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INTERRELATION OF ICHTHYOFAUNA FROM A SEAGRASS
MEADOW AND CORAL REEF IN THE PHILIPPINES

by

Marc KOCHZIUS (1)

ABSTRACT. - Tropical seagrass meadows associated with coral reefs are utilised both daily and
seasonally as feeding ground and nursery area by reef fishes. The interrelation of seagrass meadow
and coral reef ichthyofauna was studied in Malatapay, Negros Oriental, Philippines. Sampling was
conducted with a beach seine in a seagrass meadow at two distances (50 m and 250 m) from a coral
reef at day and night. 115 species belonging to 70 genera and 42 families were identified. Hierarchical
clustering by Bray-Curtis similanty of samples shows a day and a night group with sub-groups depend-
ing on distance to the coral reef. Additional observations by visual censuses support these results. Resi-
dent and diurnally active species of the seagrass meadow belong to the families Labridae, Scaridae,
Siganidae, Mullidae, Pomacentridae and Gobiidae. Nocturnally active and resident species belong to the
famihes Bothidae, Soleidae, Calhonymidae, Scorpaenidae and Lethrinidae. Apogonidae, Plotosidae,
Holocentridae, Diodontidae, Congridae, Muraenidae, Ophichthidae and Tetraodontidae migrate into the
seagrass meadow at might to forage. Length frequencies indicate that Mullidae, Scorpaenidae, Lethrini-
dae and Plotosidae utilise the seagrass meadow as a nursery area. This demonstrates the interrelation of
these habitats and the importance of seagrass meadows for coral reef fishes.

RESUME. - Relations entre I’ichtyofaune d’un herbier de phanérogammes et celle d’un récif corallien
aux Philippines.

Les herbiers de phanérogames tropicaux qui sont associés aux récifs coralliens sont utilisés par
les poissons du récif comme aire d’alimentation et de nurserie. Cette étude examine les corrélations
entre les herbiers de phanérogames et les poissons du récif corallien 4 Malatapay, Negros Oriental,
Philippines. L’€chanttllonnage a été réalis€¢ avec une senne de plage dans ’herbier, 4 50 et 250 m du
récit corallien. Les échantillons ont été pris pendant le jour et la nuit. 115 espéces appartenant a 70
genres et 42 familles ont €té i1dentifiées. La classification hiérarchique de similarité de Bray-Curtis des
¢chantillons met en évidence un groupe d’especes diurnes et un groupe d’espéces nocturnes avec des
sous-groupes dépendant de la distance au récit corallien. Les observations visuelles confirment ce
résultat. Les poissons ayant une activité diurne appartiennent aux familles suivantes: Labridae, Scari-
dae. Siganidae, Mullidae, Pomacentridac et Gobiidae, et les espéces ayant une activité nocturne font
partic des Bothidae, Soleidae, Callionymidae, Scorpaemdae et Lethrinidae. Les Apogonidae, Plotosidae,
Holocentridae, Diodontidae, Congridae, Muraenidae, Ophichthidae et Tetraodontidae migrent vers
I"herbier durant la nuit pour y rechercher de la nourriture. Les fréquences de tailles indiquent que les
Mulhdae, Scorpaenidae, Lethrninidae et Plotosidae utilisent I'herbier comme aire de nurserie. Cela
montre les rapports €troits entre ces habitats et I'importance des herbiers pour les poissons du récif.

Key-words. - Ichthyofauna, ISEW. Philippines, Seagrass meadow, Coral reef, Migration, Feeding
ground, Nursery area.
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Tropical seagrass meadows are known as important nursery areas and feeding
ground for fishes from adjacent coral reefs. They are seasonal residents in their early life
stages or diurnal migrating visitors (Jones and Chase, 1975, Weinstein and Heck, 1979;
Ogden and Gladtelter, 1983; Heck and Weinstein, 1989; Parrish, 1989). Many reef fishes
migrate from reefs at night into seagrass meadows to forage, and are followed by pis-
civores. These predators from the reef are more common in seagrass meadows associated
with coral reefs than in seagrass meadows associated with other habitats (Weinstein and
Heck, 1979; Robblee and Zieman, 1984, Bell and Pollard, 1989). Due to these migrations
the composition of seagrass meadow fish tauna is influenced by adjacent coral reefs. Con-
nection of these habitats by fishes leads to a transport of biomass, organic substance and
nutrients from seagrass meadows 1nto coral reefs (Ogden, 1980; Ogden and Gladfelter,
1983, Meyer and Schulz, 1985; Parrish, 1989; Brouns and Heijs, 1991). Studies in the
Caribbean have shown that the biomass of fishes is higher in coral reefs adjacent to sea-
grass meadows than in reets without seagrass beds (Birkeland, 1985). Comparison of
fisheries from ditterent coral reet regions suggests that coral reefs with extended shallow
water habitats, such as seagrass meadows or mangroves, yield the highest catch. Reefs
with a ratio of shallow water habitat to coral reef of 1:1 or more are very productive
(Marshall, 1985).

In the Philippine coastal waters seagrass meadows cover an area of 10,000 to
50,000 km*. Transfer of findings from the well investigated Caribbean seagrass meadows
to the Philippines suggest that 85% of commercial important fish species spend a part of
their lite cycle in seagrass meadows (Thorhaug and Cruz, 1988).

This study was conducted to investigate spatial and temporal patterns of seagrass
meadow fish fauna and its relationship to the fish community of adjacent coral reefs.

MATERIAL AND METHODS

The study site Malatapay 1s located in the southern part of Negros Oriental
(9°07°N, 123°12°E) adjacent to the Mindanao Sea in the Central Visayas Region, Philip-
pines (Fi1g. 1). The seagrass meadow studied is situated between two coral reefs (Fig. 1)
and 1s mainly composed of the seagrass species Syringodium isoetifolium, Halodule uni-
versts and Cymodocea serrulata. Water depth ranged from 1.0 to 10.0 m, with an average
depth of 3 m at the sampled stations. The sampled area includes the sand flat between the
scagrass meadow and the beach. The reference coral reef in this study is located at the right
side of the seagrass meadow, close to station [ (Fig. 1). It is assumed that the artificial
reet does not influence station 2, because it 1s in a poor condition. The constructions of
tires do not show any overgrowth with corals or other benthic organisms and only a small
fish community exists.

Sampling was conducted from July to September 1995 with a beach seine of 30 m
length, 1.5 - 2.5 m height and with a mesh size of 2 mm. A total of 74 samples were
taken in the seagrass meadow during six 24 h cycles in two different distances (50 m and
250 m) from the coral reef (Table 1). The length of each specimen was recorded and, if
preservation was necessary, samples were frozen. Species identification was based on
literature by Gloerfelt-Tarp and Kailola (1984), Licske and Myers (1994), Randall et al.
(1990) and Rau and Rau (1980).

During day, additional data were collected with the visual census technique based
on English et al. (1994). A total of 36 visual censi was conducted by snorkelling on a
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Fig. 1. - Study site. A: map of Southeast Asia; B: Bay of Malatapay, Negros Onental, Philippines.

Table 1. - Sampling strategy: number of samples taken in the seagrass meadow by beach seine and
visual census at station I and station 2 during day and night (sunset: 18:30; sunnise: 5:30).

After Before ] Before
sunrise sunset ) sunrise

7:00- : 17:30- : : 4:3()-
7:30 : 18:00 : : 5:00

Beach seine, station 1,
S0 m distance to coral reef

Beach seine, station 2,
250 m distance to coral reef

Visual census, station 1,
50 m distance to coral reef

Visual census, station 2,
250 m distance to coral reef
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Day; 250m
Day; 250m
Day; 50m
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Day; 50m
Day; 250m
Day; 250m
Day;, 50m
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Day; 50m
Day; 50in
Day; 50in
Day; 50m
Day;, 50m
Day; 50m
Day; 50m
Day, 50m
Day; 250m
Day; 2501n
Day; 50m
Day; 30m
Day; 250
Day, 50m
Day; 2350m
Day; 250m
Day, 250m
Day; 250m
Day;, 250m
Day; 250
Day; 250m
Day; 250m
Day; 250m
Day; 250m
Day; 250m*

Night; 50m
Night; 50m
Night;, 50m
Night; 50m
Night; 50m

Night; 50m
Night; 50m
Night; 50m
Night; 50m
Night; 50m
Night; 50m
Night; 50m
Night; 50m
Night; 50m
Night; SOmn
Night; 50m
Night; 250m
Night; 250m
Night; 250m
Night; 250m
Night; 250m
Night; 50m
Night; 250m
Night; 250m
Night; 250m
Night; 250m
Night; 250m
Night; 250m
Night; 250m
Night; 250m
Night; 250m
Night; 250m
Night; 250in
Night; 250m
Night; 50m
Night; 250m
_— e —_—_— -

2000. 1000. 0.

Bray-Curtis Similarity (ranked)

Fig. 2. - Hierarchical clustering: Sample similarity dendrogram of beach seine samples (n=72; W
transformation of data). Day; 50 m = day / distance to coral reef: 50 m. Day; 250 m = day / distance to

coral reef: 250 m. Night; 50 m = night / dDistance to coral reef: 50 m. Night; 250 m: = night / distance to
coral reef: 250 m.

100 m transect with a width of 10 m ( = 1000 m?) at the same stations where the beach
seine was used (Table I). Four additional visual censi (50 x 5 m transects) were conducted
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Bray-Curtis Stmilanty (ranked)

Fig. 3. - Hierarchical clustering: Sample similarity dendrogram of visual census data (n = 36: VW trans-
formation of data). 50 m = distance to coral reef: 50 m. 250 m = distance to coral reef: 250 m.

by B. Schirm and E. Cruz (CEMRINO) in both adjacent coral reefs at depth of 4 and 10 m.

These data were used to compare size distribution of fishes between seagrass meadow and
coral reef.

Hierarchical clustering and ANOSIM (Analysis of similarities) significance test
are performed with PRIMER 4.0 software (Carr e al., 1994). Hierarchical clustering of

samples 1s based on Bray-Curtis similarities of VY (square root) transformed abundance
data of species. Hierarchical clustering of species is based on Bray-Curtis similarities of
Vv transformed and standardised abundance data (Clarke and Warwick, 1994). The ANOSIM
significance test compares the similarities of species composition between the samples
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Fig. 4. - Diel (A, B) and spatial (C, D) variation in relative abundance of the seagrass meadow fish
fauna in beach seine samples. A: Distance to coral reef 50 m; B: Distance to coral reef 250 m; C: Day;
D: Night. Significance tested with Kruskal-Wallis ANOVA by ranks and median test:
*=0.052p=20.01; **=0.01 >p20.001; *** =p <0.001; n.s. = not significant.

and can give evidence for differences. Statistical significance tests such as Kruskal-Wallis

ANOVA by ranks and median test were performed with STATISTICA software (Anon,
1993).

RESULTS

Pooled data of beach seining and visual census recorded a total of 115 species be-
longing to 70 genera and 42 families (Appendix). Apogonidae, Labridae, Plotosidae and
Scorpaenidae are the most abundant families in pooled beach seine samples. Pooled diur-

nal visual census samples show the following ranking in abundance: Pomacentridae,
Siganidae, Labridaec and Apogonidae.
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Fig. 5. - Species similanty dendrogram of beach seine samples (n =72; species or families > 10%
relative abundance in one sample).

Cluster analysis separates the beach seine samples into four clusters. Day and
night cluster are divided into sub-cluster depending on distance to the coral reef (Fig. 2).
Only one diurnal sample (Day; 250 m*) differs from this grouping and is assigned to the
nocturnal samples. This i1s caused by a school of juvenile Siganidae which occurred only
in this sample. Normally Siganidae were abundant only in nocturnal beach seine samples.
No statement can be given to mismatches according to distances within the day and night
cluster. The difference between the distances to the coral reef within these clusters is con
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Fig. 6. - Relattve abundance of juvenile fishes (TL < 50% of maximum length) in the seagrass meadow
and adjacent coral reef (pooled diurnal samples); maximum length based on Lieske and Myers (1994).

firmed with an ANOSIM significance test (p < 0.005). No difference is detected between
the different times of the day and different times of the night by the cluster analysis.

Cluster analysis of visual census data shows a separation in two clusters according
to the distance to the coral reef (Fig. 3). Five samples of the distance category 250 m do
not fit into this pattern. Sample 250 m* shows the slightest similarity to all other sam-
ples because a school of 500 juvenile Plotosus lineatus was recorded. A reason for the
poor similarity of sample 250 m+ was the low abundance of fishes in this census. The
difference between the two distance categories is confirmed with an ANOSIM significance
test (p < 0.005).

Relative abundance of fish families in beach seine samples during day and night re-
flects different pattern of activity (Fig. 4). Pomacentridae, Labridae and Scaridae show a
significant higher relative abundance during day at both stations. Congridae, Plotosidae,
Holocentridae, Scorpaenidae, Apogonidae, Sphyraenidae, Callionymidae, Siganidae,
Bothidae and Soleidae show a significant higher relative abundance at night at both or one
of the different stations. Muraenidae, Ophichthidae and Tetraodontidae were observed in
low numbers in the seagrass meadow at night (Appendix). A species similarity dendro-
gram of beach seine catches separates the most abundant species into a day and a night
active group (Fig. 5). Species of the day active group belong to the families Labridae,
Scaridae, Pomacentridaec and Mullidae. Night active species are members of the families
Apogonidae, Diodontidae, Bothidae, Scorpaenidae, Lethrinidae, Plotosidae, and Synodon-
tidae.

The occurrence of Siganidae in nocturnal beach seine samples did not reflect a
night active behaviour. Visual census data indicate a diurnal activity. Nocturnal observa-
tions show that siganid species hide and rest between the blades of the seagrass. This
leads to an increased vulnerability to the beach seine at night. The classification of Gobi-
idae into the night active group is also causcd by the increased efficiency of the net at
night. Visual census data also indicate that Gobiidac belong to the day active group.
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Fig. 7. - Number of juvenile fishes (< 50% TL max.; Lieske and Myers, 1994) in diurnal beach seine
samples (Box & Whisker Plot). Significant difference tested with Kruskal-Wallis ANOVA by ranks and
median test (p < 0.001).

Relative abundance of fishes 1n beach seine samples at the two stations reflects
difterent spatial pattern (Fig. 4). Haemulidae and Pomacentridac are more abundant close
to the coral reef at day. Callionymidac, Apogonidae and Lethrinidac show a higher relative
diurnal abundance in a distance of 250 m from the corals. Nocturnal beach seine samples
indicate that Gobiidae, Labridae, Diodontidae, Lethrinidae and Syngnathidae are more
abundant in a distance of 250 m to the coral reef (Fig. 4). In contrast Apogonidae and
Holocentridae occur in a higher relative abundance close to the reef at night.

Length frequencies of pooled diurnal samples indicate that 95.6% of fishes in
beach seine catches and 82.0% of specimens in visual census samples are small and reach
only 50% or less of their maximum size (based on Lieske and Myers, 1994) (Fig. 6).
Conversely the proportion of these small, i.e., juvenile, individuals is only 56% (visual
census) 1n the adjacent coral reef (Fig. 6). Juvenile fishes in beach seine samples show a
median abundance of 95 individuals per catch in a distance of 250 m from the reef and a
median abundance of 13.5 individuals per catch in a distance of 50 m during day (Fig. 7).
This pattern of higher abundance far from the reef i1s confirmed by a Kruskal-Wallis
ANOVA and median test with a significance level of p < 0.001. Length frequencies of
Mullidae, Scorpaenidae, Lethrinidae and Plotosidae suggest that these families use the
seagrass bed as a nursery area (Fig. 8). Beach seine samples of Mullidae show that 80% of
all individuals belong to the size classcs of 4, 5 and 6 cm (Fig. 8). More than 95% of
Scorpaenidac and Lethrinidac in beach scine samples have a size of 2, 3 or 4 cm (Fig. 8).
Adult individuals of Scorpaenidac and Lethrinidac are not or seldom observed in beach
seine catches or by the visual census technique. 74% of Plotosidae belong to the size
classes from 3 to 7 cm (Fig. 8). Juveniles of Plotosus lineatus occur in large schools of
individuals of similar size. Adult individuals of P. lineatus are only observed as nocturnal
visitors from the coral reef. Beach seine catches and visual census data show that juveniles
of P. lineatus inhabit the seagrass meadow at day and night.
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Fig. 8. - Length frequencies of Mullidae, Scorpacnidae, Lethrinidae and Plotosidae (Beach seine).
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DISCUSSION

In comparison to the ichthyofauna of seagrass beds in other tropical Indo-Pacific
regions, the seagrass meadow fish fauna in Malatapay is well diversified: 115 species and
42 families (Jones and Chase, 1975; Hutomo and Martosewojo, 1977; Martosewojo,
1989; Dolar, 1991; Vegara and Fortes, 1991; Sudara et al., 1992). A higher number of 186
species and 48 families was observed in nocturnal beam trawl catches in a seagrass bed
close to a coral reef in Bolinao, Philippines (McManus et al., 1992). Fortes (1990) re-
corded 123 species from 51 families in Philippine seagrass meadows. On the one hand the
high number of species in this study in comparison to other studies is a result of the sam-
pling methods. Samples were taken by beach seine and visual census during the day and at
night. Other studies only conducted sampling with one method during day. On the other
hand the adjacent coral reef leads to an increase of species by migrating coral reef fishes.
This indicates that seagrass meadows in the vicinity of coral reefs inhabit more fish spe-
cies than seagrass beds without adjacent reefs. The investigations of this study show that
Apogonidae, Labridae and Siganidae are the most abundant families of the seagrass
meadow fish fauna. Fortes (1990) reports similar findings, but he gave more importance
to Gobiidae than to Labridae. In this study, Gobiidae are less abundant.

The day active fish community 1s mainly composed of resident species. These spe-
cies belong to the families of Labridae, Scaridae, Siganidae, Pomacentridae and Gobiidae.
The might active fish community 1s composed of resident species, that belong to families
like Bothidae, Soleidae and Callionymidae. Nocturnally migrating families such as Apo-
gonidae, Plotosidae, Holocentridae, Diodontidae, Congridae, Muraenidae, Ophichthidae
and Tetraodontidae have a high influence on the composition of the seagrass meadow fish
fauna close to the reef at night. This pattern is reflected by the fact that there is no mis-
match 1n the cluster of the nocturnal beach seine catches in a distance of 50 m to the coral
reet (Fig. 2). Especially Apogonidae migrate into the seagrass meadow after sunset. This
1s indicated by the high relative abundance of Apogonidae close to the reef at night
(Fig. 4). These nocturnal visitors migrate into the seagrass bed to forage and can feed on
the abundant crustacean fauna (Weinstein and Heck, 1979; Bell and Pollard, 1989). Noc-
turnal feeding migrations of fishes from coral reef into adjacent seagrass beds are also
described by Ogden (1980), Robblee and Zieman (1984) and Quinn and Ogden (1984).
Predators such as Muraenidae, Congridae, Ophichthidae and Tetraodontidae can migrate
over large distances from the reef into the seagrass bed to forage. Migrating fishes are an
important vector for the export of organic matter and nutrients from seagrass beds into
adjacent coral reefs (Ogden, 1980; Ogden and Gladfelter, 1983; Meyer and Schulz, 1985;
Parnish, 1989; Brouns and Heijs, 1991). This foraging behaviour underlines the impor-
tance of seagrass meadows as a feeding ground for coral reef fishes.

Ditferent tish assemblages according to the distance from the coral reef during day
were evidenced. This pattern can be caused by predatory pressure of piscivore fishes from
the coral reef. Large predators from the coral reef might control the abundance of smaller
predators 1n the seagrass meadow. Therefore, the abundance of resident piscivore fishes in
the seagrass meadow is limited and the predatory pressure on other resident fishes and
juveniles might be reduced (Ogden, 1980; Parrish, 1989). Juvenile specimens are less
abundant close to the reef than farther away from the reef. The juvenile individuals stay far
away from the reef most likely to avoid predation of piscivore fishes from the coral reef. A
similar pattern was observed for juvenile Acanthuridae in Caribbean seagrass meadows
(Sweatman and Robertson, 1994).



528 KOCHZIUS

Length frequencies of the fish fauna imply that mainly juvenile specimens inhabit
the seagrass bed, as shown by Jones and Chase (1975), Weinstein and Heck (1979), Og-
den and Gladfelter (1983) and Parrish (1989). Mullidae, Scorpaenidae, Lethrinidae and
Plotosidae use the seagrass meadow as a nursery area. Fish larvae can settle down in sea-
grass meadows and find food and protection against predators until they are mature. As
juveniles or sub adults they migrate to the coral reef. In this situation, seagrass meadows
can have a important function as a “waiting room” for settlers of the coral reef fish fauna
(Parrish, 1989). This supports the importance of seagrass meadows as a nursery area for
coral reef fishes. For this reason seagrass beds should be more valued as a important habi-
tat for coral reef fishes. Conservation of coral reefs is an important task in many regions
of the world, but less attention is given to seagrass meadows. It is proposed that marine
reserves have a function as a source of recruits for the re-colonisation of adjacent coral
reefs (Man et al., 1995), but beside coral reefs, seagrass meadows also can provide re-
cruits. Therefore, reserves for the protection of coral reefs should also include the adjacent

biotops, such as seagrass meadows.
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