and
nighttimes, respectively, and located at even deeper strata between 100-150 m in the daytime around
the continental shelf area. While the seasonal data showed an occurrence in spring parallel to an
upwelling event, long term data further revealed a prolonged seasonality from winter to spring with 3
conspicuous annual variability influenced by hydrographic conditions. Highest egg and larval
abundance occurred during the period of frequent upwelling and nearshore flow of the Kuroshio
Current but apparently decline (ca. 86% and 84%, respectively) during the colder winter event in 2018.
Chapter 3: Since Tosa Bay yielded a diversity of mesopelagic species particularly the Myctophids,
interspecific competition, both at temporal and spatial scale, likely occur. Compared with the early
stages of M. japonicus that accumulated in areas deeper than 100 m, the M. asperum of the family
Myctophidae, were equally found in all the stations, horizontally dispersed irrespective of the
upwelling and Kuroshio Current flow path, and vertically aggregated near the surface in both day- and
nighttimes. This distribution pattern was also common in Sigmops sp. (Gonostomatidae), V. nimbria
(Phosichthyidae), and Diaphus stubby type (Myctophidae). M. asperum displayed a prolonged
occurrence showing a peak of spawning activity from spring to early summer which indicates a wider
temperature range for this species, yet the abundance also showed a significant decline (ca. 75%)
during the colder winter event in 2018. Chapter 4: Mesopelagic fishes in Tosa Bay was structured based
on temperature changes associated with seasonal cycle. Although mesopelagic, yet they equally
occurred in areas shallower than 100 m which vary depending on their position across the water
column (.e., vertical distribution) and the Kuroshio Current flow path (i.e., distance) resulting to high
annual variations. The novel results displayed by M. japonicus and M. asperum to colder winter
phenomenon highlight their vulnerability to climatic changes and can serves as an indicator species of

temperature regime shift in the marine ecosystems.
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