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ABSTRACT

An analysis of variations in community structure along a
heavily fished forereef slope in the Philippines indicates
that depth and heterogeneity at the 1 and 10 cm scales were
dominant structuring factors. Bottom temperature also
appeared to be influential but its effect was difficult to
isolate from other factors related to depth. Comparisons of
individual time slices of data taken 8 times on alternate
months indicate that conclusions based on single sampling
periods may be misleading. Groupindgs of the eighteen sites
differed substantially between sample periods, such that no

two sites grouped together consistently throughout the study.



INTRODUCTION

A substantial number of studies have been conducted on the
community structure of tropical marine fishes (Longhurst and
Pauly 1987). However, very few have involved repetitive
samplings. Analyses of research trawl data covering 16 months
in the Ssamar Sea have indicated that a consistent difference
exists in demersal fish assemblages that are captured above
and below a bathymetric region of 30-40m (McManus 1986).
Other boundaries identified by divisive site clustering tended
to vary erratically over time, and could easily have been
misleadingly over-interpreted if analyzed from only a single

set of data.

It is difficult to predict what the situation is in coral
reef fish communities. Coral reefs tend to be highly
stratiried, with specific groups of fish being strongly
identified with certain features of geomorphometry or bottom
cover (Goldman and Talbot 1976). On the other hand, larval
settlement and recruitment are known to vary substantially,
both annually and seasonally (Munro and Williams 1985). It is
important to investigate the variability at a number of scales
to determine the degree to which coral reef fish communities
are predictable, and ultimately to investigate the degree to
which catch composition can be managed. The present study

represents a preliminary step in this direction. The data



represents 8 samplings on alternate months aleong a heavily
fished forereef slope, and is directed at the questions 1) Is
the analfsis of site groupings based on a single survey
predictive on a scale of several months?, and 2) What
environmental factors most strongly influenced the average
pattern of distributions and abundances during this time

frame®



MATERIALS AND METHODS

The study was conducted on the forereef slope of Santiago
Island, Bolinao, Pangasinan, Philippines. Of the eighteen
sites monitored, four sites were located on the upper forereef
slope (sites Cl1, €2, €3 and C4; 2-8 m) and the rest were on
the lower forereef slope (8-27 m). The sites were monitored
on alternate months from August 1987 to September 1988 by
underwater visual census. Two 100 m transect lines were laid
in opposite difections paraliél to the shore in order to
reduce depth variation. However, the transects did not follow
depth contours. Each of four divers counted and identified
fish to the species level which fell within a width (énd
height) of 5 meters from a transect line. Thus, a total

bottom area of 2,000 m2

was surveyed per site. During the
first month, only 13 sites were monitored. Sjites C3, C4, s4,

S10A and S10B were added in the succeeding months.

Environmental factors monitored during each survey include
depth, bottom temperature and salinity. The heterogeneity of
each site Qas characterized nonrepetitively by measuring a
horizontal distance at one scale, and measuring the same
distance using a "stick" of smaller length as a series of
tangents to the bottom. Objects less than 0.05 of the smaller
"stick" in height were compensated to horizontal, to avoid the

occasional bias which occurred when a stick was fcrced to a



near vertical by a small fulcrum like a coral colony. The
heterogeneity indices were then expressed as the ratio of the
distance measured at one scale to the distance measured at the
scale 10 times longer. This yielded indices at the 1 cm (1 cm
in 10 cm), 10 cm (10 cm in Z m), and 1 m (1 m in 10 m) scales.
The 10 m distance involved a tape measure and marking stakes.
The 1 cm measurements involved a flat brass chain with links
of 1 cm accurate across at least 2 m distance. The other
measurements were made with rulers to simulate measurements
with a chain of apgropriate link size._ All measurements were
accurate to 0.1 of the smaller "stick". A total of ten
measurements at each scale were-ﬁé&e at each site, and these
were averaged to provide a mean value at each scale for each
site. The method is similar to that described ¥ Goldman and
Talbot (1976), except that it allows for discrimination of the
effects at different scales. It differs from the method used
by Bradbury and Reichelt (1983) to measure the fractal index
of a feef in that we have measured tangents to the bottom
instead of chords through it (using calipers), because of ease

of measurement.

Analyses included only the top 150 species, comprising
greater than 94% of the total individuals. Three multivariate
techniques were used to analyze the data: 1) TWINSPAN (Hill
1979), 2) Canonical Correspondence Analysis (CCA) and 3)

[y

Detrended Canonical Correspondence Analysis (DCCA), the latter



two being part of the CANOCO program (ter Braak 1988). All
three programs were used tc analyze the spatial pattern of the
community averaged over the eight month period. Additionally,
the divisive clustering of TWINSPAN was used to analyze time
slices of data from individual sampling periods to reveal
bimonthly variation of site groups on maps of the study area.
CCA ordinations were made of each time slice, but are omitted
here for brevity. Maps were produced from MSS satellite data
using supervised clustering successively refined by aerial

surveys from an ultralight aircraft.



RESULTS

A total of 746 species comprising 49 families were

observed during the study period.

Figure 1 shows that grouping of sites vary from month to
month. No two sites were consistently grouped together
throughout the study period. Site groups were labeled
arbitrarily to show as much continuity between time slices as
possible. Figure 2 shows the spatial structure of the
community averaged over the eight sampling periods.
Clustering was halted at two level; of division, yielding four
subgroups. Figure 3a shows that there is no strong
correlation between depth and heterogeneity at any of the 3
scales. Greatest heterogeneity was obtained at site C2 for

all of the scales used.

Figure 3b represents a CCA ordination of sites with the
environmental parameters magnified 3 times. The figure shows
that depth was the most important factor in separating the
groups that were formed. Temperature appears to be second in
importance followed by 10 cm and 1 cm scales, salinity and 1 m
scale. The DCCA result was not included because it gave
basically the same results as CCA (no detrending). cca
ordinations for each time slice of data revealed that the
importance of each structuring factor varied somewhat over
£ime, and the presented results are only meaningful in terms

of time-averaged effects.
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Figure 1. TWINSPAN results of the time slices from August
1987 to September 1988 showing the dendogram and
grouping of sites on the forereef slope. Groups
were labeled arbitrarily to show as much continuity
between the time slices as possible. No data was
gathered for the sites €3, c4, S4, and S10B during
the month of August 1987.
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Figure 2. TWINSPAN result for the averaged 8 month period

showing the dendogram and the grouping of sites on
the forereef slope.
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Figure 3a.

Figure 3b.
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Canonical Correspondence Analysis (CCA) ordination
diagram. Environmental factors (arrows) shown are
magnified 3 times. These are the depth, bottom
temperature and salinity, and heterogeneity index
in the scales of 1 cm, 10 cm and 1 m. The
directions of environmental factor vectors indicate
their relationship with the ordination of sites,
and their lengths indicate the strengths of these
relationships.
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DISCUSSION

1) Is the analysis of site groupings based on a single

survey predictive on a scale of several months?

Without further informatior on the variability, an
analysis basad on any one of the sampling periods would have
been misleading. Unlike the case of*the Samar Sea analysis
(McManus 1986), there dqgs.ho?#éppear to be a strong

difference in aggregations found in' shallow and deep sites.

2) What environmentai féctofsfmdstfstrongly influenced the
average pattern of distributions and abundances during this

time frame?

Of variables investigated, depth was consistently the
dominant structuring force. Tiis is apparent in the patterns
of site groupings, as well as ih the canonical correspondenc:
analysis (CCA) ordination, in which the primary species axis
was correlated with depth (r = 0.89, all reported values are
significant to P > 0.95). Averagé bottom temperature appeared
to be important, but this variablé was negatively correlated
with depth (r = . 73) and ﬁot necessarily the controlling
factor. Another important variable was heterogeneity,
particularly at scales of somewhat less than one meter. This

is evidenced by the fact that the second axis in the CCA was
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strongly correlated with heterogeneity at the 10 cm scale (r =
0.66), and that the third axis was similarly correlated with
heterogeneity at the 1 cm scale (r = 0.67). These two sets of
measurements were highly intercorrelated (r = 0.82), but
weakly correlated with heterogeneity at the one meter scale (r
= 0.59 and 0.52, respectively). Heterogeneity at the 1 m
scale was not a dominant effect until the fourth axis (r =
0.55), and bottom salinity was not significant in effect on
the first four axes. The pattern was similar when detrending
was included jin the analysis, and is neither an artifact of
correlations between axes (the arch effect) nor of the
detrending process. The effects of the variables tended to
vary between sampling periods, and the results should be

interpreted as a time averaged effect.

The importance of fine-scale heterogeneity confirms
earlier studies (Goldman and Talbot 1976, Carpenter et al.
1981) emphasizing that heterogeneity is important in
determining fish abundances and distributions on coral reefs,
and indicates that the effect may be strongest at the 10 cm

scale.

-13-



ACKNOWLEDGMENTS

We would like to thank W. Licuanan for advice on the
analyses. S. Saila and E. Gomez were supportive in many ways.
This study is part of a long-term monitoring program of the
U.S. AID Fish Stock Assessment Collaborative Research Support
Program (FSA-CRSP), and is contribution number 188 of the

Marine Science Institute, University of the Philippines.

-14-



REFERENCES

Bradbury, R. and R. Reichelt. 1983. Fractal Dimension of a
coral reef at ecological scales. Mar. Ecol. Prog. Ser.
10:169-171.

Carpenter, K., R. Miclat, V. Albaladejo and V. Corpuz. 1981.
The influence of substrate structure on the local
abundance and diversity of Philippine reef fishes. Proc.
4th Internat. Coral Reef Syhpl 2:497-502.

Goldman, B. and F. Talbot. 1976. Aspects of the ecology of
coral reef fishes. In Biology and ecology of coral reefs.
O0.A. Jones and R. Endean (eds.). Acad. Press, New York.
3:125~-154.

Hill, M.oO. 1979. TWINSPAN, a FORTRAN program for arranging
multivariate data in an ordered two-way table by
.Classification of the individuals and attributes. Cornell
University, Ithaca, New York, 52 p.

Longhufst, A.R. and D. Pauly. 1987. Ecology of tropical
oceans. Academic Press, Inc. San Diego, Calif. P. 407.

McManus, J. 1986. Depth zonation in a demersal fishery in

Samar Sea, Philippines. Proc. 1lst Asian Fisheries Forum

p. 483-486.
Munro, J. and D. McB. Williams. 1985. Assessment and

management of coral reef fisheries: Biological,

environmental and socio-economic aspects. Proc. 5th

Internat. Coral Reef Symp. 4:545-581.

-15-



ter Braak, C.J.F. 1988. CANOCO-A FORTRAN program for
canonical community ordination by {partial) [detrended]
[canonical] correspondence analysis, principal component
analysis and redundancy analysis (Vers. 2.1).

Agricultural Mathematics Group, Wagenigen, p. 91-173.

-16-



