Chapter 3

Preliminary Data Analysis

In this chapter we describe the preliminary data analysis based on the quantities of the
various species of fish collected each day from the Pattani Fishery Port over the 5-year
period from 1999 to 2003. In the first section of this chapter we show time series plot of
the marine fish daily catches. The frequency distributions of the marine fish catches are
investigated in Section 3.2, with the aim of using a data transformation to reduce
skewness. After further study of the most appropriate transformation, in Section 3.3 we

compare the marine fish catches by day, month and year.
3.1 Time series plots

A time series is sequence of observations observed over time, usually at regular
intervals. The daily catches of marine fish of various species, measured in kilograms
weight, landed from fishing boats at Pattani Fishery Port, provide an example of time
series. However, on some days no boats came in, or no boats caught any fish of a
particular species. This situation could be regarded as a zero catch if an attempt was

made to fish but nothing was caught or as a missing value if no boats landed.
Figures 3.1 to 3.4 display graphs of these data as bar charts.

For mackerel, shown in the top panels of Figure 3.1, the maximum quantity landed on
any day over the 5-year period was 196,000 kilograms, observed on 22 February 1999,
with a secondary peak of 181,800 kilograms on 31 January 1999. For other food fish,

shown in the bottom panels of Figure 3.1, the maximum quantity recorded was 773,030
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kilograms, observed on 20 January 1999, with several secondary peaks close to 700,000

kilograms over the next 27 months.

Mackerel daily catches (kilograms) at Pattani Fishery Port from 2 January 1999 to 30
June 2001 (upper panel) and from 1 July 2001 to 29 December 2003 (lower panel)
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Other food fish daily catches (kilograms) at Pattani Fishery Port from 2 January 1999 to
30 June 2001 (upper panel) and from 1 July 2001 to 29 December 2003 (lower panel)
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Figure 3.1: Daily catches of mackerel and other food fish from Pattani Fishery Port:
1999-2003
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For squid, shown in the top panels of Figure 3.2, the maximum quantity landed on any
day over the 5-year period was 99,400 kilograms, observed on 10 July 1999. There
were three other occasions when the squid catch exceeded 90,000 kilograms: 9 May
2001, 16 March 2003 and 16 April 2003. For scads, shown in the bottom panels of
Figure 3.4, the maximum quantity landed on any day was 667,800 kilograms, observed
on 2 October 2003, with one other catch above 600,000 kilograms on 19 September

2001.

Trash fish, shown in the top panels of Figure 3.3, had a maxirnum catch of 650,000
kilograms, observed on both 15 October 1999 and 15 November 1999 with two
secondary peaks on 28 October 1999 and 28 November 1999. For shrimp, shown in the
bottom panels, the maximum quantity landed on any day over the 5-year period was
15,500 kilograms, observed on 12 January 2002, with a secondary peak of 13,300

kilograms on [8 April 1999.
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Squid daily catches (kilograms) at Pattani Fishery Port from 2 January 1999 to 30 June
2001 (upper panel) and from | July 2001 to 29 December 2003 (lower panel)
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Scads daily catches (kilograms) at Pattani Fishery Port from 2 January 1999 to 30 June
2001 (upper panel) and from 1 July 2001 to 29 December 2003 (lower panel)
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Figure 3.2: Daily catches of squid and scads from Pattani Fishery Port: 1999-2003
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Trash fish daily catches (kilograms) at Pattani Fishery Port from 2 January 1999 to 30
June 2001 (upper panel) and from 1 July 2001 to 29 December 2003 (lower panel)
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Shrimp daily catches (kilograms) at Pattani Fishery Port from 2 January 1999 to 30
June 2001 (upper panel) and from 1 July 2001 to 29 December 2003 (lower panel)
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Figure 3.3: Daily catches of trash fish and shrimp from Pattani Fishery Port: 1999-2003

For lobster, shown in the top panels of Figure 3.4, the maximum quantity was 4,900

kilograms, observed on 17 March 1999, with secondary peaks on 13 December 2002,
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Crab, shown in the bottom panels, had a maximum quantity was 26,000 kilograms,
observed on 28 June 1999, with no other peaks anywhere near as prominent.

Lobster daily catches (kilograms) at Pattani Fishery Port from 2 January 1999 to 30
June 2001 (upper panel) and from [ July 2001 to 29 December 2003 (lower panel)
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Crab daily catches (kilograms) at Pattani Fishery Port from 2 January 1999 to 30 June
2001 (upper panel) and from 1 July 2001 to 29 December 2003 (lower panel)
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Figure 3.4: Daily catches of lobster and crab from Pattani Fishery Port: 1999-2003
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3.2 The frequency distributions of the marine fish catch

Figure 3.5 shows histograms and brief numerical summaries of the daily catch weights
of the five species apart from the shellfish before and after a data transformation aimed
at reducing the skewness. For these distributions the data corresponding to a zero catch
on any day were omitted from the calculations. The skewness coefficients for the
weights were all found to be large: 1.53 for mackerel, 0.94 for other food fish, 1.45 for
squid, 1.23 for scads, and 1.57 for trash fish. However, after taking cube roots of the
weights, these skewness coefficients were reduced to —0.01, —-0.34, —0.16, -0.16, and

0.43, respectively, an average of ~0.04.

| Yariable name:{Size i Graph Minimurm Maximum|  Mean | StDev ?é%ewness ékurtasis
| sl
E mackerelkg |1765 || "uu <. | 1000| 196,000 35,340.517| 23,505.788|  1.532| 3.927
otherFoodFishKg |1785: u"”""l]lll,m,, _______ e 1500 773,030 |206,145.354 |119,174.975 0.944| 1.177
et | .
 squidkg {1567 ||||||II | 500| 99,400] 19,660.570 14,263.036|  1.450| 3.907
| ol | 00| sereno]
| scadskg 1763l | 800 667,800 142,218.862 103,217,767  1.233| 1.810
| sl -
trashFishkg (1788, "Il_l_-l_-."l----. ______ et 5000 650,000116,553.128| 83,252,250 1,572 3.607
mackerelCubrt [1765]_,. ll._,|,||| I "I"I,__.,,___________ 9| 58.000] 30,727 7.245| -0.012| 0,250
' fex
i o | e
lotherFoodFishcubrt |1785 ____T____,_._,.._u_lll I ||l||..,,__~_; 11} -91.000 56,165  12,070) -0.338] 0.319
~ squidCubrt 1567 . il ]“"""Il].. 7| 46,0000 24791 6,819, -0.162| -0.199
 scadsCubrt 1763 9| 87.000]  48.423|  13.180| -0.159| -0.031
| trashFishCubrtji788| _ L7 86.000] 45.884|  10.810]  0.432{ -0.287

Figure 3.5: Frequency distributions before and after cube root transformation of daily
catch weights of five marine fish types from Pattani Fishery Port: 1999-2003.

Previous investigators have suggested taking logarithms of fish catch weights prior to

statistical analysis, but these data indicate that taking cube roots provides distributions
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that are more symmetrically distributed, and thus more amenable to statistical analysis
requiring the normality assumption. Taking logarithms over transforms, and results in
negative skewness coefficients. The skewness coefficients resulting from taking

logarithms were found to be —0.94, —1.35, —-0.94, —1.36 and —0.08 respectively.

Figure 3.6 shows histograms and brief numerical summaries of the daily shellfish catch
weights of the three species before and after a data transformation aimed at reducing
the skewness. For these distributions the data corresponding to a zero catch on any day
were again omitted from the éalculations. The skewness coefficients for the weights
were all found to be large: 5.44 for shrimp, 3.52 for crab, and 2.20 for lobster.
However, taking cube roots did not effectively remove the skewness in the shellfish
catch weights. The skewness coefficients rcsulti'n.g.'.from taking cube roots were found
to be 1.13, 0.76 and 0.72 respectively.

However, after taking logarithms of the weights, these skewness coefficients were

reduced to 0.07, 0.07 and -0.14, respectively, averaging out to zero.

lvariable name |Size | ~ Graph ~ [Minimum [Maximam | Mean | StDev |Skewness [Kurtosis
shrimpkgi|378ily,. ... | ‘0| 15,50001,079.757|1,493.752|  5.443| 41.977
i i t R | [ e i el | e ‘ X |
! g : ' ! E
lobsterkg | 719 lh,,,_,,,,,__, _____________ 10/ 4,900| 658.608| 760.766| 2.202| 5.565
_crabkei897illu,....... . . | 10|.26,000(1,665.377]2,077.013|  3.517| 24.914
< shrimDLQ_g_S_?‘B§l_.,ll]llllllll;._l__ o). 43820 96490 6476 1000 o.072| -0.102
i ; : ; f
bl ..
_IobsterLog | 719, -_--_-l.u_l__l......_..l_._|.|,|,|lh-:-;. 2303] 8497|  5932| 1.077| 0.067| -0.553
sootorr| il o] e o
: ! ; : ;
crablog| 897/ _ ||||" ”IHII: | 20033 doptesl  e7avl ¢ 1.s1]  -0,135) -0.428

Figure 3.6: Frequency distributions before and after natural logarithm transformations
of daily catch weights of three marine shellfish types from Pattani Fishery Port:
1999-2003.
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Figure 3.7 shows histograms and brief numerical summaries of the monthly catch

weights of the five species apart from the shellfish before and after a data

transformation aimed at reducing the skewness. The skewness coefficients for the

weights were all found to be fairly large: 0.86 for mackerel, 0.24 for other food fish, -

0.11 for squid, 0.72 for scads, and 1.07 for trash fish. However, after taking square

roots of the weights, these skewness coefficients were reduced to 0.06, —0.004, —0.37,

0.24, and 0.52, respectively.

Graph

| Minirurn |

Maximum | Mean | StDev [Skewness Kurtosis

mackerelkg| 60 s 421600 2,221_,90:;1.000.1,_039,6;30_.200; 295,051.922{  D.856| 3.473
fgodri_ahkg_: n-,..f?.g.. Illll“ll I_ w | 3507750 9,_8?_9,550‘0!30_6,132,824.293;1,561_._,24—_3.654 0.2425 -0.591
squidkg | 60 ..II_I._I.III_ = 210200 BZI,ZDG.DUU_: 513,468,550 142,336,366 -u.wgé -0,900

_ scadskg| 60 2 100490 304,8!]0.000_..4,1_78,864_1-.21_7;1,868,433.556 D?lﬁ ~0.067
rastrishkg|_60 o | szl san 200 3473283200 2S00 0son
_macksqrt| 60 ._.IIII_I]_. = | 649307/  1,490.604 1,009,525 144.242| q.oﬁaf'% 1.730
othersart| 60 lll_l_llllllll i3 =1872‘ng:‘ 3,143.191]  2,456.413 317.073 _-0,0045”:8.?22_

squidSart | 60 | ..IIIIIIII - 45_8.476% 906.201 709.299? 102,657 —0.3595 -0.641

scadsSqrt| 60 _.IIIII“_I._I_ w (1002,447|  3,050.377!  1,994.394 452,400 _0.2415 -0.421

_trashsqrt{ 60 II_IIIII._I___'.___ | 908.421|  3,088.976]  1,774.476|  574.473, 0.5205 -0.483

Figure 3.7: Frequency distributions before and after square root transformation of
monthly catch weights of five marine fish types from Pattani Fishery Port: 1999-2003.

Figure 3.8 shows histograms and brief numerical summaries of the monthly shellfish

catch weights of the three species before and after a data transformation aimed at

reducing the skewness. The skewness coefficients for the weights were all found to be

large: 2.17 for shrimp and lobster, 2.61 for crab. However, taking square roots did not

effectively remove the skewness in the shellfish catch weights. The skewness
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coefficients resulting from taking square roots were found to be 0.85, 1.06 and 1.56
respectively.
However, after taking logarithms of the weights, these skewness coefficients were

reduced to -0.43, -0.06 and 0.65, respectively.

variable name|Size] ~ Graph  |Minimum]| Maximum| Mean | StDev |Skewness Kurtosis
shrimpkg| 57 MMMam= _ _ _ | 280] 37,410.000( 7,160.401| 7,483.880| 2.173| &5.804
lobsterkg| 60 _Illl_. —= | 480 39,052.000{ 7,892.317| 7,750.269|  2.172| 5.477
crabkg| 60 ll[. e _ | 7430(106,500.000 24,897.383(16,606.914|  2.612| 9,210

z i : '

. | |
shrimpLog| 57 ._|||I||II.__ 5,635 10.530 | 3,348 1.134| -0.429] -0.293
i i H i ;

|
lobsterLog| 60 .II I Bon. | 6.174] 10.595 | 8.575 0.921) -0.064] -0.270
crablog! 60 _Illllll._. - {1 so91a| -11.576] 9.970 0.527 0.654| 0.653

Figure 3.8: Frequency distributions before and after natural logarithm transformations
of monthly catch weights of three marine shellfish types from Pattani Fishery Port:
1999-2003.

3.3 Comparison of the marine fish catches by day, month and year

In this section we compare the marine fish catches with respect to the day of the week,
the month of the year, and the year. Confidence intervals, with means joined when pairs
are not statistically different, show the differences in the means of the transformed daily
catches.

Figure 3.9 shows statistically significant differences in the catches on different days of

the week for mackerel and other food fish catch.

26



Confidence intervals for mea
monday
tuesday
wednesday
thursday

ns;:

i

friday
saturday
sunday

Residuals vs normal scores

s,

day |6/1758 | 10.095] 7.1355| 0.0000

i day | Size| Mean iStDev | StError
| monday| 252[31.3452[7.3925 0.4495
|  tuesday| 252|30.9643|7.2625| 0.4495
| wednesday| 254 20.4213[ 7.0805| 0.4477
| thursday| 253 28.9605] 6.0872] 0.4486
| friday|  253| 32,4506 6.3141| 0.4486
| saturday| 248]29.5766]6.5220] 0.4531
| sunday| 253[32.3557|8.9038] 0.4485
!One-way analysis of variance

| mmpter o W FooE e Taevalus
%

|

Resid SumSq: 89,508.33 n: 1765 r-squared: 0.0333

Confidence intervals for means:

day |

day|6/1778 | 17.912| 11.7407| 0.0000

! i Size| Mean | StDev | StError
;’L‘]er;di*; |  monday| 255]57.5843[ 12,3256 0.7352
wednesday S |  tuesday| 254 58.9764| 10.8693| 0.7367
;hgrsday — | wednesday| 256! 57.1250] 11.5072 | 0.7338

rda ; f

Satufday i thursdayi 257 53.9339 | 11.8338 0.7324

sunday | friday| 256] 60,1016 | 10.7491| 0.7338

Residuals vs normal scores | saturday| 2s50]s53.9120] 11.9022] 0.7425
| sunday| 257 51.5214] 12.8474] 0.7324
i

gi §One-way analysis of variance

é | Factor | df F | s |p-value

a i

Resid SumSg: 245,085.23 n: 1785 r-squared: 0.0570

Figure 3.9: Comparison of mackerel (top panel) and other food fish catches by day of

week

For mackerel, the catches on Friday and Sunday are higher than those on Wednesdays,

Thursdays and Saturdays, with Mondays and Tuesdays having average catches. For

other food fish, the pattern is different. The catches on Friday are still relatively high

and the catches on Saturday are still lower than on Mondays and Tuesdays, but Sunday

has the lowest catches.

The patterns for squid and scads are similar, as shown in Figure 3.10. In each case the

catches are lower on Saturday than on others days of the week, but there is no evidence

of any difference between the amounts caught on these other days.
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Confidence intervals for means:
monday
tuesday
wednesday
thursday
friday
saturday
sunday

Residuals vs normal scores i

day ' Size, Mean |StDev @ StError
monday| 232 23.9440| 6.3744 | 0.4371
tuesday| 240) 25.6208| 6.4524| 0.4297
| wednesday| 213] 25.6056| 7.2720| 0.4562
|| thursday| 219 26.8174| 5.7854| 0.4499
friday| 232 25.0733]6.3525] 0.4371
1 :aturdawj? 211 21.4976| 7.3532 | 0.4533
 sunday| 220 24.8364]6.9631] 0.4488
SOne—way analysis of variance
| Eeelr. b df . T | s | p-value
day |6/1560 | 13.838] 6.6573 0.0000

Resid SumSq: 69,138.95 n: 1567 r-squared:0,0505

Eébnﬂdenceﬂni‘ﬁiervals for means: day| Size| Mean | Stbev |S StError
:Er;%?; monday| 253] 48,3281 13.0612| 0.8245
wednesday —2an W Thiesday| 22| a9 4722 13,3382 0.8261
;23':“35’ ——  |[ wednesday| 255]48.9175] 13.83702| 0.8213
Satufda}, | thursday | 252 48. 7937 12.8186 | 0.8261
sunday e ' friday | 253 49, 7747; 1533 DE?Bf 0.8245
Residuals vs normal scores saturday| 248] 44.8387] 11.8297| 0.8328
sunday, 250 48.7680 | 13.727 E 0.8294

EOne—way analysis of variance
e | Factor f i A ek R ’p value
day |6/1756 | 3.929[ 13.1144[ 0.0007

Remd SumSq: 302,009.37 n: 1763 r-squared: 0. 0132

Figure 3.10: Comparison of daily catches of squid (top panel) and scads by day of week

For scads, the catch on Friday has the highest and the catch on Saturday is still lowest

and the catch on Tuesday, Wednesday, Thursday and Sunday having average catches.

Figure 3.11, which shows the comparison for trash fish, indicates that there is no

statistically significant day of week effect on the catch (p-value = 0.76).
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| Confidence intervals for means: day| Size| Mean | StDev | StError
%E'E;%?; monday| 254| 45.4488( 10.9228| 0.6738
wednesday tuesday|  254|46.6850] 10.7149] 0.6788
1{"?3“‘“‘35‘ | wednesday| 256 46,1797 10.9031] 0.6761
riclay i | i
saturday thursday | 257 | 45,8677 10.9043| 0.6748
sunday friday| 256 | 46.2344[ 10.6537 | 0.6761
Residuals vs normal scores saturday|  253| 45.3597| 10.3261| 0.6801
Y :
sunday|  258|45.4100 11.0782| 0.6735

‘One-way analysis of variance

Fastor. . [.:-df 1T F Al | p-value

day[6/1781 [ 0.559]10.8182] 0.7635

?Resid SumSq: 208,435.53 n: 1788 r-squared: 0.0019

Figure 3.11: Comparison of trash fish catch by day of week

For shellfish, the confidence intervals for the means of the log-transformed catches are

shown in Figures 3.12, 3.13, and 3.14. For shrimp, Figure 3.12 shows that the catches

are greater on Wednesdays, with no differences observed between the catches on other

days.

{Ennﬂdencejntervab for means:
monday

ltuesday
wednesday
thursday
friday
lsaturday
lsunday

R

E day | Sizel Mean |StDev QStErrUr

‘Residuals vs normal scores

| monday| 43/6.3766(1.0071] 0.1464
| tuesday| 43(6.0851|0.7431] 0.1464
| wednesday | 70(6.9793[0.9417| 0.1147
| thursday| 50[6.6273]0.9442| 0.1358
g friday| 35|6.2373[0.8378[ 0.1623
| saturday| 95/6.2376/0.9354] 0.0985
| sunday| 42/6.6943[1.2607] 0.1481
%

One-way analysis of variance

p-value

day |6/371| 6.378|0.9600| 0.0000

|
l
|"Faetar |- df | B s
|
|

Resid SumSq: 341.94 n:378 r-squared:0.0935 |

Figure 3.12: Comparison of shrimp catch by day of week

For lobster (Figure 3.13), Thursday have higher catches than Mondays, Wednesdays,

Fridays and Saturdays, but no other differences are statistically significant.
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‘monday
ituesday
wednesday

friday e
saturday
sunday

Confidence intervals for means:

thursday —

Fesiduals vs normal scores

§ day| Size| Mean |StDev IStErrur:mg
|  monday| 56/5.8126/1.0519] 0.1418
|  tuesday| 105[6.1672[1.0345] 0.1036

| wednesday | 160(5.8449]1.2648[ 0.0839
| thursday| 76]6.4032[1.1129] 0.1217
friday | 177|5.7705|0.8969 0.0798
saturday| 99/5.8007 [0.9145| 0.1067
sunday| 46/5.94901.1460 0.1565

Factor [df I [gand S ipwaiue
day |6/712 | 4.559|1,0614| 0.0002

|
|
|
[
IOne—way analysis of variance
|
|
|

Resid SumSq: 802.06 n:719 r-squared:0.0370

Figure 3.13: Comparison of lobster catch by day of week

Finally, Figure 3.14 shows that crab catches tended to be higher on Tuesdays and

Sundays, with no differences between other days of the week.

onfidence intervals for means:
monday — e

wednesday——e—
iithursday e
ifriday P —
saturday —_—
sunday

tuesday s

Residuals vs normal scores

; dayi Sizef Mean fStDev EStErrUr
| monday| 78|6.6562] 1.0008| 0.1240
| tuesday| 163]7.3241[1.1635] 0.0858
| wednesday| 146 6.2735( 1.1934] 0.0906
| thursday| 68|6.5942|1.2229 0,1328
| friday| 194|6.5213|0.9999 | 0.0786
| saturday| 123|6.5333|0.9627| 0.0987
sunday| 125]7.5375| 1.0765, 0.0979

|
{One-way analysis of variance
Factor - [=df | Foili s |p-valus

day |6/890 | 25.210| 1.0951  0.0000

jResid Sumsq: 1,067,30 n:897 r-squared:0.1453

Figure 3.14: Comparison of crab catch by day of week

Figure 3.15 shows that there is an increasing trend on mackerel catches with the

months. The lowest catch was on December. They slightly increased on J anuary and

moderate increased on February. From March to October, the mackerel catches

increased gradually and dropped down again on November. For other food fish, the
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lowest other food fish catch were on December. There is an increasing trend from

January to September, slightly decreased on October and dropped down on November.

Confidence intervals for means:
january
february
march
april

may

june

@uly
august
september
october
november
december

—_———

e T

i i

Residuals ws normal scores

s s
e e i
—

month! Size{ Mean |StDeu | StErrar

january | 142 | 28.3099| 7.5071| 0.5920

fabruary | 134 | 31.2164|9.1556 | 0.6095

march | 147 | 28,5850 6.8054 | 0.5819

april | 144| 30.7500] 6.8219| 0.5879

may | 155 | 30.0452 | 6.6022 | 0.5667

june | 149 31.6174|6.7179| 0.5780

july | 151 31,8344 6.5273| 0.5741

august | 155| 31.7484 | 6.1861| 0.5667

' september | 149 33.0872| 7.8257| 0.5780

. october]| 152 33.3355| 6.4438| 0.5722

november | 147|30.2177|6.6183| 0.5819

december | 1401 27.6071| 7.2655| 0.5963
§One~way analysis of variance

Factor | df F | s |p-value

month [11/1753

i
| 9.750|7.0551| 0.0000

fResid SumSq: 87,253.88 n: 1765 r-squared:0.0577

fCDnﬁdence intervals for means:
lianuary
february
march
april

may

june

july
august
september
october
november
,!decemher

R —

T

L A
———
— i

—_—

PR S

Residuals vs normal scores

One-way analysis of variance

Factor ] :

e B AT e

i p-value

month|11/1773 | 13.409| 11.6331| 0.0000

% month|  Size| Mean | StDev |StError
| jarwary[  144[53.1507 [ 12.9554] 0.9694
| february | 136| 53.8309 | 11.0993| 0.9975
| march | 151] 54.5232] 11.5873| 0.9467
] april | 146 | 58,4521 12,6066 | 0.9628
| may | 155 56.6645 11,0661 | 0.9344
] june | 150{ 57.1400| 11.7176] 0.9498
§ july| 154 57.2087! 10.3192] 0.9374
|  august|  155[58.2516] 11.5885] 0.9344
| september | 149 61,3557 11.0717| 0.9530
| october| 152] 60,1513 11.4063 | 0.9436
| november | 148| 53,9797 | 12,2449 0.9562
| december| 145| 48,4828 11,7864 | 0.9661
|

E

E

i

Resid SumSq: 239,939,15 n: 1785 r-squared: 0.0768

Figure 3.15: Comparison of mackerel (top panel) and other food fish by month
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Figure 3.16 shows that there is an increasing trend on squid catches with the months.
The lowest catch was on November. They slightly increased on December to January
and moderate increased on February. From March to July, the mackerel catches
increased gradually and slightly decreased on August to October. For scads, the lowest
scads catch were on March. There is an increasing trend from April to September,

slightly decreased on October and dropped down on November and December.

Eionﬁcﬁﬁggﬁmﬁlﬁérmeans 5 month | Size| Mean |StDev | StErrar
Hianuary B : i { f
bratrues | january | 125 23.8320( 6.4891 | 06078
imarch | february| 116 24.7069]6.2457| 0.6309
april i | march | 128| 24,1484 7.3282 | 0.6006
ma e : . ‘

Punz P f 114 24.6228(7.4328 | 0.6364
july 137[ 24,7372/ 6.2382| 0.5806
;'ggt’:;hpr P T 141[24.8723/6.7674| 0.5723
october 135| 26,1630 6.9842 | 0.5848
inovember 145| 25,5862 | 6.3744 | 0.5643
december

|Residuals vs normal scores

133| 25,6617 | 6.8234 | 0.5892

133] 25,5263 6.7224 | 0,5892

¥

november |

138 23.5145| 6,9052 | 0,5764

december |

122 23.8852{7.2136| 0.6152

{One-way analysis of variance

| Factor ¢ df | F | s [p-value
j month | 11/1555 |  2.002{6.7952 | 0.0249
IResid SumSq: 71,802.09 n: 1567 r-squared: 0.0140 |
gg:crnﬁdersce intervals for means: | month | Size | Mean i StDev lStEn’Dr |
lanuar — { = i ;
;’]februa\:y [ January[ 141414610 11.9454[ 09922
march ~ —— | february | 134 45,3955 9.8987| 1.0177
§fnpar&'{' ==t [ “march]| 146 39.5890] 11.8104] 0.9750
june april | 144 45,4722| 10.4446 | 0.9818
july — ‘ may | 154 46,4026 11.6071] 0.9494
auglicy : g junel 149! 48.5101]12.4089] 0.9652
september :
otobar e 1 july | 154 52,0130 11.1020 | 0.9494
inovember — august | 154 55,1364 | 11,1976 | 0,9494
idecember e ; : ; i
s o | september | 149 59.5235| 12,2885 | 0.9652
Residuals vs normal scores : ; ; T r -
october | 150 56.1267 | 13.5341| 0.9619
| november| 146 47.5959 12,8033 0,9750
[ december | 142 42.2535| 11.7125| 0.9887
%One~wa',f analysis of variance
(e e T T S S S (ST
month|{11/1751 | 41,285| 11,7812| 0.0000
IResid SumSq: 243,032.48 n: 1763 r-squared:0.2059

Figure 3.16: Comparison of squid (top panel) and scads catch by month
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Figure 3.17 shows that there is an increasing trend on trash fish catches with the

months. The lowest catch was on December. They slightly increased on January and

slightly decrease on February. From March to October, the trash fish catches increased

gradually and dropped down again on November.

%t_:onﬂdence intervals for means: F mDnth! Sizel Mean | StDev [StError
january - e =3 S4c
ey, | january|  144|36.3125| 5.926.*! 0.6
march —-— | february | 140(35.1286| 5.1297] 0.6334
april ! o | march|  151[38.9934[ 5.8052[ 0.6099
ma —— :
jun‘é {h | april|  146]46.1575] 8.4459] 0.6202
july - may|  155|46.8710| 7.3394| 0.6020
| ] = f june|[  150[47.6533] 4.1353[ 0.6110
september ir e
october o july | 153[49.9216| 7.5337| 0.6059
november = | august|  155/50.8645| 8.1113] 0.6020
Sl e [september|  149[59.5705] 6.6294] 0.6140
Residuals vs normal scores -t
+ | october|  152|57.2697| 8.6353| 0.6079
| | november|  146[45.3904(13.2053| 0.6202
[ december|  147[34.8503[ 4.2818] 0.6161
¥ |
;EO e-way analysis of variance
| Factar ] df f 53 o | p-value
| month|11/1776 |176.541| 7.4945]| 0.0000
:Resml SumsSq: 99,753.50 n: 1788 r-squared: 0. 5223

Figure 3.17: Comparison of trash fish catch by month

For shellfish, the confidence intervals for the means of the log-transformed catches are
shown in Figures 3.18 and 3.19. For shrimp, Figtire 3.18 which shows that there is an
increasing trend on shrimp catches with the months. The lowest catch was on March.
They moderate increased on April. From May to July, the shrimp catches decreased
gradually and increased gradually on August to September. It decreased again from

October to December.
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] e 2
%Conﬁdence intervals for means:

rnonth[ Size | Mean IStDeu ]StEerr

{
; !
nuar ; ;
berja\':y | january| 2706.6583[1.2542]| 0.1913
Imarch | february|  40|6.3763|0.8794| 0.1572
aptil [ march| 36l6.1080[1.0555] 0.1657
mas, :
juné - E april|  30/6.8193[1.1985| 0.1815
july e i may | 38(6.7238|0.9793| 0.1612
St jurie 43|6.5647|0.9307 | 0.1516
september : ‘
nctober l july|  28|6.2704|0.9212] 0.1879
november | august]| 32 |6.5506/0.9101| 0.1757
idecember :
e | september | 2816.5712|0.6974 | 0.1879
Pesiduals vs normal scores ; ;
| october] 22{6.3512|0.7329] 0.2119
| november | 256.3737|1.0750| 0.1988
| december|  29/6.2921(1,1206| 0.1846

One-way analysis of variance

;Factor | df E | s

{p-walue

|

month [11/366 | 1.433|0.9940] 0.1556

lResid SumSq: 361.63 n:378 r-squared:0.0413

Figure 3.18: Comparison of shrimp catch by month

Figure 3.19 shows that the lobster catches on June were slightly higher than the other

months. The comparison for crab indicates that there is no statistically significant

between different months. However on June has the highest catch.
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month| Size| Mean |StDev | StErrar

ECDnﬁdence intervals for means: i
January : 1 1 ;
february ! january | 64/6.1011 1.0269 0.1338
imarch I februar\,rf 61{5.9324{1.1084 | 0.1371
!ap”' e | march|  65/5.9846]1.1344] 0.1328
imal e S e ‘ , f
Zl'un; S R [ april|  556.0177]1.1480 | 0.1443
linly — | may|  71/5.9472/1.1682| 0.1270
jf’“gugt R I june|  68[6.2837/1.1397 0.1298"
Eseptember _ — : ; ‘
nctober e | july|  49/5.6456,0.9582| 0.1529
november |  august|  56(5.86891.1536 0.1430
december p p ; r

: |september|  56/5.94270.8198| 0.1430
§R95|duals vs harmal scores 5 } ;
| | october|  53[5.9816[1.0345] 0.1470
i : ; 5
| | november|  65/5.7341/0.9665 | 0.1328
]! | december|  56/5.6321/1.0801] 0.1430
|

One-way analysis of variance
df F | s |p-value

I Factor ‘ i
| month|11/707 [ 1.810]1.0704] 0.0488

1]

lResid SumSq: 810.06 n:719 r-squared:0.0274

iConfidence intervals for means:
january
february

march
papril
!!rnaﬁ,f
E'une
Edulv

jaugust
september
october
november
idecember

i 3
iResiduals vs normal scores

il

month [11/885 | 1.782[1.1749] 0.0530

é manth | Size[ Mean fStDev IStErrcn'
| january!  78|6.8954]1.0407] 0.1330
| february|  75[6.6251[1.1073 0.1357
|  march|  75[6.8104[1.1811[ 0.1357
| aprilf  64|6.87411.2266 0.1469
| may|  89]6.7610]1.2273 0.1245
I june|  90{7.0687[1.1984[ 0.1238
| july|  67|6.8720[1.1847] 0.1435
| august|  63[6.7172[1.1572] 0.1480
| september|  76[6.9178[1.1441] 0.1348
| october|  78|6.8672[1.1687 0.1330
| november|  74[6.5232[1.1613] 0.1366
| december]  68[6.4204[1.2911[ 0.1425
!One—wa\; analysis of variance

} Factor | df § E ! 5 gp—value
|

l

Resid SumSag: 1,221.64 n:897 r-squared:0.0217

Figure 3.19: Comparison of lobster (toﬁ panel) and crab catch by month

Figure 3.20 shows that the highest mackerel catches were on the year 2000. After the

year 2000, the catch slightly decreased.
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Confidence intervals for means:

r E yearé Sizel Mean | StDev lStEerr

19 I ;

;ngg | 1999  347] 31.2536 7.6305] 0.3855

2001 s | 2000] 358] 32.2626] 7.3170[ 0.3796

Zggg | =2001]  351] 30.7778] 6.9267| 0.3833
2 ; %

e | 2002| 353| 30,0113 7.4746| 0.3822
| I

| 2o003] 3s6] 29.3287] 6.5125] 0.3306

One-way analysis of variance

|
|
f ; =
5 Pastarf df- L F s | pewaliie
|
1

year| 4/1760 |  8.813| 7.1817| 0.0000
Resid SumSq: 90,774.17 n:1765 r-squared:0.0196

Figure 3.20: Comparison of mackerel catch by year

Figure 3.21 shows that the highest other food fish catches were on year 2000. After the

year 2000, the catch slightly decreased.

ﬁ,fearl Size[ Mean | StDev | StError

1999 e

Sean | 1999  3s5] 5e.2225] 13.1570[ 0.6280

2001 .. | 2000 3e0] 59.8806] 13.0110] 0.6245

gggg | 2001]  357[ 5e.5042[ 10.7840] 0.6271
: | 2002  357] s5.7227] 10.9754[ 0.6271

Residuals vs normal scores ] ; ] ;

> | 2003] 356] 52,4522 11.0787[ 0.6280

One-way analysis of variance

Fagtor - df "} E 5 | p-value
year| 4/1780 | 17.787 | 11.8400| 0.0000
Resid SumSq: 249,910,26 n: 1785 r-squared: 0,038

Figure 3.21: Comparison of other food fish catches by year

Figure 3.22 shows that maximum catches were on the year 1999 and the minimum
catches were on 2003. For squid, the catches were decrease dramatically from 1999 to

2003 with no different between the year 2000, 2001 and 2002.
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IConfidence intervals for means: | year

Size| Mean fStDev | StErrar %
i

10
f;égg | 1999 310| 27.0613] 6.2731] 0.3734 |
2001 . | 2000 313 24.9073| 6.1154] 0.3716 F
gggg T | 2001] 320] 254833 6.8432[ 0.3625 |
s : z
e : | 2002 325 24.9262[ 6.4565] 0.3647 |
iResiduals vs normal scores ! |
2003|  290| 21.3034] 7.1638| 0.3861 |

‘One-way analysis of variance

r;actar E df i E [ s ] p-value
year| 4/1562 | 30.609| 6.5750] 0.0000
|Resid SumSq: 67,525.83 n: 1567 r-squared: 0.0727

Figure 3.22: Comparison of squid catch by year

Figure 3.23 shows that maximum catches were on the year 2002 and the minimum
catches were on 1999. For scads, the catches were increase dramatically from 2000 to

2002 and dropped down again on the year 2003 with no different between 2000, 2001,

2002 and 2003.
| vear| size| Mean | Stbev | StError
| 1999|345 43.9942| 12.3253] 0.6066 |
| 2000] 355 47.6011] 12.9920] o0.6858 |
| 2001| 354 48.7938] 13.8660] O0.6877
2002|  353| 51.7847] 13.0087] 0.6887

E
| 2o003| .3s5| 49.8366( 12.4297] 0.6867
i
i

[One-way analysis of variance
]Factur : df E
| year|4/1758 | 17.554] 12.9388] 0.0000

IResid SumSq: 294,309.46 n: 1763 r-squared: 0.0364
e

F; f s | p-value

E
§

Figure 3.23: Comparison of scads catch by year

Figure 3.24 shows that maximum catches were on the year 1999 and the minimum
catches were on 2001. For trash fish, the catches were decrease dramatically from 2000

to 2001 with no different between 2000, 2001, 2002 and 2003.
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Confidence intervals for means: |

, ! year| sSize| Mean | StDev | StError

11999 e o

s | 1999  353| 49.9802| 11.0432] 0.5613

leoo —— | 2o000{ 359 46.0474] 10.0017] 0.5566

Egggg e | 2001] 360| 42.5139] 8.8591] 0.5558

S | 2o00z] 360[ 46.2000] 10.3053] 0.5558

Residuals vs normal scores 3

i 2003|  356| 44.7444| 12.2495] 0.5589
i i

FEctand @ . F - [ p-value
|

year| 4/1783 | 23.645| 10.5462| 0.0000

g E
g s
! .
| i
; {One-way analysis of variance
?’ ?
| |
! I
| {

Figure 3.24: Comparison of trash fish catch by year

Figure 3.25 shows that maximum catches were on the year 1999 and the minimum
catches were on 2000. For shrimp, the catches were increase dramatically from 2000 to

2002 and slightly decreased on the year 2003.

Confidence intervals for means: year| Size| Mean | StDev | StError

i
1999 s .

maa0 | 1999 137| 6.9288| 0.8977| 0.0804
BODL et | 2000{ 102 6.1317[ 0.9208] 0.0932
SO | 2001] 79] 6.2017] 0.9616] 0.1059

2003 : : :
: | =2002| 37| 6.4459] 1.0969] 0.1547

Residuals vs normal scores ! : ; f
- | 2003| 23| 6.2912| 0.9436] 0.1962

/ %One—way analysis of variance

g faston ) df o) B | -5 o] p-valus

| year|4/373 | 13.257| 0.9410] 0.0000
iResid SumSq: 330.26 n: 378 r-squared:0,1245

Figure 3.25: Comparison of shrimp catch by year

Figure 3.26 shows that maximum catches were on the year 1999 and the minimum
catches were on 2003. For lobster, the catches were decrease dramatically from 2000 to

2003 with no different between 2000, 2001, 2002 and 2003.
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TCandenCE IntB["'."alS for means: : },»earj sze! Mean I Sthev ! StError

éggg 1999| 198 6.6322| 1.0462| 0.0698
o001 e 2000 183| 5.7953] 0.9538[ 0.0726
ol B 2001| 155 5.7293] 0.9571] 0.0789
l2no3

2002| 107| 5.5110| 0.9346| 0.0950

Residuals vs normal scores .-* : [
2003| 76| 5.4426| 0.9730| 0.1127

Factor! df % F F s 3 p-value
year| 4/714 | 37.326| 0.9822] 0.0000

|
i
|
|
i
!
lOne—way analysis of variance
|
l
I
i

Resid SumSq: 688.83 n:719 r-squared:0.1729

Figure 3.26: Comparison of lobster catch by year

Figure 3.27 shows that maximum catches were on the year 1999 and the minimum

catches were on 2003. For crab, the catches were decrease dramatically after the year

1999 with no different between 2000, 2001, 2002 and 2003.

i;CDhﬁdenCE iﬂter‘.fa|5 fUr means. ! year{ S|Zel Mean g StDev | StError
1999 '

e 1999 232| 7.2362] 0.9851] 0.0756
2002

2001| 175 6.5989( 1.0881| 0.0871
2002| 154 6.7312] 1.3592| 0.0928

2003
Residuals vs normal scares

|
I
N0 |  2o00] 21-1{ 6.5929| 0.9492| 0.0793
i
|

2003| - 125| 6.6157| 1.5067| 0.1030

One -way analysis of variance

b

fFeetor|. df [ F [ s [ p-value
year| 4/892 | 12.264| 1.1519| 0.0000
Resid SumSq: 1,183.60 n:897 r-squared:0.0521

Figure 3.27: Comparison of crab catch by year

Figure 3.28 shows marine fish catches and shellfish catches by day of week. For the
marine fish catch, the mﬁximum catches were other food fish, followed by scads, trash
fish, mackerel and squid respectively. Compared between different days, the catches
were quite high on Friday. For the shellfish catches, the maximum catches were crab,

foilowed by shrimp and lobster respectively.
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Figure 3.28: Marine fish and shellfish catches by day of week

Figure 3.29 shows marine fish catches and shellfish catches by months. For the marine
fish catch, the maximum catches were other food fish, followed by scads, trash fish,
mackerel and squid respectively. Compared between different months, the catches were
quite high on September. For the shellfish catches, the maximum catches were crab,

followed by shrimp and lobster respectively.
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Figure 3.29: Marine fish and shellfish catches by month

Figure 3.30 shows marine fish catches and shellfish catches by years. For the marine
fish catch, the maximum catches were other food fish, followed by scads, trash fish,

mackerel and squid respectively. Compared between different years, the catches were
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quite high on the year 2000. For the shellfish catches, the maximum catches were crab,
followed by shrimp and lobster respectively. Compared between different years, the

catches were quite high on the year 1999.
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Figure 3.30: Marine fish and shellfish catches by year

In Chapter 4 we use time series analysis to investigate and model the trends in the

monthly series of marine fish catch in Pattani Fisheries Port.

41



