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AN ASSESSMENT OF THE INTERACTIONS BETWEEN SPECIES IN MULTISPECIES
DEMERSAL FISHERIES IN THE SOUTHERN PART OF THE GULF OF THAILAND

Prichar Sommani

INTRODUCTLON

The demersal fisheries in the Gulf of Thailand are a good
example of multispecies fisheries which have been studied intensively.
Since the early 1960's, catch per unit of fishing effort (CPUE) statis-
tics, in terms of kilograms per hour of otter board trawling by a
research wvessel, have been systematically compiled by the Thai Depart-
ment of Fisheries. These statistics and the annual commercial trawl
catch have been employed to assess the status of the demersal Fish
stocks and Ffisheries based on the surplus-production models. These
studies were reported on by many authors such as Isarankura (1971},
Gulland (1972), Marr et al. (1976), Boonyubol and Hongskul (1978) and
Boonyubol and Pramokchutima (1982). In these studies, the authors
assumed a single fish stock for the whole of the Gulf of Thailand.

Recently, Pope (1979), Pauly (1979) and Sommani (1983) have
considered the demersal Ffisheries in the Gulf of Thailand as multi-
species fisheries and studied the effects of the fisheries on these
stocks.The first two authors treated the demersal fish stocks inhabiting
the whole of the Gulf as a single stock but the last author assumed that
the demersal fish stocks in the Southern part of the Gulf, covering the
areas off the coast of Surat Thani to Narathivat Provinces, are isolated
from those inhabiting the other parts of the Gulf.

In this paper, an -attempt has been made to assess the interac-
tions between species groups of these demersal fish stocks. The study
is concentrated in the same area as my previous report (Figure 1).

MATERIALS AND METHODS

The data of the average annual stock biomass during 1966 to 1978
were taken from my previous study (Sommani 1983). The stock biomass was
estimated by dividing the CPUE by the coefficient of catchability which
was computed using Fox's method (Fox 1970), Only 17 species groups were
used to analyze the interactions. The species groups and their numbers
are reproduced here for reference in Table 1.



The interactions between species groups were studied by using
the simple correlation analysis (Snedecor 1956). The relationship may
be written as:

A S e e )
where X and Y are the natural logarithms of the stock biomass of the
species group i and j respectively; and @ and B are the constants. The

logarithmic transformation is used simply for reducing the variations.
When P is greater than 0.05, the t-test is employed, where

T i e ararer K20

J (1-r2)/(n-2)
with degree of freadom = n-2.
RESULTS AND DISCUSSIONS

Since in this study there are 17 species groups, we have 136
pairs of them to analyze For their correlations.

The relationships between the average annual stock biomass of a
given species group to those of the other species groups show wvery
similar patterns of scatter diagprams. Only Ffive Figures are shown as
examples in Figures 2 to 6, They are given in accordance with the
confidence levels of the correlation from 95 to 50%. It should be noted
that during the early stage of the fisheries, Ffrom 1966 to 1971, the
datum points are located above and to the right of those of the later
periad, 1972 to 1978,

The results of the correlation analyses for the period of 1966
to 1978 are given in Table 2. According to this Table, there are 106
relationships that are positively significant and 30 which are not
significant with one of them showing a negative sign; namely the rela-
tionship between Priacanthus spp. and Leiognathidae.

The positive relationships simply mean that the stock sizes of
the fishes have declined with time. 1In general, the stock sizes were
high during the early stage of the fisheries, 1966 to 1971, and then
declined to reach the low level during the period of 1972 to 1978. This
makes the datum points for the early stage located above and to the
right of those for the later period and results in a positive relation-
ship for many pairs of species groups even though during the later
period some groups tend to decline as the others increase. This can be
observed, for example, in Figure 2 for Friagcantiius spp. and Plectorhyn-
chidae., Thus, there is no biological meaning for such positive rela-
tionships.



The decline in stock sizes with time is simply due to the effect
of heavy fishing. According to Sommani (1983), the demersal Ffisheries
in this area developed very rapidly during 1966 to 1971. The fishing
effort increased from 165 thousand hours in 1966 te 862 thousand hours
in 1971. After 1971, the fisheries seemed to be rather steady; i.e.
there was no specific trend of change in fishing effort. The estimated
amount of Ffishing effort was 1306 thousand hours in 1972 and 1350
thousand hours in 1978, with an average of 1220 thousand hours.

In the steady state of the Fisheries, if the stocks of fish
could adjust themselves to compensate the effects of Fishing, the
interactions between the species might possibly show up. Under this
hypothesis, the correlation analysis was reconducted For the period of
1972 to 1978. The results of the correlation analysis are shown in
Tables 3 and 4.

The results of this reanalysis show that there are 46 pairs of
species groups in which the correlation coefficients are negative. Only
two of them are significant at the 95% level. These are the relation-
ships between Priagcanthus spp. and the rays (r = -0.850, n = 7) and
Priaoanthus spp. and Leiognathidae (r = -0.976, n = 4). These relation-
ships are shown in Figure 2.

For the other 44 pairs of species groups, the values of the
correlation coefficients, in most cases, are low and not significant at
the 95% level. However, three pairs of them are correlated at the 902
level. These include the relationships between Tachysuridae and
Synodontidae (r = -0.690, t = =-2.132, n = 7), Sphyraena spp. and
Seolopeis spp. (r = —-0.682, v = -2.085, n = 7) and Priacanthus spp. and
Pomadasye spp. (r = -0,995, t = -9.962, n = 3). The relationships be-
tween these pairs of species groups are shown in Figure 3.

Four pairs of species groups show correlations at the BOX level.
They are the relationships between Priacanthus spp. and Lut janidae (r =
-0.626, t = =1.795, n = 7), Priacanthus spp. and Serranidae (r = -0,602,
t = -1.686, n = 7), the sharks and Sphyraena spp. (r = -0.588, t =
-1.626, n = 7), and Priacanthus spp. and Plectorhynchidae (r = -0,615,
t = -1.774, n = 7). Only the relationships of the First three pairs are
demonstrated in Figure &, For Prigeanthus spp. and Plectorhynchidae, the
low correlation is due to the deviation from the line of the 1978 datum;
when this year is excluded from the reanalysis, the relationship is
significant at the 95% level (r = -0.843, n = 6). This relationship is
shown in Figure 2.

For the whole period of 1972 to 1978, there are two pairs of
species groups which are negatively correlated at the 75% level. They
are the relationships between Priacanthue spp. and Rhinobathidae
(r = -0.549, t = -1.469, n = 7) and Priacanthus spp. and Psettodes erumei



(r = -0.519, t = -1.358, n = 7). The low correlations of these two
pairs are again caused by the deviations from the lines of the 1978
datum. When this year's datum is excluded from the analysis, both

relationships are significant at the 95% level. The correlation coeffi-
cients of the relationships between Prigcanthus spp. and Rhinobathidae
and Priaeanthus spp., and Fsettodes erumei are -0,832 and -0.829 respec—
tively, both with n = 6 (Figure 2). Thus, there are now five pairs of
species groups which show significant negative relationships.

Besides the 80, 90 and 95% confidence levels, attempts were made
to examine the possibility of negative correlations at lower confidence
levels, Z.e. at the 50 and 60% levels. There are four pairs of species
groups which are negatively correlated at the 60% level, They are
Sphyraena spp. and Rhinobathidae (r = =-0.479, t = -1,210, n = 7),
Sphyraena spp. and Prigeanthus spp. (r = -0.397, t = -0.967, n = 7),
Tachysuridae and Nemipterus spp. (r = -0,488, t = -1.250, n = 7), and

Plectorhynchidae and Synodontidae (r = -0.458, t = =-1.152, n = 7).
relationships are shown in Figure 5. At the 50% level, there are six
pairs of species groups that correlate negatively. These are

Synodontidae and the rays (r = -0.343, t = -0.817, n = 7), Carangidae
and the rays (r = -0.341, t = -0.811, n = 7), Sphyraena spp. and
Psettodes erumet (r = =-0.349, t = =0.833, n = 7), Mullidae and
Prigeanthus spp. (r = -0.360, t = -0.863, n = 7, Mullidae and
Synodontidae (r = -0.335, t = -0.795, n = 7), and Carangidae and
Psettodes erumeir (r = -0.326, £ = -0.771, n = 7). The relationships of
the first five pairs are shown in Figure 6. For the last pair, Z.e.

Carangidae and PFPsettodes erumeil, the low correlation is due to the
deviation from the line of the 1978 datum. When it is excluded from the
analysis, the two species groups are negatively correlated at the B80%
level (r = -0.596, t = -1.660, n = 6) and the relationship is given in
Figure 4.

Table & provides the results of the analysis including the
y—intercepts, the slopes, the correlation coefficients and the coeffi-
cients of determination. At the 50% level, the range of the coeffi-
cients of correlation are from -0.360 to -0.355 with the determination
coefficients of 12.97 and 11.19% respectively. For the 60% level, the
correlation coefficients range from -0.488 to -0.397 which make the
coefficients of determination equal to 23.83 and 15.74% respectively.
Both coefficients are low when compared with those of the 80, 90 and 95%
levels. At the BOX level, the correlation coefficients are from -0,629
to -0.588 with the coefficients of determination of 39.56% and 34.57%
respectively. The correlation coefficients for the 90% level are, in
general, from -0.690 to -0.682 and the coefficients of determination are
47.61 and 46.51%Z respectively; except the pair Prigcanthus spp. and
Fomadasys spp. whose correlation coefficient 1is  -0,995 and the
coefficient of determination is 99.00% both are rather high but the
degree of freedom is low and equal to 1. At the 95% level, the
correlation coefficients are, in general, between -0.850 to -0.829



with the coefficients of determination of 72.25 and 6B.72% respectively;
there is an exception again for Prigeanthus spp. and Leiognathidae whose
coefficients of correlation and determination are -0.976 and 95.26%
respectively. Both coefficients are rather high but the degree of
freedom is too low and equal to 2,

It is, therefore, possible to state that the coefficients of
determination increase as the levels of the confidence increase. In
general, they are 11.19% - 12.9%%, 15.74 - 23.83%, 34.57 - 39.56%,
46.51 - 47.61% and 68B.72 - 72,251 for the confidence levels of 50, 60,
B0, 90 and 95% respectively. These figures hold true for the sample
sizes of 6 and 7; but do not hold for the small sample sizes of 3 or 4
as in the cases of the interactions between Prigeanthus spp. and
Pomadasys spp. (90% level) and Prigeanthus spp. and the Leiognathidae
(95% level).These can be ohserved in Table 4,

In the above 12 pairs of relationships at the 80 to 95% con-
fidence levels, the least correlation coefficient is -0.588 for the
sharks and Sphyraena spp. interaction. But, in general, at the 50 to
60% confidence levels and for the remaining pairs of species groups, the
correlation coefficients are rather low. These low values of correla-
tion coefficients are not unexpected Ffor biological data such as the
ones used in this study because, for this kind of data, the wvariations
are usually high., There are many reasons for this expectation. But the
main and important reasons might be as follows:

l. Case A. The interaction among any pair of species groups is
not so marked and it is difficult or impossible to detect at the usual
confidence level however it is detectable when the sample size is large.
This is likely to be true for a fish community in a tropical region
where there are many species inhabiting the same area.

2. Case B. One predator might feed on many species of prey, and
vice versag. In other words, there is no selective feeding. Thus, the
abundance of any prey species is not dependent on only one species of
predator but on many species of predators. Also, the stock size of the
predator does not depend upon only one prey but on more than one prey
species, This phenomenon will obscure the relationship between one pair
of predator and prey.

3. Case C. One Species or more might be both predator and prey
depending on the stage of their life cycle. That is, while the young
are preyed on by another species, the adults may feed on that species,
whether large or small, 1In this situation, it would be difficult or
even impossible to determine the correlation between them by using the
data of the single stage of the life cycle as in this study.



4, Case D. The correlations are obscured due to the effect of
fishing. The fishing pressure during this period is very high. The
average annual fishing effort is 1220 thousand hours while the estimated
optimum common fishing effort, as given by Sommani (1983), is only 753
thousand hours. Therefore, the stocks of these demersal fishes are much
overfished. The high level of fishing must have a much greater effect
than the ability of the fish stocks to adjust themselves to compensate
their loss due to fishing. That is, the fisheries have a greater effect
than the interactions. Sommani (1983) has also suggested the same
reason. This need not be discussed further.

If we consider all observed interactions at the confidence
levels from 50 to 952, there are 21 pairs of negative relationships and
all of the 17 species groups interacts with another species group. The
frequency that one species group correlates with others is different.
The most frequent species group is Prigeanthus  spp. which shows 10
interactions with others. Sphyraena spp. follows with 5 relationships
with other species groups. Four species groups interact with
Synodontidae. The correlations of the rays and Psettodes erumei with
other species groups occur 3 times. Only 2 species groups correlate
with each of the following; Rhinobathidae, Carangidae, Plectorhynchidae,
Tachysuridae and Mullidae. For each of the remaining species groups,
i.2. the sharks, Serranidae, Nemipterus spp., Lutjanidae, Pomadasye spp.

Seolopeie spp. and Leiognathidae, interaction with another species group
occurs only once. These are summarized in Table 5.

At present, there are no reports containing detailed information
on the food and feeding habits of the demersal fishes in this area. It
is not known which predator feeds on whieh prey. This makes it impossi-
ble to identify any pair of predation or competition although it is
possible to observe the negative interactions for many pairs. However,
it is likely that the young of one or more species groups are consumed
by the adults of the other groups and the opposite might also hold true.
Besides predation, competition may also occur among these species
groups, either for food or for other purposes.

It might be easier to explain by recombining these 17 species
groups into 3 large main groups, namely:

1. The large size predators. This group includes the sharks,
the rays, Rhinobathidae and Serranidae.

2. The medium size predators. This group is composed of many
species groups such as Psettodes erumei, Priacanthus spp., Sphyraena
Spp. Synodontidae, Lut janidae, Carangidae, Plectorhynchidae,
Tachysuridae and Pomadasys spp.



3. The prey. This group includes Seolopeie spp., Nemipterus
Spp., Mullidae and Leiognathidae.

For the interaction between the large size predators and the
other species groups, it might be possible to state that the first group
consumes the latter. The rays, Rhinobathidae and Serranidae may feed on
Priacanthus 8pp., either the young or the adults or both. The sharks
and Rhinobathidae consume  Sphyraena app. Both Synodontidae and
Carangidae are prey to the rays.

Prigeanthue spp. could feed on Leiognathidae and Mullidae.
Mullidae is also prey to Synodontidae while Sphyraena spp. feeds on
Seolopsies spp. Nemipterus spp. either small or large fish, is consumed
by Tachysuridae. These interactions conform with Case B.

For the other interactions the relationships might be more com-
plicated for example, the interactions among the species groups in the
medium size predator category. It is possible that Priacanthus spp.
might feed on the young of Plectorhynchidae, Psettodes erumei, Pomadasys
spp., Lutjanidae and Sphyraena spp. but the reverse might also be
naturally probable. The same phenomenon might occur for the correla-
tions between Synodontidae and Plectorhynchidae, and Psettodes erumei
and Sphyraena spp. It is obvious that in this case one predator feeds
on many prey and vice persa. Therefore, this is in accordance with Case
B. It is also easy to see that in this case, again, one or more species
groups could be both the predator and the prey depending on the stage of
their life eyecle as hypothesized in Case C.

In the case of the medium size predators, the interactions might
be the results of competition for food. For example, the competition
might occur among the rays, Rhinobathidae, Serranidae, Plectorhynchidae,
Pgettodes erumei, Pomadasys spp., Lutjanidae and Sphyraena spp. While
the first three species groups consume either the small or large
Priaeanthus spp., the remaining five species groups would probably feed
on the many stages of young and adults of Prigeanthus spp. Another
example of competition for food may happen among Tachysuridae,
Plectorhynchidae and the rays which feed on Synodontidae, either the
young or adults. The rays and Psettodes erumei could well compete for
Carangidae.

According to the previous three paragraphs, it can be clearly
seen that the interactions are rather complicated, even in the case of
the large size predators such as the sharks which show only one interac-
tion with Sphyraena spp. at the 80% confidence level (r = -0.588). The
reason for this low correlation may be that the sharks do not depend
only on this prey but also on other prey. Therefore, the expectations
of a low correlation coefficient are not unreasonable (Case A). To
increase the sample size or to use data on many stages of the life cycle



may solve the problems in the increase of the confidence level or in
detecting the interactions which could not be observed in this study.
But one should keep in mind that this requires a longer time period to
compile the data and this in turn will result in greater variations 1in
the data to be obtained.

At present, it is difficult to state which one is the most
significant in causing the interactions among the predation and the
competition of the pairs of species groups. But in a situation as in
this study, it is reasonable to believe that both are equally
significant.

CONCLUSTONS

The correlations between species groups were analyzed for 136
pairs of species groups. For the period 1966 to 1978, 106 of them
correlated positively at the 95% level, But there are no biological
explanations for this. The positive relationships are simply the
results of the decline with time of all fish stocks due to the effect of
heavy fishing.

For the period 1972 to 1978, during which the fisheries appeared
to be steady, there are 46 pairs which show a negative trend. Five
relationships are negatively significant at the 95X level. These are
the relationships between Priacanthus spp. and other species groups;
namely the rays, Leiognathidae, Plectorhynchidae, Rhinobathidae and
Pgettodes erumei, although for the last three pairs of relationships the
1978 data must be excluded from the calculations. Three pairs of species
groups are negatively interacted at the 901 level. These include the
relationships between Priacanthus spp. and Pomadasys spp., Tachysuridae
and Synodontidae, and Sphyraesna spp. and Scolopsie spp. At the 802
confidence level, there are four pairs of species groups which are
negatively correlated. They are Priacanthus spp. and Lutjanidae,
Priacanthus spp. and Serranidae, the sharks and GSphyraena spp., and
Carangidae and Psettodes erumei.

At the 60% confidence level, negative interactions are Found
between Sphyraeng spp. and Rhinobathidae, and Priacanthus Spp.;
Tachysuridae and MNemipterus spp., and Plectorhynchidae and Synodontidae.
Five species groups interact at the 501 level, they are Synodontidae and
the rays, Carangidae and the rays, O&phyraena spp. and Psettodes spp.,
Mullidae and Prigeanthus spp., and Mullidae and Synodontidae.

About 11.19 - 12,97%, 15.74 - 23.83%, 34,57 - 39.56%, 46.51 -
47.61% and 68.72 - 72.25% wvariations in any species group could be
explained by variations in the other species groups at the confidence
levels of 50, 60, 80, 90 and 95% respectively. The causes of these
interactions are expected to be the predation and/or the competition.
At present, it is not known which one is the most prominent due to the



lack of information on the food and feeding habits of these fishes. But
in this tropical area, it is likely that both predation and competition
are equally important depending on the species groups and the stage of
their life cycles.

Except for 80 to 95% confidence levels, the correlation coeffi-
cients for the 50-60% levels and for the rest of them are rather low.
This phenomenon is not unexpected for the biological data as employed in
this study. There are many reasons for this, but the main reasons for
the low correlations are proposed as follows:

1. Case A. The interactions among species are too low so that
they cannot be detected by the small sample size analysis, especially at
the usual, 95X, confidence level.

2. Case B. One species of predator feeds on many species of
prey and Ulo2 versa. That is, there is no selective feeding.

s [ Case C. One species or more are both predator and prey
depending on the stage of their life cycle.

b4, Case D. The fishing has a much greater effect than the
effect of predation and/or competition, therefore, these could not cause
so marked an interaction until they can be detected.

For the 50 to 953 confidence levels, there are 21 pairs of
interactions and each of the 17 species groups shows at least one inter-
action with another species group. The most frequent species group is
Frigeanthus spp. which has 10 interactions with others, and is followed
by Sphyraena spp. which interacts with 5 other species groups. The
interaction of Synodontidae with others opccurs 4 times. The rays and
Fgettodes erwnmel have 3 interactions with others. Correlations with
other species pgroups occur only twice Ffor the following groups:
Rhinobathidae, Carangidae, Plectorhynchidae, Tachysuridae and Mullidae,
For the remaining species groups interactions take place only once.

For the sharks, the rays, Rhinobathidae and Serranidae which
feed on others, the interactions with them might be quite simple, although
they feed on many species and may compete with each other. But the
interactions among the species groups of the medium size predators which
include Psettodes erumei, Prigeanthun spp., Sphyrasna spp., Synodontidae,
Lut janidae, Carangidae, Plectorhynchidae, Tachysuridas and Fomadasys spp.
are more complicated than those occurring among the large size predators.
In this case, the young of one or more species group are prey to the
adults of the other species groups and the reverse also occurs. It is
also obvious that one or more species group could be both predator and
prey depending upon the stage of the life cycle. Therafore, in this
group, the interactions are in accordance with both Case B and C. The
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competition for food also exists among these species groups., The com-—
petition occurs at all stapes of the life cycle. Thus, the competition
is also important.

The occurrences of interactions among the species groups are
likely to be caused by predation as well as competition. In some pairs
of species groups, predation and competition may take place at the same
time. While in some cases, they might occur at different stages of the
life cycle. However, in all cases, both of them could be equally
significant in causing interactions.
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Figure 4., Relationships between species groups which are correlated at
the 80% level. {(The 1978 datum, indicated by the arrow, is
not used in the correlation analysis)
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Relationships between species groups which are correlated at

the 60% level
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Figure 6. Relationships between species groups which are correlated
at the 50% level,
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Figure 6. (Cont.) Relationships between species groups which are
correlated at the 50% level
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Table 1. List of group numbers and species groups

Group number Species groups
1 Sharks
2 Rhinobathidae
3 Rays
4 Peettodes erumeti
5 Lut janidae
(3 Serranidae
7 Priacanthus spp.
8 Tachysuridae
9 Synodontidae
10 Sphyraena spp.
11 Seolopsig spp.
12 Carangidae
13 Mullidae
14 Leiognathidae (and Gerridae)
15 Nemipterus spp.
16 Plectorhynchidae

17 Pomadasys spp-




A1uo %L61-9961 +/T
tAquo c261-996T1 /T

[ IETA
BEL® 1 91
158" EEL’ 1 g1
TE8"  LEL®  TSE® 1 el
£98° %E6" TI8"  608° 1 £
TLB"  BLLT  w¥8T  8TLT e 1 Al
098" TO6" Z89" 959" 68" S18° 1 11
016° THL® 60L° 1£8° 0TB"  TLL®  S69° 1 01
SLS°  SEST &L ESY"™ TOS™ 669" 66y  ST6T I 6
ST6"  9BLT S%ST £ 0SB"  BILT 6%8°  9¥BT  %W6T° 1 8
TEL° ST VBEY BEDT— £85°- LIS D08 £EE" €09 1EE° 1 L
ghi® T9B" €9L° 9LL* 006" 989" WEL® 60L°  TLS° LS9* 90S° 1 9
B%8' 6%6°' I¥8" WBL® 656" ®BB" 998" O¥B"  EZ9" LIB® 6IS° 906" I 9
€iL° 8wt oyt Me’ 1499° 6%%" STLT  yES' Sl ESL* SBIT G%9T €69 1 ¥
016* 008" E19° TS6"  6ER"  TTH' 0ZL° 118"  6IE" 698" EET" ZIL® 918° 10L° | £
669"  ETE- CIL”  SLLT  %T8" 99" 06L" DE9T  9S%° H9L" E€O%" IB8" 998" Z98" TIL° I A
Z9L° TL9° zTosT  8I9T  WILT 099" 969" 919" %6%° O0B" H%ET S¥9T 9SLT 6%9° 69L° ELL° I I
=k 91 ST _n £l Z1 11 01 6 g8 L g < 4 £ z 1 sdnoa#

/T /1 sdnoif saioads sa1dads
§L61 ©3 9951 poizad syl 103j sisd|eur UOIIR[a110) T I[QEL



wi61-ZL6T1 /2
SLET-TL6T /1

22 -

I IETA|
w&6" I 91
DE6” L T sl
w66 " 0T6° 896" I /191
%E9" LER™ 9Ch* 16L° | ET
BZS® 6ZT0" BO9" 6L0° 5 3t 1 1
005°= %EE* TOT°= ®HIS'= EI%° S0E”" 1 T1
LEY® 560°- 611" EDS° %90° - %BO° 89— I o1
951" BSY - E95° ZEE"= GEE"= [IW9° 66T - ZOT" 1 [
£S6° Ta9" @8y"- L” vEY” 060°~- ZIL" 8%1°- 069°- I 8
C66°'~ SI9 - [9T1°- 9L6"- O09E'- 99T 694" LBE™= SZI* H5T'- 1 L
98’ LSE” 6D9” TEG” Lzs’ 6Z1°= TET'= 960°= ST10°~- 91Z°= T097~- I 9
BS6" SH9™  LH5"° ove’ ET%’ zIs” ET0°— 660" 6827 LOT° 929'—- ELS” I g
A 868" I%°- E£6B" EST" TE"= O%Z” BHL = SIZ0° T19%° BIS- IWH" LTH" 1 i
AT SY%T 9%0°-  088° BLY® I¥E = DOE'= EBTY E£9E"= OLi%° Q0OCR'= GBE" CBE® [IZE! 1 E
95" £59° 09T° 1ig* S1%’ #60°'- GBI Din*= 0DI*= DET* A%WS'= EDB™ EO9* OLL* HIn" 1 4
Leb’ 66Z° 90I1°- OLO" L90* il A BBS"— 6IZ° T6Z" 9STI'—- 960" 9IZ%" [LIZIE" 6%E" L[95° 1 I
LT 91 g1 i £l A 11 01 6 g L g s % £ z 1 sdnox®

iT /1 sdnoa8 satoads satoads

BL61 ©3 ZL61 poraad ay3 103 sTsd[PuP UOIIE]2110) “f SIQEL



= 23 -

Table 4. Summary of the results of the analysis for some pairs of

species proups during the period 1972 to 1978

Species groups Y-intercept Slope Gurrelatinqlf Coefficient of Sample
coefficient determination size
(Y and X) (r) (r2) (n)
95% level
Rays and 20.0254 -0. 9882 -0.850 72.25 7
Priacanthus spp.
Leiognathidae and 27.4162 -1.5834 -0.976 95.26 4
Priacanthus spp.
Plectorhynchidae 15,3853 -0.7809 -0.843 71.07 6
and Priacanthus spp.
Rhinobathidae and 22.0040 =1.4340 -0.832 69.22 6
Prigoanthus spp.
Poettodes erumei 17.3336 -0.6839 -0,829 68.72 6
and Priacanthus spp.
90% level
Pomadasys spp. and 6.4801 -0.1013 -0.995 99.00 3
Priaeanthus spp.
Synodontidae and 15.5511 -0. 5406 -0.690 47.61 7
Tachysuridae
Seolopsis spp. and 14.3576  -0.6182 -0.682 46.51 7
Sphuraena spp.
BO% level
Lut janidae and 13.7683 -0.5236 -0.629 35.56 7
Priacanthus spp.
Serranidae and 15.9014 -0.6739 -0.602 36.24 7

Priacanthus spp.

1/

For F::b 0.05, t-test is used, ¢ =

with degree of freedom = n-2.

r

{(1-r2)/(n=2)
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Table 4. (Cont.) Summary of the results of the analysis for some pairs of
species groups during the period 1972 to 1978.

Species groups Y-intercept Slope Currelatianlf Coefficient of Sample
coefficient determination size
(Y and X) (r) (rl) (n)

Sphyraena spp. and 9.8520 -0.3387 -0.588 34.57 7
Sharks
Psettodes erumel 14.3920 -0.4535 -0.596 35.54 6
and Carangidae

60% level
Rhinobathidae and 13.7837 =1.113% =0.479 22.89 7
Sphyraena spp.
Priaeanthus spp. and 14.3794  -0.4259 -0.397 15.74 7
Sphyraena spp.
Nemipterus SPPp . 15.5129 -0. 4867 -0.,488 23.83 7
and Tachysuridae
Synodontidae and 12.9564 =0.3145 —0.458 20.97 !
Plectorhynchidae

50% level
Rays and 14.7231 =0, 5315 -0, 343 1175 7
Synodontidae
Rays and 12.7219 =05 3633 -0.341 11.60 7
Carangidae
Psettodes erumet 12.4597  -0.4031 -0. 349 12.16 7
and Sphyrasna spp.
Priacanthus spp. 15.4936 -0.4479 -0, 360 12.97 7
Mullidae
Synodontidae and 13.8856 -0.3121 -0, 335 11.19 7
Mullidae
1/

T

~ For P = 0,05, t—test is used, £ =

with degree of freedom =

n—2,

f (12} (n-2)



Table 5.
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Summary of the occurrences of interactions between species

groups given in the order of the most to the least Erequentlf

Species groups Frequency Correlated species
1. Priacanthus spp. 10 Rays, Leiognathidae, Plectorhynchidae,
Rhinobathidae, Paettodes erumet,
Pomadasys spp., Lurjanidae, Serranidae,
Sphyraena spp. and Mullidae.
2. Sphyraena spp. 5 Seolopsis spp., Sharks, Rhinobathidae,
Priacanthus spp. and Psettodes erumeti.
3. Synodontidae i Tachysuridae, Plectorhynchidae,
Rays and Mullidae.
4. Rays 3 Priacanthus spp., Synodontidae and
Carangidae.
5. Psettodes erumei 3 Priacanthus spp., Carangidae and
Sphyraena spp.
6. Rhinobathidae 2 Priaecanthus spp. and Sphyraena spp.
7. Plectorhynchidae 2 Prigoanthus spp. and Synodontidae.
8. Carangidae 2 Ppettodes erumei and Rays.
9. Mullidae 2 Priaoanthus #pp. and Synodontidae.
10. Tachysuridae 2 Synodontidae and Nemipterus spp.
11. Sharks 1 Sphyraena spp.
AW Sy,
12. Serranidae 1 Priananthus spp. o %\
= =)
" ! e 7{ # T::‘T'\.‘ ;
13. Nemipterus spp. l Tachysuridae 1“~4{ };g \
14. Lutjanidae 1 Prigeanthus spp. .
15, Pomadasys spp. 1 Priacanthus spp.
16. Seolopaie spp. 1 Sphyraena spp.
17. Leiognathidae 1 Priaoanthus spp.
1/

" They are given in the repeated form for easy cross checking



