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ABSTRACT

TITLE : TREND ANALYSIS, STOCK DETERMINATION, POPULATION DYNAMICS
AND OPTIMUM YIELD OF INDO-PACIFIC MACKEREL Rastrelliger
brachysoma (Bleeker, 1851) IN THE GULF OF THAILAND

AUTHOR : SONTAYA KOOLKALYA

DEGREE : DOCTOR OF PHILOSOPHY (AGRICULTURE)
MAJOR : AGRICULTURE

ADVISOR : PROF. TUANTONG JUTAGATE, Ph.D.

KEYWORDS  : SHORT MACKEREL, STOCK IDENTIFICATION, GROWTH, OPTIMUM
FISHING LEVEL

Thailand's marine fisheries have been intensively developed since 1950s. Catches
are comprised of the pelagic and demesal fishes as well as other aquatic animals.
Among the pelagic species, short-mackerel Rastrelliger brachysoma (Bleeker, 1851) is
the species that has created significant economic value as well being the most
consumed marine fish in the country. An aiming to be a protocol for sustainable
management of marine fisheries resources in the Gulf of Thailand (GoT), the three
objectives of this research were to (a) examine the variations, trends and patterns of
the catches from marine fisheries in the GoT, in particular the short-mackerel,
(b) identify the stock assembly of the short-mackerel in the GoT, and (c) estimate the
growth and mortality rates to optimize the fishing pressure of each stock of the short-
mackerel in the GoT, The findings from the second objective also further acted as the
baseline for the third objective

Variations, trends and patterns of marine fish catches in the GoT were examined
using the annual catch data of 35 species/groups of marine fishes for 26 years
between 1984 and 2009. The results showed that fishing in the GoT has developed |
beyond the mature state and is presently in an unstable state in danger of collapsing.
The results also showed that the short-mackerel had the lowest long-term variability
of catch, while the catch was high. Trend analysis exhibited the trend of increase in

the catch of the short-mackerel until 2004, followed by a decrease.



Analysis of trace elements indicated that there were four stocks of short-
mackerel in four areas in the GoT, the Eastern-GoT stock, the Upper-GoT stock, the
Central-GoT stock and the Lower-GoT stock. Tracking the trace elemental
compositions and concentrations along the sectioned otolith from the core to the
edge revealed that the short-mackerels are at their designated stock for
approximately 63% and 83% of the life spans of males and females respectively.

The growth parameters of von Bertalanffy growth model were different stock by
stock, which also implied separation of each stock of short-mackerel in the GoT.
Examination of the optimum utilization level of short-Mackerel stock in the Eastern-
GoT showed a reasonable length at first capture (L) of between 134.56 and 192.23
millimeters. The exploitation rate (E) should have been between 0.65 and 1.00 per
year and the appropriate fisheries mortality instantaneous rate (F) should have been
3.35 and 5.16 per year. For the Upper-GoT stock, L. was between 134.47 and 206.88
millimeters. E should have been between 0.60 and 1.00 per year, and F should have
been 2.86 and 4.77 per year. For the Central-GoT stock, L. was between 143.41 and
220.63 millimeters. Exploitation rate should have been between 0.60 and 1.00 per
year, and F should have ranged from 2.29 to 3.81 per year. For the Lower-GoT stock,
L. was between 123.27 and 189.64 millimeters. E should have been between 0.64
and 1.00 per year, and F should have ranged from 3.47 to 5.42 per year.

This study illustrated the situation of the marine fish resources in the GoT, in
particular the short-mackerel, as well its stock assembly and the way forward for
optimum exploitation. These findings can be applied in the sustainability of short-

mackerel in the GoT.
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A compmhenswe picture of marine fisheries in the Gulf of Thailand (GoT), -within Thailand’s boundary, has been
dexcribed by using fish landing data for 26 years; between 1984 and 2009. ’I‘hm;r-fwe (35) species/groups of fish
landmp were used in-analysis: Rastrelliger brachysoma showed the lowest long-term variation (CV) in fish landings at
15.53% and the highest CV was observed. in Lates calcarifer st 146.16%. The relationship between: CV 'and fish
hndmpsbowedammvetmnd Mﬂxahxhoortdahon(r-()&)andwnmumd mthspec:eshfn—bmy;y

strategies. For short-term variations, the means of the relative variation (28%) were higher than:the absolute va

(25%), indicating a bigher uncertainty when catches are low. Three trends in fish landings were: analyzed by
Spearman’s tank correlation. Seven (7) and 3. species/groups trended to decrease and increase, respectively, over the
studied period. Meanwhile, 15 species/groups showed a-trend of inversion, .. increased ‘then decreased. The self-
organizing map was used to cluster pattems of fish landings, which indicated temporal trends of chronological order;

i.6. 1985-1990, 1992-1998, 1999-2007 and 2008-2009.

{Keywords: Fish landings, Long-terih viriation, Short-term variations, Rank correlation, Self organizing maps]

Introduction

Growing demand of fishery resources is raising
awareness and concern regarding their states, in
which 30% of marine fish stocks are completel?'
overfished and 57% are close to being overfished .
Thus, understanding the effects of fishing and the
dynamic revolution of fishery resources should be
consciously increasing, both in the jurisdiction
waters of individual countries ‘aiid in the larger
scale ecosystems, for effective resource
management™.

Gulf of Thailand (GoT), one of sixty two Large
Marine Ecosystems (LMEs), is among the top five
LMEs in terms of marine fishery product:on
Average total annual production of marine capture
fisheries in Thailand in 2004 was about 2.6 x 10°
tonnes; in which the production from the GoT
contributed about 68.5 percent, with the remaining
from the Andaman Sea’. Similar to LMEs
elsewhere, a dechmng in biomass ﬁshexymsoum
has been observed in the GoT, in particular the
demersal species”. Many reports show that
overexploitation of fishery stocks can promote

long-term changw of fish community in mmme
ecosystems>**% and the amount of fish lanﬁ ings i
each individual species or groups at any givm time
could serve as a suitable ‘indicator’ for momtormg
community level responses to fishing: p.msurw""

Information on catch and effort in the GoT
started in the 19605 from experimental and
commercial -trawlings®. Monitoring programs of
mnnneﬁshlandmgsm'l‘hmlnndwassmwdm
1971. Data per se is allowed direct analysis an
variations and trends of the fisheries and could be
further used to foresee status fish communities in
the future®**"® Present study is to examine the
annual variations and trends in fish landing of
individual species in the GoT in Thai sector as well
as analyze the pattern-of fish landings composition
over the studied period. On the basis of
multispecies fisheries in GoT", the fish landings
essentially represent the actual spectruth of species
composition. Results from the study can be used to
make a step toward more effective management of
marine fish resources in the GoT.

< j o4 =l a o a
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Materials and Methods ;

Time series of annual marine fisheries landings
from the GoT were available from the Thailand’s
fisheries statistics ‘yearbook, reported by the
Department of Fisheries (www. ﬁshawsgoﬂ:/it-
stat/yearbook). In'this study, time series: of landing
of each individual fish species/groups were
extracted from 26 years (i.e. 1984-2009). The data
were- arranged by the matrix of year and 35 fish
species/groups on fish landings.

Long-term vatiations (i.e. characteristic in annual
variations. of yield of fish species/groups) were
detected by using coefficient of variation (CV). of
fish landings. Correlation between the CV and
average annual fish landing (both in In-
transformed) was tested and then classified fish
species into groups according to the levels of
relatlonshlp Two indices of short-term variations''
ie. inter-annual variations, were applied viz., the
index ‘of absolute variation (U,) and the relati’ve
variation (U,) as,

v, .Ia_fl-m,ﬂlual%

¥
where y = mean value of long-term fish landings
data; y; and y;,, = fish landings in a given year and
previous year, respectively, and

T e

mean of absolute difference of log
transferred catches, as calculated by:

r =§p°8;o(y1/3':-1]/ (”"‘l)
where n = duration of time series data.

Trend analysis of annual fishery landings was
examined by applying Spearman’s rank
comelation®. Discontinuity of trend was indicated
by the most significant turning point, which yielded
the maximum weight rank (;?2), as calculated by:

= +mr)im
where n; is a number of years in the first sub-series,
r; is ‘Spearman’s r for the first sub-series, n; is
number of years in the second sub-series, r; is
Spearman’s r for the second sub-series and n is total
study years.

Temporalpatta'nsofﬁshlandmgmtheGoT
were: clustered, using the self orgamizing map
(SOM'™). SOM is an unsupervised artificial neural
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network learning method for analyzing, cluste xm§
and modelmg various types ‘of large databases'?,
Samples, i.e. 26 years of fish landings, with similar
species composition and- werght of individual fish
landing were classified in the same ‘or neighbor
output map units'>'®. Afier the SOM analysis,
Ward’s linkage method was additionally applied for
the purpose of clustering the map units. The SOM
software package is available at
www.cis.hut fi/projects/somtoolbox'*. All statistical
calculations and graphics were done using the R
Program'®. Analysis of similarities (ANOSIM) was
used to test statistical differences amongyclustets of
similar SOM cells, using the library ‘vegan’ in
Program R'®.

Results

Variations and trends of fish landmgs
Other than the mixed taxa in the other foodfish,
fishes from Famlly Carangxdae Sclamxdae and

15% and 81%
lowest long-term variations' (1.e most st lcmﬁsh
landings) and highest variations (ie. high
fluctuations in fish ) ‘were Rasn'elliger

(146. 16%), respecuvely Relanmshtp betwm CV
and average annuval fish landings, both in In-
transformed, showed a negative trend with a high
correlation (r = 0.62). From this relauonshl t‘Wo

. In the short-term (ie. i
vananons, distributions of both U, and U

12%-109%, respecuvely
mean values of U, and U, were 259
respectively, and they were significantly
(t-test, P-value< 0.05),
Three trends in fish lar s in the Thai sector of
the GoT were observed .The first trend was
species/groups of fish that had their fish landing
continuously decreased during the considered

period (1984-2009). They were R. kanagurta,

P d!lyu aa ¢ Y a ,.u
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Fig. 1--Relationship between the average yeady yield and the
coeffitient .of variation (CV) .of yearly yield for the 35 fish
spocies/group from the fisheries landings in the Gulf of Thailand.
Two: extreme patterns of association between average and CV of
biomass are contrasted with envelopes.

ReRgRIIENERRRBA

Fig. 3—Trends in fish landangsmthn Gulfof Thnhnd,ﬁom 1984
to 2009, Monotonic trends were detected by
correlation. From the lefi: Fish abbreviations, nomber of years in
the first sub-series (n,), Speanman’s r-for the first sub-series (r,),
ropresentation of the trend, number. of years in:thie second ;sub-
series (n3), Speamm s 1 for the second sub-seriés (r2): ngmﬁ«nt

®Ua OUr trends are filled in shaded grey. White shapes represent non-
significant trends. For detail of abbreviations of fish landing see
Table 1.
‘_ﬂ r ' 8} ) Lo o
£l ‘J - M — Patterns of fish lemdings.

Thie output map units of SOM was 25 (i.e. 5 rows
x 5 columns), which yielded the lowest quantization
(0.085) and topographic (0.000) errors. According
to the SOM analysis: incorporated with Wnrd’s
linkage method, four (4) clusters of fish landing,
which hereafter called “regime”, were identified
(ANOSIM test, P-wlue< 0001 based on 1000

Variation (%)

Fig. 2—Distributions of absolute (U,) and relative (U,) short-
term variations of fish landings in the Gulf of Thailand.

Megualaspis cordyla, Cararx spp., Polynemus spp.,
L. calcarifer, Plotosus spp. and Psettodes erumei.
Thie second. trénd was the trend inversion, which
was: characterized by an opposite sign of rank
correlation, ie. increased then decrcased. Fifteen
(15) out of 35 species/ groups, including sharks and

¥

rays, showed this trend, in which the inversion was
mostly observed between 2002 and 2004. Members
of this trend were, for example, R. brachysoma,
Seriolina nigrofasciata, Decapterus spp., Lutjanus
spp., and Clurocemru.s'spp Lastly, the increased
trend was observed in three species viz,

Stolephorus spp., Sphyraena spp. and Sciaena spp
In addition, no significant monotonic trend was
observed in 10 species/groups, ¢.g. Scomberomorus
commerson, T. tonggol, Liza spp., Pampus
argenteus, Sillago spp. and Muraenesox spp.

respectively. The last regime (Regxmc IV) Was
between 2008 and 2009. Interestingly, fish landings
of 1984 and 1991 were grouped with Regime IV,
showed the contribution of each

species/group in each regime.

Discussion

Variation in abundance of the exploited
populauonscanbecausedbyﬁshmgpmssme,
decreasing body size and age of a stock, growth and
survival rate of the species, as-well ‘as unstabilizing

o Ailllv < a [ 4 L = '
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Table 1 Life History Strategies (LHS) (equilibrium: E, periodic: P and opportunistic: O), environment (Envu) (pelagic: P,
dermersal: D) average yield (with standard deviation (SD); n = number of year), coefficient of variation (%)} (CV) and indices (%)
forabsolute (U,) and relative (U;) short-tern variations of fish landings in the Guif of Thailand.

‘Sciesicetific name/group Abbr. LHS Envir Average vield £SD () cv U, G,

Family Dasyatidae &
Mpyliobatidae

Rays* DAS E D 6,150.54 £ 2,749.34 (26) 4470 2559 2607
Family Csrcharhinidae

Carcharhinus spp. CAR E D 3,893.65 +2,319.56 (26) 5957 2352 2341
Family Muraenesocidse

Murgenesox spp. MUS P D 1,646.12 £ 598.14 (26) B34 2269 27

Stolephoris spp. STS 0 P 11112004 £21;87232(26) 1968 1022 1206
Family Chirocentridae

Chirocentrus spp. CHS P p 4,858.42 x2,110.65 (26) 4344 2326 2716
Family Clupeidne

Sardinella spp. SAR o] P 109,262.58 +23,915:87.(26)  21:89 1202 1266
Family Ariidae

Tachysurits spp: TAS P D 5,296.15 + 2,454 47 (26) 4634 2637 212
Family Plotosidae

Plotosiis spp. PLS E D 934:39 4 1,270.91 (26) 136002 449 523
Family Synodontidae

Saurida spp. SAS 0 D 36,723.81 £20,751.50 (26) 5651 244 2700
Family Mugilidae

Lisarspp: LIS P P 3,378.39'x 634.02 (26) 1877 1486 1607
Family Latidae

Lates calearifer LAC P D 269.19 £ 393.46 (26) 146:16 8964 10899
Family Serranidae

Epinephelss spp. EPS P D 3,475.12+ 1742.49(26) 5014 1553 2183
Family Priacanthidae

Priacanthus spp. PRS o] D 46,875.73 £24947.79(26) 5322 1642 1981
Family Sillaginidae

Stllago spp. SIS (o) D 3,532.89 + 2,277.53 (26) 6447 2717 3041
Family 'C‘anngidn‘e

Decapterus spp. DES 0 P 4135169+ 20921:80(26) 5059 2121 3370

Megalaspis cordyla MEC O P 9,557.12£6499.02(26) 6800 3098 4063

Carare spp. CAS 0 P 3741927856771 (26) 2290 1552 1691

Selar crumenophithalmus SEC o P 24,666:08+7,788.74(26) 3158 1376 2162

Seriolina nigrofasciata SEN o] P 2,930.04 + 1,326.05 (26) 4526 2441 2390

Parastromateus niger PAN o P 3,082.35 + 938.40 (26) 3044 2248 2425
Family Lutjanidae

Lutjanus spp. LUS P D 5,937.00 + 3262.15 (26) 5495 2958 34,17
Faniily Nemipteridae

Nemsipterus spp. NES 0 D 5225046+24043.14(26) 4601 1463 1827

Table 1 Life history strategies: (LHS) (equilibrium: E, periodic: P and ‘opportunistic: O), environment (Envir.) (pehg;c P,
dermersal: D), average yield (with standard deviation (SD); n = number of year), coefficiént of variation (%) (CV) and indices (%)
for absolute (U,) and relative (U,) short-term variations of fish landings in the Gulf of Thailand (Cont.),

< d\lvv aa ¢ o a ,
AINN 2.1 UNAIUN ﬂi‘Uﬂ'ﬁﬂWNWLNEJLLWﬂ;‘U'J'ﬁﬂ'ﬁiSﬂUU']U']‘U'W\ (mo)



1306
Sciencetific name/group

Family Polynemidae
Polynemus spp.
Family Sclaenidae
Family Sphyraenidse:
Sphyraena spp.
Family Trichiuridae
Tricldurus spp.
Family Scombridae
Rastrelliger brachysoma
Rastrelliger kanagurta
Thunmis toniggol
Euthyrovus affinis
Family Stromateidae
Pampus argenteus
Family Psettodidae
Psettodes erumel
Family Cynoglossidae
Cynoglossus spp.
Mixed taxa

INDIAN J. MAR. SC1., VOL 44, NO.9 SEPTEMBER 2015

Abbr.

POS

scs

SPS

TRS

Scc

EUA

PAA

PSE

CYs

OTF

LHS

0O O0OwOO0 ©

xs]

Envir.

e~ e~ B~ B - Bl -

Average yleld 1 SD (n)
952,00 2 617.25 (26)
13,041.73 £ 9,960.03 (26)
5,116.77 + 2,442.48 (26)
5,031.00 = 2,625.42 (26)
100,248.27 + 15,563.76 (26)
24,914.81 = 10,515.30 (26)
11,160.15 % 3,750.16 26)
54,67892 + 23,414.88(26)
45,395.15 % 14,879.92 (26)
645,77 % 52534 (26)
1,798.35 + 832.59(26)

5,410.15 % 1,696.58 (26)

116,274.08 + 33,392.20 (26)

64.84
7637
41.73
5218
1553
4221
3360
4232
32.78
8133
46.30

31:36

2872

3818

1899

1929
2172

11.69°
24.05

1694

21.06
1939

58.28

2185

1518

15,48

157

48,05
2287

19:61

2636

1278

23.58

17.55
25,03

2103

542

2470
1600

16.53

Fig: 4—Patterning of fish landings in the Gulf of Thailand (by year) using seif organizing map-(SOM) network. The similarity.
among SOM cells was studied using hierarchical clustering agglomerate by Ward method to identify the cluster nimber. Bold lines
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Fig. 5—Contribution of average yiclds of each fish landing in each
regime of study area (i.e. the Gulf of Thailand). For. detsil of

gbbreviations of fish landing see Table 1.

the fluctuation in fish landings. If sufficiently long
time series in fish landings are available, it is
possible to'mark the fluctuation in fish landmgs and
allow diagnosing of the present state of the
fishery'®. Twenty six (26) years of fish landing data
of 35 species/groups were used in this study,
therefore, a coherent picture of the fisheries in the
Gulf of Thailand (GoT) for over the past c.a. 30
years could be elucidated.

The CV is served as an indicator of the relative
magnitude of inter-annual - fluctuations and it is
clearﬂlattheclassxﬁedgmupAandB
showed ‘an association to life-history strategies

3 the relationiship between CVandfish
V , Group A fishes comprised of the
equilibdium and periodic strategists. Equilibrium
fish are always sensitive to variable fishing
pressures and environment'®? and these causes
make them show a high magnitude of inter-annual
fluctuations in fish landings. Meanwhile, periodic
fish, although associated with high compensatory
reserve, tend to show high inter-annual recruitment
variation and cause the variation in catches'™.
Group B fishes are all opportunistic life-history
strategists. These species had low CV and exhibited
relative stable fish landings because of their high
demographic resilience and they can maintain

‘I'Iililliti...u.-..., ...............

i;'iil'i.xi ERN S T REP TS e

relative annual variation (U,) was agmﬁeanﬁy
higher than the index of absolute variation (U,).
This indicated, in general, that the short-term
variation of the fish landings in the GoT 'was
inversely related to yield, mulhng in a higher
uncertainty when catches are low'’. , ,

Trend -analysis of the whole fisheries in the Gulf
of Thailand, from 1950 — 2004, showed ‘a-distifict
two-phase: ‘of ‘increase trend landmgs senes, which
is commonly found in d marine
ecosystems where small pelagic are the most
abundant component of landings®. However, when
the information was refined into species/groups,
trends in the fish landings of individuals were
diversified In this study, there were
increase trends of small pelagic species, such a8
Sadinella spp., Decapterus spp. end Chirocentrits
spp. until around 2004, and then they declin:
They then decline: contmuously until the last year of
data series, ie. 2009. Only the landings ‘of
.S‘lolephonu Spp- maintained the increase trend. The
trend of inversion of almost half of fish landing
species/groups, considered in this study; implies the
trend of fish stocks collapsmg under unsustainable
exploitation pressure*”. This could be the alarm
that n6t only thé large predators and demersal
species have been at a high risk of
overexploitation*™* but also the pelagic ones.
During 1990s, over 80% of the species in GoT had
exploitation ratios greater than 0.87, in which the
optimum range should between 0.3 and 0. 55%.

The development of the fisheries in GoT had
started in the 1960s -after the introduction of ‘trawl
fisheries*®. Then the alarm of fishing down the
food web, 1e depletion oflargepredatoryﬁshand
mcteasmg of small herbivorous species in fish
landing’, was observed in 1980s*7, the period of
Regime I, and some demersal species: di
from the catch, e.g., Anodontostoma spp b‘ilago
sthama, and Pomadasys spp.*. This also mcluded
the top predator with low mprodncuve potential as
sharks™, which its catch- per- unit- effort drastically
mlmedmlmmanomghradumgtmspmod"
Then during 1990s, it becomes the era-of pelagic
species which included Ras'irellzger sp s and
Stolephoms spp. dominating in catches
observed in Regime II, ie. from 1992 - 1998 It
was also estimated that, during Regime II period,
the total biomass of the demersal fishes in 1995 had

o o a o a '
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dropped to less than 8% of the 1965 estimates™
In Regime III, many species/groups showed the
highest average fish landing, compared to other
mgme&ltwasnotonlythemcreasesmfsh
mndings of the pelagic species but also the
demersal ones. These included Nemipterus spp.,
Priacanthus spp. and Saurida spp., which become
higher value stock in average fish landings, after
their decline in Regime I period, and now
contribute more in catches in terms of weight®™.
This cause could be partlally explained by the
shifting of the target species to pelagic fish during
1990s. However, this could also be an illusion of
hxghoamh&mthmmgxme,becmwemomthmw%
of fish landing of many species/groups were in pre-
recruitment stage. This evidence was observed both
in the pelagic species such as Sardinella spp. R.
brachysoma and R. kanagurta and in the demersal
species such as Saurida spp. and Priacanthus
spp.>*. Thus, the decline of many fish landings in
the recent years, i.e. Regime IV, could be attributed
by the harvesting of these pre-recruited fish*’. There
was also reported that at least 9 economically
important fish juveniles had been substantially
caught by anchovy fisheries in 2008*. There is no
clear explanation on the involvement of 1984- and
1991- fish landings to Regime IV. However, in
1984, it could be likely related to the climate, i.c.
the El Ning, which caused disruption to the fishery
stocks, in particular the pelagic species”. A very
n'ongEleGeﬂ'ectwasmﬂleSothhmaScam
19837, Itcausedalmsemngofeoastalmmfallm
GoT, follomng a decline in nutrient load to ‘the
coast®, which consequent is lead to low levels of
primary productivity”’. Also, the anomalous
circulation fields in the GoT were observed in 1984
and could effect distribution of primary
productivity -in the gulf and then affected the fish
stocks™,

Conclusion

Fisheries in‘the GoT are currently beyond mature
and are in a vulnerable state. Concern should not be
focused only to the demersal species but also the
pelagic ones. Although the small pelagic species
showed low vartation and still maintain their level
in fish landings, high contribution of pre-recruited
fish in their catches indicates growth-overfishing,
The absence of ‘intemational conflicts over
straddling stocks® should fully authorize a

monitoring program on the illegal unreported and

unregulated fishing, which must be more
strengthened. Destructive fishing gears from small
scale fisheries® must bo banned and fisheries refugi
must be promoted®’.
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Stock determination and growth of the short mackerel
Rastrelliger brachysoma in the Gulf of Thailand
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The short mackerel Rastrelliger brachysoma is the major commercial importance marine fish
in the GoT. However, the management regimes of this fish is based on the single stock in the

‘whole GoT, which somehow not suitable. This study was pexformed aim to: tdenufy stock-

structures of R. brachysoma and growth parameters of each stock in the GoT using an ¢ tolith
approach. The 55 and 240 R. brachysoma otolith sections were used to-analyze the micro-
chemical data and growth parameters, respectively. For the results, the edge otoliths micro-
chemical structures from 4 sample sites (i.e. Eastern, Upper, Central, and Lower of Go'l')
were clearly separated for both sexes (MANOVA, p<0.01). The LDFA using 8 micro-
chemical structures, i.e. Li:Ca, Mg:Ca, K:Ca, Mn:Ca, Ni:Ca, Cu:Ca, Sr:Ca, Ba:Ca, in edge
zone showed high classification accuracy of R.brachysoma to their collected locations (89 %
for male and 79% for female). Furthermore, the LDFA results, -using micro-chemical
structures of whole sagittal, also showed high classification accuracy in both fish sex (85 for
male and 86% for female). Meanwhile, growth parameters also showed significant
differentiation among fish stocks. Outputs from this study showed that R.brachysoma in the
GoT comprise 4 stock and will be led to clearly understand in biological characteristics and

‘population dynamics of each stock and consequent to efficiency management of R.

brachysoma in the GoT.
1. Introduction

Short mackerel, Rastrelliger brachysoma (Bleeker, 1851), found in the central east Pacific
Ocean throughout the west central Atlantic Ocean (Al Sakaff and Esseen, 1999) This
schooling fish was found in water with temperature range between 20° and 30°C, in both
estuarine habitats and off shore areas. R. brachysoma was a high market value species and

‘was support economically throughout its distribution range. In the Gulf of Thadand, where as

this fish found highly abundance. This species was become to an important key fish in the
domestic diet of the Thai people. In the GoT, R brachysoma was become to the main target
species before: 1950s (Marine Fishery Laboratory, 1965). In the GoT, the height volume of R
brachysoma catches found in 1999 with 125,175 metri¢ ton. Compared by 2012, catch
volume of this species was decreased to 113,659 metric ton and made a total value
132,362,1318 (Fishery statistics analysis and research group, 2013).

Although, in the GoT, there are a number of scientific studies on life history and management
regulations which was take action on this species first since 1950s (Marine Fishery

Laboratory, 1965, Piumsombun, 1992), but, since 1977, R. brachysoma fouxyld' eindence of

overfishing (Piumsombun, 1992) and the catch was decreased and fluctuated over txmeiaﬁer
1977 and made more concern in stocks status and sustain usage level of this fish. Althc
there are previous study results (i.e. population genetic, larva distribution and taggmg-
recapture studies) were showed evidences of several R. brachysoma stocks found in The Gulf
(Marine Fishery Laboratory, 1965; Maila~iad ef al., 2006; Srinulgray, 2068) In fact, Short
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mackerel in the Gulf was managed focus on a single stock consideration. Previously, there:

‘were Several regulanons such as season and area closed and prohibited soime kind of ﬁshmg

gears (i.e. engine boat with traw! net, surrounding net, falling and lift net and gill net) during
Feb. 15-May 15 in only one main known spawning area (i.e. central-western part .of ‘the
Gulf). In 2014-2516, the DoF (Department of Fishery, Thailand) made a decision to test same
regularities in the upper area of the Gulf during June 1-July 31 meanwhile stocks
identification in the gulf body was still unclear. For solving this problem, study on ldenuﬁ/
this fish stocks were needed to confirm and nsmg information of short mackerel stocks in
The Gulf Knowledge of each individual stock is valuable to efficiency management in this

fish. Further benefit, this stock identification knowledge could be made clearly understand in

population dynamics, biological characteristics and productivity rates of a species in each
stock (Begg et al., 1999). All these were important for sustainable management of R.
brachysoma.

In fisheries science consnderatlon, a numerous type of method and data have been applied to
determined stock in marine fish populations (i.e. distribution and abundance data,
morphometrics and meristics, life history parameters, population genetics and tagging)
(Pawsen and Jennings, 1996). Among these methods, the powerful method was used in‘recent:
time is an otolith approach. Otolith micro-chemistry has been used successfully to stock
identity (Campana et al., 2000; Ashford et al., 2008; Steer et al., 2010). A composition in
otolith is influenced by the physical and chenucal properties of the environment with a.
metabolically inert structure (Elsdon et al., 2008). That characteristic made a timescale
information record on life histories of fish and making it possible to retrieve mformatxon on
environmental conditions experienced by individual fish from hatching to-capture (Camy

1999; Tanner et al, 2012; Cameron et al, 2016). Meanwhile otolith structure were

successfully used for growth parameter analysis (ref) because it’s constancy increment
pattern during otolith growth and that can relate with fish age and fish length (ref).

The present study aim to resolved stock structure and growth parameter of short mackerel,
Rastrelliger brachysoma (Bleeker, 1851), in The Gulf of Thailand based on otolith
geochemistry and otolith microstructure. Multivariate comparisons of geochemical variables
from primodium and edge zones in otoliths and growth parameters based on otolith increment
were used to identification of separated short mackerel stock in the gulf of Thailand.

2. Materials and methods

2.1, Fish sampling

Short mackerel, Rastrelliger brachysoma (Bleeker, 1851), specimens were collected in the
GoT at four locations which were Eastem GoT (EGT: 11°46°02.62" N, 102°15°58.26" E), Upper
GoT (UGT: 13°1945.49" N, 100°27°17.81" E), Middle GoT (MGT: 9°34'25.43" N, 100°21°10.87" E)
and Lower GoT (LGT: 7°10°49.58" N, 101°28'40.01" E) (Fig. 1). Total length, body weight and
sex of 240 individuals were record (Table 1), Then, the pair of otolith (i.e. sagitta) was
extracted. Each sagitta were rinsed with water, cleaned from adhering tissue, dried and stored

in plastic micro-centrifuge tubes.

2.2. Otolith sagitta preparation processing

The pair of sagitta from each individual was prepared. Each was embedded in epoxy resin. A
transverse section was taken through the mid-plane of each sagitta using a slow-speed
diamond wheel saw continuously lubricated with Milli-Q water. Sections were polished down
using silicon carbide paper (P2000—P2500), rinsed with Milli-Q water, until otolith
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primodium was found. The Left sagitta used for micro-element analysis: and the right sagitta
were kept and taken for age and growth study.

2.3 Otolith sectioned micro-element analysis

The elemental of 55 left otolith sections (Table 1) was measured using a New Wave
UP193FX laser ablation system coupled to a Thermo X-Series II ICP-MS (ICP-MS:
inductively coupled plasma mass spectrometer) located at the National Oceanography Centre,
Southampton, UK. The laser software was used to spotting points (35 um diameter) crossing
the primodium (larval) along the dorsal edge (adult) of the sectioned sagitta. The laser
operating parameters, measurements procedure and elements concentration: calculation were

the laser ablated (i.e. ablating sagitta material) was set. Before and after each ot
transect, certified reference materials, the NIST 612 and 610 standards (Pearce et al.
Jochum and Stoll 2008), were ana]ysed using the same laser parameters used for the
sectioned otoliths. All data were mtemally normalised to the “Ca (Cam gana 1999). The
following elements were acquired: Li, *Mg, *’K, **Mn, *Ni, %*Cu, **Sr and '*'Ba. Data were
processed using the standard sample bracketmg technique. The elements concentration
detected in the otoliths were expressed relative to the concentration of calcium.

2.4, Statistical analysis for stock identification

Each element:Ca was Log (x+1) transformed in order to achieve normality and homogeneity
of variances. Analysis of variance (ANOVA) and Multivariate analysis of variance:
(MANOVA) were used to assess transformed value (element:Ca) variation among collection

locations. Then, the principal component analysis (PCA) was used to display the geochemical

data of the sectioned otolith (i.e. edge zone) material to obtain the relative importance of each
variable to the separation patterns observed. Linear discriminant function analysis (LDFA)

‘was used to classify individual fish to their collection locations using geochemical values at
sagitta edges and average values from core to edge (i.e. whole otolith value). Classification

accuracy of the discriminant functions was evaluated by calculating cross-validated
classification success using a jackknife (leave-one-out) approach. The linear discriminant
function analysis (LDFA) was also used to tracking life history of individual fish form each
stock. The function using sagitta geochemical structure form spot at core or primodium zone
(i.e. birth point) and along to edges (i.e. death point) zone to created each LDFA value/spot.

‘Then, life history profile of short mackerel (individuals in each stock) was illustrated using
‘each LDFA value /spot from birth point-to death point.

2.5 Aging

The 240 right sagitta sections (Table 1) were observed with a compound rmcroscqpe at x4,
x10 and x40. Images were captured with a digital camera for analysis daily ring using ImageJ
(Rasband, 1997 - 2014). Ageing based on increment thickness (Ralston and Miyamoto, 1981,
1983; Ralston, 1976, 1985) was performed to determined age of each individual by two
readers.

2.6. Statistical analysis for age and growth
The coefficient of variation (CV) was calculated to test precision of age reading
between the three readers (Campana 2001) as follow:
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ﬁn‘*ﬁ')i(*)—

where, R is the number of times each fish'is aged Xy and X; are the i age estimation of the ™ i
fish and the average age calculated for the j* fish, respectively.
The length-at-age datasets of males and females R. brachysoma were fitted by non-
linear least-squares to estimate the growth parameters viz., the asymptotic length (L), and the
growth coefficient (K). Then, the growth of R. brac}g:soma presented by the modified von
Bertalanffy’s growth function (modified VBGF; Fabens, 1965) which is fitted the length-at-
age data to ensure that the curve passed through the known size at birth (Neer et al., 2005).
Ly =Lo+ (Lo —Lo)(1—e™*)
where; Ly is the size at birth, which is about 2.29 mm for R. brachysoma, (Rittitum et al,
2012); L,is the length at time ¢. The modified VBGF curves, between males and fema.les,
were compared by mean of likelihood ratio test, in which likelihood ratios are caleulated by’
‘using the residual sum-of-squares and are tested against -chi-square: (xz) statistics' (Kimur
1980). Data analyses were conducted by using Program R (R Development Core Team 2016)
and Package ‘fishmethods’ in Program R (Nelson, 2012)

CV=100*

3. Results

3.1 The element structures and the relative importance

The structures of 8 elements (i.e. Li:Ca, MgCa,KCa,MnCa, Ni:Ca, Cu:Ca, Sr:Ca and
Ba:Ca) from otolith edge zone were analyzed using ANOVA and MANOVA. For the
ANOVA results in male samples, four elements (i.e. Li:Ca, Mn:Ca, Ni:Ca and Sr:Ca) showed
significantly differentiation among collection locations meanwhile three elements (Li:C:
Mn:Ca and Ni:Ca) showed differentiation among collection locations for female (table 2).
Among collection locations, for both sexes, Li:Ca value showed highest at LGT and Towest at
UGT. Meanwhile Mn:Ca value was highest at UGT and lowest at MGT. In addition, Ni:Ca
value was highest at UGT (for both sex) and lowest at LGT (for male) and EGT (for female).
Especially for male, Sr:Ca value was highest at MGT and lowest at UGT. By MANOVA test,
significant differences in the otolith edge geochemical structures were found ambbg the
collection locations in both fish sexes (table 3). Meanwhile significant differences in the
otolith primodium geochemical structures among the collection locations also found. in
female samples but not in male samples (table 3).

From principal component analysis (PCA) results (fig. 2), the relative importance of variables
(i.e microelement) to the separation patterns were observed. Two variables (i.e. Sr:Ca and
K:Ca) showed highly fluctuated among sites for both sexes. Li:Ca, Mg:Ca, K:Ca, Mn:Ca and
Ni:Ca, showed positive correlation and trend to separate UGT out of other collection
locations for male, meanwhile Cu:Ca and Ba:Ca trend to separate EGT out of other collection
locations. Sr:Ca trend to separate EGT and MGT out of other collection locations. For
‘female, Li:Ca, Mn:Ca, Ni:Ca, and Ba:Ca trend to separate EGT out of other collection
locations, meanwhile Mg:Ca, K:Ca, Cu:Ca and Sr:Ca trend to separate MGT out of other
collection locations.

3.2 Stocks discrimination

The discrimination model using geochermcal structures (8 elements: Li:Ca, Mg: Ca, K:Ca,
Mn:Ca, Ni:Ca, Cu:Ca, Sr:Ca and Ba:Ca) in edge otolith zone showed high classification
accuracy of R. brachysoma to their collection locations. The overall correct classification
accuracy of R brachysoma to their collection locations ‘with cross validated accuracies of
89% for male samples and 86% for female samples (table 4). Furthermore, the LDFA. results,
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‘using micro-chemical structures of whole sagittal, also showed high classification accuracy in
‘both fish sex (85% for male and 86% for female).

3.3 Stocks tracking - ;
The result of LDFA Tracking from core zone (i.e. birth point) to edge zone (i.e. death point)
of each sectioned otolith (i.e. each individual fish) showed complexity of fish life spen in
each collected locations (fig. 3). The results highlighted that R. brachysoma in each stock (i.e.
Eastern, upper, middle and lower stocks) comprised individual fish from different ongm of

the larvae but grouped together at least last 41% (male) and 67% (female) of their life span.

3.4 Age and growth

A daily nng formation were test from the rearing larval samples of any given ages and related
to the rearing days of each samples was confirmed that the daily ring was formed every day.

Thus, 204 adult sagittae section samples were clear to be counted the daily ring and can be
useful for aging and growth analysis. The length of 204 adult short mackerel separated by
stock (i.e. collection location) was showed in table 1. o

The overall precision of the daily ring counts was high among the readers with the CV of

20.55+14.30%. The modified VBGF was fitted to mean size of length-at—age data using

nonlinear least-squares yielded L. of 192.23+8.25, 206.88+18.00, 220.63+15.77 and
189.64:5.67 cm for short mackerel stock in EGT, UGT, MGT and LGT respectively and the
K parameters of the modified VBGF of fish stock m EGT, UGT, MGT and LGT were
3.95+2.01, 2.70+1.80, 2.44+0.99 and 4.39+2.81year’ respectively (table 5). The modified
VBGF of ﬁsh stock was showed in fig. 4.

The &'-values of each stock was showed in table 5. The results from likelihood ratio test
showed that there was statistical different in overall models and in terms of K and L. among
4 model (table 6).

Discussion

Otolith geochemlcal signatures are used in a wide variety of studies in marine ecology and
fisheries science (Campana, 1999). Concentrations microchemistries of otolith core
(primodium) zone have been applied to determine the origin of marine fish (Engstedt et al.,
2010) meanwhile concentrations microchemistries of otolith edge have been applied to
classification of marine fish (Tanner et al., 2012). In this study, Both ANOVA and
MANOVA results also showed the dlﬁ’erentxatlon in concentrations of otolith edge
microchemistry between collecting sites. The environmental and anthropogenic physiclogies
were found the main effect (Tanner et al, 2012). The result can be related to distinct
physiochemical properties of the ocean water in the habitats (i.e. collection location)
occupied by individuals of R brachysoma during the different life history stages (Tanner et
al, 2012) or reflecting physiological change occurring during ontogeny or vanablhty in
feedmg habits and diet of the different life history stage (Tanner et al., 2012; Sturrock et al.
2015).

The PCA and LDFA result also suggests the useful of otolith edge microchemistry to apply

used for identify the stocks of R. drachysoma. All fish gender dataset were classified with
high accuracy to their collection locations suggest that at least 4 stocks of R. brachysoma in
the GoT. However, The minimal error rate (i.e. 11% for male and 14 % for female) were
found, that can be explained by reasonable reason (Tanner et al, 2012) that individuals
moved to the collecting sites shortly prior to capture and that the residence time was not
sufficient to acquire the site-specific signatures. Alternatively, these errors may simply reflect
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the fact that environmental conditions at the two locations were not sufficiently distinct to
generate unique geochemical values in fish otolith (§8P).

Although main spawning area of R. brachysoma was reported located in mxddle gulf of
Thailand (MGT) (Chamchang, 1991; Maila-iad et al., 2006; Saitakon et al, 2006), this- study"
showed stock tracking from core-to-edge can ldentlﬁed variety of life history pattem of each
stock in the GoT and showed a high exchange rate of larva sources between all collection
sites. The larva dispersal pattern agree with the another reports (Sajxsupom et al., 2010). In
the Gulf, Spawning season of short mackerel was reported in MGT during April-May
(Chamchan& 1991; Maila-iad et al.,2006; Saitakon et al, 2006) and assumes that there was
‘same period in other spawning ground (for example, in Cambodia cost spawmng;ground) R,
brachysoma spawning ground was report in cost of Cambodia (Puthy as
2007; Ing, 2007; Matsui, 1970) In addition, the 1959 to 1961 Naga Expedmon collected 1
to 1,000 larvae per 1,000m’ just off Koh Rong, Cambodia (Matsui, 1970). The cycles of sea
water current in the GoT also resulting lava dispersal (Singkran, 2014; Sojisuporn:- &t al.,
2010). During this period, there are many strong and complexity cycles of ‘'sea water currents
across the Gulf. The confuse direction of many currents cycle in the gulf pass through the
Gulf body (Smgkran, 2014; Sopsupom et al., 2010) and probably transported young and
juvenile fish from various spawning sources exchange to area along their passed (Sojisuporn
et al.,, 2010).

Difficulty aging of tropical fish for the past caused by a lack of patterns in the marginal
increments of the otolith annual ring, with indicated that the checks could not be: validated as
corresponding to annuli (Srmoparatwa:ana 2009). However, in the present time, with
advance techniques, daily ring can be an option and are readable after papered the thin, clear
and transparent section otolith (Jutagate ef al., 2013). In this study, daily ring were obviously
observed from the larval samples of any gwen ages and equal to the rearing days of each
samples This was confirmed that the daily ring was. formed every day. From otolith section,
dally ring can be read using the imageJ program (Rasband, 1997 ~ 2014) coupled with the
ageing method based on increment thickness (Ralston and Miyamoto, 1981, 1983; Ralston,
1976, 1985). The results from growth analysis showed the growth parameters, in term of K
and L., of R brachysoma were significantly difference (p<0.05) among 4 stocks (i.e. EGT,
UGT, MGT and LGT stock).

Outputs from this study will clear identification stock of short mackerel to 4 stocks. The
aging and growth output in each stock can be led to clearly understand in biological
characteristics ‘and population dynamics of each stock and consequent to efficiency
management of R. brachysoma in the GoT. There are also valuables for combating TUU
fisheries in the GoT. Outputs were also useﬁﬂly for accuracy MSY and optimum sustainable
yield estimation of each R. brachysoma stock in the GoT. However, further study need to
focus on population genetic study in this fish and each sex should be analysis separately. So
if analyzing on mitochondrial DNA expects population differences but if analyzing general
alleles or Y-chromosome data expect limited to no populatlon differences. For management
assumption, prednctlon of “share” or “separate” spawning ground can be investigating by
analysis the variances of primodium microchemistry from female, with catch from spawning
ground at spawning time.
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417 ‘Tablel
418  Collection location, sex, mean and standard deviation (SD) of fish total length (TL) in° mm

419 and sample size (n) of Rastrelliger brachysoma.

172

420
Otolith microstructure ~ Otolith-microchemiistry
Collection location Sex analysis analysis
(ebbreviation) TL(mm) n TL(mm) f
Mean  SD Mean SD
Eastern GoT (EGT) _ male 171 9 30 167 12 7
female 175 22 30 185 3 9
UpperGoT (UGT)  male 178 14 30 151 14 7
female 179 7 30 185 8 8
Middle GoT (MGT) male 186 15 30 175 6 6
female 186 14 30 187 2 6
Lower GoT (LGT) male 188 15 30 181 7 6
female 184 7 30 184 4 6
Total 240 55
421
422
423
424
425
426
A27
428
429
430  Table 2 Mean untransformed concentrations and standard deviations (SD) of trace elements ratioed to Ca (umiol element*mol™ Ca) pér sample
431 location used in analysis
432
A: Male: Primodiuin
Li/Ca Ca K/Ca Mn/Ca Ni/Ca Cw(Ca SriCa Ba/Ca
EGT 00£1.34% 53.05+10,00™ 334.35¢117.07 59342.88" 5005049 -4340.65™ 608.29+348.37~ 69.36£55.83™
UGT. . 70:2.92™ 67.00+13.71% 295.48+66.28™ 10.47+5.28* 5.60+1.07™ 7240.51 % ,908.38+220.30™ 46.73120.61™
MGT .28+1.77™ 58.22+11.37™ 331.79+96.41™ 7.2943.70> 5.433:0.9> A740.24™ .953.834+472.03™ 106.37+60.95™
LGT .5230.40™ 69.87+16.52™ 264.76+91.76™ 11.74+5.38™ 4.4741.06™ 318H39™ 1657.33+303.63 54166-55@"
433
B: Male; Edge
Mkp K/Ca Mn/Ca. Ni/Ca Cuw/Ca Si/iCa Ba/Ca .
EGT | 84643357 5014485~ 785.42+182.87> 6.35+2.97° 4581110 6763017 3 469.624567.96 * 3 85520.57>
UGT | 4.91+1.66° 4.4743.06"~ 759.82:480.54™ 19.3047.69° $23+1.05° 1.16:0271* 2.671.14+26526 7 63.69+2233%
MGT | 3.60+237% 2.83+3.29™ 232.10+84.22° 5.88+3.90° 1913078 1.16+0.27> 3,713.17%1,005.83 49.60+12.06™
LGT | 117643117 23.92+555% 202.65+70.40% 7.35+492° 3.93+0.42° 2.0442.74™ 307739455624 ™ 66.78+£29:60%
434
C: Female: Primodium
LiCa — Mpica Ca Mo/Ca WilCa CurCa SiCa Ba/Ca
EGT 4.234049™ 69.10+17.10™ 276.02467.59* 6.93+2.99° 4.4610.58° 48+0.43 ™ 2,836.96+807.26™ 50.47539.98"
UGT 5.17+1.05% 64,0148,13™ 2224247727 14.47:2.79" 5.2340.67° B8+ 19 2,562.08+404.76™ 46.:68+37.33
MGT 2.85+1.06™ 85:57+38.06™ 259.98+56.05™ 5,56+334° 4.20+0.67 M .56+0.54™ 3,079.72+633.06 61:98+49.19
| E 5.83+2.15™ 63.17+10.20™ 298:31+127.22" 12.44+3.54* 4.43+0.77° 73+103™ 2,941 233547 64:23+42.37>
435
_Di Female: Edge
LiCa Mp/Co K/Ca MG Ni/Ca Cu/Ca St/Ca
EGT 4.9340.98° 474+565™ 201.89+88.12" 3814377° 4 .()'_8-__1>()_7(!Q 16+048™ 710.89+996.08™ 36.87+21.32°
UGT 7.9743.71% .0246.05™ 158.10+132.93™ 10.84+0.73* 5\_‘@10.68 * 474125 -  887.67+432.49™ 66.40+50,09™
MGT 5.64+2.10% .7842.29™ 119.50+67.07™ 3.5744.28° 4,3940.90°¢ .10+0.38™ ,327.33+756.19™ 43.23+1442™
LGT 92143.17° 3.93+4.16™ 175.21+82.75™ 8884357 4.30+0.94° 70+1.09™ 3,131.33+743.29~ 63.05£2642"
436
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Table 3
Results of MANOVA examining variation of geochemical signatures in the otolith
primodium and edge of Rastrelliger brachysoma among the collection locations in the GoT.

df MANOVA
F p
Primodium (male) 112 0.37
Primodium (female) 259 <0.01
Edge (male) 493 <0.01
_Edge (female) 2.54 <0.01

Table 4

Cross-validated classification results of discriminant function analysis of Rastrelliger
brachysoma collected in the GoT. Individuals were classified to a collection location based
on the geochemxcal signature of the otolith edge material (A) and the whole otolith (B).
Values in bold represent individuals correctly classified to their collection location..

A: the geochemical signature of the otolith edge material

Male Female

Collection location group | Predicted group membership (%) | Predicted gronp membership (%)
EGT UGT MGT LGT | EGT UGT MGT LGT

Eastermn GoT (EGT) 00 0 0 0o | 8 o0 1l 0
Upper GoT (UGT) 0 100 0 0 0 100 0 0
Middle GoT (MGT) 33 0 67 0 | 165 165 @7 0
Lower GoT (LGT) 170 0 83 0 0 17 8

B: the geochemical signature of the whole otolith

Male Female

Collection location group | Predicted group membership (%) | Predicted group membership (%)
EGT UGT MGT LGT | EGT UGT MGT LGT

Eastern GoT (EGT) 8% 0 12 0o | 88 110 0

Upper GoT (UGT) 0 100 0 0 0 88 0 12

Middle GoT (MGT) 17 0 8 0 0 17 8 0

Lower GoT (LGT) 1717 0 67 | 17 o 0 83
Table5

Growth paramieters ‘and mortality. rate of 4 socks Rastrefliger brachysoma in the GoT. TL = total
length, K = growth coefficient, L. = asymptotic length, SD = standard deviation.

Stocks A""’T'f;:;“e n | Ki/y)+SD | te(mm)+SD ¢
Eastern GoT (EGT) 178.33+14.10 60 3.95+2.01 192.23+8.25 5.16
Upper GoT (UGT) 180.67+18.96 60 2.70+1.80 206.88+18.00 5.06:
Middle GoT (MGT) 182.60+15.42 60 2.44+0.99 220.63+15.77 -5.08
Lower.GoT (LGT) 181.80+7.059 | 60 | 4.39+2.81 189.64+5.67 5.20

| ' d = Ao ¢ ) a .
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459 ‘Table6’

460 The results frony likelihood ratio test:

461

Overall

| Tewedwe [ » | x| » [ ¥ |»
Eastern GoT (EGT) vs Upper GoT (UGT) 188.65 | <0.01 | 165.50 | <0.01 | 130.85 | <0.01
Eastern GoT (EGT) vs Middle GoT {MGT) 227.83 <0.01 215.05 <0.01 87.47 -<0,01
-Eastern GoT (EGT) vs Lower GoT (LGT) '36.28 <0.01 35.28 «0.01 31.28 | <001
Upper GoT (UGT) vs Middle GoT (MGT) 57.45 <0.01 82.27 <0.01 | 5352 | <0.01
Upper GoT (UGT) vs Lower GoT (LGT) 11752 | <0.01 | 104:82 | <001 | 3198 [ <001
Middle GoT (MGT) vs Lower GoT (LGT) 23748 | <0.01 | 110.20 | <0.01 | 74.97 | <0.01
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