Chapter 3
Preliminary Data Analysis

In this chapter we describe the preliminary data analysis_bascd on the quantitics 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 Scction 3.2, with the aim of using a data transformation to reduce
skewness. After further study of the mosi appﬁﬁpri ate transformation, in Section 3.3 we

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

A time series 1s 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, ﬁrovide an cxample of time
serics. However, on some days no boats camcl m or no boats caught any fish of a
particular species. This situation could be regarded as a zero catch il an attemnpt 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 ol these data as bar charts.

For mackerel, shown in the Lop panels of Figure 3.1, thc maximum quantity ianded 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, Tor other food fish,

shown in the boftom panels of TFigure 3.1, the maximum guantity recorded was 773,030
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kilograms, obscrved 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 pancl)
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Other food fish daily catches (kilograms) at Pattani Fishery Port from 2 JTanuary 1999 to
30 June 2001 (upper panel} and from 1 July 2001 to 29 December 2003 (lower pancl)
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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 pancls of Figure 3.2, (he 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 é@d& shown in the bottom pancls of
Figure 3.4, the maximum quantity landed on any.day was 667,800 kilograms, observed
on 2 October 2003, with one other calch above 600,000 kilograms on 19 September

2001.

Trash fish, shown in the top pancls of Figure 3.3, had a maximum catch of 650,000
kilograms, observed on both 5 October 1999 ;md 15 November 1999 wi_th 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 18 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 1 July 2001 to 29 December 2003 (lower panel)
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Scads daily catches (kilograms) at Pattani Fishery Port from 2 January 1999 o 30 June
2001 (upper panel) and from } July 2001 to 29 December 2003 (lower panel)
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Figure 3.2: Daily caiches of squid and scads from Patlani 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 pancl) 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

Far lobster, shown in the top panels of Figure 3.4, the maximum guantity 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 maxirmim guantity 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 Januury 1999 to 30
June 2001 (upper panel) and from 1 July 2001 io 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 | July 2001 to 29 Deccmber 2003 (lower panel)
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Figure 3.4: Daily catches of lobster and crab from Pattani Fishery Part: 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 bf the daily catch weights
of the five species apart from the shelltish before and after a data transformation ﬁmed
at reducing the skewness. For these distributions the data corresponding to a zero catch
on any day were omitted [Tam 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 [.57 for irash fish. However, after tuking cube roots of the
weights, these skewness coellicients were reduced to -0.01, -0.34, -0.16, -0.16, and

(.43, respectively, an average of —0.04.
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Flgure 3.5: Frequency distributions before and after cube root transformation of duily
catch weights of five marine fish types from Pattani thery Port: 1999-2003.
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Previous investigators have suggested taking logal ithms of fish catch weights prior to

statistical analysis, bul these data indicate that taking cubc roots provides distributions



that arc more symmetrically distributed, and thus more amenable to statistical analysis
requiring the normality assumption. Taking logarithms over transforms, and results in
neguiive skewness coefficicnts. 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 omiited from the ;:alculations. 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 eftectively remove the skewness in the shellfish
caich weights. The skewness coefficients rcsuitihéfmm taking cube roots were found
to be 1.13, 0.76 and 0.72 respectively.

However, after taking logarithms of (he weights, these skewness coefficients were

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

i
jwariable name; Size

 shrimgkg| 276

__CrabKg 89

shrimpLog) 378

lobsteriog| 718 uiliimhlllllll | 2303) by

bmgl%? . lll!ﬂmm!h | zavsl anaes  ager  sasyl

Figure 3.6: F-i‘equcncy distributions belore 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 numeriéal summarics of the monthly catch
weights of the five species apart from Lhe shell(ish beflore and aller 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 foed fish, -
0.11 for syuid, 0.72 for scads, and 1.07 [or (rash [ish. However, aller taking square
roots of the weights, these skewness coefficients were reduced to 0.06, -0.004, —0.37,

0.24, and 0.52, respectively.
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Figure 3.7: Prcqucncy distributions before and after square root transformation of
monthly catch weights of five marine fish types from Pattani Fishery Port: 1999-2003.
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Figare 3.8 shows histograms and brief numerical summaries of the monthly shellfish
catch weights of the thres species before and ulier a data (rans{formation aimed at
reducing the skewness. The skcwness cocfficients 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



coefficicnts resulting from taking square roots were [ound to be 0.85, 1.06 and 1.56
respectively.
However, after taking logarithms of the weights, these skewness coeflicients were

reduced to -0.43, -0.06 and 0,63, respectively.
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Tigure 3.8: Frequency distributions before and ulter 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 vear. Confidence intervals, with means joined when pairs
are not statistically different, show (he differences in the means of the transformed daily
catches.

Frgure 3.9 shows statistically significant differences in the caiches on different days of

the week [or mackerel and other food fish cutch.
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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 caiches 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 ol the week, but there is no evidence

of any difference between the amounts caught on these other days.
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Flgure 3.10: Compurison of dai]y 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 catchces.

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

statistically significant day of week effect on the catch (p-value = 0.76).
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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 caiches on other

days.
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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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Figure 3.13: Comparison of lobster catch by day ol week

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

Sundays, with no differences helween other days of the week.
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Flgurc 3.14: Comp.imcm of crab catch by day of wcck

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

months. The lowest catch was on December. "l_‘l'i'é;slightly increased on January and

moderate increased on February. From March to Oclober, 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 deereased on October and dropped do wn on Novermber.

’CUHFLJEHCF* intervals. for means:
Hanary
february
rnarch

hapri

3

Ema\;

[ ——

(F§ ]

jrily
august
septembnr
nctober:
»rrmfember .
idee:ember ——

( u:luais ws normal scores

. .ssﬁptemb-er gm

. jt‘.’me-way gnalysis:of warignce

Size! wean StDev | StEmor.
142 | 2e.3098] 7.5071 ] 0 om0
134| 41,2164 9.1556 | (.5005
147 28.5850 6. 8054 ;5016
1dds 30,7500 6. -aﬂi@"}' 05878,
155§ U452 | 6.8072 | 0.5667
149 EL. mm%& 71795 U.EFRD
1517 31,8344 a.527a ] THEra
155 [ 317484 AL B1] niseEY
-;1;1_4-'_:.;33;913 2{7:8257] 0.5eed ¢
152| 33.9955| 6.4439 05722
147 °30:2177|8.8160; 05310
140: 27.8071{7.2685, 0.5963

mentr |

jaruary | .-

february .

march]

~aprl]

Ul:tnbar

nwember;

dpt:ember{

P Fagter ) df o | F | s prualue
 month fim ,fsa 9.750{7.055%] 00006
Racid SumST: 67,253.58 11 1765 rsuuersdi0. 077

danuary
february
imarch
Laprit

raay

junia

uly
Jalgust
iseptember
october
novemhber:
decembier

Residuzls. vs. nurmal scones

i march
AT may |
4! septembar
B ':deaembeﬁé

é Factar - % :r:if..'f;, F :;:§j: s:

Tetoeyv. | Sterrer
2 0554 § i:i;gféngsé: .
11.0093 ] oy5e75 |
11,5873 0.9467 -
12,6068 [ 0.9528

T imaiE: 1897
136 | 532308,

- '1'51”_1 54,5282
126 se 4521.5:.

_ - _155;

Cjunel 150 &7, lm-if::b
|57
E

Februaw

5

. ﬂ_qpn}]

Gl too o 154

| auqust : 'j.::155

12961, P

152 | 605131

" ran| 53,9797 | 1
1457 44, 4"&12&

i octoberde .

t movairibgr |

L ?864 n.3861

fOne way‘ anal\;sls cif warEnce

p value
11773 13 405 11,6851 0.0000 |

ﬁ mmnt} :

gﬂ.ﬂﬁld Suqu 25‘9 939 18T 1#85 r—squal el ; D?GB

Figure 3.15: Comparison of mackerel (top pavel) 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 calch was on November. They slightly increased on December to January
and moderate increased on February. From Maich 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 Septerber,

slightly decreased on October and dropped down on November and December.
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Figure 3.16: Comparison of qquld (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 Deccmber. They slightly increased on January and

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

gradually and dropped down again on November.
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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, Figure 3.18 which shows (hat 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

QOctober to December.
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Figure 3.18: Comparison of shrimp catch by month

Figure 3.19 shows that the lobsler catches on June were slightly higher than the other
months. The comparison for crab indicates that there is no statistically significant

between ditterent months, However on June has the highest caich.
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Figure 3.19: Comparison of lobster (top 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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Flgure 3.20: Comparison of mackerel catch by veur

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

vear 2000, the catch slightly decreased.
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F1gure 3.21: Comparison of other food fish catches by year

Tigure 3.22 shows that maximurm 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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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,
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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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Figure 3.24: Comparison of trash fish catch by year

Figure 3.25 shows that maximum catches were on the vear 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.
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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, Tor lobster, the catches were decrease dramatically from 2000 to

2003 with no ditferent between 2000, 2001, 2002 and 2003,
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Figure 3.26: Comparison of Jobster catch by year

Figure 3.27 shows that maximum catches were on the vear 1999 and the minunum
catches were on 2003. For crab, the caiches were decrease dramatically after the year

1999 with no different between 2000, 2001, 2002 and 2003.
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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, ihe maﬁimum catches were other food fish, lollowed 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 caiches were crab,

followed by shrimp and lobster respectively.
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Figure 3.28: Marinc fish and shellfish catches by day of week

Figure 3.29 shows marine fish caiches and shellfish caiches by months. For the marine

fish catch, the maximuam catches were other food fish, followed by scads, trash fish,

mackere] 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 respectivel v
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Figure 3.29: Marine fish

and shellfish catches by month

Figure 3.30 shows marine fish catches und shellfish catches by years. For the murine

fish catch, the maxumum 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 {ish and shellfish catches by year

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

monthly series of marine fish catch in Pattani Fisheries Port.
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