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Abstract Fzzzy graph theory is applicable to any dynamical system where the values of all 

state varibles are known for at least two points in time. This type of analysis is useful for 

detecting early trends in successional changes of assemblages of organisms. Seventen 

successive years of research vessel trawl survey data from the Gulf of Thailand involving 

38 species or species groups were found to be amenable to this form of analysis. The 
compositional dynamics of the species were examined by using three fuzzy relations to 

describe succession from the same data set. Although fuzzy graphs resulting from these 

relations showed that successional trends depended somewhat upon the characteristics of 
the chosen relation, consistent succession to a relatively few .shott-lived opportunistic 

species was demonstrated for these data. Thne variance of the system was also examined, 

and it indicated that after the initial pera'bation the system was not strongly time varying 
and that some prediction was possible from a short data set This application of some 

methods and algc-thms of fuzzy g.-aph theory to analysis of multispecies fishery dynamics 

suggests some utility for preliminary interpretation of trends in such data. 



The response of multispecies fish assemblages to sustained perturbations, such as 

exploitation effects, pollution, habitat degradation, global climate or sea level changes and 
destructive fishing practices, has attracted the attention of fishery scientists during the past 
few decades. Some methods for analyzing the dynanics of multispecics assemblages are 
beginning to emerge from these investigations. Specific procedures have included various 
multivariate statistical analyses (primarily clustering techniques), as well as mathematical 
models of varying sophistication (Larkin and Gazey 1982). A review of some of these 
procedures, as well as - Jetailed analysis of successical changes in multi,pecies
 
assemblages, are reported by Saila and Erzini (1987). 
 Sparre et al. (1989) provide a brief 
section on multispecies/ multifleet problems in their manual on tropical fish stock 

assessment with special emphasis on surplus production models. 
Methods for studying the dynamics of mulN speciks fish assemblages are a subset of 

broader ecosystem studies. Ecosyst:.m studies tend to be complicated by the imprecise 
estimates of the many possible interactions involved, as well as by elements of subjectivity 
in model construction and field observations. It is generally recognized that the precision 
of variables decreases as the size of the ecosystem model increases. Thus, many concepts 
aid definitions in ecosyitems science are imprecise and indefinite because ecosystems are 

large and loosely organized entities. Even when a substantial amount of simplification is 

involved, tht moJ4ling of suhsystems, such as multispecies fish assemblages is a 

formidable undertaking by conventional modeling techniques. An example is provided by 
Pope (i979) who developed some extensions to the Schaefer stock production model in an 

effort to better understand multispecies fisheries i, the Gulf of Thailand. 

An extension to a standard population model can be stated as: 

IldP
p""t al-bIP-cIQ-qIE 

-Q dt a2-b2Q-c2P-q 2 E, 
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where: 

P = population size of species P (biomass", 

Q = population size of species Q (biomass), 

bl, b2 = ilraspecifac competition coefficients, 

cl, C2 = interspecific competiton coefficients, 

E = fishing effort, and 

qi, q2 = catchability coefficients. 

In the above, if cI and C2 are positive, the two species (P and Q) are competitors. If 
cl and c2 havt opposite signs, then the species with a negative sign for c is a predator, and 

the species with a positive c value is the prey species. It is evident from the above 

equations that the problem ofreal world parameter estimation for the model is difficult even 
in the two spcies case. It becomes virtually intrtable when the number ofinteracting 

species is increased to a more realistic number. 

i we assume that a multispecies assemblage consists of N species, and we wish to 

use a set of Lotka-Volterra equations to model the assemblage, then the number of 

ine.raction parameters alone is given by N factorial. Bosserman and Ragade (i 982) have 

effectively described some of the practical limitations of conventional ecosystem analyses 

for relatively large systems. In summary, it seems that there is still a need for exploring 
new approaches to the understanding of multispecies assemblages, especially muitispecies 

fisheries where there is often only a relatively small amount of detailed information 

available. 

The purpose of this work is to introduce fuzzy graph theory as a tool which may be 
suitable for preliminary interpretation of multispecies fishery dynamics. It has been shown 

by Roberts (1989) that fuzzy graph theory provides a useful tool for mapping the dynamics 
of poorly known systems, such as forest succession. This apF-oach seems paicularly 

useful because it requires only data on changes of relative abundance over time and requires 

no knowledge of the equations governing the dynamics of the system. The fuzzy graph 
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method provides maps of the system dynamics produced from an analysis of repeated 

measurements of the state variables which can be related to successional changes. 
However, these repeated measurements need not meet the more stringent requirrnents of 

multispecies time series analysis or of Markov process models. 

This appiication of fuzzy graph theory to the dynamics of fish assemblages from the 
Gulf of Thailand closely follows the methodology developed by Roberts (1989). Some
 
duplication of his methodology will be necessary because an effort is made to provide the
 
minimal background for understanding to those totally unfamiliar with any aspect of fuzzy 

set theory. 

Background for Application of Fuzzy Graphs-

In classical set teory, every element can be classified as to whether or not it 
belongs to a particular cet. In fuzzy set theory membership in a set is less clear. Zadeh 
(1965) first introduced fuzzy set theory, and for those who wit" to pursue this subject 
further, books by Kaufmann (1976) and Zimmermann (1983) are useful. Bosserman and 
Ragade (1982) provide an introduction to fuzzy set theory from an ecological point of 
view, and Giering and Kandel (1983) demonstrate an application of fuzzy set theory by 
modeling competition in an ecological system. 

Suppose that A reprsents the set of fish of a given species in a sample which are 
exactly 25.0 cm long. The membership of a fish in A is completely specified by the 

classical characteristic function: 

1 i f h (x ) = 25.0
 
fA(X) 
 = ( 0 otherwise 

where x is any fish in the sample and h(x) is the length of x. A is called a cisp or non

fuzzy set, where x either belongs to A (fA =1) or x does not belong (fA = 0). Next 
consider a set A' of all fish which are nearly 25.0 cm in length. Now there is a level of 
uncertainty about membership in A' which is caused by the fuzzy concept "nearly" This 
mathematical imprecision can be captured by extending the range of the membership 



4 

function fA'ofx frcm the two points (0 and 1) to the entire intc.val from 0 to 1. For 

example, it is possible to state the following: 

0.8 if h(y) = 26.0 cm 

0.9 if h(y) = 25.5 cm 

fA'(x) = 1.0 if h(y' - 25.0 cm 

0.9 if h(y) = 24.5 cm 

0.8 if h(y) - 24.0 cm 

The number fA!(x) is the grade of Liembership of x in the fvzzy set A'. If x belongs to A,
 

then x belongs to A', but the converse is not true. The advantage of the fuzzy set A' is a
 

gain irt information conveyed by the model of the process it represents. For example, from
 

fA (y) = 0 we infer that h(y) is not 25.0 cm. However, from fA'(y) = 0.4 we know that y
 
is either considerably shorter or longer than 25.0 cm.
 

Just as in classical set theory, there are operators such as intersection, union, and 

complement which operate on fuzzy sets and which produce the same results. Fuzzy set 

relations are a generalization of classical set relations. They can be thought of as ordered 

pairs, where the ordered pair is assigned a value in the interval [0,1] which specifies the 

degree to which the ordered pair satisfies the relation. Directed fuzzy graphs cEn be 

developed from fuzzy relations using an algorithm described by Roberts (1989), and this 

will be briefly described in a later section. 

Data-

Data from the Gulf of Thailand were used for this study because they represent the 

longest record of topical demersal iultispecies trawl data available. Specifically. a 

summary table from Pauly (1988) was converted from mean catch in kg per Zrawling hour 

to proportional abundance for 37 groups of fish and invertebrates identified to various 

taxonomic levels ranging from species to broad iategories, such as crabs and shrimp. In 

addition, one miscellaneous fish group included unidentified trash fish andjuvenile food 



fish. The surveys were conducted by Thai research vessels in coastal areas of the Gulf of 
Thailand. The data consisted of a record of 19 years of annual surveys involving several 
hundred stations extending from 1961-1982. Of these data, 17 years were in a continuous 
annual record (1966-1982). The other two surveys were conducted in 1961 and 1963. 
Table 1provides the summary data of Pauly (1988) expressed as proportions by weight for 
the 38 groups of organisms classified during the surveys. Since I was interested in 
examining changes i relative abundance, it was necessary to adjust for the dramatic 
changes in catch-per-unit effort (cpue) ane absolute weights observed over the time history 
of the surveys. Similar dramatic changes in demersal fishery cpue and biomass declines 
have been documented in areas such as Georges Bank, Southeast Nova Scotia, Gulf of St. 
Lawrence, Newfoundland and the Grand Banks. Changes in relative species composition 

have also been found for Georges Bank and the Flemish Cap area. 

Visual inspcction of Table 1shows some of the more obvious changes in relative 
abundance for the various groups. The differc.ice between 1982 and 1966 was negative in 
22 cases (58%), positive in 14 cases (37%), and no change was observed in 2 cases (5%). 
The highest relative losses occurred in the Leiognathidae, which decreased fiora abot't 15% 
by weight in 1966 to approximately 7% in 1982. A high increase was found for 
miscellaneous fish (trash fish and miscellaneous juvenile food fishes) from about 9 1/2% by 
weight to 19%. Squid on the genus Loligo spp. also increased from about 6% initially to 
nearly 20% by weight. Rachycentroncanadusand Cynoglossidae did not show any 
change between the two periods. Lactarims lactariusdeclined to extinction during the 
observation period. However, extinction in this case only means that this species was not 
found during the last observation period. Apparent temporary extinctions occurred for 
other groups including Tachysuridae, Pampusspp, Rhinobatidae, Anadontostoma spp. and 
Bothidae as measured by their absence in survey data for certain years. Only Tachysuridae 
occurred in reasonable abundance in 1966 when it comprised about 1.7% by weight of the 
annual catch. With the exception of Bothidae, which occurred initially (1966) at 0.5% by 
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weight, the other groups were found in initial abundances of less than 0.5% by weight. In 

general, from the last column of Table I it is seen that many of the observed differences 

from 1966-1982 were very small. Twenty-three were less than I% in spite of a reduction 
in cpue to one-third of the starting values of 1966. Since each entry in Table I was an 
average- from several hundred trawl hauls, some credibility can be given to these relative 

changes. 

Methods-

Three fuzzy relations are defined for relative changes in abundance, and these are 
identical to those proposed by Roberts (1989) for forest succession. These fuzzy relations 
express the degree to which a given species (group) x is being replzced by species (group) 
y by assigning to the relation Rx,ya number in the interval [0,1]. The three fuzzy relations 
used herein reflect three different definitions of succession. The first is: 

R X,y = MAX (0,MIN [Xo, dy]); dy = yi- yo (1) 

where: 

Xo = abundance of species (group) x at the start of the period, 

yo = abundance of species (group) y at the start of the period, and 

y = abundance of species (group) yat the end of the period. 

The definition requires that for species (group) x to replace 

species (group) y: 

species (grcup) x must be present at the start (time 0), and 

species (group) y must increase in the interval from time to to time tl. 
The degree to which species (group) x is replaced by y is the minimum of species (group) x 
at time to and the positive change in abundance of species (group) y from time to to ti. This 
replacement relation is potentially symmetric with respect to y and x. 
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The second definition is more rigorous in tMr=s of replacement of x by y.
 

if x y, then
 

Rxy= MAX (0, dy - dx); 
 (2) 

if x = y, then 

Rx,y= MAX (0, dx) 

For x to be replaced by y, this definition requires that: 

y must increase faster than x, or 

x must decrease faster than y. 

The rate et which x is replaced by y is equal to the magnitude of the difference of 
the above two conditions. The above definition is not symmetric. Therefore, it is not
 
possible for species x to succeed to y and for y to succeed to species x. 
It is possible, 
however, for one (x or y) to replace the other even if both decline in abundance over the 

interval of interest. 

Definition three is the most rigorous. 

Rx,y = MAX (0, MIN [-dx, dy]) (3) 

For x to be replaced by y, this requires that: 

x must decrease in the interval to to tl 

y must increase in the interval to to tl. 

The rate at which x succeeds to y is the minimum of the above two requirements. 

The respective fuzzy relations were calculated for each of the three definitions by 
computing th value of the relation for all possible ordered pairs. The transition relations 
calculated for the above thuce definitions are shown in Tables 2, 3, and 4 respectively. 
These tables may be loosely interpreted as follows. Rows indicate succession to and 
columns indicate succession fErom a given species (group). That is, a given column 
indicates that a species (group) replaces the species (group) indicated by the row number. 
The key vhich identifies species (group) numbers by name is found on the leftmost column 

of the tables. 



A fuzzy graph can be constructed from a given fuzzy relation by means of an
 
iterative algorithm described by Roberts (1989). 
 The steps in constructing fuzzy graphs 

from fuzzy relations, such as Tables 2, 3, and 4 are: 

a) Set values in the diagonal to 1.0
 

b) 
 Develop a reachable set by scanning across the row corresponding to that 

species (group) and list all species (groups) to which the species (group) is 

succeeding: 

([x, 	yi I > 0).
 
l = l,n
 

c) Develop a precedent set by scanning the column values conesponding to each 

species (group) in turn, ane list all species succeeding to the referent species. 

([xi ,y)] > 0).

i=l,n
 

d) For each species form the intersection of the reachable and precedent sets. 

e) Find all species (groups) in which the intersection is equal to the reachable set 

and place at the top of the graph. 

f) Delete these species from the reachable and precedent sets of all other species, 

and repeat steps e) and f) to produce the next tier.
 

g) 
 Draw an arrow from each species (group) to all species (groups) in the tier 

above which are in reachable set until all species (groups) are included in the 

graph. 

The fuzzy graphs illustrated in this paper were produced using a computer program 

developed by Roberts (1989). The program operates on any set of state variables at two 
points in time and produces the transition relations according to any of the definitions used 
herein. It also produces the transitive closure of the transitive relation using any specified 

threshold. Ftom the transitive closure relation the program determines the reachable set for 

each state variable and the intersection of the reachable and precedent set for each state 



9 

variable. An algorithm within the program then determines the tiers of the fuzzy graph and 

omits species below any specified threshold level. 

The procedure for producing fuzzy directed graphs may be modified by listing in 

the reachable set or precedent set of a given species (group) only those species (groups) 

having a value in the relation at or above a specified threshold, which is called an alpha-cut. 

By varying the value of the threshold dominant trends can be isolated and insignificant 

values can be suppressed. There is some question about what values of alpha are 

appropriate for a given situation. In this example, sample sizes are large and variances 

should have stabilized. However, access to the raw data was not available for calculating 

empirical estimates of variance. It is also recognized that estimating sample size 

requirements for rare species is a formidable problem. In view of the above, it was decided 

to use conservative values for thresholds similar to those used by Roberts. 

Another aspect of this study was to employ the same definitions of succession for 

different periods of time to determine if the dynamics of the multispecies assemblage 

changed with time. Two periods (1961-1966 and 1966-1972) were examined with this 

objective in mind. 

Results-

This study was oriented primarily toward looking ,ordominant trends in changes of 

relative abundance by the species or groups listed in the Thai trawl survey. Although three 

model definitions and three levels of threshold (alpha-cut) were considered, emphasis in 

interpretation and application is given to the higher threshold values and the more rigorous 

models because these were thought to be the most realistic. It should be appreciated that in 
all the fuzzy graphs to be illustrated herein, species (group) pairs with values of the defined 

relation which are less than the indicated threshold value are not entered into the reachable 

and precedent sets of the species (groups). This accounts for the absence of some species 

(groups) in the figures provided. 
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The results fiom the first definition of changes in relative abundance (succession) 

are shown in Figure 1. In Figure la, which illustrates a threshold value of 0.005 for 

inclusion, the fuzzy graph has three tieTs. Species group 22, which includes all shrimp 

species, illustrates a group which is changing rapidly, although it is relatively low in 

absolute abundance. This change is captured by the low threshold value used in Figure la. 

At the second level all seven species groups which are increasing in relative abundance are 

also succeeding to each other, as well as to shrimp (22). Note that this level includes (9) 

Loilgo spp., (11) Priacanthus spp, and (38) miscellaneous fish, as well as four other 

species groups. The lowest tier contains species (groups) which have declined in 

abundance or remained the same. 

Figure lb illustrates a fuzzy graph for the first model definition, but with a higher 

threshold of 0.025. Here we have only two tiers, with species (group) 9-Loligo spp., 

11-Priacanthusspp. and 3 8 -miscellaneous fishes demonstrating rapid changes in 

abundance and succeeding to each other. The other nine species (groups) in the lowest tier 

are declining or remaining relatively stable. 

In Figure Ic we again have three tiers, with the same three species (groups) 

illustrated in Figure lb changing most in relative abundance. However, in this instance 

Loligo spp. and miscellaneous fishes are succeeding to each other, and both are succeeding 

to Priacanthusspp. The declining or relatively stable species (groups) in the figure are only 

five, as seen in the lowest tier. 

It is evident from examining the three threshold levels that the lowest values include 

the largest number of species (groups). However, at all alpha levels the sari.- mree species 

(groups), namely 9, 11, and 38 were found to be consistently changing most rapidly in 

relative abundance. In addition the species (groups) which showed persistent declines in 

realtive abundance include (1)Leiognathidae, (2) Carangidae, (3)Nemipterus spp., (6) 

Rays, and (33) Gerridae at all threshold levels. 



For the second definition of succession, the results were more complex :n terms of 
the number of tiers found. The number of tiers were 17, 7, and 5 for threshold values of 
0.005, 0.025, and 0.05 respectively. A possible rtason for the increased complexity is that 
a difference operator is used instead of a MIN operator, as in the first model When
 
comparisons were made among the specir 
 (groups) which exhibited the greatest trends in 
relative abundance, it was clear that the results were fairly similar to those achieved in 
Figure 1. However, they were even more internally consistent with respect to the most 
rapidly changing species (groups) at all alpha levels. Miscellaneous fishes (38), Loligo 
spp. (9), and Priacanthusspp. (11) were in essentially similar order of succession in the 
three cases examined. Oily the greatest threshold value of 0.05 is illustrated in Figure 2 for 
the second model definition. Note that the lowest tier contains three species (groups) 
Leiognathidae (1), Rays (6), and Gerridae (33) which were consistently found in Figure 1. 

Figui'V 3 shows relative changes for the three thresholds based on the third
 
definition of succession. It is evident that there are only two tiers in each fuzzy graph.
 
However, the three most rapidly changing groups from the previous figures appear in
 
similar positions in these graphs as well. That is, Loligo spp. (9), Priacanthusspp. (11),
 
and miscellaneous fishes (38) are again included in the most rapidly changing groups.
 
However, at the lowest threshold of 0.005, five other species (groups) are included in the 
first tier. They are Sauridaspp. (7), Trichiuridhe (17), crabs (20), shrimps (22), and Sepir 
spp. (37). Those species (groups) found in the second tier were either declining in relative 
abundance or were stable. The persistence of species groups 1,6, and 33 in the lowest 

tiers is again noted. 

Time Variance-

Only the third fuzzy relation, considered to be the most rigorous, was calculated for 
the time variance study for the periods 1961-1966 and 1966-1972. The values of 
thresholds were restricted to 0.025 and 0.05. Figure 4 illustrates the four fuzzy graphs 
resulting fiom these. The 1961-1966 data for the threshold values of 0.025 and 0.05 
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reflect a trend toward rapid change in relative abundance by Loligo spp. and includes 
Mullidae and rays for the 0.025 value. Only Loligospp. are found to demonstrate rapid 
change for the 0.05 threshold. The same model and thresholds for the period 1966-1972 
show most rapid changes in relative abundance by Loligo spp. and miscellaneous fishes 
with Sepia spp. included in the 0.025 value. At the 0.05 threshold the major dynamic 
changes occuricd among Loligo spp. and miscellaneous fishes. The trend in rapid changes 
by species (groups) included Loligo spp. in all cases where some change was indicated at
 
the respective threshold levels. It is also evident that some indication of declines in realtive
 
abundance could be shown from these analyses. Groups which seemed to reflect persistent
 
declines included Leiognathidae (1) and rays (6). These results also suggest that it may be
 
possible to obtain useful inform don about tropical demersal fish assemblage dynamics 
after only a relatively short period of observation since the high rate of squid succession, as 
well as declines in Leiognthidae and rays were indicated very quickly. 

Discussion-

One important aspect of studying dynamics of multispecies fish assemblages with 
fuzzy graph theory is that explicitly defined concepts of replacement (succession) are 
required. Three definitions have been utilized in this study, and the results are based on 
these using three levels of threshold below which changes in relative abundance are not 

considered to be meaningful. 

Clearly, Loligo spp. have emerged as one of the most rapidly increasing species in 
all of the analyses made herein. However, no causal explanation is possible from this type 
of analysis. Pauly (1979) and Gazey and Larkin (1982) have postulated that the so-called 
"squid outburst" in the Gulf of Thailand was due to a release of predatory control on 
undeveloped eggs and prerecruits by virtual elimination of the predators. This is believed 
to be a rational explanation for the results observed iiz this study in addition to a relatively 
short life history cycle. Available unpublished information indicates that squid are still a 
very important component of the current demersal trawl catch in the Gulf of Thailand. 
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It is also interesting to note that some common species in tie current by-catch in the 
southeast Asia region trawl fishery (Anonymous 1989) consist of threadfin bream 
(Nemipterusspp.), bigeye snapper (Priacanthusspp.), lizardfish (Sauridaspp.), and 
glassfish (Pentaprionlongispinus)which are used for surimi production. Both Priacanthus 
spp. and Sauridaspp. were found to be included in rapidly increasing groups based on the 
fuzzy graphs derived from the historical Thai trawl data base. Nemipterus spp. 
experienced decline during the period of observation as shown i 'fable 1. Pentaprion 

longispinus was not explicitly included in the available data base. 

Initially, it seemed paradoxical that Saurida-pp. wuuld have been included among 
the rapidly increasing species from these analyses. Lizardfishes are considered to be 
relatively large and long-lived species which were expected to quickly decline in abunutance 
with increased exploitation. A possible explanation to this anomaly is as follows. 
Thresher et al. (1986) studied life histo - strategies and recent changes in population
 
structure of the lizardfish genus Sauridaon the Austrrian northwest shelf area. They found
 
that the large Sauridaspecies were replaced by other Sauridaspecies which reached sexual 
maturity in a few months and rarely lived more than one year. Ifa similar replacement 
occurred in the Gulf of Thailand, it could explain the persistence and increase of Saurida 

spp. 

The results of this series of analyses using fuzzy graph theory on the 1966-1982 
data may be compared to studies of dominance by Pauly (1979). He plotted the natural 
logarithm of the mean catch per effort against effort. The slopes of these plots were used 
as an indication of the rate at which a given species group increased or decreased. Six 
groups were formed and Pauly included squid with pelagic fishes not affected by demersal 
trawling. In this study, increases by Loligo spp. and the miscellaneous group of fishes 
were found consistently. However, the number of species groups which exhibited very 
small changes in relative abundance under exploitation was found to be high. In addition, 
it seemed evident that trends of change in abundance could be detected from a relatively 
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short-time series, and the system did not seem to be a strongly time varying after the initial 

perturbation. 
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TableI. Relative catch composition (proportions by weigu) of identified groups offish ard invertebrates obtained by trawl suveys in coas(19S8)Table water132. Values marked by m uaik (*) c of the Gulf ofThailanduained vaysml amondtuof froan 1966 to 1982. derived from pauysthe inrdicated group, but lk dibm.0005 by weight 

ID Groups idenified 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1982-1966 

1 Lciognathidae 0.153 0.045 0.136 0.103 0.105 0.045 0.077 0.216 0.047 0.054 0.046 0.0592 ClOWgidae 0.055 0.058 0.064 0.083 0.0710.076 0.079 0.094 -0.0820.090 0.093 0.059 0.061 0.055 0.075 0.050 0.033 0.0473 Nanipteius spp. 0.045 0.049 0.049 0.030 0.0300.117 0.103 0.071 0.092 -0.0460.089 0.110 0.075 0.062 0.053 0.125 0.100 0.1144 Scize4idae 0.077 0.096 0.098 0.1130.020 0.040 0.025 0.087 -0.0300.006 0.015 0.009 0.011 0.003 0.003 0.003 0.003 '1.006 0.0495 Mullidac 0.001 0.008 0.0040.045 0.085 0.069 0.002 -0.0180.060 0.039 0.041 0.030 0.038 0.015 0.0346 Rays 0.027 0.023 0.023 0.013 0.0160.074 0.0130.042 0.021 0.029 0.009 -0.0360.029 0.020 0.019 0.030 0.016 0.024 0.0117 Sawida 'Wi 0.013 0.022 0.006 0.004 0.0080.041 0.039 0.051 0.052 0.002 -0.0720.068 0.046 0.053 0.036 0.040 0.035 0.051 0.0648 Tachyuridae 0.053 0.054 0.070 0.070 0.0620.017 0.019 0.017 0.013 +0.0210.015 0.015 0.007 0.012 0.0029 Lo'go spp. 0.007 0.005 0.005 0.007 0.005 0.005 0.0040.061 0.080 0.100 0.113 0.088 0.000- -0.0170.166 0.225 0.191 0.248 0.13710 colopssspp 0.162 0.177 0.172 0.131 0.1450.036 0.188 0.1990.029 0.025 0.038 0.027 0.1380.029 0.022 0.019 0.012 0.016 0.015 0.015 0.01211 PjiacmrhssFIL 0.007 0.011 0.01,-0.031 0.062 0.059 0.011 -0.0250.07 0.076 0.079 0.030 0.042 0.094 0.045 0.050 0.05012 Sharks 0.060 0.01-p 0.0850.014 0.114 0.0870.014 0.010 0.0560.006 0.008 0.009 0.009 0.009 0.005 0.003 0.004 0.006 0.00313 Sphj rwpiW 0.004 0.001 0.0050.013 0.012 0.007 0.003 -0.0110.011 0.015 0.005 M0.00 0.003 0.4 0.003 0.003 0.00414 Theri 0.007 0.010 0.006spp. 0.009 0.0070.006 0.003 0.003 0.003 0.002 -0.006
0.002 0.002 0.001 0.001 0.001 0.001 0.00115 Lmjuidwa 0.001 0.004 0.0020.036 0.002 0.0030.035 0.036 0.029 0.023 -0.0030.015 0.009 0.010 0.007 0.009 0.013 0.00416 Plecdiymyjhgac 0.010 0.015 0.010 0.013 0.0210.009 0012 0.009 -0.0150.011 0.006 0.003 0.002 0.002 0.002 0.002 0.002 0.00117 Trichiridae 0.008 0.002 0.001 0.00.; 0.001 0.0(w0.001 0.014 0.007 -0.0050.010 0.010 0.013 0.020 0.015 0.061 0.033 0.027 0.019is Sumaidae 0.041 0.008 0.0070.009 0.012 0.010 0.017 0.0090.009 0.009 0.008 0.005 0.006 0.004 0.01019 Rastreffiger neglcu 0.002 

0.009 0.013 0.008 0.013 0.013 0.012s 0.003 0.005 0.010 0.016 0.006 0.010 0.0010.003 0.001 0.001 0.003 0.002 0.002 0.0042 Crabs 0.008 0.004 0.0040.007 0.005 0.006 0.0040.007 0.008 0.014 0.017 0.026 0.018 0.028 0.021 0.013 0.01821 Lacsarins lcti 0.017 0.022 0.0220.004 0.017 0.0130.002 0.002 0.001 +O.0060.002 0.004 0.002 0.0000 0.0000 0.000* 0.002 0.000. 0.0000 0.000" 0.0000 0.0000 0.000* .0.004 



Tabe I (c€ned). Relative calch composition (propottimw by weight) of klait.ifid groups of fish and invertebrates obtained by trawl surveys in coastal wat of the Gulf of Thailand from 1966 to 1982. derived fron 

Paulys (198F) Table 13.2. Values marked by an asteisk (*) contained very small amrnnu of the indicaged group. but less than 0.0005 by weight. 

Ou idenicid 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1982-1966 

22 Shrimps 0.002 0.001 0.001 0.001 0.002 0.004 0.003 0.002 0.002 0.003 0.004 0.00723 Pamadosyssjp. 0.005 0.005 0.009 0.0070.003 0.003 0.0 0.003 0.002 0.009 +0.0070.001 0.001 0.002 0.001O 0.00 0.002 0.00221 Scsrw 0.004 0.002 0.004ap. 00 0.004 0.000 0.001 -0.0020.00M 0.001 0.006 0.005 0.006 0.011 0-008 0.006 0.005z 0.006 0.005 0.007PM, sWp. 0.011 0.005 0.0090.002 0.001 0.002 +0.0040 .0010001 0.001 0.001 0.001 0.003 0.001 0.002z 0.001Psefde erwmni 0.001 0.002 0.0040.008 0.000* 0.0040.005 0.005 0.006 0.006 0.011 +0.0020.008 0.006 0.004 0.008 0.004 0.00527 Chirocor spp. 0.002 
0.004 0.003 0.004 0.004 0.0020.001 0.003 0.002 -0.0060.002 0.002 0.002 0.003 0.004 0.0032 0.003 0.004 0.004Rachy c maaff 0.006 0.005 0.0060.002 0.003 0.002 0.002 0.003 0.001 

0.005 +0.003
0.002 0 0.003 0.004 0.002 00o2P Ladwinidae 0.0 00o2 0001 0.0010.004 0.007 0.003 00-03 0.003 0.002 -0.0000.002 0.023 0001 0001 0001 0.003 0.0023) Murameox spp. 0001 0.002 0.0030005 0.001 0.002 0006 0.003 0001 -.0.0030.003 0.004 0.003 0.002 0.002 0.00631 lthinobeidae 003 0.004 0.003 0.O02 0.003 0.0030.004 0.006 0-008 0.003 -0.0020.004 0.004 0.007 0.001 0.002 0.002 0.00232 0.003 0.002 0.004A0.m002am q 0002 0.002 0.0000.001 0.003 0.004 0-002 0.000- -0.0040.002 0.003 0.002 0.032 0.002 0.0000 0.00033 Gazl 0.000* 0.0000 0.0010.052 0.052 0.030 0.000* 0.001 -0.0010.030 0.026 0022 0-013 0.009 0.024 0.015 0.01934 0.017 0.010 0.001ma.dijta kanagwa 0003 0.006 0.002 0.002 0.001 -0.0510.006 0.009 0.009 0.007 0006 0.005 0005 0.004 0.00n 000635 Bodac 0009 0.009 00050005 0.003 0.004 0.003 0005 0.005 +0.0020.003 0.008 0.009 0.005 0.003 0.007 0.00336 Cynoglossidae 0003 0.000 0 0.00 0.00000.001 0.001 0.000- -0.0050.004 0.001 0.001 0.004 00 0.003 0.001 0.0037 0002 0.002 0.002Sgepia spp. 0.002 0.003 0.0030.021 0.016 0020 0.023 9.027 0.001 +0.0000.034 0.045 0.036 0.054

3 0.049 0042 0.051 0047Miscelljaus fish 0046 0038 0.0440.094 0.108 0.131 0.029 +0-0080.144 0.156 0.189 0.206 0.232 0.239 0.244 0.323 0.239 0.254 0.306 0.290 0.209 0.287 +0.193 



rabc 2. Tunsuim sclatico for MAX (0.MIN(zo. dy) fr 1966-1982. 

ID9 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

I Liognathidac 0.00% 0.00% 0.00% 0.C0% 0.00% 0.00% 2-08% 0.00% 13.72% 0.00% 5.60% 0.00%2 Ca dac 0.00% 0.00% 0.00% 0.00%0.00% 0.00" 0.00 0.96% 0.10% 0.43%0.00% 0.00% 0.00% ?08% 0.00% 7.55% 0.00% 5.60% 0.00% 0.00% 0.00%3 Nafiplers spp, 0.00% 0.00% 
0.00% 0.00% 0.96% C.10% 0.43%0.00% 0.00O% 0.0% 0.00% 2.08% 0.00% 11.69% 0.00%

4 5.60% 0.00% 0.00% 0.00% 0.00%Scia±nac 0.00% 0.96%0.00)% 0.00% 0.00% 0.10% 0.43%0.00% 0.00% 0.00% 1.99% 0.00% 1.99% 0.00% 1.99% 0.00% 0.0G%5 Mulikiae 0.00% 0.00% 0.00% 0.00% 0.96% 0.10% 0.43%0.00% 0.00% 0.00% 0.00% 0.00% 2-08% 0.00% 4.50% 0.00% 4.50% 0.00% 0.00%6 Rays 0.00% 0.00% 0.00% 0.96% 0.10%0.00% 0.43%0.00% 0.0% 0.00% 0.00% 0.00% 2.08% 0.00% 7.35% 0.00% 5.60% 0.00% 0.00%7 Sawida s. 0.00% 0.0% 0.00% 0.00% 0.00% 0.96% 0.10% 0.43%0.00% 0.00% 0.00% 0.00% 2.08% 0.00% 4.08% 0.00% 4.08% 0.00% 0.0O 0.00%8 TachAidn 0.00 0.00% 0.00% 0.96% 0.10% 0.43%O.0)% 0.00a% 0.00% 0.00% 0.00% 1.70% 0.00% 1.74% 0.00% 1.74% 0.00% 0.00%9 L41io &pp. 0.00% 0.0% 0.00% 0.96% 0.10%0.00OO%0.00% 0.43%0.0% 0.00% 0.00% 0.00% 2.08% 0.00% 6.14% 0.00% 5.60% 0.00%10 Scolopsis spF. 0.00% O.00% 0.00% 
0.00% 0.00% 0.00% 0.00% 0.96% 0.10% 0.43%0.00% 0.00% 0.00% 2.05% 0.00% 3.62% 0.00% 3.62% 0.00%I1 Prciacodswap. 0.00% 0.00% 
00% 0.00% 0.00% 0.00% 0.96% 0.10% 0.43%0.00% 0.00% 0.00% 0.00% 2.08% 0.00% 3.11% 0.00% 3.11% 0.00% 0.00% 0.00%12 Sharks 0.00% 0.00% 0.96% 0.10%0.0% 0.D0% 0.43%0.00% 0.00% 0.00% 0.00% 1.42% 0.00% 1.42% 0.00% 1.42% 0.00% 0.00%13 SpW-aspp. 0.00% 0.00% 

0.00% 0.00% 0.00% 0.96% 0.10% 0.43%0.00% 0.00% 0.00% 0.00% 1.33% 0.00% 1.33% 0.00% 1.33%14 0.00% 0.00% 0.00% 0.00%Theiui spp. 0.00% 0.00% 0.96% 0.10% 0.43%0.00% 0.00% 0.00% 0.00% 0.00% 0.55% 0.00% 0.55% 0.00% 0.55% 0.00% 0.00% 0.00%15 Lnaunid 0.00% 0.00% 0.55% 0.10%0.00% 0.00% 0.43%0.00% 0.00% 0.009L 0.00% Z03% 0.00% 3.63% 0.00% 3.63% 0.00% 0.00% 0.00%16 Plochynchidae " 0.00% 0.00% 0.96% 0.10%0.00 % 0.00% 0.43%0.00% 0.00% 0.00% 0.00% 0.89% 0.00% 0.89% 0.00% 0.89% 0.00%17 0.00% 0.00% 0.00%Tuickiwidac 0.00% 0.00% 0.89% 0.10% 0.43%0.00% 0.00% 0.00% 0.00% 0.00% 0.77% 0.00% 0.77% 0.00% 0.77% 0.00% 0.00%18 Semmidal 0.00% 0.00% 0.00% 0.00% 0.77% 0.10% 0.43%C.00% 0.00Q% 0.00% 0.00% 0.00% 0.94% 0.00% 0.94% 0.00% 0.94% 0.00% 0.00%19 Rw refigeregkcw 0.00% 0.00% 
0.00% 0.00% 0.00% 0.94% 0.10% 0.43%0.00O 0.00% 0.00% 0.00% 0.15% 0.00% 0.15% 0.00% 0.15% 0.00%2 Crabs 0.00% 0.00% 0.00% 0.00% 0.15% 0.10%0.00% 0.00% O.0D% 0.00% 0.00% 0.15%

0.00% 0.70% 0.00% 0.70% 0.00% 0.70% 0.00% 0.00%21 acai-ius 0.00% 0.00% 0.00% 0.70%L &zctar 0.00% 0.00D 0.00% 0.10% 0.43%0.00% 0.00% 0.00% 0.45% 0.00% 0.45% 0.00% 0.45% 0.00% 0.00%22 Shrimps 0.00% 0.00% 0.00% 0.45%0.00% 0.00% 0.00% 0.10% 0.43%0.00% 0.00% 0.00% 0.21% 0.00% 0.21% 0.00% 0.21% 0.00% 0.00%23 Pemadasyssip. 0.00% 0.00% 0.00O 
0.00% 0.00% 0.00% 0.21% 0.10% 0.21%0.00% 0.00% 0.00% 0.31% 0.00% 0.31% 0.00% 0.31% 0.00% 0.00% 0.00% 0.00% 0.00% 0.31% 0.10% 0.31% 



fable 2 (coned). Transion eai]oakmfew MAX (0. M1Nfxo. dyD for 1966-1982. 

IDE Giouidnuird 1 2 3 4 5 6 7 9 10 ii 12 13 14 15 16 17 18 9 

21 SCombWroMOrMspp. 100 .(%0% 00.% 0.00% 0100% 0.00% 0M47% 0.00% 047% 0.00%9 047% 0.00% (0.(%25 Pamka q. 0.0% 0.00M% 0.00% 0Q47%(100% 0.00% (00% 0.00% 0.10% 0.43%L0(0', 0.00% 0.21% 0.00% 0.21% 0.00% (121% 0.0)% (100%26 Pxaod 0.00% 0.00% 0.00%, (100 0.00 %OO 0.21% 0.10% M.21%00% 0.00% 000% 0.00% 0.76% 0.00% 0.76% 0.00% (176% 0.00% (100%27 Chkcntuwqm 0.00M% 0.a % 0.00% 0.76%0-001 0.00% 0.10% 0.43%OO 00% 0.00% (00% 0.00% 0.15% 0.00% 015% 0.00% &115% 0.00%28 Rador m (00% 0.00% 0O(0% 0.00% (.15% &110%(00or% 0.00% (100% 0.15%0.00% 0.00% 0.00% 0.18% 0.00% 0.18% 0.00%29 (118% 0.00% (0.0% 0.00%Ldcv (00% 0.00%0.00% 0.00% OL00% O0% (50% 0.10% (118%O% 0.00% 036% 0.00% 0136% 0.00% 0.36%3D Mwaeaxz spp. (.00% (100% 0.00% (100% 0.00%M100% 0.00% 0.00% 0.36% 0.10% (136%0.00% 00% 0.00% 0-50% 0.00% 0.50%
31 0.00% 0Q50% 0.00% (100% 0.00%Rhinobfidw 0.00% 0.00%(100%0.00 0.50% 0.10% 0.50%% 0.00% 0.00% (00% 0.00% (147% 0.00% 0Q47% 0.00%32 An (147% 0.00% (10% 0OD%dLosaWsom spp. (100%(100% 0.00% 0.00% 0.% Q47% 0.10% (143%0.00% M00% 0.00% (118% 0.00% (118% 0.00% (118% 0.00%33 (100% C00% (100%Giab 0.00 % (18% 0.10%(00% MD00% M.00% 0.00% M18%(100% 0.00% 2.08% 0.00% 5.16% 0.00% 5.16% 0.O%34 Rase/igko" (100% 0.00% 0.00% 0.00%(aagur1 0.0OD% . 000% (196% 0.10% (143%000% 0.00% 100% 0.00% 032% 0.00% (132% 0.00% 0132% 0.00%35 Bodadd (100% MO0% .00% 0.00% 0M32%0.00 0% 0.10% 0132%(00% 0.00% (100% 0.00% 0Q48% 0.00 % (48% 0.00% Q.48% 0.O%35 CynogloaacaC M00% 0.00% 0.00% 0.00% (148% 0.10%(100% 0.00% 0.00% 0.43%0.0% (100% 0.00% M109% 0.00% M09% 0.00% 0.09% 0.00%37 &pia spp. 0100% 0.00% 0.00%(100% 0.00% M109% 0.09%0.0% (100% 0.00% (100% 0.00% 0.09%

2.08% 0.00% 2.14% (00D% 2.14% 0.00%39 Misceuaneoxofsh un (100% 0.00% (100% 0.00% (196% 0.10%Q Um UmQ 0M43%0% 2m& Qn 2&& -° U0% o1mx => o MO% o-00(100% 0.00% (00D% 0.00% (100% (00.% 
M .o0% .43% 2o 

2.08% (00D% 13.72% (100% 5.60% (00% (100% 0.00% (100% (00% M96% 0.10% (150% 



Table 2. (oontd) Transition relation for MAX (0. MINIxo. dyl) for 1966-1982. 

ID# Groups ideuified 2D 21 22 23 34 25 % 27 28 29 30 31 32 33 34 35 36 37 38 

I lciognathidac 0.61% 0.00% 0.65% 0.00% 0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%2 Carmgidae 0.19% 0.00% 0.00% 0.79%0.61% 0.00% 0.65% 15.28%0.00% 0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00%3 Neniptersspp. 0.61% 0.00% 0.65% 
0.00% 0.19% 0.00% 0.00% 0.79% 7.55%0.00% 0.48% 0.20% 0.00% 032% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%4 Sciamidc 0.19% 0.00% 0.00% 0.79%0.61% 0.00% 0.65% 11.69%0.00% 0.48% 0.20% 0.00% 0-32% 0.00% 0.00% 0.00% 0.00% 0.00%5 Mullidae 0.00% 0.19% 0.00% 0.00% 0.79%0.61% 0.00% 1.99%0.65% 0.00% 0.48% 0.20% 0.00% 032% 0.00% 0.00%6 Rays 0.00% 0.00% 0.00% 0.00% 0.19% 0.00% 0.00%0.61% 0.00% 0.65% 0.00% 0.79% 4.50%0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00%7 Sauridaspp. 0.00% 0.19% 0.00% 0.00%0.61% 0.00% 0.65% 0.79% 7.38%0.00% 0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00%8 Tachyswidae 0.61% 0.00% 0.19% 0.00% 0.00% 0.79%0.00% 0.65% 0.00% 4.08%0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00%9 Loligo sT 0.61% 0.00% 

0.00% 0.00% 0.19% 0.00% 0.00% 0.79% 1.74%0.65% 0.00% 0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00%10 Scolopsisslp . 0.61% 0.00% 0.65% 
0.00% 0.19% 0.00% 0.00% 0.79% 6.14%0.00% 0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00%11 PriacMndwsspP 0.61% 0.00% 0.19% 0.00% 0.00% 0.79%0.00% 0.65% 0.00% 3.62%0.48% 0.20% 0.00% 032% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%12 Sharks 0.61% 0.00% 0.19% 0.00% 0.00% 0.79% 3.11%0.65% 0.00% 0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00%13 Sphyraenasp. 0.00% 0.19%€ 0.00% 0.00%0.61% 0.00% 0.65% 0.00% 0.79% 1.42%0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%14 Thaw spp. 0.19 .c 0.00% 0.00% 0.79%0.55% 0.00% 0.55% 0.00% 1.33%0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00%15 Liiajnidae 0.00% 0.19%c 0.00% 0.00%0.61% 0.00% 0.65% 0.55% 055%0.00% 0.48% 0.20% 0.00% 0-32% 0.00% 0.00% 0.00% 0.00% 0.00%16 Plectodynchidae 0.00% 0.19cc 0.00% 0.00% 0.79%0.61% 0.00% 3.63%0.65% 0.00% 0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00%17 Tricjniwidae 0.00% 0.19%, 0.00% 0.00%0.61% 0.00% 0.65% 0.79% 0.89%0.00% 0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00%18 Searmiaei 0.61% 0.00% 0.19% 0.00% 0.00% 0.77%0.00% 0.65% 0.77%0.00% 0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00%19 Rastrefifr ixgkcus 0.00% 0.19% 0.00% 0.00% 0.79%0.15% 0.00% 0.94%0.15% 0.00% 0.15% 0.20% 0.00% 0.15% 0.00% 0.00% 0.00% 0.00% 0.00%2D 0.00% 0.15CCrabs 0.00% 0.00%0.61% 0.15% 0.15%0.00% 0.65% 0.00% 0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00%21 Lwcarius acuaiu 0.00% 0.00% 0.19c, 0.00%0.45% 0.00% 0.45% 0.00% 0.70% 0.70%0.00% 0.45% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% ,0.00% 0.00%22 Shrimps 0.19% 0.00% 0.00% 0.45%0.21% 0.009, 0.21% 0.00% 0.45%0.21% 0.20% 0.00% 0.21% 0.00% 0.00% 0.00% 0.00% 0.00%23 Ponuad.s spp. 0.00% 0.19cc 0.00% 0.00%0.31% 0.00% 0.21% 0.21%0.31% 0.00% 0.31% 0.20% 0.00% 0.31% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.19c 0.00% 0.00% 0.31% 0.31% 

http:0.19%0.00


Table 2. (arnt'd) Transition relation for MAX (0. M11Ix[. dy}) for 1966-1982. 

IDS Grosenfied 2D 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 

2$ 

25 

26 

27 

28 

2R 

30 

31 

32 

33 

34 

35 

36 

37 

38 

Imx => 

Scomberonorms spp. 

Pamusspp. 

Pstode~s ermei 

Chirocentrusspp. 

Rachycentoncaludus 

Lethfrinkld 

Mraeie spp. 

Rhinobaddae 

Anadoastoag spp. 

Geide 

Ratreffigerkanaurga 

Botihddae 

Cynglossidae 

sepi-Sp. 

Miscellarmeuj Fish 

0.47% 0.00% 

0.21% 0.00% 

0.61% 0.00% 

0.15% 0.00% 

0.18% 0.00% 

036% 0.00% 

0.18% 0.00% 

0.47% 0.00% 

0.18% 0.00% 

0.61% 0.00% 

032% 0.00% 

0.48% 0.00% 

0.09% 0.00% 

0.61% 0.00% 

M % 

0.61% 0.00% 

0.47% 

0.21% 

0.65% 

0.15% 

0.18% 

036% 

0-50% 

0.47% 

0.18% 

0.65% 

032% 

0.48% 

0.09% 

0.65% 

U 

0.65% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.09% 

0.00% 

0.00% 

0.0% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.47% 

0.21% 

0.48% 

0.15% 

0.15% 

036% 

0.18% 

0.47% 

0.18% 

0.48% 

032% 

0.48% 

6.09% 

0.48% 

0.48% 

0.20% 

0.20% 

0.20% 

0.20% 

0.20% 

0.20% 

0.20% 

0.20% 

0.20% 

0.20% 

0.20% 

0.20% 

0.20% 

0.20% 

2 

0.20% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

D 

0.o0% 

032% 

0.21% 

032% 

0.15% 

0.18% 

032% 

0.18% 

032% 

0.18% 

032% 

032% 

032% 

0.09% 

032% 

032% 

C.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.007p 

0.00% 

0.00,, 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

O.0)% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.o0% 

0o0% 

0.00D% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

O.00% 

0.00% 

0.o0% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.o0% 

9% 

0.00% 

0.19% 

0.19% 

0.19% 

0.15% 

0.18% 

0.19% 

0.18% 

0.19% 

0.18% 

0.19% 

0.19% 

0.19% 

0.09% 

0.19% 

0.19% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.0096 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.47% 

0.21% 

0.76% 

0.15% 

0.18% 

036% 

0.50% 

0.47% 

0.18% 

0.79% 

'032% 

0.48% 

0.09% 

0.79% 

0.79 

0.79% 

0.47% 

0.21% 

0.76% 

0.15% 

0.18% 

036% 

0.50% 

0.47% 

0.18% 

5.16% 

032% 

0.48% 

0.09% 

2.14% 

9.449 

15.289% 



rabe 3. Tmnijian raUii fc MAX (0, dy - dx) for 1966-1982. 
IDO Gops idkzuifd 1 2 3 4 5 6 7 
 a 9 10 IH 12 13 14 15 
 16 17 
 18 19
 

1 Lckpahida 0.00% 3.60% 5.209 6.40% 4.60% 1.00% 10.30%
2 6.50% 22.00% 5.70% 13.80 7.10%C-a oe 7.60% 7.90%000L% 0.00% 1.60% 2.80% 6.70% 7.70% 9.10% 8.30% &60%1.00% 0.00% 6.7C% 2.90% Z8.40% 2.10% 120D% 3.50%3 Vp-e 4.00% 4.30%r., 0.00% 3.10% 4.10% 5.50%0.00% 0.00O 1.20% 0.00% 0.00% 4.70% 5.00(%5.10% 1.30% 16.80% 0.50% &60%4 Sa0id00% 1.90% Z40% 2-70% 1.50% 2.50%0.00% 3.90% 3.10%0.00% 0.00(% 0.00% 3.40%0.00% 3.90%
5 0.10% 15.60% 0.00% 7.40% 0.70%Mfididac 1.20% 1.50%0.0% 0.00% 0.30% 1.30% 2.70%0.60% 1.80% 0.00% 0.00% 5.70% 1.90% 2.20% 
6 

1.90% 17.40% 1.10% 9.20% 2.0%Rays 3.00% 3.30% 2.10%0.00% 2.60W% 4.20% 5.40% 3.60% 3.10% 4.50% 3.70% 4.00%0.00% 9.30% 5.50% 21.00% 4.70%7 Samidaspp. 12.80% 6.10% 6&60% 6.90% 5.70%0.00% 0.00% 6.70% &10%0.000% 0.00% 0.00% 7.30% 7.60%0.00% 2.10% 0.00% 11.70% 0.00% 3.50% 0.08 Tachysridlac %0.00W 0.00% 0.00%0.00% 0.009v 0.00% 0.00% 00% 
0.00 % 0.00% 0.00% 0.00%0.00% 3.80% 0.00% 15.50% 0.00%9 Llizospp. 7.30% 0.60% 1.10% 1.40% 0.20%0.00% 1.20%0.00% 0.0% 0.00% 0.00% 2-60% 1.80% 2.10%0.00% 0.00% 0.00% 13.80% 0.00% 0.0 %10 Scobkpsij app. 0.00% 0.0% 0.00%0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%0.70% 0.00% 0.00% 0.00%4.60% 0.80% 16.30% 0.00% &10%it pri(10d0%FIPL 1.40% 1.90% 2.20% 1.00% 2.00%0O.0% 0.00% 0.00% 000L% 0.00% 3.40% 2.60% 2.90%000L% 0.00% &2)% 0.00% 5.60%12 Sharks 0.0% 0.00% 0.00% 0.00% 0.00%0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%0.00% 0.00% 3.20% 0.00% 14.90% 0.00%13 SpkAarsa spp. 6.70% 0.00% 0.50% 0.80% 0.00%0.00% 0.00% 0.00% 0.00% 0.00% 0.60% 2.00% 1.20% 1.50%0.00% 2.70% 0.00% 14.40% 0.00% 6.20%14 Themo spp. 0.00% 0.00%0.0 

0.00% 0.00% 0.30% 0.00% 0.10% 1.50% 0.70%%0 .000% 0.00% 1.00%0.00% 2.40% 0.00% 14.10% 0.00% 5.90%15 Lu*Mbe 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%0.00% 0.00% 0.00% 1.20% 0.40% 0.70%0.00% 0.00% 3.60% 0.00% 15.30% 0.00% 7.10%16 P1mtanchidae 0.40% 0.90% 1.20%0 0.00% 0.00% 1.00% 2.40%0.00% 0.00% 0.00% 0.00% 1.60% 1.90%2.60%
17 0.00% 14.30% 0.00% 6.10% 0.00%Trichbia 0.00% 0.20%0.00% 0.00% 0.00% 0.00% 1.40%0.00% 0.00% 0.60% 0.90%0.00 % 0.00% 1.20% 0.00% 12.90% 0.00% 4.70%18 SemmidaO.0% 0.00% 0.00OO%0.00% 0.00% 0.00%0.00%0.00O% 0.00% 0.90% 0.00% 0.00%0.00%0.00% 2.00% 0.00% 13.70% 0.0O% 5.50-% 0.00%19 Ra ieligeareglecgu "00% 0.00% 0.00% 0.00% O.00% 0.80%0.00% 0.00% 0.00% 0.00% 0.10% 0.30%0.00% 1.70% 0.00% 13.40% 0.00%3) Crain 5.20% 0.00(% 0.00% 0.00(% 0.00%0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.50% 0.0(% 0.40%0.00% 1.50% 0.00% 13.20% 0.00%21 La 5.00% 0.00% 0.00%m0.00 0.00% 0.00% 0.00% 0.00% 0.00% 0.30% 0.00%0.00% 0.00% 0.00% 0.00%2.50% 0.00% 14.20% 0.00% 6.00%22 Shrimps 0.00% 0.00% 0.00% 0.10% 0.00% 0.00%0.00(% 0.00% 0.00% 1.30% 0.50% 0.80%0.00% 0.00% 1.40% 0.00% 13.10% 0.00% 4.90%23 Pwmadarysspp. 0.00% 0.00% 0.00% 0.00% 0.00%0.00% 0.00% 0.00% 0.00% 0.00% 0.20a 0.00% O.O0%0.00% 2.30% 0.00% 14.00% 0.00% 5.80% 0.00% 0.00% 0.00% 0.00% 0.00% 1.10% 0.30% 0.60% 



fablc 3 (comd). Trmiibm mrlatioa fcr MAX (0,dy - dx) ror 1966-1982_ 
IDe Gmuipsidcitird 1 2 3 4 5 6 7 9 10 !1 12 13 14 15 16 17 18 19 

31 Sconberomormsspp. 0.00% 010% (100% 0.00% 0.00% 0.00% 1.70% 0.00% 13.40%25 Pamws SF. 0.o% 5.20% 0.00% 0.00%0L0% 00% 000% ()00% 0.00% 050% 0.0%L.00% 0.00% 00% 0.00L0.0% 1.90% 0.00% 13.60% 0.00% 5.40% 0.00%Z Pnto se ,x i 0.00% 0.0% 0.00L 
0.0% 0.00% 0.00% 0.00% 070% 0.00% 0.20%0.00% 000% 0.00% 2.70% 0.00% 14.40% Z.00%27 ChirociagjgipL 6.20% 0.00% 0.00% 030% 0.00% 0.10%0.00,% 00{% 000% 1.50% 0.70S0.00% 00% .)%0.00% 1.80% 0.00% 13.50% 0.00%28 Ra=A)Czm cmO 5.30% 0.00% 0.00% 0.00% 0.00%0.00% 0.0% 0.00% 0.60% 0.O0%0.00% O0% 0.00% 0.10%0.00% 2.10% 0.00% 11I0% 0.0%29 L 5.60% 0.00% 0.00% 01)0% 0.00%0.00% 0.00% 0.90%% 0ui0&0.00% 0.00% 0.10% 0.40%0.00% &00% 0.00% 2.40% 0.00% 14.10% 0.00% 5.90%3D Mwaexe=z pp. C.0% 0.00% O00% 0.00% 0.00%0.0% 0.00% 1.20%0.00% 0.00% 0.0)% 0.00% 0.40% 0.70%2.30% 0.00% 14.00% 0.00%31 5.80% 0.00% .00b% 0.00%RhboQ&da 0.00% 0.0% 0L0% 0.00% 1.10% 0.30%000% 0.00% 0.00% 0.60%0.00% 2.LfM 0.00% 14.20% 0.00% 6.00% 0.00%32 0.00% 0.10%sp. 0.00% 0.00%0.00% 0.00% 0.0% 0.00% 1.30% 050% 0.80%0.00% 2.20% 0.%0.00% 1390%33 Gauij 0.00% 5.70% 0.00% 0.00% 0.00% 0.00% 0.00%0.00% 1.00%0.50% 2.10% 3.30% 1.50% 020% 0.50%0.00% 7.20% 3.40% M&90% 2.60% 10.70% 4.00% 4.50%34 4.80% 3.60%.a 4.60% CLO%QX00% 0.00% 0.00% 5.20% 550%0.O% Q000% 0.00% 1.90% 0.00% 1160% 0.00% 5.40%35 BodLk1, 0.00% 0.00% 0 

0.00% 0.0%0.00% 0.00% 0.00% 0.70% 0.00% (020%0.00% 0.00% 0.00% 0.00%.D6 0.00% 14.30% 0.00%35 Cymogkuida C.00% 0.00% 0.00% 0.20% 0.00%0.00% 0.0% 0.00% 1.40% Ok%0.00% 0.00% 0.00% 0.90%0.00% 2.10% 0.00% 11380% 0.00% 5.60% 0.00%37 sepiaspr 00% 0.00% 0.00%.oo% 0.00% 0.90%o.o% 0.O0% o.o% 0.10% 0.40%0oo% 0.00% 1.30% 0.00% 13.00% 0.00% 4.80%3tx=> 0.00% 0.00% 0.00%fihA % 3c1JOSgoejMb 4 . 0.00% 0.00% o.10% 0.00% 0.00%i% 
0n g% 7.90f

Tm => D.on 0 6M0.00% 3.60% 5.20% 6.40% 4.60% 1.00% 10.30% 6.50% 22.00% 5.70% 1308% 7.101, 7.60% 7.90% 6.70% 7.70% 9.10% 8.30% &.60% 



Tahie 3. (cont'd) Transition relation for MAX (0. dy - dx) for 1966-1982. 
ID Goupsidagi df 2D rl 22 23 24 25 26 27 2 29 30 31 32 33 34 35 36 37 38 

1 Lziogaide 8.0% 7.80% 8.00% 8.00% 8.60% 8.40% 7.60% 8.50% 8.20% 7.90% 8.00% 7.80% 8.10% 3.10%2 Cagee 8.40% 7.70% 8.20%5.20% 4.20% 9.00% 27-50%5.30% 4.40% 5.00% 4.80% 4.00% 4.90%3 Nepftfsspp. 4.60% 430. 4.40% 4.20% 450%3.60% 2.60% 0.00% 4.80% 4.10%3.70% 2.80% 4.60%3.40% 3.20% 2.40% 3.30% 5.40% 23.90%3.00% 2.70% 2.80% 2.60%4 ScMnidec 2.90% 0.00% 3.20%2.40% 1.40% 2.50% 2.50% 0.30% 3.80% 2230%1.60% 2.20% 2.00% 1.20% 2.10% !.80% 1.50% 1.60% 1.40%5 Mullilae 1.70% 0.00% 2.00% 1.30%4.20% 3.20% 1.80% 2.60%4.30% 3.40% 4.00% 21.10%3.80% 3.00% 3.90% 3.60% 3.30% 3.40%6 3.20% 3.50%Rays 0.00% 3.80% 3.10%7%0 6.0% 3.60% 4.40%7.90% "7.00% 22.90%7.60% 7.40% 6.60% 7.5M ,.20% 6.90%7 Sawida spp. 0.00% 0.00% 
7.00% 6.80% 7.10% 2.10% 7.40. 6.70% 7.20%0.00% 0.00% 8.00% 2650%0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%8 0.00% 0.00%Tah~yaxida 0.00% 0.00% 0.00% 0.00%2.30% 1.30% i40% 1.50$ 0.00% 17.20%2.10% 1.90% 1.10% 2.00% 1.70% 1.40% 1.50% 1.30%9 Loaigo spp. 160% 0.00% 1.90%0.00% 1.20% 1.70%0.00' 0.00% 0.00% 0.00% 2.50% 21.00%0.00% 0.00% 0.00% 0.00% 0.00% 0.00%10 Sco&opsix sip. 0.00% 0.00% 0.00% 0.00% 0.00%3.10% 2.10% 3.20% 230% 0.00% 0.00% 5.50%2.90% 2.70% 1.90% 2.80% 2.50%11 Priwacawspp. 0.00% 

Z20% 2.30% 2.10% 2.40% 0.00% 2-70% 2.00% 2.50%0.00% 0.00% 0.00% 0.00% 3.30% 21.80%0.00% 0.00% 0.00% 0.00% 0.00% 0.00%12 Shiwks 0.00% 0.00% 0.00% 0.00% 0.00%1.70% 0.70% 1.80% 0.90% 0.00% 0.00% 13.70%1.50% 1.30% 0-50% 1.40% 1.10% 0.80% 0.90%13 sphyaM sp. 0.70% 1.00% 0.00% 1.30% 0.60% 1.10%1.20% 0.20% 1.30% 0.40% 1.90% 20.40%1.00% 0.80% 0.00% 0.90% 0.60% 0.30% 0.40% 0.20%14 Thasus app. 0-50% 0.00% 0.80%0.90% 0.00% 0.10% 0.60%1.00% 0.10% 0.70% 1.40% 19.90%0-50% 0.00% 0.60% 0.30% 0.00% 0.10%15 0.0O% 5.20%LAjMiOae 0.00% 0.50%2.10% 1.10% 0.00% 0.30% 1.10%2.20% 1.3C To 19.60%1.90% 1.70% 0.90% 1.80% 1-50% 1.20%16 1.30% 1.10% 1.40%odiiJu 0.00% 1.70%1.10% 1.00% 1-50%0.10% 1.20% 0.30% 0.90% 2.30% 20.80%0.70% 0.00% 0180% 0.50% 0.20% 0.30% 0.10%17 Tr"chijda 0.40% 0.00% 0.70% 0.00%0.00% 0.00% 0-50% 1.30%0.00% 0.00% 19.80%0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%18 Sarww 0.00% 0.00% 0.00% 0.00%0.00% 0.00% 0.00%0.00% 0.60% 0.00% 030% 0.00% 18.40%0.10% 0.00% 0.20% 0.00% 0.00% 0.00%19 Rasereligernqlaiat 0.00% 0.00% 0.60% 0.10% 0.00%0.20% 0.00% 0.00% 0.70%0.30% 0.00% 19.20%0.00% 0.00% 0.00% 0.00% 0.00%2) Cbs 000% 0.00% 0.00% 0.00% 0.00% 0.00%0.60% 0.00% 0.10% 0.00% 0.00% 0.40%0.00% 18.90%0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%21 a /clari 0.00% 0.00% 0.00% 0.00%1.00% 0.00% 1.10% 020% 0.80% 0.60% 0.00% 0.20% 18.70%0.00% 0.70% 0.40% 0.10% 0.20% 0.00% 0.30%22 Shrimps 0.00% 0.60% 0.00% 0.40%0.00% 0.00% 0.70% 0.00% 1.20% 19.70%0.00% 0.00% 0.00% 0.00% O.G0% 0.00% 0.00%23 0.00% 0.00%P Wodasys spp. 0.80% 0.00% 0.00% 0.00% 0.00%0.00% 0.90% 0.00% 0.60% 0.10% 18.60%0.4.% 0.00% 0.50% 0.20% 0.00% 0.00% 0.00% 0.10% 0.00% 0.40% 0.00% 0.20% 1.00% 19.50% 

N 



Table 3. (coned) Transition relation for MAX (0.dy - dx) for 1966-1982. 

ID# Goupl idfied 2D Z 22 23 2 25 26 27 28 29 30 31 32 33 34 35 36 37 38 

21 Scombeomorusspp. 0.20% 0.30% 0.00% J.40% 0.00%9 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%z 0.00% 0.00% 0.00%Pa-msspp. 0.40% 0.00% 0.00% 0.00% 0.40%0.0% 0.50% 0.00% 18.,.%%0.20% 0.20% 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.00%2s Peiodeserwri 0.00% 0.00% 0.00%1.20% 0.00%0.20% 130% 0.40% 1.00% 0.60% 19.10%0.80% 0.00% 0.90% 0.609 030% 0.40% 0.20%27 Chriwrwo s p. 030% 
0.50% 0.00% 0.80% 0.10% 0.60% i.40%0.00% 0.40% 19.90%0.00% 0.10% 0.00% 0.00% 0.30% 0.00% 0.00% 0.00% 0.00% 0.00%28 Racrj.oncanadus 0.00% 0.00% 0.00% 0.00%0.60% 0.00% 0.70% 0.00% 0.50% 19.00%0.40% 0.20% 0.00% 0.30% 0.00% 0.00% 0.00% 0.00%29 Udvnidw 0.90% 0 )% 0.00% 0.20% 0.00% 0.00% 0.80%0.00% 1.00% 0.10% 1930%0.70% 0.50% 0.00% 0.60% 030% 0.00% 0.10% 0.00%30 M-raeresoxsp. .20% 0.00% 0.50% 0.00% 030%0.80% 0.00% 0.90% 0.00% 1.10% 19.60%0.60% 0.40% 0.00% 0.50% 0.20% 0.00% 0.00% 0.00% 0.10%31 Rhinobatidaw 0.00% 0.40% 0.00% 0.20%1.00% 0.00% 1.10% 0.20% i.00% 19.50%0.80% 0.60% 0.00% -0.70% 0.40% 0.10% 0.20% 0.00%32 Anadwontanon sp. 020% 0.00% 0.60%.0.70% 0.00% 0.80% 0.00% 0.40% 1.20% 19.70%0.00% 0.50% 030% 0.00% 0.40% 0.10% 0.00% 0.00% 0.00%33 GCuidw 5.70% 0.00% 0.00% 030% 0.00% 0.10%4.70% 5.80% 4.90% 0.90% 19.40%5.50% 530% 4.50% 5.40% 5.10% 4.80% 4.90%34 4.70% 5.00% 0.00% 530%Ramteiligerkaagurw 4.60% 5.10%0.40% 0.00% 0.50% 5.90% 24.40%0.00% 0.20% 0.00% 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.00%35 Bodiddae 0.00% 0.20% 0.00% 0.00%1.10% 0.10% 1.20% 0.60% 19.10%030% 0.90% 0.70% 0.00% 0.80% 0.50%36 020 0.30% 0.10% 0.40%Cynoglowidac 0.00% 0.70% 0.00%0.60% 0.00% 0.50% 130% 19.80%0.70% 0.00% 0.40% 0.20% 0.00% 030% 0.00% 0.00% 0.00%37 Sqiaspp. 0.00% 0.00%" 0.00% 0.20% 0.00%O.O% 0.00% 0.00% 0.80% 1930%0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%38 M Iisceilnes fish 7Q.0 8.M 
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rubac 4. Transiton rclazi fcr MAX (0. NUN I-dx. dyD)for 1966-1982. 
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Table 4. (confdl Transilon relation for MAX (0,MIN (-dx. dyJ) for 1966-1982. 

ID # C.-ou"oktZif D2) 21 72 23 24 25 26 
 27 28 29 30 31 32 33 34 35 36 37 38 

I LeiognAahida 0.61% 0.00% 0.65% 0.00% 0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00%2 0.00% 0.00% 0.19% 0.00%Caronoile 0.61% 0.00% 0.79% 8.20%0.00% 0.65% 0.00% 0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00%3 Nwmipwrs p. 0.00% 0.19% 0.00% 0.00% 0.79% 4-55%0.61% 0.00% 0.65% 0.00% 0.48% 0.20% 0.00% 032% 0.00% 0.00% 0.00% 0.00%4 0.00% 0.00% 0.19% 0.00%Sciamidae 0.61% 0.00% 0.79% 2.99%0.00% 0.65% 0.00% 0.48% 0.20% 0.00% 032% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.19%5 Mullidae 0.00% 0.00% 0.79% 1.82%0.61% 0.00% 0.65% 0.00% 0.48% 0.20% 0.00% 032% 0.00% 0.00% 0.00%6 Rays 0.00% 0.00% 0.00% 0.19. 0.00% 0.00%0.61% 0.79% 3.65%0.00% 0.65% 0.00% 0.48% 0.20% 0.00% 032% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%7 S4wida spp. 0.00% 
0.19% 0.00% 0.00% 0.79% 7.12%0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0 .00%8 T-hyswida 0AK 0.00% 0.00% 0.00% 0.00%0.61% 0.00% 0.65% 0.00% 0.4S%" 0.20% 0.00% 032% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.19%9 Lolizo spp 0.00% 0.00% 0.00% 0.00% 0.79% 1.74%0.00% 0.00% 000% 0.00% 000% 0.00% 0.0.% P00% 0 .00% 0.00%0 010 Scolopsis spp" .00% .00% 0.00%00% 0.00% 0.00%0.61% 0.00% 0.65% 000%0.00% 0.48% 0.20% 0.00% 032% 000% 0.00% 0.00% 0.00% 0.00% 0.00% 0.19%11 0.00% 0.00%Priacand spp. 0.00% 0.79% 2-51%0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%12 Shrks 0.00% 0.00% 0.00% 0.00%0.61% 0.00% 0.00% 0.00%0.65% 0.00% 0.48% 0.20% 0.00%6 032% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%13 Sphyranaspp. 0.61% 0.19% 0.00% 0.00% 0.79% 1.14%0.00% 0.64% 0.00% 0.48% 0.20% 0.00% 032% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.19%14 Thenusspp. 0.00% 0.00% 0.64% 0.64%0.27% 0.00% 0.27% 0.00% 0.27% 0.20% 0.00% 0.27% 0.00% 0.00%

15 0.00% 0.00% 0.00% 0.00% 0.19% 0.00%LAjajidae 0.61% 0.00% 0.27% (.27%0.00% 0.65% 0.009 0.48% 0.20% 0.00% 0-32% 0.00% 0.00% 0.00% 0.00% 0.00%16 Reccwdy c 0.61% 0.00% 0.19% 0.00% 0.00% 0.79% 1.58%0.00% 0-50% 0.00% 0.48% 0.20% 0.00% 0.32% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.19%17 Trchiuzjdae 0.00% 0.00% 0-50% 0.55%0.00% 0.00%" 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%~18 Sarida 0.00% 0.00% 0.00% 0.00%0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%19 RasiterigervgnecSu 0.00% 0.00% 0.00% 0.00%0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% O.O0% 0.00% 0.00% 0.00% 0.00% 0.00%2D Crabs 0.00% 0.00oD%0.00% 0.00% 0.00%0.60% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%21 Lacziu/aclw.i 0.45% 0.00% 0.00% 0.00% 0.00% 0.00%0.00% 0.45% 0.00% 0.45% 0.20% 0.00% 032% 0.00% 0.00% 0.00% 0.00% 0.00%22 Shrimps 0.00% 0.19a% 0.00% 0.00% 0.45% 0.45%0.00% 0.00% 0.65% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%23 Wmadasys 0.20% 0.00% 
0.00% 0.00% 0.00% 0.C0% 0.00%P Sp. 0.20% 0.00% 0.20% 0.20% 0.00% 0.20% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.19% 0.00% 0.00% 0.20% 0.20% 



Table 4. (contd) Transison relation for MAX (0. MIN (-dx. dyj) for 1966-1982. 

ID# G'ppu tified2) 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 
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Figure 1. Fuzzy graph of succession for three levels of threshold (a) for the period 1966

1982. For Rxy 
= MAX (0, MIN [xo, dy]), dy = yI - Yo. The lower case letters 

refer to the three threshold values used. Connections between the bottom tier 

and middle tier numbers should resemble those of species (group) 13. They 

were omitted for clarity of presentation. 

Figure 2. Fuzzy graph of succession for threshold (a) of 0.05 for the period 1966-1982. 

For x * y, Rxy = MAX (0, dy - dx); for x = y, Rx,y = i AX (0, dx). 

Connections among numbered species (groups) are incomplete between tier 4 

and 5,as well as between tier 4 and 3 for clarity of presentation. 
Figure 3. Fuzzy graph of succession for three levels of threshold (a)for the period 1966

1982. For Rx,== MAX (0, MIN [-dx, dy]). Connections between numbered 

groups in Figure 3a are incomplete for clarity of presentation. 

Figure 4. Fuzzy graphs based on two thresholds (0.025 and 0.05) for time-variance 

analysis for two periods (1961-1966 and 1966-1972). For Rxy = MAX 

(0, MIN [-dx, dy]) 
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