











TABLE OF CONTENTS

ACKNOWLEDGEMENTS i
SUMMARY ii
LIST OF FIGURES iv
LIST OF TABLES vi
CHAPTER 1 1
INTRODUCTION 1
1.1, Background Information 1
1.2.  Vessels and Trawl Gears 4
1.3.  Problem context and definition 14
1.4.  Species description 16
1.5. Conclusion 25
CHAPTER 2 26
INTERCALIBRATION PROCESS 26
2.1.  Introduction 26
2.2.  Comparative trials 26
2.3.  Literature review 30
CHAPTER 3 42
RESEARCH METHODOLOGY 42
3.1.  Introduction 42
3.2. Experimental Method 42
3.3.  Existing Data 45
34. Study areas 47
3.5.  Analytical Methods 48
3.6 Conversion between FRS Africana (old trawl gear) and FRS Africana (new trawl
gear) 71
3.7 Conclusion 73
CHAPTER 4 74
HAKE STUDY 74
4.1. Introduction 74
4.2,  Exploratory analysis of the hake length frequency data 75
4.3. Hake Data Modelling 81
4.4, Conclusion 83

iil



CHAPTER 5

86

DATA ANALYSIS

86

5.1. Introduction

86

5.2.  Exploratory Data Analysis

86

5.3.  Application of the methods

100

CHAPTER 6

CONCLUSION AND RECOMMENDATIONS

6.1. Introduction

148
148
148

6.2. Recommendations

150

6.3. Conclusion

152

REFERENCES

APPENDICES

v

153
158



LIST OF FIGURES

Figure 1.1:
Figure 1.2:
Figure 1.3:
Figure 1.4:
Figure 1.5:
Figure 1.6:
Figure 1.7:
Figure 1.8:
Figure 1.9:

Figure 1.10:
Figure 1.11:
Figure 1.12:
Figure 1.13:
Figure 1.14;
Figure 1.15:
Figure 1.16:

Figure 3.1:
Figure 3.2:
Figure 3.3:
Figure 3.4:
Figure 3.5:
Figure 4.1:
Figure 4.2:
Figure 4.3:
Figure 4 4:
Figure 4.5:
Figure 4.6:
Figure 4.7:
Figure 4.8:
Figure 4.9:
Figure 5.1:

Figure 5.2:
Figure 5.3:

Figure 5.4:
Figure 5.5:
Figure 5.6:
Figure 5.7:
Figure 5.8:

Figure 5.9:

Figure 5.10:

FRS Africana .......c..c.oocoiiiiiiiiiiiiiiiiiiiiiii e
RV Dr Fridtjof Nansen .............c..cooievveiiiiiiiiiiiiinininiiiiininiaene
Old trawl gear on FRS Africana ..............c..cooooiiiiiiiiiiciniennns
New trawl gear on FRS Africana ..............cooovveiiiiiiiiiiiiiiin e,
Trawl gear on RV Dr Fridtjof Nansen .. et e
Direct survey biomass estimates for Cape Hakes .....................................
Merluccius CaPEnsSis ...........oc.ovuivreeiiiiiniieinii e
Merluccius paradoxus ..............oooiieeieiiiiiniiiiiiiae e
GENYPLEIUS CAPENSIS ...ov.vevereeneneiisieereit et e et v rire e e errenenas
Cynoglossus zANZIDAFeNSIS ..........ccvuviiiiiiiaiaiaeren e ceeeeenenens
LOPRius VOMEVINUS «....oouiiiiiiiiiiiiiii ittt eaesieesrene e
Trachurus CAPensis ..........coveviiiiieieiiaiiiniiiiiii e aeiitcceeesaeeenes
Chelidonichthys Capensis ............ccoceieiiiiiiiiiiiiiini i,
Chelidonichthys qUEketti ...........c.vuviuuiiniieiiiiiiiiiii i eneaeaeeren
ZEUS CAPENSIS .oeoviniiiiineaeatit ittt ettt
Helicolenus dactyloprerus ...........ccveuriiiiiiiriiiiiiiiiiiiinsainineenenans
Total catch of FRS Africana against total catch of RV Dr Fridtjof Nansen..
Total catch of FRS Africana (with new trawl gear) against time of day ....
Map of the West Coast of South Africa showing trawled stations during the
intercalibration trials (2001 and 2002).........ccoiiiiiniiiniiiirienriaeenes

Histograms of total catch of RV Dr Fridtjof Nansen and FRS Africana (old
tAW] BEAT) ...t
Histograms of total catch of RV Dr Fridtjof Nansen and FRS Africana (new
ErAW] BEALY . .vieiii i e
Adjusted M. capensis frequencies of size classes at each depth class for RV
Dr Fridtfof NANSEn ..........ccovuiuiiiiiniiiiiiii e iiiineineiieneene e ianennnenen
Adjusted M. capensis frequencies of size classes at each depth class for FRS
AfFICANGA ..o e
Frequency ratios for M. capensis .............cccoiiiiiiiininiiiniiiiiiiniiinn,
Log frequency ratios for M. capensis .........c..ccooviviiiiiiiiiiiiiiiiinnnnnn.,
Adjusted M. paradoxus frequencies of size classes at each depth class for RV
Dr Fridifof NANSER .........co.ceeniieieiiniiiiiin i eeeas
Adjusted M. paradoxus frequencies of size classes at each depth class for FRS
AfFICANGA <.t
Frequency ratios for M. paradoxus ............c...cooeiiiiiiiniiieieiniiiiininn.
Log frequency ratios for M. paradoxus ...........c....ccocoiiiiiiiiiiiiiininiiann
Plot of residuals against depth for the two hake species .......c..coevvvnericerennne
Scatterplots of CPUA for FRS Africana (old trawl gear) against RV Dr
Fridof Nansenm ...........c.oooeieniiiiiiiirennii et enenenanes
Histograms of catch per unit area of both research vessels, for each species ..
Plots of difference and ratio of vessel CPUA against trawl depth, for each
SPECICS .ttt ettt et
Scatterplots of CPUA for FRS Africana (new trawl gear) against RV Dr
Fridtfof Nansen ...............ccooveiiiiiiiniiiiiiiiiiiiiiiiii e
Scatterplot of G. capensis after removal of outlier ..................cooiii
Histograms of catch per unit area of both research vessels .......................
Plots of difference and ratio of vessel CPUA against trawl depth, for each
T = S PPN
Scatterplots of log-transformed CPUA of FRS Africana (old trawl gear)
against RV Dr Fridtjof Nansen ................c.cooiiveiiiiiiniiiiiiniiniiienenenenes
Bootstrap estimates of the Kappenman conversion factor .........................
Scatterplots of log-transformed CPUA of FRS Africana (new trawl gear)

10
11
13
14
16
17
18
19
20
21
21
22
23
24
44
44

48

49
49
77
77
78
78
80
80
81
81
84

88
90

92



Figure 5.11:

against RV Dr Fridtjof Nansen ..................cocvvnennn..

Bootstrap estimates of the Kappenman conversion factor

Vi



LIST OF FIGURES

Figure 1.1:
Figure 1.2:
Figure 1.3:
Figure 1.4:
Figure 1.5:
Figure 1.6:
Figure 1.7;
Figure 1.8:
Figure 1.9:

Figure 1.10:
Figure 1.11:
Figure 1.12;
Figure 1.13:
Figure 1.14:
Figure 1.15:
Figure 1.16:

Figure 3.1:
Figure 3.2:
Figure 3.3:
Figure 3.4
Figure 3.5:
Figure 4.1:
Figure 4.2:
Figure 4.3:
Figure 4.4;
Figure 4.5:
Figure 4.6:
Figure 4.7:
Figure 4.8:
Figure 4.9:
Figure 5.1:

Figure 5.2:
Figure 5.3:

Figure 5.4
Figure 5.5:
Figure 5.6:
Figure 5.7:
Figure 5.8:

Figure 5.9;

Figure 5.10:

FRSAFIcana ......c.ccoocoioviiiiiiiiiiiiiiiniiiiiii e cecavieae e
RV Dr Fridtjof Nansen ..............c.coveiiiviiiniinioneiiniiiinieeeneneeen,
Old trawl gear on FRS Africana .............ccooviiiiiiiiiiinnincereniecenenn
New trawl gear on FRS Africana ................oocceviiiiiiiiiciiiiiniean,
Trawl gear on RV Dr Fridtjof Nansen .. USRI
Direct survey biomass estimates for Cape Hakes .....................................
Merluccius CAPENSIs ..........ovuieueiiiiieniiaen e eenee e eeensanenns
Merluccius paradoxus ............o.oooeveiiiriniiiiiiiiii i
GENYPIEPUS CAPENSIS ...ovuveeeerereeneeirairanen e enete e et et e e raeneenns
Cynoglossus ZanzibArensis .............c..ooovviiiiiiiuiiiiiimmans vieenienenenn,
Lophius VOMErinus ..........oooiviiiniiiiiiiiiiiiiii et st se e
Trachurus CAPENMSIS ......ccvvueneniiniiriiiiiiiearre et ee e emrreeesenessaesannvenes
Chelidonichthys CAPENSIS .........ccveuvuiiuiiuniieeiiieeiensiiii e anenennas
Chelidonichthys QUEKELti .........c.coveueneiiieeriininiieieaeiieseeneaneeaen
ZEUS CAPERSES «.nviereenienrnearenteteeratitrtarereetenensraerntrasensasrteeronsraes
Helicolenus dactylopterus ..............ovoiuvirieiiiiieiiiiiiiininieieianennan,
Total catch of FRS Africana against total catch of RV Dr Fridtjof Nansen..
Total catch of FRS Africana (with new trawl gear) against time of day ....
Map of the West Coast of South Africa showing trawled stations during the
intercalibration trials (2001 and 2002)..........ccveiiiiiiieiiirrerieeeenn,

Histograms of total catch of RV Dr Fridtjof Nansen and FRS Africana (old
tFAW] BEAT) ..vivniiii e
Histograms of total catch of RV Dr Fridtjof Nansen and FRS Africana (new
TFAW] ZEAT) L.uinieiiiii e
Adjusted M. capensis frequencies of size classes at each depth class for RV
Dr Fridtjof Nansem ..............cocovoviiiiiiiiiiiiiiiiiiiiiniiiiiininiceiiien e
Adjusted M. capensis frequencies of size classes at each depth class for FRS
AfFICANG ..ottt e e e et e et e e st aeaeaa e
Frequency ratios for M. capensis ..............ccoeoiiiiininiiiiiiiiiiiiinaninn,
Log frequency ratios for M. capensis ..........c..ccovveieieniiiiirerneneneennnnnnn
Adjusted M. paradoxus frequencies of size classes at each depth class for RV
Dr Fridtfof Nansen ...........cccciieiiiiueuiuiiiiiieiiieiiirinenisineearneaean
Adjusted M. paradoxus frequencies of size ckasses at each depth class for FRS

AfFICANA ......cconiniiiiiiiii i e
Frequency ratios for M. paradoxus .............ccooeviiiiiiiiiiiiniiiiiniiiiinnnn,
Log frequency ratios for M. paradoxus ................. e
Plot of residuals against depth for the two hake species ..........ccoveiiincnnncncne

Scatterplots of CPUA for FRS Africana (old trawl gear) against RV Dr
Fridtfof Nansen ..........cccovoviiiiiiiiriiiiiiiiiiiiie s esteeeceeenenannaas
Histograms of catch per unit area of both research vessels, for each species ..
Plots of difference and ratio of vessel CPUA against trawl depth, for each

] 1o £ P
Scatterplots of CPUA for FRS Africana (new trawl gear) against RV Dr
Fridtfof Nansenm ............cvininiiiiiiiininnniici s crine e eneeanenenanas
Scatterplot of G. capensis after removal of outlier ..............c..cocieiiiiini
Histograms of catch per unit area of both research vessels .......................
Plots of difference and ratio of vessel CPUA against trawl depth, for each
SPECIES v vuvnenennrrenenrneneaeeranresonsuenanannneneneaeanerenanettaastesrneneanrnnss
Scatterplots of log-transformed CPUA of FRS Africana (old trawl gear)
against RV Dr Fridtjof Nansen ............c.c.oeeieineiiiuiiiinnneieniiniieninnnnnnes
Bootstrap estimates of the Kappenman conversion factor .........................
Scatterplots of log-transformed CPUA of FRS Africana (new trawl gear)

10
11
13
14
16
17
18
19
20
21
21
22
23
24
44
44

48

49
49
77
77
78
78
80
80
81
81
84

88
90

92



Figure 5.11:

against RV Dr Fridtjof Nansen ................cooviviieieiiiiiiiininniieneiinen
Bootstrap estimates of the Kappenman conversion factor ...............c.ccceees

vi



LIST OF TABLES

Table 3.1: (109 trawls in 2001 and 2002) FRS Africana (old trawl gear) and RV Dr

Fridtfof NABSER ........ccvuineeiiiiiieei i iiisseer e e eierear et easnenananans 46
Table 3.2: (95 trawls in 2004) FRS Africana (new trawl gear) and RVDr Fridtjof Nansen 46
Table 3.3: Summary of the analytical methods used in the study ........................... 71
Table 4.1: Adjusted M. capensis length class frequencies from FRS Africana (old trawl

gear) against RV Dr Fridtjof Nansen at different depths................c.cccoeen.. 76
Table 4.2: Adjusted M. paradoxus length class frequencies from FRS Africana (new trawl

gear) against RV Dr Fridtjof Nansen at different depths...................ocoee. 79
Table 4.3: Rank correlations between residuals and depth ............ccooeeeiiiiiinnn, 85
Table 5.1: Descriptive statistics of CPUA data from RV Dr Fridtjof Nansen ............. 93
Table 5.2: Descriptive statistics of CPUA data from FRS Africana (old trawl gear)...... 93
Table 5.3: Descriptive statistics of CPUA data from RV Dr Fridtjof Nansen ............ 99
Table 5.4 Descriptive statistics of CPUA data from FRS Africana (new trawl gear) ... 100
Table 5.5: Results of WLS regression line through origin (1) .......cccoeviiiiiiinininnna, 101
Table 5.6: Results of WLS regression line through origin (2) .......cccocevveiiinicninnnn. 102
Table 5.7: Shapiro-Wilks normality tests for log-transformed variables ................... 105
Table 5.8: Results of first method in log-transformation ..............ccooiviiiiiiiinnnn.. 106
Table 5.9: Hypothesis test for zero intercept in second method of log-transformation ... 106
Table 5.10: Results of second method in log-tranformation .............cccceeeveveneienenn.e 107
Table 5.11: Shapiro-Wilks normality tests of variables X? and r*Y* for each species from

both research vessels in Kappenman method ...............cccocevveiiininenannn., 108
Table 5.12: Results of the Kappenman’s method ...............ooooiiiinne. 108
Table 5.13: Transformation results of Box-Cox Extension method Option 1................ 112
Table 5.14: Shapiro-Wilks normality tests for variables vand win Option 1 ................ 113
Table 5.15: Hypothesis tests forae=0inOption 1 ............. i, 114
Table 5.16: Conversion factors from Box-Cox Extended method Option 1................... 114
Table 5.17: Transformation results of Box-Cox Extension method Option 2................ 115
Table 5.18: Shapiro-Wilks normality tests for variables v and w in Option 2................ 116
Table 5.19: Hypothesis tests for a=01inOption2 .......ccovvereiiiiiiiiieiiiiniiireaenne 117
Table 5.20: Conversion factors from Box-Cox Extended method Option 2................... 117
Table 5.21: Transformation results of Box-Cox Extension method Option 3................ 118
Table 5.22: Shapiro-Wilks normality tests for variables vand win Option3 ............... 119
Table 5.23: Hypothesis tests fora=01nO0ption3 .........cooeiiiiiiiiiiiiiiiiireienne 120
Table 5.24: Results of Box-Cox Extended method for Option 3............ccccoviiiiiiiinne 120
Table 5.25: Summary of results for FRS Africana (old trawl gear) against RV Dr Fridtjof

NANSEN ..o e 121
Table 5.26:; Conversion factors to convert RV Dr Fridtjof Nansen catch to FRS Africana

(old trawl gear) CatCh .......oeeeiiiiiiiit i e e 122
Table 5.27: Results of WLS regression line through origin (1) ............ccoeeviiiiinin... 124
Table 5.28: Results of WLS regression line through origin (2) ........c.cocovevvvnvecniinn... 124
Table 5.29: Shapiro-Wilks normality tests for log-transformed variables ..................... 127
Table 5.30: Results of inversion of the linear regression equation..............ccooveierinnann. 128
Table 5.31:; Hypothesis tests for zero intercept in inversion of the linear regression through

originmethod ...l 129
Table 5.32: Results of second method in log-transformation .............cccceeieieiniiinnn. 129
Table 5.33: Shapiro-Wilks normality tests of variables X? and 7Y* for each species from

both research Vessels ..........cocviiiiiiiiiiiiiii 130
Table 5.34: Results of the Kappenman’s method .............cocoovviiiiiinnniii, 131
Table 5.35: Transformation results of Box-Cox Extension method Option 1................ 134
Table 5.36: Shapiro-Wilks normality tests for variables vand win Option 1 ............... 135
Table 5.37: Hypothesis tests fora=0inOption 1 .........c.coiiiiiiiiiiiiiiiiiiienne 136
Table 5.38: Conversion factors from Box-Cox Extended method Option 1................... 136

vii



Table 5.39: Transformation results of Box-Cox Extension method Option 2................ 137

Table 5.40: Shapiro-Wilks normality tests for variables vand win Option 2 ............... 138
Table 5.41: Hypothesis tests for a=01inOption 2 .......c..cvriiiiiireiiiiirennrerieneiennnnnn, 139
Table 5.42: Conversion factors from Box-Cox Extended method Option 2................... 139
Table 5.43: Transformation results of Box-Cox Extension method Option 3................ 140
Table 5.44: Shapiro-Wilks normality tests for variables v and w in Option 3 ............... 141
Table 5.45: Hypothesis tests for a=0in Option3 ..........coooiiiiiiiiiiiiiiiiee e, 142
Table 5.46: Conversion factors from Box-Cox Extended method Option 3................... 142
Table 5.47: Summary of results for FRS Africana (new trawl gear) against RV Dr Fridtjof

NANSEN ... e 143
Table 5.48: Conversion factors to convert RV Dr Fridtjof Nansen catch to FRS Africana

(new trawl gear) catch .........cooiiiiiiiii e 144
Table 5.49: Conversion factors to convert FRS Africana (old trawl gear) catch to FRS

Africana (new trawl gear) catch ..........cooiviiiiiiiiiiin 145

LIST OF BOXES

Box 4.3: Log-linear modelling results for Merluccius capensis ..............ccccccocooieil. 91
Box 4.4: Log-linear modelling results for Merluccius paradoxus ......................... 92

viii



LIST OF TABLES

Table 3.1: (109 trawls in 2001 and 2002) FRS Afiicana (old trawl gear) and RV Dr

Fridifof Nansen .............coveeiiiuiininiieiiiieeaesieieiaaeaenesenenenenenenanns 46
Table 3.2: (95 trawls in 2004) FRS Africana (new trawl gear) and RVDr Fridtjof Nansen 46
Table 3.3: Summary of the analytical methods used inthe study ..............c......oeel. 71
Table 4.1: Adjusted M. capensis length class frequencies from FRS Africana (old trawl

gear) against RV Dr Fridtjof Nansen at different depths............................ 76
Table 4.2: Adjusted M. paradoxus length class frequencies from FRS Africana (new trawl

gear) against RV Dr Fridtjof Nansen at different depths............................ 79
Table 4.3: Rank correlations between residuals and depth .................coooiiiiini. 85
Table 5.1: Descriptive statistics of CPUA data from RV Dr Fridtjof Nansen ............. 93
Table 5.2: Descriptive statistics of CPUA data from FRS Africana (old trawl gear)...... 93
Table 5.3: Descriptive statistics of CPUA data from RV Dr Fridtjof Nansen ............ 99
Table 5.4 Descriptive statistics of CPUA data from FRS Africana (new trawl gear) ... 100
Table 5.5: Results of WLS regression line through origin (1) ................ooiiii.. 101
Table 5.6: Results of WLS regression line through origin (2) ...........c.coeeviiiiininn.L. 102
Table 5.7: Shapiro-Wilks normality tests for log-transformed variables ................... 105
Table 5.8: Results of first method in log-transformation .................ccoeiiiiiinni, 106
Table 5.9: Hypothesis test for zero intercept in second method of log-transformation ... 106
Table 5.10: Results of second method in log-tranformation ..............cocveveviiienenenn, 107
Table 5.11: Shapiro-Wilks normality tests of variables X? and 'Y for each species from

both research vessels in Kappenman method ..., 108
Table 5.12: Results of the Kappenman’s method ...........c...cociiiiin e, 108
Table 5.13: Transformation results of Box-Cox Extension method Option 1................ 112
Table 5.14: Shapiro-Wilks normality tests for variables vand win Option 1 ................ 113
Table 5.15: Hypothesis tests fora=01inOption 1 ........c.ocoiiiiiiiiiiiiiiiiiiiiiens 114
Table 5.16: Conversion factors from Box-Cox Extended method Option 1................... 114
Table 5.17: Transformation results of Box-Cox Extension method Option 2................ 115
Table 5.18: Shapiro-Wilks normality tests for variables vand win Option 2................ 116
Table 5.19: Hypothesis tests for a=01n Option 2 ........coiviiiiiiiiniiiiiiec e, 117
Table 5.20: Conversion factors from Box-Cox Extended method Option 2................... 117
Table 5.21: Transformation results of Box-Cox Extension method Option 3................ 118
Table 5.22: Shapiro-Wilks normality tests for variables vand win Option 3 ............... 119
Table 5.23; Hypothesis tests fora=0in Option 3 ..........ccooiiiiiiiiiiiiererninnnn, 120
Table 5.24: Results of Box-Cox Extended method for Option 3............cccceivivniinnnnn, 120
Table 5.25: Summary of results for FRS Africana (old trawl gear) against RV Dr Fridtjof

NABSEN Lo e 121
Table 5.26: Conversion factors to convert RV Dr Fridtjof Nansen catch to FRS Africana

(old trawl gear) catCh .......cccoviiiiiiiii e 122
Table 5.27: Results of WLS regression line through origin (1) ...........c.oooeeivinnnnnl, 124
Table 5.28: Results of WLS regression line through origin (2) ...........cocoovieiiiininnnnn., 124
Table 5.29: Shapiro-Wilks normality tests for log-transformed variables ..................... 127
Table 5.30: Results of inversion of the linear regression equation...............ccceeeneuene... 128
Table 5.31: Hypothesis tests for zero intercept in inversion of the linear regression through

origin MEthod ..o e 129
Table 5.32: Results of second method in log-transformation ...............ccccciviiininnn, 129
Table 5.33: Shapiro-Wilks normality tests of variables X* and 7/¥” for each species from

both research VesSels ........c.viieieiiiiiin e, 130
Table 5.34: Resuits of the Kappenman’s method ............cccoviiiiiiiiiiiiiciiniiiinieeas 131
Table 5.35: Transformation results of Box-Cox Extension method Option 1................ 134
Table 5.36:; Shapiro-Wilks normality tests for variables vand win Option 1 ............... 135
Table 5.37; Hypothesis tests fora=0inOption 1 .............oiiiiiiiiiiiiiiie e, 136
Table 5.38: Conversion factors from Box-Cox Extended method Option 1................... 136

vii



CHAPTER 1

INTRODUCTION

1.1. Background Information

The provision of biological advice for the management of marine demersal
resources requires estimates of the current abundance of exploited age-groups
and the size of recruiting year-classes (Doubleday 1981). Some information on
the age structure of the resource and its current status can be obtained by
methods such as cohort analysis of estimates of the age composition of
commercial catches, especially if accurate calibration of terminal fishing mortality
using catch rates is possible. However, data on commercial fishing frequently
have shortcomings in terms of accuracy and usefulness as an indicator of stock
abundance and seldom provide useful indices of the sizes of recruiting year-

classes (Doubleday 1981).

In finding solutions to these difficulties, scientists have turned increasingly to the
use of research vessel survey indices of abundance (Doubleday 1981). These
indices of abundance have the advantage of consistent methodology from year to
year, thereby avoiding the problems of effort creep inherent in indices derived
from commercial fisheries. According to Newby et al. 2004, effort creep is the
term applied to the continual increase in catching power that occurs in fisheries
as a result of technical innovation or the uptake of unregulated fishing inputs

(allocative efficiency) and improvements in technical efficiency.

In addition, ‘surveys are better able to forecast recruitment through the
deployment of smaller-meshed nets than are permitted in the commercial
fisheries. The accumulation of extended data series from surveys which can be

intercalibrated with estimates of abundance from cohort analyses has increased



confidence in abundance estimates obtained from such surveys’ (Doubleday,
1981).

Demersal trawl surveys have therefore assumed a key role in the provision of
scientific advice for fishery management (Doubleday 1981). These surveys also
generate valuable data on distribution of demersal species and on biological
parameters such as growth rates, feeding behaviour, and incidence of parasites
(Doubleday 1981).

Bottom trawl surveys are widely used for monitoring demersal stocks when only
an index of abundance is required (Vazquez 2002, von Szalay and Brown 2001,
Warren 1996, Walsh and Orr 1998). These surveys provide biomass and annual
yield estimates of major commercial species (and non-commercial by-catch
species for which few or no data are available from the commercial fishery) and
monitor changes in abundance over time (von Szalay and Brown 2001). The
estimation of total biomass from catch per unit effort (CPUE), however, involves
several crucial assumptions (such as CPUE is proportional to the total biomass,
constant catchability, and that such biological parameters as natural mortality
coefficient and growth coefficient are small in magnitude), rendering such

estimates rather imprecise.

Scientific demersal surveys are an important source of information for estimating
the abundance of fisheries populations in fisheries science (Pelletier 1998). Many
fisheries stock assessments depend mainly on the time series of abundance
indices obtained from annual fisheries surveys (Pelletier 1998). Pelletier (1998)
reports that ‘the temporal continuity of such time series may be compromised by
a change in survey vessel or in fishing equipment’. Catch resulting from any
fishing operation can be considered dependent on three factors: (i) vessel and
fishing characteristics, e.g. fishing gear, technological equipment, crew, etc; (ii)

characteristics of sampled populations, e.g. abundance level, spatial distribution,



availability to fishing; and (iii) environmental conditions, e.g. weather, hydrology,

depth, and substrate type.

Pelletier (1998) reports some of the recommendations which were given in a
workshop held in Canada in 1980. The scientists who gathered at this workshop
noticed that proportion of catches differed from vessel to vessel both
quantitatively and qualitatively, even though the vessels fished in the same area.
The workshop recommended that (i) pairwise / parallel trawling should be
incorporated in the allocation of vessels by area for multi-vessels surveys,
permitting comparison of fishing power as data sets are accumulated over the
years; (ii) whenever possible, the same vessel should be retained over time
(Pelletier 1998).

Before old vessels are replaced by new ones, calibration studies should be
undertaken. The need for intercalibration experiments between research vessels
was thus acknowledged in multi-vessel survey programs and when survey

vessels or trawl gears are replaced over time.

In the 1980s some intercalibration studies were undertaken in the southeast
Atlantic under the auspices of the International Commission for Southeast
Atlantic Fisheries (ICSEAF), but they were all conducted in Namibian waters
(then known as South West Africa). At that stage surveys were conducted off
South Africa using the FRS Africana, off southern Namibia (between the Cunene
and Walvis Bay) by the Spanish using the Chicha Touza (The Chicha was a
commercial vessel chartered by the Spanish research organisation in Barcelona),
and off northern Namibia by the Russians using 2 contracted commercial
vessels. Comparative trawls were conducted between the FRS Africana and
Chicha Touza, and between Chicha Touza and the Russian vessels. More
recently the work between the FRS Africana and the RV Dr Fridtjof Nansen was

conducted and this work is reported in this thesis.



1.2. Vessels and Trawl Gears

Two research vessels, Scuth African FRS Africana (Figure 1.1) and the
Norwegian RV Dr Fridijor Nansen (Figure 1.2), have been used during
intercalibration experiments in South African waters between 2001 and 2004.
During the intercalibration trials in 2001 and 2002, FRS Africana was fitted with
the "Old” 2-pannel 180 German trawl gear, and was then fitted with “New™ high |ift
4-pannel 180 German trawl gear during the 2004 intercalibration trials. RV Dr
Fridliof Nansen was using Reketral “Gisund Supper” trawl gear during both

periods of the intercalibration trials.

1.2.1. Research Vessels

FRS Africana

FRS Africana is the flagship of the Marine and Coastal Management fleet of

oceanographic research ships. Her main role s a platform for research and
monitoring undertaken to inform and guide the management of South Africa’s

offshore fisheries. The ship, built in Durban and commissioned in 1982, has a



raft-mounted machinery system enclosed in an acoustic hood to reduce noise
interference with her extensive suite of acoustic equipment (unpublished FRS
report, 2000).
comprehensive facilities for various research disciplines and three containerized

Africana survey There are eight laboratories providing
laboratories for specialized duties. The vessel is based in Cape Town, South
Africa, and is managed for the department by Smit Pentow Marine. Below are the

vessel particulars (unpublished FRS Africana survey report, 2000):

Type: Steel Hulled Fisheries Research
Ship Class: Lloyds Register 100 A1 +

Ice Class Il Keel Laid: 1979 (Commissioned in March 1982)
Builders: Dorbyl Marine, Durban

Gross Tonnage:

2471.11 tons

Nett Tonnage: 617.78 tons
Displacement: 3337 tons

Length: 77.85m

Breath: 15.25m

Moulded Draft: 5.7m

Horsepower: 1790 kW (2400 BHP)
Cruising Speed: 12 knots

Minimum Speed: 1 knot

Range: 20000 nautical miles
Endurance: 45 days
Complement: 52 (33 crew and 19 scientific/other staff)



RV Dr Fridtjof Nansen

Figure 1.2: RV Dr Frictiof Nansen

1.2.2. Trawl Gears

There are conflicting requirements for the {rawl gear used for groundfish surveys.
It is desirable to use similar gear to that used by the commercial trawl industry at
the start of the survey series, bul large commergial-size catches are undesirable
for surveys. The potential size of the mean catch per station can be reduced by

using smaller trawl gear, or by shertening the trawl duration.

However, reducing the traw! gear size or trawl duration introduces errors, As the
stern of the vessel rises and falls on the swells (stern surge), the net is jerked.
The magnitude of this stern surge is dependent on the size of the vessel. The
effect of the stern surge Is reduced by the drag (inertia} of the net, The larger the
net, the greater the inertia, which reduces the stern surge, but makes it more
difficult for the vessel lo tow the net. Therefore the size of the nel should be
matched to the size of the vessel to cbtain maximum efficiency. Thus reducing

the size of the net in order to reduce the average size of the catch for research

£



purposes can result in a mismatch between the size of the vessel and the net
which could have severe effect on the fishing efficiency of the net through factors

such as stern surge.

Trawl duration is taken as the time that the net is in contact with the seabed and
fishing efficiently. However, it is difficult to precisely determine the start and end
times for the trawls. Estimation of the precise time that the net settled on the
seabed (the “start” of the trawl) depends on the experience and expertise of the
Fishing Master. Also, the end of the trawl is commonly taken as the time that
hauling commences, however, the trawl does not leave the seabed immediately
as the slack in the trawl warps must first be taken up, and this delay increases

with the depth of the water.

The error in estimating the precise start and end of the trawl is independent of the
duration of the trawl, therefore, the relative magnitude of error introduced
increases as total trawl duration decreases, e.g. if one can determine the start
time to an accuracy of say 5 minutes, then the relative error for a 3 hour tow is
only +3% (of 175-185 minutes), whereas it is +50% (of 5-15 minutes) for a 10
minute tow. In addition, as the trawl net is permanently open, there is some catch

taken in the water column both before and after this period.

Consequently, in groundfish surveys around the world it is general practice to use
nets not much smaller than the ideal size for the power of the research vessel (to
limit the effect of stern surge) and to limit tow duration to 30 minutes (amounting
to a tolerance of £17%, i.e. assuming that start time can be determined to an

accuracy of say 5 minutes as in previous paragraph).

The recent development of sophisticated net monitoring equipment has enabled
the start and end of the effective time (the period that the net is in contact with

the seabed) to be accurately measured thereby reducing the error introduced by



shortening the trawl duration. However, it is still desirable to use trawl duration in

excess of 20 minutes.

1.2.2.1. FRS Africana Trawl Gear

When the FRS Africana was commissioned in 1982, the trawl nets used by the
older, smaller RV Africana Il were simply transferred to her. However, the FRS
Africana was fitted with 32mm main trawl wires, and therefore needed larger,

heavier trawl doors (otter boards) than the RV Africana .

In the mid 1990s the FRS Africana was fitted with SCANMAR net monitoring
equipment. This monitoring showed that the trawl net was over-spread i.e. the
large trawl doors pulled the wings further apart than the ideal net geometry. This
over-spreading of the trawl net in turn pulled the headline down so that the
vertical mouth opening was only 2m (instead of the expected 4m). In addition, the
light footrope (a rope-wrapped chain) was often lifted clear of the sea bed. It was
immediately obvious that the trawl system would have to be replaced with a
system that was balanced to the size and power of the FRS Africana to address

these problems.

But any change to the trawl gear would break the time series, therefore it was
important that all changes be done at the same time (so that there was only a
single break in the time series) and that the new gear be calibrated against the
old gear. A decision was taken to fit the FRS Africana with lighter, smaller
diameter trawl warps (28mm diameter), thus enabling the use of smaller trawl
doors. It was therefore decided that the new gear should be introduced when the

32mm trawl warps (then in use) were replaced.

A standard method to calibrate between two sets of trawl gears on the same
vessel is to trawl with one net, switch to the other net and then to trawl parallel to,
Rd 1A 1088 PrOLITTEEy ©, (18 Prévous (EnT TACK. (T (IS Way & @rge Aurmoer



of “trawl pairs” can be generated to enable a comparison of the fishing efficiency
of the two trawl nets. However, it would be impossible to switch between the trawl
warps in this manner; therefore it was decided to calibrate the old trawl gear

against a trawl gear in a second vessel.

Once the new trawl gear was fitted to the first vessel, the new trawl gear could
also be calibrated against the second vessel, thereby using the second vessel as
a “bridge” between the two time-series of biomass estimates. The vessel
selected for this purpose was the Norwegian research vessel RV Dr Fridtjof
Nansen, as she had been used to conduct trawl surveys off Namibia, and the
calculated calibration factors could then also be used to standardize surveys off

South Africa and Namibia.

For the ideal experimental design the “bridge” vessel should use the same net
selected as the new configuration. Thus the first phase would compare FRS
Africana using the old gear with RV Dr Fridtjof Nansen using the new gear thus
yielding a calibration factor comprising a gear effect and a vessel effect. For the
second phase both vessels would be using the same gear for which the
calibration factor would be a vessel effect only. However, the compromise to
simultaneously bridge the old and new time series for the FRS Africana and
determine factors to standardize between surveys conducted off South Africa and
Namibia meant that the RV Dr Fridtiof Nansen had to use her standard trawl
gear. Thus both phases of the actual experimental design have vessel and gear

effects

Old “180 German” trawl gear on FRS Africana

The old trawl gear (Figure 1.3) on FRS Africana is equipped with 32mm diameter
trawl warps, with a 50tons breaking strain. Trawl doors are of type 7m? WV-
doors, weighing 1500kg. This trawl gear has a headline of 35.86m long, footrope
57m long, and a 75mm mesh size in the codend with 35mm mesh liner. The



sweeps were 50m. The estimated door spread is 121m and no strappings are

used.
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Figure 1.3: OId trawl gear on FRS Africana (figure from Marine and Coastal

Management cruise reports). Note that the side panels were not used.

New “High Lift 180 German” trawl gears on FRS Africana

The new trawl gear (Figure 1.4) on FRS Africana is equipped with 28mm
diameter Bridon steel core trawl warps, with a 50tons breaking strain. Trawl
doors are of type 5.5m? multi-purpose Morgere doors, weighing 1500kg. This
trawl gear has a headline of 36.30m long with 330kg of lifts; and a footrope
54.7m long. The footrope has a modified rockhopper and hoppers of 8" diameter
and spacers of 6” diameter threaded on a chain. Therefore the hoppers are only
marginally bigger than the rest of the footrope, thereby preventing escapement
under the footrope. The sweeps were reduced to 9m to minimise herding. The
door spread varies according to sea depth. It is estimated at 65m in shallow

waters and 80m in deeper waters.
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Figure 1.4: New trawl gear on FRS Africana (figure from Marine and Coastal
Management)

1.2.2.2. RV Dr Fridtjof Nansen Trawl Gear

The trawl gear used by RV Dr Fridtjof Nansen is called Reketral “Gisund Supper”
bottom trawl (Figure 1.5). This trawl gear has a headline of 31m, footrope 47m
and a 20 mm mesh size in the codend with an inner net of 10mm mesh size. The
estimated opening is 6m. A restraining rope is fitted between the trawl warps
130m ahead of the trawl doors to limit the door spread and maintain a constant
distance between the doors. The distance between wings during towing is about
18m. The sweeps are 40m long.
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The footrope is “Rockhopper-type” 12 inch rubber bobbins gear. The doors are of
‘Thyboron’ combi type, 7.81m?, 1670kg. Their distance when trawling is about
45-55m in average, depending on the depth (least distance on the low depths).
At depths greater than 300m the trawl gear was equipped with a tickler chain,

which is suppose to improve the catchability of bottom living species.

The SCANMAR system is used on all trawl hauls. This equipment consists of
sensors, a hydrophone, a receiver, a display unit and a battery charger.
Communication between sensors and ship is based on acoustic transmission.
The doors are fitted with sensors to provide information on their distance. A
height sensor is fitted to the bottom trawl to measure the opening and provide

information on clearance and bottom contact.
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1.3. Problem context and definition

The time-series of relative biomass indices collected by the FRS Africana
includes both a winter (1986-1990) and a summer (1985-2002) series. Figure 1.6
presents the hake time series up to 2002. Due to technical problems with the
ship, there were no direct biomass surveys by the FRS Africana in 1998, 2000 or
2001. The Norwegian survey vessel RV Dr Fridtjof Nansen conducted summer
surveys for 2000 and 2001; however the relative biomass indices from the two
vessels are not directly comparable due to differences in trawl gear and vessel
characteristics. Further, the trawl configuration on FRS Africana was changed in
May 2003, thereby breaking its time series of survey biomass indices. It is
imperative that a calibration factor be determined to link future survey indices

with the historic time series.
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Figure 1.6: Direct survey biomass estimates for Cape hake (0-500m) from
summer (solid circles) and winter (open circles) surveys of the West Coast by the
FRS Africana and summer surveys by the RV Dr Fridtjof Nansen (horizontal
bars). Error bars represent one standard error.
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This study seeks to explore the problem and also aims to address the following

questions:

1. To calculate conversion factors to relate biomass estimates determined by

FRS Africana (with old trawl gear) with biomass estimates obtained by RV

Dr Fridtjof Nansen in 2000 and 2001 for the following species:

Merluccius capensis (Shallow-Water Cape Hake)
Merluccius paradoxus (Deep-Water Cape Hake)
Genypterus capensis (Kingklip)

Cynoglossus zanzibarensis (Red-spotted tonguefish)

Lophius vomerinus (Monkfish)

And where extent of data permits:

Trachurus capensis (Horse Mackerel)
Chelidonichthys capensis (Cape Gurnard)
Chelidonichthys queketti (Lesser Gurnard)
Zeus capensis (Cape Dory)

Helicolenus dactylopterus (Jacopever)

2. To calculate conversion factors to relate biomass estimates determined by

FRS Africana (with new trawl gear) since 2003 with biomass estimates

obtained by RV Dr Fridtjof Nansen for the suite of species listed in 1.

3. To combine the old gear and new gear conversion factors to relate FRS

Africana (with old trawl gear) to FRS Africana (with new trawl gear) for the

relevant suite of species.

4. To determine whether or not the conversion factors are independent of:

Size of the catch

Mean length of fish in catch (hake only)

15



« Fishing depth

5. To determine whether or not the calibration factors are independent of
various environmental parameters such as waler temperature, oxygen
content, ete. This aspect of the study is of lower priority and is dependent

on the suitability of the available data and time constraints,

1.4. Species description

The study attempts to calculate conversion facters fer 10 demersal species that
are found in the South African waters. These 10 fish species are the most
important demersal fish species in the Socuth African fish industry and are the
targeted fish species during the demersal cruises cenducted by the Marine and
Coastal Managemant. This section introduces the 10 fish species and provides a

brief backgreund on each of them.

Merluccius capensis {Shallow-Water Cape Hake}

) _ 4
Figure 1.7: Merluccius capensis.

Merfuccius capensis is found mostly in the Southern Angola te KwaZulu Natal in

South Africa, alse on Valdivia Bank off Namibia. The fish are found near the

It



bottom during the day, and move into midwater at night. During the day, adults
rest near the bottom on the continental shelf and upper slope, to 550m
{Heemstra and Heamstra 2004). They are light brown dorsally, silvery to white
ventrally, lack pigment spots on the gill tubercles and have 49-53 vertebrae
{Smith and Heemstra 1986},

Females grow faster than males and mature at 45-60cm {Punt and Leslie, 1891).
They grow to a maximum length of 140cm. Breeding occurs throughaout the year,

and peaks of reproductive activity occur mostly in August and September.

Juveniles feed on small crustaceans and small deep-sea fishes such as lantern
fish, whereas larger individuals feed chiefly on small hake {(mainly M. paradoxus)
and jack mackerel. Cannibalism is also common in larger fish. Together with the
deep-sea hake, they are abundant in trawl fishery, but catches have fluctuated
greatly from year to year due to overfishing and wvaganes of recruitment

(Heemstra and Heemstra 2004},

Merluccius paradoxus (Deep-Water Cape Hake)

Figure 1.8: Merfuccius paradoxus. :

Merfuccius paradoxus can be given a similar description to the M. capensis in

terms of structure, they are also dark brown dorsally, silvery to white ventrally
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{Smith and Heemstra 1986). They differ from M. capensis in possessing
prominent pigment spats on the gill tubercles and in a higher vertebral count (54-
58 vertebrae). An older fish can grow up to a maximum of 115 cm in length,
which is slightly smaller than maximum length of Merduccius capensis.
Clistribution is Southeast Atlantic and Southwest Indian: Cape Frio, Namibia and
south to the Agulhas Bank and east to East London in South Africa, They have
been recorded off KwaZulu-Matal {Marine and Coastal Management unpublished

records).

They are found near the sea bottom depths. They feed con fish, mysids,
euphausiids and squids. The young feed mainly on euphausiids, but the diet
becomes polyphagous with growth. Cannibalism has been observed in larger

individuals

Genypterus capensis (Kingklip)
e

Figure 1.9: Genypterus capensis.

Genyplerus capensis, alsc known as Kingklip, is the most sought after species of
the commercially important species in the South African fishery. They are found
mostly in the Eastern Atlantic: Walvis Bay, Namibia to Algca Bay, South Africa.
Kingklip occurs in rocky areas of the shelf and upper continental slope in 50 -
550m {Heemstra and Heemstra 2004). They mature at 4 to 6 years when
females are about 62em and males about 48cm; and after maturity females grow
faster than males (Heemsira and Heemstra 2004). Though they mature at a

smaller size length, these fishes can grow up to 8 maximum of 180 cm in length.



Juveniles occur mostly in shallow waters {< 200m) and feed on a variety of
benthic fish, crustaceans and squid, while adults eat mainly fish {Heemstra and
Heemstra 2004). The longline fishery catches mainly large adults of this fish and
juveniles are mostly caught by hake trawlers.

Cynaoglossus zanzibarensis {Red-spotted tonguefish)

Figure 1.10: Cynoglossus zanzibarensis. |

Cynoglossus zanzibarensis, known as red-spotted tonguefish, is found mostly in
the Eastern Atlantic and YWestern Indian Ocean; from southern Namibia to Scuth
Africa and east to Kenya (Heemstra and Heemstra 2004). They are a shallow-
water species, mainly found on sand bottoms in 10 — 430m, and juveniles usually
tide in pocls. It feeds on benthic invertebrates and fish (Heemstra and Heemstra
2004).

Cynoglossus zanzibarensis females mature at 28cm and also spawn small
pelagic eggs throughout the year {Heemstra and Heemstra 2004). They have a
maximum length of only 32cm. Cynoglossus zanzibarensis are eaten by many
piscivores (sharks. bony fish and man). They are common along South African
south coast and one of South Africa's best eating 'scles’ (Heemstra and
Heemsftra 2004). It is marketed as 'lemon sole’ hut affectionately known as
'sandrat’ by fishermen. (Heemstra and Heemstra 2004), It is caught manly as a

by-catch in the hake and sole trawl fisheries.
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Lophius vomerinus (Monkfish)

Figure 1.11: Lophius vomerinus.

Lophius vormerinus, known as Monkfish, is found mostly in the Southeast Atlantic:
Namibia to East London, South Africa. It cccurs on the deeper continental shelf
and upper slope, They mature at 40cm and the spawning is usually in summer
with the eggs embedded in ribben-like veils that float at suface (Heemstra and

Heemstra 2004) and can grow up to a maximum size of 100cm.
They feed mainly on bottom-living fishes, aoften on pilchard, round herring and

horse mackerel. They are also good eating, but it is usually the tails (rear half of

the body) that appear in the markets (Heemstra and Heemstra 2004).
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Trachurus capensis (Horse Mackerel)

Figure 1.12: Trachurus capensis. '

Trachurus capensis, also known as the Horse Mackergl, is found in Eastern
Atlantic and Scuthern Indian Oceans: southern Angola to Port Alfred, South
Africa. They accur mainly over the continental shelf, often over sand bottoms.
They rise to feed In surface waters at night and are found close to the botlom
during the day. They have a maximum size of 60cm. Juveniles feed mainly on

copepods while adults prey on fish and 2 wide range of invertebrates.

Chelidonichthys capensis (Cape Gurnard)

Figure 1.13: Chefidonichthys capensis. '



Chelidonichthys capensis, also known as the Cape Gurnard, is found in the
Southeast Atlantic and Western Indian Ocean: Cape Fria, Namibia to Maputo,
Mazambigue, It ocours over sandy and muddy bottoms in coastal areas, Females
mature at 35cm while males mature at 37cm (Heemstra and Heemstra 2004),
Chelidonichthys capensis can grow to a maximum of 75 cm in size. Spawning
gccurs in summer with pelagic eggs (Heemstra and Heemstra 2004). They feed
on fishes and crustaceans. They are excellent food fish and an important

commercial species caught mainly by trawlers (Heemstra and Heemstra 2004).

Chelidonichthys queketti (Lesser Gurnard)

Figure 1.14: Chelidonihthys queketti.

Chelidorihthys queketti, also known as the Lesser Gurnard, is found in the
Weslern Indian Ocean: Southern Mozambigue southward to Table Bay, South
Africa. They occur in shallow waters to 150 m depth. They grow to a maximum

length of 35cm,
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Zeus capensis (Cape Dory)

Figure 1.15: Zeus capensis, '

Zeus capensis, also known as the Cape Dory, is found in the Western Indian
Ocean: Mozambique around the Cape to St. Helena Bay, South Africa. They
occur near the bottom of the sea or in midwater. They feed on a variety of fishes,

cephalopods and crustaceans and they are an excellent food fish.



Helicolenus dactylopterus (Jacopever)

Figure 1,161 Helicofenus dactyfopterus.

1

Helicolenus dactylopterus, also known as the Jacapever, is found in the Western
Atlantic: Nova Scotia, Canada to Venezuela. Eastern Atlantic Iceland and
MNarway to the Mediterranean and the Gulf of Guinea, including Madeira, the
Azares, and the Canary |slands; also Walvis Bay, Namibia to Natal, South Africa.
They oceur in scft bottom areas of the continental shelf and upper slope at
depths 55 — 550m (Heemstra and Heemsira 2004). Adults are usually found at

depths below 250m. The maximum size found on these fishes is 47cm.

Jacopever feeds an both benthic and pelagic organisms (crustaceans, fishes,
cephalopods, and echinoderms). Ferilization occurs internally, and the eggs are
released belore they hatch; larvae are pelagic (Heemstra and Heemstra 2004).
Spawning is in winter, and juveniles are prey sixgill sharks and hake. Jacopever
is of some commercial importance as a by-catch of trawlers (Heemstra and
Heamstra 20043,

' The photos of sprecies 0 section 14 {except for M. paradores) were taken by Dr R W, Leslie, a co-
supervisor for this thesis, M poesdonws photoeraph was taken by Qddgier Alvbeun, IMI, Bergen
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1.5. Conclusion

We have now been introduced to the problem the study is trying to address.
We've also been introduced to the two vessels that were used to collect data
during the comparative trials, and to the trawl gears they were using during those
trials. We've also learned about the 10 fish species of interest that were caught
during the trials. These 10 fish species have a great value to the South African

fishery in terms of both food consumption and economy.

In the next Chapter we will learn about the previous studies conducted in the field
of comparative trials. We will also learn more about comparative trials and what
one needs to do to make sure they are successful. And lastly, and definitely not

least, the study areas where the study was conducted.
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CHAPTER 2

INTERCALIBRATION PROCESS

2.1. Introduction

There have been studies on the comparative (matched) trials conducted in
Europe during the 1990s (Pelletier 1998, Vazquez 2002, Gavaris and Brodie
1984, Warren 1996, Walsh and Orr 1998). Comparative trials have to be
conducted every time there is a break in the time series of data due to gear
changes or vessel changes. In this chapter, we first discuss what is needed for
successful comparative trials, and then give a literature review on some aspects

of comparative trials.

2.2. Comparative trials

Before comparative trials are conducted, their objectives must be clearly defined
and adequate research plans developed by the participating biologists. Most
important is a detailed knowledge of the characteristics of the participating

research vessels and the gears used by these vessels for survey work.

It must also be ensured that the overall conditions on each vessel during the
comparative trials, with respect to the standard gear and its handling by the
normal crew are kept as far as possible the same as those which pertain during
ordinary survey work. There should be no changes in the gear used, including
the net, warps, otter boards, etc., or in operating procedures such as pull of the
winch, trawling speed, duration of trawling, etc.

According to literature (Doubleday 1981), there are two different ways of
comparing the catch rates of survey vessels, the direct and indirect methods.
Doubleday (1981) defined the direct method as having two vessels fish side by
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side on the same fishing grounds under the similar conditions (sea depth,
temperature, oxygen content, salinity, etc), and the indirect method as comparing
quantitative catch data of survey vessels which fished the stations rather
independently within a specific area and time period, under more or less similar
conditions. Doubleday (1981) then noted that in both cases, comparative fishing
results are characterized by large variation due to the various factors influencing
catch rates (factors such as vessel trawling speed, vessel horse power, trawl
gear geometry, etc), many of which cannot be controlled by design, but
simultaneous matching will be superior because it guarantees a profile of nearly
equivalent spatial and temporal conditions rather than an assumption of

comparable conditions on aggregate.

In consequence, there will always be some degree of uncertainty as to the exact
differences or ratios in the catching power of the survey vessels. These
differences or ratios are also not necessarily constant for different fish species,

depending on the special type of gear used on each participating vessel.

Doubleday (1981) further mentions that the selection of a suitable fishing ground
and season largely determines the success of a comparative fishing experiment.
“The experiment should be carried out during a period of favourable weather
conditions to avoid undue and costly loss of time and to improve comparability of
results. It is also necessary not only to select an area where trawling can be
undertaken without difficulty but also where fish concentrations are dense
enough for good catches to allow meaningful comparisons. Direct comparison of
catches by vessels fishing side by side is based on the assumption that the
number of fish in the path of the trawl is more or less the same for each vessel, at
any time. Planning of such experiments should also take into account some fish
species behavioural aspects like diurnal migration” (Doubleday 1981).

Both vessels participating in the experiment must have the same trawl duration

(usually the standard trawl duration is 30 minutes). The trawl duration begins
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when the net is in the water and the vessel starts fishing until it stops fishing, and
this is measured by what is called a net-sonde (Doubleday 1981). On a side
trawler, the duration of trawl may be counted from the time when the warps are
blocked up until they are released and haul-back begins. On a stern trawler,
trawling usually begins when the appropriate warp length has been played out
and the declination of the warps has stabilized and ends when haul-back begins
(Doubleday 1981).

According to Doubleday (1981), after every trawl, the trawl gear should be
checked carefully for damage or evidence of improper operation, and every effort
should be made to maintain a constant trawling speed for each trawl, and to the
extent possible, fishing should be carried out at more or less similar depths for
each pair of trawls. During the experiment, all events should be carefully
recorded in a standard way agreed upon prior to the commencement of
operations, and it is essential that procedures for regular communication between
the participating vessels be established under the leadership of the cruise leader
(Doubleday 1981).

Doubleday (1981) stated that for each vessel, the treatment of catches on board
will depend on the facilities and manpower available and also on the size of
catches and the number of species to be investigated. For large catches (in
terms of numbers caught), random sampling may be required with subsequent
proportional adjustment of the results to total catches (in cases of length
measurements). For the demersal surveys conducted by Marine and Coastal
Management, the length frequencies within the sampled fish of each trawl are
adjusted by multiplying the frequencies of the length class by the ratio of the
species catch weight to the species sample weight. The reason for this
adjustment of length frequencies is to estimate the approximate total number of

all fish that were caught in the trawl (see Section 4.1).
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As a minimum requirement the record for each trawl should show the weight (kg)
of total catch, weight (kg) of sampled catch, number and weight (kg) of each
major species studied, length frequencies of each major species, and weight (kg)
of by-catch (other fish, invertebrates, organic and inorganic material). The
method and instruments of measurement for each species should be the same
on each vessel. If time and manpower permit, more extensive biological sampling

and evaluation would be desirable (Doubleday 1981).

The geographical range of validity of the experiment should be as wide as
possible. The number of trawls actually required to provide meaningful results
depends on the variability between trawls. Because it is difficult to predict the
minimum number of trawls needed, changes in the program may have to be
decided during the execution of the experiment. However, because of various
factors which cannot be controlled, a high level of accuracy should not be

expected.

It must be considered that not all trawl pairs may be suitable for comparison.
Therefore, enough paired data should be collected to allow for the rejection of
doubtful cases. It is possible that one vessel or both catches nothing for a
specific major fish species, leading to zero values in the data. Some vessels use
manual measuring boards to take the lengths of the fish, and this practice can
lead to various outliers in the data where for example, the length is recorded as

160cm instead of 16.0cm.

Adjustments and rejection of such cases should be made only on an objective
basis after careful analysis of the data and application of statistical methods.
Some statistical methods may be log based which might reduce the effect of the
outliers but will give rise to adjustment issues in the presence of zero values. The
safest way would be to compare the results of all trawls with the results obtained
after rejection of doubtful cases and to evaluate any emerging contrasts by

means of differences or ratios. Upon completion of the experiment, a detailed
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statistical analysis of all valid data is required to elaborate the conversion factors

for the catches of the various species relative to the different vessels.

2.3. Literature review

Literature review on studies related to comparative trawls is discussed below.
These studies were mainly from the 1990’s and very few studies were conducted
recently. Most of the studies that were conducted recently focuses on subjects
such as herding, escapement, temperature, fish behaviour. These factors,
herding, escapement, fish behaviour to the trawl gears used in the study, are
such an important aspect when it comes to calculation of conversion factors, and
such studies should be undertaken in future especially for these demersal

species.

Von Szalay and Brown (2001) analyzed catch per unit effort data collected during
a parallel trawl comparison of two vessels (NMFS and ADF&G) in 1997. Both
vessels had substantially different trawl gear. They used the Kappenman’'s
method to estimate fishing power correction (FPC) for 4 species and a mean
squared error-based decision rule to determine whether the use of fishing power

correction factors was warranted.

Pelletier (1998) gives a review of intercalibration of fisheries research survey
vessels. He describes an experiment conducted between two French research
vessels and also reports some methods he used to achieve the objectives of
intercalibration. He reports that intercalibration experiments should be designed
to minimize sources of variability in the catch. He contrasts two approaches to
sampling design, one where two vessels trawled independently in small areas
that were assumed to be homogenous with respect to fish abundance and
environmental conditions. He concluded that such designs (designs based on
independent trawls) could not account for all of the sources of variability, and a

substantial fraction of spatial heterogeneities can possibly remain as residual
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variability, inflating catch variance and decreasing both the precision of

conversion coefficient estimates and the power of statistical tests.

Pelletier (1998) contrasts the above design with one based on paired trawls, and
he found that the paired trawls considerably reduced the consequences of spatio-
temporal variabilities because the two vessels trawled simultaneously at the
same speed and as closely as possible to one another with the distance
generally ranging from 1/4 to 1 nautical mile (nm)?. Pelletier (1998) estimated
conversion coefficients using a quasi-likelihood method. Quasi-likelihood
approaches may be considered as a generalization of likelihood approaches in
that they do not require a full specification of the distribution of the observation
(Pelletier 1998).

A number of comparative trials have been conducted in the past by the
Northwest Atlantic Fisheries Organization (NAFO). Annual NAFO Scientific

Council Meetings discuss many issues involving comparative trials. They publish

reports which are available on their website http://www.nafo.ca/. They conduct
these comparative trials for different suites of species, with the aim of calculating

conversion factors between one trawl gear and the other.

The sampling strategy used is similar to the strategy in this study, generally
paired trawls. They use both length data and catch data to calculate conversion

factors.

However, some of their comparative trials were not conducted with two vessels.
For example, Vazquez (2002) reports a comparative trial between the Lofoten
survey gear and a Campelen 1800 shrimp trawl gear carried out on Flemish Cap
in July 1999-2001. The method followed for the comparison was to make
alternative trawls with both gears in the same geographical position. For an

example, trawls made with one trawl gear were repeated the next day with the

2 1 nautical mile = 1,852 kilometers

31



alternative. This sampling design eliminates vessel to vessel sources of variation

but introduces contrasts of time at each geographical position.

In his report Vazquez (2002) calculated length distribution using paired tows for
which species catch ratio Campelen / Lotofen or its inverse was greater than 10
(cod, A. plaice and S. fasciatus), 20 (G. halibut ad grenadier), 30 (S. mentella),
50 (juvenile redfish and S. marinus) or 60 times (shrimp). This procedure was
designed to exclude data from paired trawls where one of the gears caught
nothing or almost nothing, so as to make the sample more homogenous. The
ratios of Campelen / Lotofen frequency by length class were calculated by fit to a

bilinear function:

(al+b)
l+c

(2.3.1)

r =

where r = frequency ratio
! = length of fish
a,b,c = parameters

The minimum square fit was then weighted by the total joint frequency at each
length group, and in cases where the Lotofen frequency was zero, frequencies
were grouped including five original length classes in each group (Vazquez.
2002).

Wilderbuer, Kappenman and Gunderson (1998) applied four analytical
techniques to comparative trawl data to obtain fishing power correction (FPC)
factors for 12 major commercial species that were caught by two resource
assessment trawls used by the National Marine Fisheries Services (Alaska
Fisheries Science Center). The aim was to convert catches of the polyethylene

trawl gear to the nylon trawl gear. These techniques included ratios of catch per
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unit effort (CPUE), randomized block analysis of variance, standard least squares

regression, and the Kappenman (1992) method.

The first method used by Wilderbuer et al. (1998), which was developed by
Cochran (1977), calculated the FPC as the ratio of the mean CPUE of the nylon
trawl to the mean CPUE of the polyethylene trawl as follows:

R=—1I, (2.3.2)

where: Y;and X;are the catch per unit effort of the nylon trawl and the
polyethylene trawl respectively, and
n and m are the number of trawled stations by the nylon trawl and the

polyethylene trawl respectively

The second method used by Wilderbuer et al. (1998), is the ratio
(nylon:polyethylene) of the estimated CPUEs calculated from the randomized
block ANOVA model via maximum likelihood estimation procedures. They log-
transformed CPUE data as logs(CPUE + 1) so that when one haul of a trawi pair
was zero for a given species, the antilog would be greater than zero. In other
words, if one vessel has zero catch, the logs(CPUE + 1) = 0, and the antilog of
this value is 1. The estimated loge(CPUE + 1) of net i (= 1, 2) during haul pair j
was the grand mean from both nets (u) plus the estimated effect of the net under
examination (if;) and the estimated haul pair (randomized block) effect (h;).
These parameters (u, t;, and h; ) were estimated by fitting the following model to

log transformed observed values of CPUEs:

log, (CPUE, +1) = p+t,+ h,+ ¢, (2.3.3)

Wilderbuer et al. (1998) then estimated the FPC as follows:

33



FPC = CcpP ({E,,ylon _ ezz(1+0.5s2)
CPUE

poly

(2.3.4)

Where s? is the grand variance from the two nets.

A third analytical method used by Wilderbuer et al. (1998) to estimate the FPC
invokes the multiplicative model

CPUE; =" (2.3.5)

According to the model in (2.3.5), the data are transformed the same way as in
the randomized block ANOVA model as loge(CPUE + 1), which allows this model
to be estimated by ordinary least-squares regression of antilogged values. In
other words, CPUE data were first transformed into loges(CPUE + 1), then
antilogged into original scale. This transformation was done so that when one
haul of a trawl pair was zero for a given species, the antilog would be greater
than zero. Wilderbuer et al. (1998) then obtained the FPC as the ratio of the
backtransformed estimated regression equations:

u+t(l+0.5sz)

CPUE, =¢ (2.3.6)
Therefore, the FPC is estimated as:
. CPUE
FPC=—22 (2.3.7)
CPUE

poly

The final FPC estimator used by Wilderbuer et al. (1998) was the method
developed by Kappenman (1992). This method is discussed in detail in Chapter 3
of this study.

Some of the methods discussed above will be adopted in this study. Most of the

studies conducted as comparative trials are not recent; they date back as far as
the early 1990s. There were no perceived problems with overfishing at that time
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as there are today, and the methods of fishing have improved, but not changed

much.

Brandao, Rademeyer and Butterworth (2004) used a Generalized Linear Model
assuming a negative binomial distribution to calculate a multiplicative bias

calibration factor, for each Hake species, using same data as in this study.

Before Brandao et al (2004) is explored further, the concept of Generalized
Linear Models is first discussed so as to provide an idea of how their results
came about. The purpose of this section on negative binomial model is to discuss
in detail and possibly critique the unpublished paper by Brandao et al (2004) who
calculated a multiplicative bias calibration factor on the same hake data used in
this study by using a Generalized Linear Model assuming a negative binomial

distribution of the hake catches.
Generalized Linear Modelling
The Generalized Linear Model (GLM) can be used to predict responses for
dependent variables with discrete or continuous distributions as well as

dependent variables which are non-linearly related to the predictor variables.

Consider a set of independent random variables Y,,...,Y, each with a distribution

from the exponential family with the properties:

(a) The distribution of each Y, is of canonical form and depends on a single

natural parameter.

The density is of
f(58) =506 exp(a,(3)5,(S))) (2.3.8)
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with a single natural parameter ¢, where q, b, s, t are known functions.
Equation (2.3.8) can be rewritten in the form:
f(95¢;) =exp[a,(3)b,(£) +logt,($) +logs,(,)] (2.3.9)

and if a(y,)=y,, equation (2.3.9) is said to be in the canonical form and 5(¢;) is
called the natural parameter of the distribution as opposed to ¢;, a parameter in

(2.3.8).

Therefore, the canonical form of (2.3.8) is given by:
f(¥:38:) =exp[yb,() +1ogt,(g,) +logs, (v,)] (2.3.10)

(b) The distributions of the Y,’s are of the same canonical form so that

subscripts on b, s, and t are not required.

We have from (2.3.10):
f(¥:3¢:)=exp[yb(&) +logt(S,) +log s(y,)] (2.3.11)

The joint probability density function of Y,...,Y, is given by

S (PieesywiGinees S ) =] L exp[,b(4)) +log#(¢,) + log s(3,)] (2.3.11)

f(yl,-.-,yN;é,--.,éN)=exp[Zy,-b(é)+Zlogt(§,~)+zlogs(y,~)} (2.3.12)
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In contrast to the standard linear model where a linear combination XE of some

explanatory variables X given by B allows z = X,.Tg and y, =y, +¢,, we consider

a GLM model with expected value y; of Y;:
g(m)= XIp (2.3.13)

where X is a (N x k) matrix, 8 is a (k x 1) matrix and g in (2.3.13) is a monotone

differentiable function called the link function.

In summary, the GLM model has the following three components:
(a) Response variables Y,...,Y, which are assumed to share the same
distribution from the exponential family;
(b) A set of k explanatory variables X and unknown parameters 8.

(¢) A monotone link function g.

In obtaining the maximum likelihood estimators of the parameters g for the GLM
model described in the above paragraphs, the log-likelihood function for

independent responses Y,,...,Y, from an exponential family, with a common

canonical form, is given by:

mL(g;y)=2yib(¢i)+2t(cf)+gs(yi) (2:314)
where — _

E(Y)=p =—2(é)) (2.3.15)
and

g(m)=x{B=n, (2.3.16)

where, as defined previously, g is some monotone and differentiable function.
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The estimator ¢ (of the observed values y) can be obtained by differentiating the

log-likelihood function with respect to each element ¢, of £ and solving the

equations simultaneously.

L .
i.e. M=O for j=1,...,n (2.3.17)

o¢;
and similarly for 8:

omL(Gy) (2.3.18)
op

It can be shown from Dobson (1990) that

61nL(é’y , X; [ Op,
o) —U 2—1: var(Y (aﬂ,] (2.3.19)

where x; is the J' * element of x

In general, the equations U, =0 (J =1,...,k) are non-linear and can be solved by

numerical iteration methods such as Newton-Raphson method or the Fisher

method of scoring®.

Brandao et al. (2004) defined their GLM for the Hake density as:

Y=C, =Eexp(,u+aq +,Bpm.,)+e (2.3.20)
where

Cyp.  is the total catch of either species (M. capensis or M. paradoxus).

E: is an offset which represents the effort extended by a trawl

measured here as the swept-area trawled.

W the intercept.

? Newton-Raphson method and Fischer method of scoring are used to solve non-linear equations.
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q: a factor with 3 levels associated with the survey vessel-gear
combination (“old Africana”, “new Africana” or “Nansen’). Also
known as the “catchability coefficient”.

a effects of the factor levels associated with factor q.

B,..: afactor with 205 levels associated with trawl pairs between the old

Africana and the Nansen and between the new Africana and the
Nansen survey vessels.

€ error term assumed to be negative binomial in distribution.
The exponential component is Cs,.

The logarithmic link function was assumed so that the expected value of hake

catches is given by:

1, =E(C,) (2.3.21)

»
where the monotone link function g is

g(,uy)=ln(E)+,u+aq+ﬂpair (2.3.22)
According to the theory, “the negative binomial distribution can be used to
describe the distribution arising from an experiment consisting of a sequence of
independent trials (r), subject to several constraints. Firstly each trial results in
success or failure, the probability of success for each trial, p, is constant across
the experiment and finally the experiment continues until a fixed number of

successes has been achieved. Its probability density function is given as follows:

r+y, -1} |
f(y,-lr,-,p)=( | Jp (1-p) (2.3.23)
In its canonical form:
4y —1
f(y,-lr,-,p)=exp[y,.1n(1—p)+r,.mp+1n("+y' )] (2.3.24)
i

has canonical parameters

* Definition from wilkipedia: http://en.wikipedia.org
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b(¢{)=In(1-p) where ¢ =1-p, and

t(¢)=rnp

Using equation (2.3.15) to calculate the mean function of a(y,), we obtain

E[a(y)]= e (2.3.25)

p
And the variance of a(y,)is given by:
t'(s,

)6"(6)=1"(6)b(41)
[b]

var[a(y)]=r, 1;21’ (2.3.26)

Var I:a y, ]

In Brand&o et al (2004), catch (C,,) is taken as proportional to a negative binomial
count. The purpose of the negative binomial model in this instance is not the
theoretical or classical description of successes until failure, but the property that
the variance is larger than the mean in contrast to the Poison model where there
is equal mean and variance. Therefore, in this instance, there is a log likelihood
formed by 205 negative binomial terms each with their own r;, y;, and p; and then
the maximum likelihood estimation and other score function properties allow

estimation of parameters. They determined that the distribution of hake catches
has a quadratic variance function of the form: mean +mean’ (i where £ is the

overdispersion parameter.

This form of variance follows from the assumption that hake catches have a
negative binomial distribution.

Brandado et al (2004) therefore calculated conversion factors from catchability
coefficient ¢ from the following 2 equations:

lnqcapensns = lnq‘o:;z;ensis -0.494 (2.3.27)
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and

lnq::;adam — lnq:;;radoxw _0053 (2328)

Brandao et al (2004) calculated conversion factors for new Africana vs old

Africana, using Nansen as the bridge vessel, for Merluccius capensis as

e =0.61 (from equation 2.3.27), and for Merluccius paradoxus as % =0.95

(from equation 2.3.28). It will be interesting to compare their results with the
results of this study discussed in Chapter 5.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1. Introduction

This chapter focuses on how the data were collected and describes the methods
that will be used for the analysis of that data. We begin by explaining the
experimental method used in collection of the data. In other words, we describe
the intercalibration experiment used between RV Dr Fridtiof Nansen and FRS
Africana, and also describe in detail what was observed during the experiment.
Study areas where the data were collected are also provided in this chapter. The
second part of this chapter explains the methods used in analyzing the data. We
explain the conditions to be met for the methods to be appropriate and how can

they be used.

3.2. Experimental Method

The FRS Africana and RV Dr Fridtjof Nansen trawled parallel, as close together as
possible. Each pair of trawls was of 30min duration and only took place during full
daylight hours. After every second trawl, the vessels switched relative positions
i.e. neither vessel was offshore of the other vessel for more than two stations in
sequence. The FRS Africana fishes at a faster trawling speed (3.5 knots®) than
the RV Dr Fridtjof Nansen (3.0 knots); therefore, on average, she travels 1.75nm
during the 30 min trawling period whereas RV Dr Fridtjof Nansen travels 1.5nm.
To account partially for this difference in speed, trawl pairs were started with RV
Dr Fridtjof Nansen ahead of FRS Africana so that the two vessels were alongside

approximately at the midpoint of the trawl track.

5 1 knot = 1.852km/h
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The majority of stations were completed on the clear trawl grounds north of Cape
Columbine, but also included some stations on rougher grounds, and from a

range of depths below 600m.

For each trawl pair, the whole catch, or a sub-sample if the catch was too large,
was sorted into species and weighed to determine the species composition by
mass. A sub-sample of the catch of each species was counted to determine
species catch composition by number. Within those counts, length frequencies
were determined for shallow-water hake Merluccius capensis, deep-water hake
Merluccius paradoxus, horse mackerel, west coast sole Austroglossus microlepis,
sand sole, monk, squid, spiny dogfish Squalus megalops, kingklip, jacopever
Helicolenus dactylopterus and some linefish species such as snoek, shark, and

yellowfin, inter alia.

Work usually started in the morning and an average of 7 trawl-pairs was completed
- per day. RV Dr Fridtjof Nansen uses a restraining strap to maintain a door spread of
50m during normal survey fishing operations. The mouth opening of the FRS
Africana’s trawl is about 30m as opposed to 20m for the RV Dr Fridtjof Nansen;
therefore one would expect the FRS Africana’s catch to involve a factor for mouth
opening of about 1.5 times that of the RV Dr Fridtjof Nansen. Also, one expects an
additional factor for trawling speed since FRS Africana covers *1.75nm whereas
RV Dr Fridtjof Nansen covers +1.5nm. On the other hand, RV Dr Fridtjof Nansen
uses a small meshed codend which could increase (or decrease) her catch relative
to FRS Africana, at least in respect of smaller size classes of fish.

In general, catches (Figure 3.1) by the FRS Africana were more than 1.5 times the
mass of those for the RV Dr Fridtiof Nansen, especially in stations completed at
midday and those in shallow waters. A similar pattern was observed with the “old
Africana gear’, and was attributed to increased herding at midday associated with

improved visibility through higher light intensity at midday.
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is evidence for contrasting relative performance of the gear in shallow and deeper
water, then it may be necessary to consider employing a restraining strap on the

FRS Africana gear in future.

3.3. Existing Data

The data (trawl station data) collected during the intercalibration trials that were

used for the analysis in this thesis consists of the following:

e Station number and trawl number

e Catch composition (mass (kg) and number per species)

o Start and end positions (latitude and longitude) of the stations

e Starting time and duration (minutes) of trawling

¢ Fishing depth (meters)

e Total mass (kg) of all species caught and total mass of each species
caught

e Length frequency data for both hake species

e A CTD dip (supplying a profile of salinity, temperature and oxygen
content with depth).

There were 110 paired trawls in the intercalibration trials conducted between
FRS Africana (with the old trawl gear) and RV Dr Fridtjof Nansen during 7 days in
October 2001 and 9 days in January 2002. Also, there were 98 paired trawls of
intercalibration trials conducted between FRS Africana (with the new trawl gear)
and RV Dr Fridtjof Nansen during 6 days in February 2004 and 8 days in
September 2004.

Table 3.1 and 3.2 report the number of matched pairs of non-zero catch data

from a common location for each species collected during the two sets of

intercalibration trials.
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Figure 3.1: Total catch (kg) of FRS Africana against total catch (kg) of RV Dr Fridtjof
Nansen

The average door spread for the new gear used by the FRS Africana is only 70m
(reduced from 121m). It was hoped that this smaller spread would eliminate or
substantially reduce the herding effect. The higher midday catches observed in this

experiment (Figure 3.2) may indicate that the problem has not been successfully
resolved.

FRS Africana (with new trawl gear)
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Figure 3.2: Total catch (kg) of FRS Africana (with new trawl gear) against time of
day.

The door spread on FRS Africana increases with increasing depth, being about
65m in shallow waters and up to 80m in deep waters. In the deep waters, the
increased door spread (and wingspread) would result in a lower vertical mouth
opening. This change could account for the observation that relative catch volumes

for the two vessels were more similar in deep waters than in shallow waters. If there
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for other species. The contrast can be explained by the fact that the two hake
species were the target species, and the surveys were designed to target larger
catches of hake. The problem of zero catches can be explored either by ignoring
pairs with zero catches by an analysis of differences, or by adding a small
constant to allow for calculation of ratios. In both tables, Merluccius paradoxus
was caught in every station. The two species, Lophius vomenirus and

Helicolenus dactylopterus, were also caught in almost every station.

Hake distribution (and abundance) is affected by environmental conditions such
as depth and water temperature. Studies have shown that catch rates are also
affected by oxygen content. We do not expect these environmental factors to
affect the conversion factors between the two vessels, as they were fishing in

similar areas which are similar in conditions.

3.4. Study areas

Demersal surveys took place on the soft trawling grounds west of Cape Town
from Cape Agulhas (20°E) to the international border of South Africa and
Namibia just beyond Port Nolloth, and comparative trials were conducted during
these surveys in the areas shown in Figure 2.1. All the trawls for comparative
trials were at depths below 600m. The map in Figure 2.1 depicts the areas where

the study trawls were undertaken.
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Species No. of pairs (total) Pairs with zeros | % zeros

Merluccius capensis 94 11 11.7
Merluccius paradoxus 109 5 4.59
Genypterus capensis 99 16 16.16
Cynoglossus zanzibarensis 38 13 34.21
L ophius vomerinus 107 15 14.02
Trachurus capensis 70 12 17.14
Chelidonichthys capensis 42 9 21.43
* Chelidonichthys queketti - - -

[Zeus capensis 74 22 29.73
Helicolenus dactylopterus 109 9 8.26

Table 3.1: (109 trawls in 2001 and 2002) FRS Africana (old trawl gear) and RV
Dr Fridtjof Nansen.

Species No. of pairs (total) Pairs with zeros | % zeros

Merluccius capensis 78 4 5.13
Merluccius paradoxus 95 2 2.1
Genypterus capensis 68 27 39.71
* Cynoglossus zanzibarensis - - -

L ophius vomerinus 95 43 45.26
Trachurus capensis 55 6 10.91
Chelidonichthys capensis 39 10 25.64
* Chelidonichthys queketti - - -
Zeus capensis 64 22 34.38
Helicolenus dactylopterus 94 1 1.06

Table 3.2: (95 trawls in 2004) FRS Africana (new trawl gear) and RV Dr Fridtjof
Nansen.

* very few or no data available

From tables 3.1 and 3.2 it is apparent that for each species except Merluccius
paradoxus there were some paired trawls for which both vessels had zero catch
of that species. It also appears that the percentage of zero catches on one of the

vessels is lower for the 2 hake species and Helicolenus dactylopterus but higher
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explored in this study, as devices to better match data to assumptions of

analysis.

Figures 3.3 and 3.4 presents the distribution of the marginal umivariate total catch
data {of all species) for both RV Dr Fridijof Mansen and FRS Africana (old and

new frawl gear). Clearly, we can see from the histograms that the two catch

variables are positively skewed and viclate Gaussian assumptions. Our concern

is to establish transformed data for which a conversion factor £ for a model

v =fix+e for the bivanate data, where ¢ is the vectoer of residuals, will admit

suitable regression methods,
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weight, w; , that determines how much each observation in the data set influences

the final parameter estimates.

General principles of weights of data cases involve weights w, for case i .

Ordinary least squares (OLS)

Here the model

Y = BX +& , where the variance of the residuals is given by var(e, )= o2,

under an OLS criterion, leads to an estimate of the slope of the regression line

through the origin (i.e. the ratio of Y to X) given by:

inyi
By ="

Unweighted data have all w, = 1 and sz =1. However, estimates for weighted
n

data will generally havew, >0, Zw #1 and weighted estimates of a common

location parameter y involved in all random variables X, with possibly different

H

variance o7 will have 2= w.X, and var(3)=> wic? .

!

For 4 to be unbiased
we require Zw, =1. Given this constraint, and variances o7, a minimum variance

unbiased estimator £ is obtained when w,o?=1 for all i.

Choice of unequal weights w, may be informed by other information, particularly

about the array of variances o). If X, ~random variable (,u,viaz) but

independently over i, then we may choose: weights w, v, | i.e., | w, = —
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which yields an unbiased estimator j, =ZW:‘X:' for mean u, and estimator

-1
variance var(4,) =Y w'v,o’ (Zl} o’.

1 2
. 5 . v, . . .
In contrast, weights w, «cv,? , i.e. | w,=——< |, yields an unbiased estimator

= Z w, X, for mean H, and estimator variance

1\ 2
var /.lw ZW VO' [ZV-EJ

If 0' =o'’ then var =(Zw ) o? and minimum variance unbiased estimator

A is attained when w, = 1
n

Below we discuss two types of weighted least squares, adapting the common
mean to a ratio model criterion with reference to the ordinary least squares. The

modelling process explores linear models with fixed zero intercept.

WLS regression line through the origin (1)

If y, =px +¢ where var(gl.) =x0’,

then weighting w, = \/_’ gives a model with independent common variance

1
x
residuals:

{\/l’_—J = fBy\Jx +e, where var(e)=0’
x,

i
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transformation of the two variables (X,rY) to move from a common non-

Gaussian distribution to a common Gaussian.

A

From Kappenman (1992), the estimator 7 is the value that minimizes the

function:

g(’)=[ﬂ“) Z[ Ly ] ey 2T

n+m-—1 n+m

() o2 [ o2

where d satisfies the following highly non-linear system of 7 equations:

n-;m u—-—[Zx”lnx va Inx; +¢q nydlnyj—quyJ lnyj] 0

for:

d d
u=ZInx,-+Zlnyj; v=zxi +qu’j ;

n+m

> -v) + Xlayi -vf —s+fs" —4pt

n+m 7 2p

Y e S T T
Z 2a'

n+m

and t=——m———(z )

(n+m)

n+m
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The values of 7 and d can be found by using Microsoft Excel Solver routine with
the Newtonian option. The Solver algorithm for the above non-linear equations is
as follows:

Solve for: ¥ and d

by minimising the objective function:

n+m-1 n+m

2 d Zx;i 2
g(r):(._nim_) Z[x;i_zx,-d+rd2yj) +7‘2dz yd_zyj + -

subject to the constraint:

T LS s, S By, —g Iy, 10
w

Options: use automatic scaling and assume Newtonian search.

The transformed variables X? and r‘Y*

can then be tested for normality. If the
two variables X? and ‘Y? show evidence of normality, then the solver tool or

the programming tool used was able to obtain the necessary values of d and r.

Noting that if variables X and rY have the same distribution, so too do lX and Y.
r

The conversion factor for relating Y to X can be determined by lA
r

Methods to derive standard errors and confidence intervals for the Kappenman
method are yet to be developed. However, in this study, the Kappenman
conversion factor was iteratively bootstrapped 1000 times using a resampling

method with replacement. The bootstrapping was performed by recording and
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3.5.2. Summary of the analytical methods

WEIGHTED LEAST SQUARES: Section 3.4.1.1

oLS WLS1 WLS2
¥ =px, +¢ . Vi _
[%J:ﬂ\[g-q—gi ;_ﬂ02+€i
xly A Y s 1 1<
=2 =2 YR =%V

LOG TRANSFORMATIONS: Section 3.4.1.2

Inversion of LS after transf

Inversion of LS (a=0) after transf

Y=¢"X?(E) Y =X’ (E)
slogY=a+flogX +logE ~logY =Blog X +logE
Ly =a+fx e Ly = Px +g
With S =1, we use £ =¢° ,BA=—&

x'x

KAPPENMAN METHOD: Section 3.4.1.3

BOX-COX EXTENDED METHOD: Section 3.4.1.4

Option 1

Option 2

Option 3

Univariate transf of x and y

Using a common transf
parameter for both x and y

Using different transf
parameters for both x and y

Table 3.3: Summary of the analytical methods used in the study

3.6
(new trawl gear)

Conversion between FRS Africana (old trawl gear) and FRS Africana

The methods discussed in Section 3.4 are only applicable when one needs to

calculate conversion factors between FRS Africana (both old and new trawl gear)

against RV Dr Fridtijof Nansen, as there are data from the comparative trials
conducted between the two vessels for the years 2001, 2002, and 2004. These

methods cannot be applied to data where comparative trials were not conducted.
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slightly more efficient than FRS Africana, but only for small fish. FRS Africana

was dominant in catching bigger fish, especially at deeper waters.

DEPTH (m)

VESSEL][100-200] | [201-300] | [301-400] | [401-500] | TOTAL

[(1-20] Nan 140 3 0 0 143
Afr 57 1 0 0 58

[21-40] Nan 3098 1322 6 3 4429
Afr 3017 874 4 4 3899
LENGTH (cm) [41-60] Nan 145 1052 536 240 1973
Afr 442 2177 1050 275 3944
[61-80] Nan 8 102 332 193 635
Afr 17 249 840 250 1356
[61-100] Nan 2 2 27 20 51
Afr 2 9 74 14 99

TOTAL 6928 5791 2869 999 16587

Table 4.1: Adjusted M. capensis length class frequencies from FRS Africana (old
trawl gear) against RV Dr Fridtjof Nansen at different depth intervals

The fact that RV Dr Fridtjof Nansen was catching lesser number of M. capensis
than FRS Africana at depths greater than 300m suggests that at these depths

there may be differences due to the gear of the two vessels.

We also examine some graphical versions of the same table to seek any kind of
pattern from which we can make inferences. Figure 4.1 and 4.2 show that in this
study both vessels caught higher numbers of smaller M. capensis in shallower
waters (depth <= 200), but that number caught decreases for larger M. capensis

in deeper waters.
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Merluccius capensis (RV Dr Fridtjof Nansen)

e [1-20]
e {21 -40]
3¢ = [41-60]
e [61-80]
e [81-100]

[100-200] [201-300] [301-400] [401-500]
Depth

Figure 4.1: Adjusted M. capensis frequencies of size classes at each depth class
for RV Dr Fridtjof Nansen.

Merluccius capensis (FRS Africana)

——[1-20]
—8—[21-40]
—l = [41-60]
—f— [61-80]
e [81-100]
[100-200] [201-300] [301-400] [401-500]
Depth (m)

Figure 4.2 Adjusted M. capensis frequencies of size classes at each depth class
for FRS Africana.

Figure 4.3 and Figure 4.4 present ratios of the frequencies for FRS Africana to
the frequencies for RV Dr Fridtjof Nansen and logs of those frequency ratios
respectively. Throughout all depths, one can observe that the frequency ratios of
the smaller fish (lengths <20cm) was less than one. This outcome confirms the
fact that the RV Dr Fridtjof Nansen appears to catch the smallest fish more
efficiently than the other vessel. This pattern can also be observed in Figure 4.4.
The same can be said for lengths between 20 and 40cm, except in the deeper

waters, where FRS Africana was dominant. All other length sizes had log ratios
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greater than or equal to zero, reflecting that FRS Africana was more effective at

all depths for fish in those catch classes.

Frequency ratios

5 -
e
3 41 ——[1-20]
-§<-“ 3. e [21-40]
° —X = [41-60]
527 ——tr— [61-80]
g 1 et [81-100]
[T d

0 o : = . O © .

[100-200]  [201-300]  [301-400]  [401-500]
Depth

Figure 4.3: Frequency ratios (FRS Africana : RV Dr Fridtjof Nansen) for
M. capensis.

Logs of frequency ratios

0.8 -

0.6 -
% 04- —e—[120]
§ 0.2 - G [21-40]
- —X = [41-60)
v —tr—[61-80]
8021 —¥—[81-100}

0.4

-0.6 -

Depth (m)

Figure 4.4: Log frequency ratios (FRS Africana : RV Dr Fridtjof Nansen) for
M. capensis.
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Merluccius paradoxus

A 5x2x5 table reporting length class frequencies of Merluccius paradoxus from

both vessels across different depths is given in Table 4.2. The numbers in the

Table 4.2 represents number of fish (Merluccius paradoxus) for the different

length classes at each depth class and for each research vessel. A similar

approach to that used for Merluccius capensis is adopted.

DEPTH (m)
VESSEL [[101-200]] [201-300] | [301-400] | [401-500] |>500 | TOTAL
[1-20] Nan | 6136 | 17442 922 588 42 | 25130
Afr | 9766 | 26714 1109 77 0 | 37666
[21-40] Nan | 3289 | 33982 | 27746 | 33434 | 848 | 99299
Afr | 12449 | 71968 | 35859 | 17164 | 112 | 137552
[41-60] Nan 5 501 2836 12512 | 359 | 16213
LENGTH (cm) Afr 52 3232 5635 10698 | 228 | 19845
[61-80] Nan 0 0 193 1689 | 58 | 1940
Afr 0 42 450 2583 | 27 | 3102
[81-100] Nan 0 0 0 30 3 | 33
Afr 0 0 18 44 1 63
TOTAL 31607 | 153881 | 74768 | 78819 |1678 | 340843

Table 4.2: Adjusted M. paradoxus length class frequencies from FRS Africana
(old trawl gear) against RV Dr Fridtjof Nansen at different depth intervals

Figures 4.5 and 4.6 present the same data graphically to exhibit vessel contrasts.

Both vessels caught few M. paradoxus less than 20cm in length at depths more

than 400m. The bigger fish (above 50cm) were caught mainly in deeper waters,

and smaller fish in shallow waters.
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M. paradoxus (RV Dr Fridtjof Nansen)

40000 -

35000 - —[1-20]
., 30000 - [21 - 40]
% 25000 - — - -[41-60]
$ 20000 -
z [61 - 80]
2 15000 1 81 - 100]
% 10000 - [81 -

5000 -
0
[101-200] [201-300] [301-400] [401-500]  >500
Depth (m)

Figure 4.5: Adjusted M. paradoxus frequencies of size classes at each
depth class for RV Dr Fridtjof Nansen.

M. paradoxus (FRS Africana)
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g 30000 4 [81 - 100]
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0 T T 1 e — T —
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Depth (m)

Figure 4.6: Adjusted M. paradoxus frequencies of size classes at each

depth class for FRS Africana

Figure 4.7 presents frequency ratios of FRS Africana to RV Dr Fridtjof Nansen.
FRS Africana was more efficient for fish of sizes 41cm to 60cm for depths lesser
than 300m. Figure 4.8 reflects the fact that RV Dr Fridijof Nansen was more

efficient than FRS Africana at catching young fish of sizes less than 40cm at

deeper waters.
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Ratio of frequencies
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Figure 4.7: Frequency ratios (FRS Africana : RV Dr Fridtjof Nansen) for
M. paradoxus.

Logs of frequency ratios
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Figure 4.8: Logs of frequency ratios (FRS Africana : RV Dr Fridtjof Nansen) for
M. paradoxus.

4.3. Hake Data Modelling

The length frequency data of both vessels were therefore submitted to Statistica
6.1 for log linear analysis. Log linear models treat the cell frequencies as counts

distributed as a Poisson random variable. We used log-linear modelling to
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determine if there are any relationships existing between the three variables,
depth, vessel, and |length. Far bath species, the log-linear model tested is:

= depib

log f;, = constant + S ol

~depth & leogth ~ypzsel a Length
; i i +d + 4 (4.3.1)

+ A i*

where: [ refars ta depth class (there are 5 classes), / refers to vessel class (there
are two classes), 4 refers to length class (there are 5 classes), and log fj, are the

logs of the frequencies between the three variables.

The test results of the fit of this model to the frequencies in the Tables 4.1 and

4.2 are as follows:

Model results for Merfuccius capensis

Table Lo e analysed:
{2 e
5 FTH WHEE] B
Minimuem oeil Froguanoy: . Maaimrum; AOSHE . Eum;
12587,
Model tao ke testad: ., 31, 30
Delta: 3200 ; Maximam izeraticns: & 3 Conv. oritaricn:
i
Convergence rz2doned after # of iterations: 23
ar ]
Maximmm Livelikaed Chi-agquars: 2,314 1z 33250
Pearsan Chi-sguars: 14,3593 1z 28454

Box 4.3: Log-linear modelling results for Merfucoius capernsis

The results in Bax 4.3 are extracted from the Stalistica software for the log lingar
analysis of frequencies. The Box provides the three variables {depth, vessel, and
length} together with the number of classes each variable has. We can observe
from Box 4.3 that the model in (4.3.1) fits the data for M. capensis (p-value =



with depth, and this finding affects the catching efficiency of the two trawl gears

from the two vessels.

Figure 4.9 presents plots of unstandardised residuals (from regression of CPUA
FRS Africana against CPUA RV Dr Fridtjof Nansen) against depth. For M.
capensis, high values of residuals are observed in the depths between 300m and
400m for old trawl gear plot, and only one high residual point observed in the new
trawl gear plot. Consistent residual values are observed in the M. paradoxus plot,
except for a few high residual points in the depths above 400m. These residual
plots clearly indicate that depth has an effect on the catch data, but the evidence

is not strong enough to warrant conversion factors for different depths.

M. capensis (old trawl gear) M. capensis (new trawl gear)
8 1 4
6 * 3 *
4 3
:% o L S 0. -g 1 .. .
Q
€ 29 2200 *&o 600 g 0 o
-6 - . 2
Depth (m) Depth (m)
M. paradoxus (old trawl gear) M. paradoxus (new trawl gear)
30 20
20 15
10
s 10 s
H] s 5
T 0 3
2 g 0
x -10 x 5
-20 -10
-30 -15
Depth (m) Depth (m)

Figure 4.9: Plot of unstandardised residuals against depth for the two hake
species, M. capensis and M. paradoxus. Residuals are from the regression
analysis for CPUA FRS Africana (old and new trawl gear) and CPUA RV Dr
Fridtjof Nansen.
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0.383), meaning that the categorical model is sufficient to explain the frequencies
in Table 4.1.

Model results for Merluccius paradoxus

Table to be analyzed:

(1) (2) (3)
DEPTH VESSEL LENGTH
5 X 2 X 5
Minimum cell frequency: 0. Maximum: 71968. Sum:

340843.

Model to be tested: Constant

Delta: .5000 ; Maximum iterations: 50 ; Conv. criterion:
.0100
Convergence reached after # of iterations: 0
df P
Maximum Likelihood Chi-square: 8789E2 49 0.0000
Pearson Chi-square: 1339E3 49  0.0000

Box 4.4: Log-linear modelling results for Merluccius paradoxus

The results for M. paradoxus presented in Box 4.4 shows that the model in
(4.3.1) did not fit this species data. This contrast (different results for M. capensis
and M. paradoxus) implies that there is evidence of an interaction between the
three variables for M. capensis, and none for M. paradoxus. In the next section,
Conclusion, we will then examine the CPUA residuals against depth to see if any
patterns can be observed.

4.4, Conclusion

The objective of this chapter was to uncover relationships that may exist between
depth, length, and vessels before any conversion factors are calculated for the
two hake species. From the tables and graphs of frequencies and frequency

ratios presented in Section 4.2, it is evident that the size of the hake changes
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The catch (kg) data from the comparative trawls was standardised to catch per
unit area (CPUA) to compensate for the differences in trawling speed of the two
research vessels and the fact that FRS Africana covers more area than RV Dr
Fridtjof Nansen (see Section 3.2 of Chapter 3). The CPUA data has units g/m?,

which are the units for residuals in Figure 4.9 above.

Table 4.4 presents rank correlation between the residuals and depth for the two
hake species data from FRS Africana (old and new trawl gears) against RV Dr
Fridtjof Nansen. The non-significant p-value of 0.0830 for M. capensis (old trawl
gear) and 0.4889 for M. paradoxus (new trawl gear) implies lack of relationship
between the two variables. These findings strengthen the fact that depth does not

have strong effect in the catch data.

The significant p-values of 0.000 for M. capensis (new trawl gear) and 0.005 for
M. paradoxus (old trawl gear) implies evidence of a relationship between the
residuals and rank, but the low values of Spearman R implies that the
relationship, while non zero, is not very strong. This finding therefore is evidence
that depth has an effect in the catches, but not a strong effect.

Pair of variables N Spearman R p-value

Merluccius capensis .

Rank Depth &

Rank Residuals 83 0.191 0.083
(Old trawl gear)

Rank Depth &
Rank Residuals 74 0.467 0.000
(new trawl gear)
, ‘ Merluccius paradoxus

Rank Depth &
Rank Residuals 104 -0.276 0.005
(Old trawl gear)

Rank Depth &
Rank Residuals 93 -0.073 0.489

(new trawl gear)

Table 4.3: Rank correlations between residuals and depth
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weaker linear relationships between the two research vessels for the CPUA data

of Genypterus capensis, Lophius vomerinus, and Trachurus capensis, these

methods cannot be applied for these species. Other methods which do not

require data to be linearly related, like the Kappenman (1992)’'s method, will then

be used for these species.

CPUA Aft
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R? = 0.6675
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Figure 5.1: Scatterplots of CPUA for FRS Africana (old trawl gear) against RV Dr.
Fridtjof Nansen for all species before and after zero catches were excluded.

Figure 5.2 comprises the histograms of catch density (CPUA in g/m?) from single

trawls of all species under study from both research vessels. Few species,

especially from RV Dr Fridtjof Nansen, had high percentage of zero catches. A

decision was taken to drop the pairs with any zero catches. The exclusion of zero

catches, where one vessel caught a particular species and the other vessel did







Figure 5.2: Histograms of catch per unit area (CPUA) of both researcl’:_vessels.

for each species

Figure 5.3 presents plals of the difference and ralio of catech per unit area (CPUA)

from the two vessels against trawl depths for eachk speacies under study. Thess

mots provide a clear picture of the range of depths at which one vessel was

dominant over lhe other for thal particular species in terms of CPUA. The

negative difference in CPUA reflects the fact that RV Dr Fridfjof Mansen had

higher calches than FRS Africana.
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Figure 5.3: Plots of difference (left) and ratio (right) of vessel CPUA against trawl

depth, for each species

Table 5.1 and 5.2 presents descriptive statistics of catch per unit area (CPUA)
data of both RV Dr Fridtiof Nansen and FRS Africana (old trawl gear)

respectively, for each species. We have seen how the data are distributed; now

we need to see what kind of variation we have in the data. Firstly, from both

tables, the average CPUA and the median CPUA are far from each other, which

might suggest lack of symmetry.
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The variance of the CPUA values is smaller for some species, but bigger for
others. This smaller variance might be due to the fact that catches (kg) were

scientifically standardized to density.

In conclusion, we may clearly infer that the data are not normally distributed and
would need to be transformed in order to be able to use the methods presented

in Chapter 3.

RV Dr Fridtjof Nansen
M.cap M.par G.cap L.vom T.cap C.cap Z.cap H.dact

Mean 0.98 5.95 0.11 0.13 1.19 0.17 0.17 0.25
Std Error 0.12 0.91 0.03 0.02 0.48 0.04 0.04 0.03
Median 0.65 2.68 0.05 0.08 0.09 0.07 0.05 0.10
Std dev 1.13 9.23 0.23 0.15 3.64 0.21 0.28 0.34
Variance 1.28 85.20 0.05 0.02 13.22 0.04 0.08 0.12
Range 5.38 54.51 1.96 0.79 24.29 0.78 1.41 1.85
Min 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00
Max 5.38 54,52 1.96 0.79 24.29 0.78 1.42 1.85
Count 83 104 83 92 58 33 52 99

Table 5.1: Descriptive statistics of CPUA data from RV Dr Fridtjof Nansen, for
each species.

FRS Africana
M.cap M.par G.cap L.vom T.cap C.cap Zcap H.dact

Mean 1.47 6.10 0.19 0.24 1.13 1.04 0.30 0.22
Std Error 0.21 0.90 0.03 0.02 0.50 0.18 0.06 0.04
Median 0.86 3.72 0.06 0.18 0.10 0.64 0.15 0.08
Std dev 1.94 9.19 0.27 0.20 3.81 1.02 0.45 0.37
Variance 3.77 84.36 0.07 0.04 14.55 1.03 0.20 0.14
Range 11.00 63.57 1.51 0.91 26.81 3.52 2.49 2.40
Min 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00
Max 11.00 63.58 1.51 0.92 26.81 3.53 2.49 2.40
Count 83 104 83 92 58 33 52 99

Table 5.2: Descriptive statistics of CPUA data from FRS Africana (old trawl gear),
for each species.

NB: M.cap — Merluccius capensis; T.cap — Trachurus capensis;
M.par — Merluccius paradoxus; C.cap — Chelidonichthys capensis;
G.cap — Genypterus capensis; Z.cap — Zeus capensis;
L.vom — Lophius vomerinus; H.dact — Helicolenus dactylopterus
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Figure 5.4: Scatterplots of CPUA for FRS Africana (new trawl gear) against RV
Dr. Fridtjof Nansen for all species before and after zero catches were excluded

Because the outlier point (high against the y-axis) in the Genypterus capensis

scatterplot of Figure 5.4 was a correctly captured data point, it cannot be simply

deleted. Its removal as seen in Figure 5.5 confirms the fact that deletion of

outliers does indeed have a significant effect on the scatterplot of the two

variables.
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Figure 5.5: Scatterplot of Genypterus capensis after the removal of the outlier

Figure 5.6 presents histograms of catch per unit area (CPUA in g/m?) of both
research vessels for each species. The results are also consistent with the old
trawl gear results presented by Figure 5.2 in section 5.2.1 in the sense that the
data are skewed to the right and low values of CPUA were considerably more

frequent than high CPUA values.

The two hake species, Merluccius capensis and Merluccius paradoxus, the two
most important commercial species in South African fisheries industry, were very
dominant in respect of mass within the catches, especially Merluccius paradoxus.
One can observe from the histograms that Merluccius paradoxus CPUA went up

to 35g/m®. CPUA values of 5g/m? occurred most frequently.
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Figure 5.6: Histograms of catch per unit area (CPUA) of both research vessels,

for cach species

Figure 5.7 presents plots of the difference and ratio of CPUA (g/m®) for FRS

Africana (with new trawl gear) and RV Dr Fridtjof Nansen against trawl depths for

each species. These plets provide a clear picture of the range of depths at which

one vessel was dominant over the other for that particular species. The negative
difference in CPUA implies RV Dr Fridliof Nansen had higher catches than FRS

Africana.

These

negative

differences

occurred

often for

Helicalenus

dactylopterus. A similar feature emerged in the comparative trials when FRS

Africana was using the old trawl gear

Whire



The difference and ratio plots also exhibit the fact that FRS Africana was

dominant, in most of the species caught, over RV Dr Fridtjof Nansen at almost all

depths. Examining the Genypterus capensis CPUA difference and ratio plots, it

appears that the CPUA values were similar, except for depths between 224m

and 298m where there was a huge CPUA ratio favouring FRS Africana. The plot

of Trachurus capensis also provides an interesting observation especially the

CPUA difference of -20 g/im? at depth 328m.
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Figure 5.7: Plots of d.iﬂ’erence {Ie_fti and ratio (right) of vessel CPUA against trawl




As in section 5.2.1, we also present descriptive statistics (Tables 5.3 and 5.4) of
the paired data from the comparative trial between FRS Africana (new trawl gear)
and RV Dr Fridtjof Nansen for all 8 species under study. The statistics are similar
to the statistics in section 5.2.1 with the CPUA variance being reasonably smaller

than expected, especially with the high skewness and kurtosis.

Two species, Merluccius paradoxus and Trachurus capensis have the highest
CPUA variances in both tables. This feature can be explained by taking a closer
review of the histograms (Figure 5.6) of these two species, and noting the size of

the maximum CPUA values in relation to all other values in the data.

As in section 5.2.1, the descriptive statistics in Tables 5.3 and 5.4 provide strong
evidence to suggest that the species CPUA data sets deviate completely from
normality, and transformation methods need to be applied before conversion

factors are calculated by methods invoking Gaussian assumptions.

RV Dr Fridtjof Nansen
Mcap | Mpar | G.cap | Lvom | T.cap | C.cap | Z.cap | H.dact

Mean 0.72 4.18 0.06 0.06 0.89 0.29 0.14 0.19
Std error 0.09 0.54 0.01 0.01 0.41 0.08 0.04 0.03
Median 0.44 2.93 0.03 0.04 0.03 0.10 0.02 0.07
Std dev 0.82 5.17 0.07 0.10 2.84 0.46 0.27 0.27
Variance 0.67 26.69 0.00 0.01 8.04 0.21 0.07 0.08
Range 4.69 31.13 0.27 0.63 15.38 1.99 1.26 1.71
Min 0.02 0.02 0.00 0.00 0.00 0.01 0.00 0.00
Max 4.71 31.15 0.27 0.63 15.38 2.00 1.27 1.71
Count 74 93 41 52 49 29 42 93

Table 5.3: Descriptive statistics of CPUA data from RV Dr Fridtjof Nansen, for
each species.
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5.3.1. FRS Africana (old trawl gear) against RV Dr Fridtjof Nansen

5.3.1.1. Weighted Least Squares

Before we apply the weighted least squares method, firstly we determine if the
data satisfy the condition that the two variables are linearly related. Then we
need to test if the intercept is at the origin. Under confirmation of these two
conditions we apply this method in order to reduce the variation and the

skewness in the data that are submitted for estimation.

From Table 5.5, we observed that only 5 species showed some evidence of
linear relationship between the two research vessels. Those species are
Merluccius capensis, Merluccius paradoxus, Chelidonichthys capensis, Zeus
capensis, and Helicolenus dactylopterus. Section 3.4.1.1 discusses two methods
of weighted least squares in relation to the ordinary least squares, i.e., WLS

regression line through origin (1); and WLS regression line through origin (2).
RS
Ny

2t
N
i

model: (—] = ByJx +¢, where var(e)=o?; we obtain the following results:

For method 1: after applying the weights: w, = to impose the following

N

Species (x vs y) B,,(conv factor) | std error (301) 95% Cl for B,
Merluccius capensis 1.50 0.1171 [1.2687; 1.7277]
Merluccius paradoxus 1.03 0.1030 [0.8239; 1.2277]
Chelidonichthys capensis 6.01 0.5531 [4.9231; 7.0913]
Zeus capensis 1.79 0.2088 [1.3821; 2.2007]
Helicolenus dactylopterus 0.87 0.0811 [0.7088; 1.0269]

Table 5.5: Results of WLS regression line through origin (1)
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FRS Africana
M.cap | Mpar | G.cap | L.vom | T.cap | C.cap | Zcap | H.dact

Mean 0.69 5.04 0.19 0.40 0.50 0.66 0.24 0.15
Std error 0.1 0.60 0.05 0.05 0.21 0.18 0.07 0.02
Median 0.37 3.45 0.10 0.27 0.03 0.17 0.04 0.06
Std dev 0.94 5.75 0.30 0.37 1.49 0.98 0.44 0.24
Variance 0.88 33.11 0.09 0.14 2.21 0.96 0.19 0.06
Range 5.53 32.63 1.81 1.60 9.76 3.58 1.80 1.47
Min 0.02 0.00 0.00 0.03 0.00 0.02 0.00 0.00
Max 5.54 32.63 1.82 1.63 9.76 3.60 1.80 1.47
Count 74 93 41 52 49 29 42 93

Table 5.4: Descriptive statistics of CPUA data from FRS Africana (new trawl
gear), for each species.

NB: M.cap — Merluccius capensis; T.cap — Trachurus capensis;
M. par — Merluccius paradoxus; C.cap — Chelidonichthys capensis;
G.cap — Genypterus capensis; Z.cap — Zeus capensis;
L.vom — Lophius vomerinus; H.dact — Helicolenus dactylopterus

5.3. Application of the methods

This section analyses the data from the comparative trials between the FRS
Africana (old trawl gear) against RV Dr Fridtjof Nansen and FRS Africana (new
trawl gear) against RV Dr Fridtjof Nansen by using the methods discussed in
section 3.4. We present the analyses in the order provided in section 3.4
beginning with the weighted least squares. The following notation will be used for
all the methods:

x = RV Dr Fridtjof Nansen CPUA (g/m?) data
y = FRS Africana CPUA (g/m?) data
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The last column in Table 5.5 presents confidence intervals for the slope
parameter Bm. These confidence intervals arise because we apply a method of

deriving or describing boundaries for which there is a 95% probability that the
true slope of the linear regression through origin, though unknown, lies between

the lower and upper boundaries.

The width (the difference between the two confidence limits) of the above
confidence intervals is small for all species except for Chelidonichthys capensis,
with the width of 2.1682. This large confidence width for Chelidonichthys
capensis is due to the fact that its slope parameter (conversion factor) is far from
one, implying that FRS Africana was highly efficient in catching this species.

1

For method 2: after applying the weights: w, =——x"1— to obtain the following
()

model: (-}-)L} =R =, +e where var(e)=0"; we obtain the following results:

i

Species (x vs y) B, (conv factor) | std error (ﬁm) 95% Cl for f,,
Merluccius capensis 1.67 0.2053 [1.2626; 2.0674]
Merluccius paradoxus 1.74 0.1815 [1.3877; 2.0991]
Chelidonichthys capensis 7.21 0.8993 [5.4436; 8.9688]
Zeus capensis 3.75 0.7609 [2.2588; 5.2414]
Helicolenus dactylopterus 1.12 0.1826 [0.7668; 1.4827]

Table 5.6: Results of WLS regression line through origin (2)

The results in Table 5.5 appear to be much better compared to the results in

Table 5.6 with the low standard errors and smaller interval widths.
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Figure 5.8: Scatterplots of log-transformed CPUA (g/m*) values of FRS Africana
(old trawl gear) against RV Dr Fridtjof Nansen, for each species.

We also use the Shapiro-Wilks test to investigate whether the log-transformed
CPUA values show any evidence against being marginally univariate Gaussian in
distribution. Table 5.7 presents the results of the Shapiro-Wilks test for normality

for the log-transformed CPUA values for both research vessels.
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Ho: Data set have a Gaussian distribution

H,: Data set does not have a Gaussian distribution

Species Vessel Shapiro-Wilks W p-value
Nansen (logx) 0.9725 0.072
Merluccius capensis Africana (logy) 0.9556 0.006
Nansen (logx) 0.9568 0.002
Merluccius paradoxus Africana (logy) 0.9359 0.000
Nansen (logx) 0.9867 0.554
Genypterus capensis Africana (logy) 0.9793 0.200
Nansen (logx) 0.9083 0.000
Lophius vomerinus Africana (logy) 0.9599 0.006
Nansen (logx) 0.9619 0.066
Trachurus capensis Africana (logy) 0.9583 0.044
Nansen (logx) 0.9488 0.123
Chelidonichthys capensis Africana (logy) 0.8941 0.004
Nansen (logx) 0.9621 0.097
Zeus capensis Africana (logy) 0.9306 0.005
Nansen (logx) 0.963 0.007
Helicolenus dactylopterus Africana (logy) 0.9637 0.008

Table 5.7: Shapiro-Wilks normality tests for all species from both research
vessels.

The bold p-values imply statistical significance. It appears that only Genypterus
capensis and Trachurus capensis CPUA values had p-values not significant at
5% level, all other sets of values give evidence that they deviate from a log
Gaussian distribution. Therefore the two methods discussed in section 3.4.1.2 of

Chapter 3 will be applied only to Genypterus capensis and Trachurus capensis.

The inversion of the linear regression equation method discussed in Section
3.4.1.2.1, requires that if the slope parameter ﬁ =1, then the conversion factor k
will be €°. The results of the first method are presented in Table 5.8. Three
species which did not meet the requirement of #=1 are excluded from the
analysis. Under the condition f=1, the model Y =e"X”(E) becomes

Y=e"X (E) which implies that ¢* can be treated as the slope parameter.
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Species (x vs ) Regression line Is ﬂ“ ~12? e’ (Conv | Std error | 95% CI for
- factor) for ¢’ e’

Genypterus capensis y=0.6829x-0.2108 No - - -

Trachurus capensis y=0.7885x - 0.1774 No - - -

Table 5.8: Results of first method in log-transformation

It appears from Table 5.8 that the method did not work well with the data, as
there are no species that satisfied the condition ,3 =~ 1. Slope parameters for the

two species, Genypterus capensis and Trachurus capensis, which were 0.6829

and 0.7885 respectively, were not approximately equal to one.

The inversion of the linear regression through origin method, which is the second
method under log transformation, discussed in Section 3.4.1.2., requires that we

first test the hypothesis that the intercept, from the log linear regression model

logY=plog X +logE, is zero (a

hypothesis test (a = 0) for all species except for Merluccius paradoxus.

Ho: Intercept is at origin (a = 0)

H4: Intercept is not at origin (@ #0)

0). Table 5.9 presents the results of the

Species a p-value
Merluccius capensis 0.103 0.014
Genypterus capensis -0.211 0.180
Lophius vomerinus -0.328 0.000
Trachurus capensis -0.177 0.048
Chelidonichthys capensis 0.857 0.000
Zeus capensis 0.167 0.118
Helicolenus dactylopterus -0.140 0.044

Table 5.9: Hypothesis test for zero intercept

106



Only two species (Genypterus capensis and Zeus capensis) showed evidence of
zero intercept, all other species had p-values that were significant at 5% level.
Applying the second method of log transformation to the two species, we obtain
results in Table 5.10.

Species B (conv factor) Std error( ﬁ) 95% Cl for B
Genypterus capensis 0.52 0.071 [0.384; 0.663]
Zeus capensis 0.80 0.034 [0.728; 0.862]

Table 5.10: Results of second method in log-transformation

This method, inversion of the linear regression through origin method, produces
low standard errors and confidence widths for both species in Table 5.10.
However, the slope parameters are somewhat misleading. They (slope
parameters) are very small compared to the results in the weighted least squares

methods.

5.3.1.3. Kappenman’s method

Kappeman (1992)'s method is discussed in section 3.4.1.3 of Chapter 3. In this
method, Kappenman (1992) transforms the X variable to X? and the Y variable
transformed to r?Y“. This choice means that the two transformed variables ( X
and r‘Y?) must have the same Gaussian distribution. Table 5.11 presents

Shapiro-Wilks normality tests of the two variables (X¢ and r‘Y?).

Ho: Power-transformed data follows a Gaussian distribution

H4: Power-transformed data does not follow a Gaussian distribution
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Species Vessel d Shapiro-Wilks W p-value
Nansen (X% 0.990 0.758
Merluccius capensis Africana (YY) | 0.174 0.995 0.993
Nansen (X% 0.987 0.430
Merluccius paradoxus Africana (YY) | 0.176 0.982 0.173
Nansen (X%) 0.986 0.511
Genypterus capensis Africana (1% 0.010 0.980 0.214
Nansen (X°) 0.993 0.894
Lophius vomerinus Africana ("Y") | 0.261 0.983 0.293
Nansen (X%) 0.983 0.610
Trachurus capensis Africana (YY) | -0.122 0.985 0.686
Nansen (X9) 0.954 0.171
Chelidonichthys capensis Africana (#Y") | 0.219 0.942 0.077
Nansen (X°) 0.976 0.370
Zeus capensis Africana (Y% 0.131 0.968 0.177
Nansen (X%) 0.970 0.025
Helicolenus dactylopterus Africana (#Y%) | 0.131 0.993 0.866

Table 5.11: Shapiro-Wilks normality tests of variables X¢ and r’Y? for each
species from both research vessels.

It appears from Table 5.11 that all species (both X and r?Y?) showed evidence

of normality, with the exception of Helicolenus dactylopterus X* , for which the p-

value for Shapiro-Wilks statistic was significant at 5% level. Table 5.12 presents

results of the Kappenman (1992)'s method which were determined using the

Microsoft Excel Solver routine with the Newtonian algorithm option.

Species d r Conversion factor 95% ClI
Merluccius capensis 0.174 0.772 1.301 [1.117; 1.500]
Merluccius paradoxus 0.176 0.877 1.14 [0.935; 1.313]
Genypterus capensis 0.010 0.608 1.64 [1.231; 2.227]
Lophius vomerinus 0.261 0.489 2.04 [1.602; 2.369]
Trachurus capensis -0.122 0.925 1.08 [0.763; 1.381]
Chelidonichthys capensis 0.219 0.169 5.93 [4.693; 7.282]
Zeus capensis 0.131 0.477 2.10 [1.701; 2.674]

Table 5.12: Results of the Kappenman'’s method
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Figure 5.9: 1000 bootstrap estimates of the Kappenman conversion factors of
seven species
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The variance ratios in Table 5.13 are all above 1, except for Trachurus capensis
and Helicolenus dactylopterus, showing the high variation in catches from FRS
Africana compared to the catches of RV Dr Fridtjof Nansen.

Species Trans. Trans. M s’ Variance
variables par ratio

Merluccius capensis v 0.154 -0.292 | 0.402 212
w 0.177 -0.163 | 0.853

Merluccius paradoxus v 0.154 1.825 | 11.632 1.19
w 0.199 2.548 | 13.809

Genypterus capensis v -0.051 -0.132 | 0.003 4.33
w 0.047 -0.202 | 0.013

Lophius vomerinus v 0.218 -0.243 | 0.007 3.29
w 0.236 -0.344 | 0.023

Trachurus capensis v -0.12 -0.257 | 0.059 0.95
w -0.123 -0.259 | 0.056

Chelidonichthys capensis v 0.109 -0.211 | 0.012 36.25
w 0.294 -0.243 | 0.435

Zeus capensis v 0.096 -0.142 | 0.006 4.33
w 0.17 -0.233 | 0.026

Helicolenus dactylopterus v 0.111 -0.225 | 0.021 0.62
w 0.14 -0.191 | 0.013

Table 5.13: Transformation results of Box-Cox Extension method Option 1

Table 5.14 presents Shapiro-Wilks normality tests to determine if the transformed

variables show any evidence against marginal Gaussian distributions.

Hq: Power-transformed data set follows a Gaussian distribution

H+: Power-transformed data set does not follow a Gaussian distribution
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Species Transformed variables | Shapiro-Wilks W | p-value
Merluccius capensis v 0.990 0.777
w 0.995 0.993
Merluccius paradoxus v 0.987 0.409
w 0.983 0.203
Genypterus capensis v 0.988 0.653
w 0.980 0.237
Lophius vomerinus v 0.992 0.822
w 0.983 0.267
Trachurus capensis v 0.983 0.607
w 0.985 0.687
Chelidonichthys capensis v 0.956 0.192
w 0.947 0.110
Zeus capensis v 0.976 0.361
w 0.973 0.279
Helicolenus dactylopterus v 0.971 0.026
w 0.993 0.881

Table 5.14: Shapiro-Wilks test results

It appears from Table 5.14 that all species (both v and w) showed evidence of
normality, with the exception of Helicolenus dactylopterus v, for which the p-value
for Shapiro-Wilks statistic was significant at 5% level. Therefore, due to deviation
from normality at 5% level of significance, Helicolenus dactylopterus was

excluded from the analysis.

The next step is to perform regression analysis through the origin, but only after
the hypothesis test @ = 0 has been conducted for all species that satisfied the
normality tests in Table 5.14. The results of the hypothesis tests (¢ = 0) are
presented in Table 5.15, which shows test statistics values t.ac and their
associated p-values. The test statistic t-calc is calculated as described in Section
3.4.1.4 of Chapter 3. The d.f. in brackets are the degrees of freedom (n-2) used

when calculating the t-test statistic.
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Ho: Intercept is at origin (@ = 0)
Hi: Intercept is not at origin (a = 0)

Species tealc p-value (d.f)
Merluccius capensis 2.738 0.008 (81)
Merluccius paradoxus 2916 0.004 (102)
Genypterus capensis 0.605 0.547 (81)
Lophius vomerinus 0.651 0.517 (90)
Trachurus capensis 1.115 0.270 (56)
Chelidonichthys capensis 1.709 0.098 (31)
Zeus capensis 0.558 0.579 (50)

Table 5.15: Hypothesis tests for a = 0

The null hypothesis, Ho, was rejected in only two species, namely, Merluccius
capensis and Merluccius paradoxus (significant p-values at 0.05 level). The
reason for rejection of Hy for these two species could be the fact that the small
values of v and w do not correlate with each other. Therefore, these two species

will be excluded from further analysis of this method.

Table 5.16 presents the results of the regression line through the origin for the 5

species that satisfied the condition a = 0.

Species B(conv factor) 95% Cl for ,8
Genypterus capensis 1.47 [1.357; 1.574]
Lophius vomerinus 1.36 [1.251; 1.461]
Trachurus capensis 0.91 [0.804; 1.015]
Chelidonichthys capensis 210 [1.348; 2.855]
Zeus capensis 1.70 [1.574; 1.815]

Table 5.16: Results of Box-Cox Extended Method for Option 1
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Option 2: Common transformation parameter

The results in Table 5.17 were obtained by maximising the likelihood function
given in Section 3.4.1.4 of Chapter 3 and solving for transformation parameter,
A. The table presents common transformation parameteri; the mean and
variance of transformed variables v and w; and correlation, », between the two

transformed variables.

Species Trans. Trans. par U o’ r
variables

Merluccius capensis v 0.155 -0.292 0.402 0.86
w -0.176 0.854

Merluccius paradoxus v 0.107 1.711 11.724 0.85
w 2.350 14.245

Genypterus capensis v -0.022 -0.137 0.003 0.58
w -0.190 0.013

Lophius vomerinus v 0.240 -0.246 0.007 0.55
w -0.346 0.023

Trachurus capensis v -0.081 -0.256 0.059 0.83
w -0.260 0.056

Chelidonichthys capensis v 0.199 -0.234 0.012 0.92
w -0.278 0.444

Zeus capensis v 0.166 -0.156 0.006 0.91
w -0.232 0.026

Helicolenus dactylopterus v 0.111 -0.225 0.021 0.89
w -0.185 0.013

Table 5.17: Transformation results of Box-Cox Extension method Option 2

It is evident from Table 5.17 that the two transformed variables v and w are
linearly related for all species, but that relationship is not very strong for the two
species Genypterus capensis and Lophius vomerinus (the bolded r-values). The
variances have all been stabilised by the transformation, though slightly high for
Merluccius paradoxus. Table 5.18 presents Shapiro-Wilks normality tests to
determine if the transformed variables show any evidence of Gaussian

distribution.
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Ho: Power-transformed data set follows a Gaussian distribution

H4: Power-transformed data set does not follow a Gaussian distribution

Species Transformed variables Shapiro-Wilks W | p-value
Merluccius capensis v 0.990 0.777
w 0.995 0.987
Merluccius paradoxus v 0.987 0.409
w 0.983 0.203
Genypterus capensis v 0.988 0.623
w 0.978 0.160
Lophius vomerinus v 0.993 0.890
w 0.983 0.273
Trachurus capensis v 0.981 0.475
w 0.981 0.499
Chelidonichthys capensis v 0.955 0.182
w 0.940 0.066
Zeus capensis v 0.974 0.302
w 0.973 0.268
Helicolenus dactylopterus v 0.971 0.026
w 0.991 0.767

Table 5.18: Shapiro-Wilks test results

As in Option 1, it appears from Table 5.18 that all species (both v and w) showed
evidence of normality, with the exception of Helicolenus dactylopterus v, for
which the p-value for Shapiro-Wilks statistic was significant at 5% level.
Therefore, due to deviation from normality at 5% level of significance,
Helicolenus dactylopterus was excluded from the analysis.

As was done in Option 1, the next step is performing regression analysis through
the origin, but only after the hypothesis test @ = 0 has been conducted for all
species that satisfied the normality tests in Table 5.18. The results of this

hypothesis tests (@ = 0) are presented in Table 5.19.
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Option 3: Different transformation parameters

The results in Table 5.21 were obtained by maximising the likelihood function
given in Section 3.4.1.4 of Chapter 3 and solving for transformation parameters,
Aand k. The table presents transformation parametersi and k¢ of v and w
respectively; the mean and variance of transformed variables v and w; and

correlation, r, between the two transformed variables.

Species Transformed variables | Trans. par p o’ r
Merluccius capensis v 0.139 -0.296 | 0.402 | 0.85
w 0.161 -0.172 | 0.854
Merluccius paradoxus v 0.08 1.644 | 11.866 | 0.86
w 0.128 2.395 | 14.069
Genypterus capensis v -0.091 -0.126 | 0.003 | 0.59
w 0.039 -0.201 | 0.013
Lophius vomerinus v 0.235 -0.244 | 0.007 | 0.56
w 0.259 -0.352 | 0.023
Trachurus capensis v -0.081 -0.256 | 0.059 | 0.83
w -0.081 -0.260 | 0.056
Chelidonichthys capensis v 0.04 -0.197 | 0.012 | 0.94
w 0.295 -0.243 | 0.435
Zeus capensis v 0.128 -0.148 | 0.006 | 0.91
w 0.205 -0.240 | 0.026
Helicolenus dactylopterus v 0.082 -0.220 | 0.021 | 0.89
w 0.119 -0.187 | 0.013

Table 5.21: Transformation results of Box-Cox Extension method Option 3

It is evident from Table 5.21 that the two transformed variables v and w are
linearly related for all species, but that relationship is not very strong for the two
species Genypterus capensis and Lophius vomerinus (the bolded r-values). The
variances have all been stabilised by the transformation, though slightly high for
Merluccius paradoxus. Table 5.22 presents Shapiro-Wilks normality tests to
determine if the transformed variables show any evidence of Gaussian
distribution.
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Ho: Intercept is at origin (a = 0)

Hi: Intercept is not at origin (a # 0)

Species teac p-value (d.f)
Merluccius capensis 2.580 0.012 (81)
Merluccius paradoxus 2.652 0.009 102)
Genypterus capensis 0.387 0.700 (81)
Lophius vomerinus 0.586 0.560 (90)
Trachurus capensis 1.115 0.270 (56)
Chelidonichthys capensis 1.530 0.136 (31)
Zeus capensis 0.821 0.416 (50)

Table 5.19: Hypothesis tests for a = 0

Similar conclusions as in Option 1 can be made from the results of Table 5.19, in
the sense that the null hypothesis, Hy, was rejected in only two species, namely,

Merluccius capensis and Merluccius paradoxus (significant p-values at 0.05

level).

Table 5.20 presents the results of the regression line through the origin for the 5

species that satisfied the condition of zero intercept.

Species B(conv factor) 95% Cl for §
Genypterus capensis 1.35 [1.213; 1.488]
Lophius vomerinus 1.36 [1.259; 1.469]
Trachurus capensis 0.91 [0.81; 1.018]
Chelidonichthys capensis 1.99 [1.276; 2.70]
Zeus capensis 1.57 [1.448; 1.682]

Table 5.20: Conversion factors from Box-Cox Extended Method Option 2
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Ho: Power-transformed data set follows a Gaussian distribution

H4: Power-transformed data set does not follow a Gaussian distribution

Species Transformed variables | Shapiro-Wilks W | p-value
Merluccius capensis v 0.990 0.769
w 0.995 0.990
Merluccius paradoxus v 0.979 0.090
w 0.976 0.060
Genypterus capensis v 0.987 0.586
w 0.980 0.237
Lophius vomerinus v 0.992 0.880
w 0.983 0.292
Trachurus capensis v 0.981 0.474
w 0.981 0.500
Chelidonichthys capensis v 0.952 0.155
w 0.947 0.110
Zeus capensis v 0.976 0.373
w 0.975 0.324
Helicolenus dactylopterus v 0.970 0.023
w 0.992 0.816

Table 5.22: Shapiro-Wilks test results

It appears from Table 5.22 that all species (both v and w) showed evidence of
normality, with the exception of Helicolenus dactylopterus v-variable, for which
the p-value for Shapiro-Wilks statistic was significant at 5% level. Therefore, due
to deviation from normality at 5% level of significance, Helicolenus dactylopterus

was excluded from the analysis.

As was done for the first two Options, regression analysis through the origin is
performed, but only after the hypothesis test a = 0 has been conducted for all
species that satisfied the normality tests in Table 5.22. The results of the

hypothesis tests (a = 0) are presented in Table 5.23.
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Ho: Intercept is at origin (a = 0)

Hi: Intercept is not at origin (a = 0)

Species tealc p-value (d.f)
Merluccius capensis 2.676 0.009 (81)
Merluccius paradoxus 3.152 0.002 (102)
Genypterus capensis 0.712 0.478 (81)
Lophius vomerinus 0.634 0.528 (90)
Trachurus capensis 1.115 0.270 (56)
Chelidonichthys capensis 1.817 0.079 (31)
Zeus capensis 0.609 0.545 (50)

Table 5.23: Hypothesis tests for a = 0

The null hypothesis, Ho, was rejected in only two species, namely, Merluccius
capensis and Merluccius paradoxus. The reason for rejection of Hy for these two
species could be the fact that the small values of v and w do not correlate with

each other. Therefore, these two species will be excluded from further analysis of

this method.

Table 5.24 presents the results of the regression line through the origin for the 5

species that satisfied the condition a = 0.

Species B (conv factor) 95% Cl for f
Genypterus capensis 1.51 [1.363; 1.661]
Lophius vomerinus 1.39 [1.287; 1.499]
Trachurus capensis 0.91 [0.810; 1.018]
Chelidonichthys capensis 2.28 [1.504; 3.047]
Zeus capensis 1.68 [1.560; 1.793]

Table 5.24: Results of Box-Cox Extended Method for Option 3
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5:3:1.5. Summary of results of FRS Africana (old trawl gear)
against RV Dr Fridtjof Nansen

A summary of the results of all the methods applied to the comparative trials data

between FRS Africana (old trawl gear) and RV Dr Fridijof Nansen is presented in

Table 525
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Table 5.25: Summary of results for FRS Africana (new trawl gear) against R Dr
Fridtiof Nansen

For convenience:
WLST — rofers fo WLE regression ine through the origin (1))
WLEZ2 —refers to WLE regression line through the origin (2);

Logtl —refers to iversion of the Linear Regression equatiory,
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Log2 - refers to Inversion of the linear Regression Equation through the Origin;
Box-Cox1 — refers to Option 1 of the Box-Cox Extended method: univariate
transformation;

Box-Cox2 — refers to Option 2 of the Box-Cox Extended method: common transformation
parameters; and

Box-Cox3 — refers to Option 3 of the Box-Cox Extended method: different transformation

parameters.

The dashes for some methods imply that the data for the corresponding species
did not meet all requirements of that method, and hence that the method cannot
be applied to calculate a conversion factor or relationship for that species. The
Log2 method appears problematic as it was applicable to only 2 species
(Genypterus capensis and Zeus capensis), and the standard errors of the

conversion factor from this method were very low compared to other methods.

The 8 methods are not directly comparable, as they are probably on different
scales. Therefore, the best conversion factor can be chosen as the geometric
mean of all the 8 conversion factors, and this value can then be used to convert
catch from RV Dr Fridtjof Nansen to FRS Africana (old trawl gear).

Species Conversion factor
Merluccius capensis 1.48
Merluccius paradoxus 1.27
Genypterus capensis 1.21
Lophius vomerinus 1.51
Trachurus capensis 0.95
Chelidonichthys capensis 3.67
Zeus capensis 1.75
Helicolenus dactylopterus 0.99

Table 5.26: Conversion factors to convert RV Dr Fridtjof Nansen catch to FRS
Africana (old trawl gear) catch.
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Species B,, ( conv facton) | Std error ( ﬁm) 95% Cl for B,,
Merluccius capensis 0.97 0.072 [0.826; 1.109]
Merluccius paradoxus 1.20 0.092 [1.022; 1.384]
Trachurus capensis 0.56 0.091 [0.38; 0.738]
Chelidonichthy capensis 2.31 0.433 [1.46; 3.159]
Zeus capensis 1.75 0.142 [1.468; 2.026)
Helicolenus dactylopterus 0.77 0.062 [0.645; 0.886]

Table 5.27: Results of the WLS regression line through origin (1) method

The last column in Table 5.27 presents confidence intervals for the slope
parameter f,. The width of the confidence intervals is narrow for all species

except for Chelidonichthy capensis, with the width of 1.699. The conversion
factors for Merluccius capensis, Trachurus capensis, and Helicolenus
dactylopterus are all less than one, implying that according to this WLS method,
FRS Africana (new trawl gear) was less efficient in catching these species than
RV Dr Fridtjof Nansen.

1

For method 2: after applying the weights: w, =—x"1— to impose the following
()

model: (LJ =R =f,+e, where var(e)=0"; we obtain the following results:

Species B,, (conv factor) | std error (ﬁaz) 95% Cl for B,,
Merluccius capensis 1.19 0.114 [0.969; 1.415]
Merluccius paradoxus 1.70 0.174 [1.361; 2.041]
Trachurus capensis 1.02 0.131 [0.769; 1.280]
Chelidonichthys capensis 3.00 0.597 [1.826; 4.167]
Zeus capensis 3.37 1.058 [1.302; 5.447]
Helicolenus dactylopterus 2.00 0.846 [0.338; 3.655]

Table 5.28: Results of WLS regression line through origin (2)
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Figure 5.10: Scatterplots of log-transformed CPUA (g/m2) values of FRS Africana
(new trawl gear) against RV Dr Fridtjof Nansen, for each species
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Merluccius capensis, Genypterus capensis, Chelidonichthys capensis, and Zeus

capensis, and these are the species that will be analyzed in both methods of this

section.

Table 5.30 presents resuits of the first method under log transformation, inversion

of the linear regression equation. All species were declared to have met the

requirement that B =1, except only for Merluccius capensis, whose slope

parameter value of 0.7846 was far from one. Therefore, Merluccius capensis was

excluded.
e° “Inverted Inverted
Species Is (Conv | Std error 95% ClI
(xvsy) Regression line | g =17 | factor) for e for e”
Merluccius capensis y=0.785x+0.118 No - - -
Genypterus capensis y=0.838x~-0.162 Yes 1.18 1.254 [0.747; 1.848]
Chelidonichthys capensis | y=0.925x + 0.260 Yes 1.30 1.1183 [1.037; 1.623]
Zeus capensis y =0.878x + 0.067 Yes 1.07 1.1531 [0.804; 1.422]

Table 5.30: Results of inversion of the linear regression equation

it appears from Table 5.30 that the confidence intervals produced by this method

were also not very wide. The standard errors of e” were also reasonably lower,

although not as lower as in the results for the weighted least squares methods.

The second method, inversion of the linear regression through origin model,

requires that we first test the hypothesis that the intercept is zero (a = 0) and the

results are presented in Table 5.31.

8 Inverted Std error for ” = exp (std error for a)

" Inverted 95% CI for e” = exp (95% CI for a). See Chapter 3.
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All the species in the above scatterplots (Figure 5.10) appear to satisfy the
requirement of linearly relationship between the two vessels, with the exception
of only Lophius vomerinus. It is very interesting to note that before
transformation, for Genypterus capensis, there was no evidence that the two
vessels were linearly related, which is not the case for their log-transformed

variables.

The log transformed variables for the species that showed linear relationship
between the two vessels were then tested for univariate Gaussian using the
Shapiro-Wilks test, which is a very good test statistic for normality. The results

are presented in Table 5.29.

Ho: Data set have a Gaussian distribution

H4: Data set does not have a Gaussian distribution

Species Vessel Shapiro-Wilks W p-value
Merluccius capensis Nansen (logx) 0.992 0.905
Africana (logy) 0.981 0.316
Merluccius paradoxus Nansen (logx) 0.844 0.000
Africana (logy) 0.947 0.001
Genypterus capensis Nansen (logx) 0.952 0.081
Africana (logy) 0.945 0.047
Trachurus capensis Nansen (logx) 0.901 0.001
Africana (logy) 0.964 0.135
Chelidonichthys capensis Nansen (logx) 0.966 0.452
Africana (logy) 0.946 0.142
Zeus capensis Nansen (logx) 0.967 0.257
Africana (logy) 0.965 0.220
Helicolenus dactylopterus Nansen (logx) 0.956 0.003
Africana (logy) 0.979 0.130

Table 5.29: Shapiro-Wilks test for normality for each species

The bolded p-values in Table 5.29 implies significant difference for Ho at a =

0.05. Only four species showed evidence of Gaussian for both variables, i.e.,
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Ho: Intercept is at origin (@ = 0)

Hq: Intercept is not at origin (o #0)

Species a p-value
Merluccius capensis -0.118 0.012
Genypterus capensis 0.162 0.226
Chelidonichthys capensis 0.260 0.028
Zeus capensis 0.067 0.639

Table 5.31: Hypothesis test for zero intercept

It appears from Table 5.31 that only Genypterus capensis and Zeus capensis
have non-significant p-values at 5% level. Therefore, the second method under
log transformation, inversion of the linear regression through origin, applied only

to Genypterus capensis and Zeus capensis, produces the results in Table 5.32.

Species B ( conv factor) Std error (ﬁ) 95% Cl for B
Genypterus capensis 0.75 0.049 [0.657; 0.848]
Zeus capensis 0.84 0.038 [0.770; 0.917]

Table 5.32: Results of inversion of the linear regression through origin method

This method, inversion of the linear regression through origin method, produces
low standard errors and confidence interval widths for both species in Table 5.32,
however, the slope parameters are a bit misleading. They are very small
compared to the results in Table 5.30 and also in the weighted least squares
methods in Section 5.3.2.1.

5.3.2.3. Kappenman’s method

We've seen from Section 5.3.1.3 that for all species except for Helicolenus

dactylopterus, the Kappenman (1992)'s transformation method was successful in
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transforming the variables x and y to Gaussian distribution. Table 5.33 presents

Shapiro-Wilks normality tests for the transformed FRS Africana (X“)and RV Dr

Fridtjof Nansen (r“ Y? ) variables for all species.

Ho: Data set have a Gaussian distribution

H: Data set does not have a Gaussian distribution

Species Vessel d Shapiro-Wilks W | p-value
Nansen (X°) 0.994 0.973
Merluccius capensis Africana (#Y") | 0.050 0.994 0.364
Nansen (X% 0.982 0.241
Merluccius paradoxus Africana (#Y°) | 0.248 0.994 0.955
Nansen (X) 0.957 0.121
Genypterus capensis Africana (#'Y") | 0.140 0.968 0.300
Nansen (X% 0.971 0.235
Lophius vomerinus Africana ("Y") | 0.109 0.983 0.669
Nansen (X% 0.940 0.015
Trachurus capensis Africana (#Y%) | -0.124 0.968 0.203
Nansen (X% 0.969 0.545
Chelidonichthys capensis Africana (#Y") | -0.081 0.953 0.215
Nansen (X% 0.973 0.413
Zeus capensis Africana (#'Y") | -0.058 0.969 0.297
Nansen (X% 0.987 0.479
Helicolenus dactylopterus Africana (#'Y") | 0.126 0.984 0.302

Table 5.33: Shapiro-Wilks normality tests of variables X? and r‘Y? for each
species from both research vessels.

It appears from Table 5.33 that the Kappenman (1992) transformation method
could not transform the RV Dr Fridtjof Nansen (X) variable of Trachurus capensis
to Gaussian (p-value significant at ¢ = 0.01). Table 5.34 presents results of the
Kappenman (1992)'s method which were determined using the solver tool in

Microsoft Excel.
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Species d r conversion factor 95% Cl
Merluccius capensis 0.050 1.098 0.91 [0.768; 1.072]
Merluccius paradoxus 0.248 0.807 1.24 [1.081; 1.454]
Genypterus capensis 0.140 0.365 2.74 [1.978; 4.072]
Lophius vomerinus 0.109 0.127 7.87 [5.772; 10.674]
Chelidonichthys capensis -0.081 0.456 2.19 [1.686; 2.938]
Zeus capensis -0.058 0.548 1.82 [1.336; 2.432]
Helicolenus dactylopterus 0.126 1252 0.80 [0.681; 0.951]

Table 5.34: Results of the Kappenman's method

As in Section 5.3.1.2, the 95% confidence intervals were calculated by using a
percentile method from 1000 bootstrap statistics of Kappenman conversion

factors. The conversion factors do correspond to the results from other methods.

Figure 5.11 presents 1000 bootstrap estimates of the Kappenman conversion
factors. The average of the bootstrap estimates is shown by the broken line, and
the lower and upper values of the 95% confidence interval shown by the solid
lines. One can notice that the average of the bootstrap estimates is
approximately equal to the Kappenman conversion factors presented in Table
5.34 for all species, which implies that Kappenman conversion factors can be

considered very reliable.
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Figure 5.11: 1000 bootstrap estimates of the Kappenman conversion factors of
seven species
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Species Transformed variables Shapiro-Wilks W | p-value
Merluccius capensis v 0.994 0.975
w 0.982 0.367
Merluccius paradoxus v 0.983 0.252
w 0.996 0.990
Genypterus capensis v 0.957 0.122
w 0.969 0.310
Lophius vomerinus v 0.971 0.232
w 0.985 0.738
Trachurus capensis v 0.956 0.065
w 0.971 0.261
Chelidonichthys capensis v 0.969 0.540
w 0.953 0.225
Zeus capensis v 0.973 0.420
w 0.968 0.293
Helicolenus dactylopterus v 0.988 0.529
w 0.984 0.333

Table 5.36: Shapiro-Wilks normality tests for variables v and w in Option 1

It appears from Table 5.36 that all species (both v and w) exhibit evidence of

Gaussian distribution, showing the power of this Box-Cox method in transforming

variables to exhibit Gaussian distribution.

The next step is to perform regression analysis through the origin, but only after

the hypothesis test a = 0 has been conducted for all species in Table 5.36. The

results of the hypothesis tests (a = 0) are presented in Table 5.37, which shows

test statistics values t.ac and their associated p-values. The test statistic t-calc is

calculated as described in Section 3.4.1.4 of Chapter 3. The d.f. in brackets are

the degrees of freedom (n-2) used when calculating the t-test statistic.

Ho: Intercept is at origin (a = 0)

H1: Intercept is not at origin (@ #0)
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Species Trans. Trans. i s Variance
Variables par ratio

Merluccius capensis v 0.063 -0.357 0.199 0.892
w 0.039 -0.365 0.178

Merluccius paradoxus v 0.205 1.552 7.193 1.426
w 0.277 2.455 10.257

Genypterus capensis 14 0.11 -0.108 0.001 9.08
w 0.149 -0.202 0.012

Lophius vomerinus v 0.119 -0.136 0.001 44.655
w 0.046 -0.358 0.063

Trachurus capensis v -0.219 -0.16 0.016 0.5
w -0.067 -0.115 0.008

Chelidonichthys capensis v -0.065 -0.214 0.021 5.055
w -0.098 -0.327 0.108

Zeus capensis v -0.063 -0.092 0.003 3
w -0.052 -0.144 0.009

Helicolenus dactylopterus v 0.152 -0.198 0.012 0.583
w 0.079 -0.167 0.007

Table 5.35: Transformation results of Box-Cox Extension method Option 1

It appears from Table 5.35 that the variances have all been stabilised by the

transformation, though slightly high for Merluccius paradoxus (o’ =7.193and

o2 =10.257). This feature could be attributed to the high catches of Merluccius

paradoxus in the trawls.

Table 5.36 presents Shapiro-Wilks normality tests to determine if the transformed

variables exhibit any evidence of Gaussian distribution.

Ho: Power-transformed data follows a Gaussian distribution

H4: Power-transformed data does not follow a Gaussian distribution
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Species teaic p-value (d.f)
Merluccius capensis 1.654 0.103 (72)
Merluccius paradoxus 3.059 0.003 (91)
Genypterus capensis 0.131 0.897 (39)
Lophius vomerinus 0.005 0.996 (50)
Trachurus capensis 0.799 0.429 (47)
Chelidonichthys capensis 0.797 0.433 (27)
Zeus capensis 0.036 0.971 (40)
Helicolenus dactylopterus 1.283 0.203 (91)

Table 5.37: Hypothesis tests for a = 0 in Option 1

One species had a significant p-value (at 0.05 level), namely, Merluccius
paradoxus. Therefore, this species will be excluded from further analysis of this
method.

Table 5.38 presents the results of the regression line through the origin for the 7

species that satisfied the condition a = 0.

Species B (conv factor) 95% Cl for
Merluccius capensis 0.84 [0.726; 0.956)
Genypterus capensis 1.90 [1.676; 2.122]
Lophius vomerinus 2.64 [2.177; 2.122)]
Trachurus capensis 0.68 [0.608; 0.743]
Chelidonichthys capensis 1.68 [1.434; 1.918]
Zeus capensis 1.56 [1.400; 1.715]
Helicolenus dactylopterus 0.80 [0.765; 0.843]

Table 5.38: Conversion factors from Box-Cox Extension method Option 1

Option 2 — common transformation parameter

The results in Table 5.39 were obtained by maximising the likelihood function
given in Section 3.4.1.4.1 of Chapter 3 and solving for transformation

parameters, A and k. The table presents transformation parameters (4 forvand £
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for w); the mean and variance of transformed variables v and w; and correlation,

r, between the two transformed variables.

Species Transformed variables | A 7} s* r

Merluccius capensis v -0.357 | 0.201

w 0.137 -0.36 | 0.181 | 0.78
Merluccius paradoxus v 1.563 | 7.194

w 0.213 2.345 | 10.428 | 0.85
Genypterus capensis v -0.102 | 0.001

w 0.081 -0.188 | 0.012 | 0.71
Lophius vomerinus v -0.128 | 0.001

w 0.085 -0.363 | 0.063 | 0.40
Trachurus capensis v -0.168 | 0.017

w -0.066 | -0.115 | 0.008 | 0.85
Chelidonichthys capensis v -0.218 | 0.021

w -0.036 | -0.328 | 0.109 | 0.89
Zeus capensis v -0.126 | 0.003

w 0.16 -0.177 | 0.011 | 0.92
Helicolenus dactylopterus v -0.199 | 0.012

w 0.156 -0.184 | 0.007 | 0.88

Table 5.39: Transformation results of Box-Cox Extension method Option 2

It appears from Table 5.39 that the two transformed variables v and w are linearly
related for all species, except for Lophius vomerinus (r = 0.4). The variances

have all been stabilised by the transformation, though slightly high for Merluccius

paradoxus (s> =7.194and s> =10.428).

Table 5.40 presents Shapiro-Wilks normality tests to determine if the transformed
variables (only for species whose transformed variables are linearly related)

show any evidence of Gaussian distribution.

Ho: Power-transformed data follow a Gaussian distribution

H4: Power-transformed data does not follow a Gaussian distribution
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Species teaic p-value (d.f)
Merluccius capensis 1.61 0.112 (72)
Merluccius paradoxus 2.621 0.010 (91)
Genypterus capensis 0.204 0.839 (39)
Chelidonichthys capensis 0.857 0.399 (27)
Helicolenus dactylopterus 1.726 0.088 (91)

Table 5.41: Hypothesis tests for a = 0 in Option 2

The null hypothesis was rejected in only one species, namely, Merluccius
paradoxus. Therefore, a conversion factor using this method will not be
calculated for this species.

Table 5.42 presents the results of the regression line through the origin for the 4

species that satisfied the condition @ = 0.

Species B (conv factor) 95% Cl for f3
Merluccius capensis 0.85 [0.737; 0.963]
Genypterus capensis 1.88 [1.645; 2.108]
Chelidonichthys capensis 1.65 [1.412; 1.894]

elicolenus dactylopterus 0.87 [0.826; 0.909]

Table 5.42: Conversion factors from Box-Cox extension method Option 2

Option 3 - different transformation parameters

This option attempts at using the Box-Cox method to transform x and y to v and w
using two different transformation parameters, but in the same likelihood function.
The statistics results of this option are presented in Table 5.43 and these resuits
were obtained by maximising the likelihood function given in Section 3.4.1.4.1 of
Chapter 3 and calling the Solver tool to find solutions for transformation
parameters, A and k. The table presents transformation parameters (A for v and £
for w); the mean and variance of transformed variables v and w; and correlation,

r, between the two transformed variables.
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Species Transformed variables Shapiro-Wilks W | p-value
Merluccius capensis v 0.991 0.864
w 0.975 0.152
Merluccius paradoxus v 0.983 0.257
w 0.989 0.653
|Genypterus capensis v 0.956 0.117
w 0.962 0.184
Trachurus capensis v 0.925 0.004
w | 0.971 0.261
Chelidonichthys capensis v 0.968 0.513
w 0.949 0.177
Zeus capensis v 0.923 0.008
w 0.932 0.015
Helicolenus dactylopterus v 0.988 0.527
w 0.982 0.220

Table 5.40: Shapiro-Wilks normality tests for variables v and w in Option 2

It appears from Table 5.40 that 2 species should be excluded from further
analysis of this method because, namely, Trachurus capensis (v p-value < 0.05)

and Zeus capensis (both v and w p-values < 0.05).

The next step is to perform regression analysis through the origin, but only after
the hypothesis test @ = 0 has been conducted for species that satisfied the
Gaussian assumptions conducted in Table 5.40. The results of the hypothesis
tests (a = 0) are presented in Table 5.41, which shows test statistics values tcac
and their associated p-values. The test statistic t-calc is calculated as described
in Section 3.4.1.4 of Chapter 3. The d.f. in brackets are the degrees of freedom

(n-2) used when calculating the t-test statistic.

Ho: Intercept is at origin (@ = 0)

Hi: Intercept is not at origin (@ #0)
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Species Trans. variables | Trans. par M o r

Merluccius capensis v 0.163 -0.35 | 0.202

w 0.118 -0.361| 0.18 |(0.78
Merluccius paradoxus v 0.139 1.446 | 7.276

w 0.234 2.381 | 10.333 | 0.86
Genypterus capensis v 0.107 -0.107 | 0.001

w 0.068 -0.186 | 0.012 10.71
I ophius vomerinus v 0.11 -0.133 | 0.001

w 0.015 -0.354 | 0.063 | 0.4
Trachurus capensis v -0.163 -0.162 | 0.016

w 0.007 -0.121 | 0.008 |0.87
|Chelidonichthys capensis v -0.018 -0.22 | 0.021

w -0.061 -0.326 | 0.108 |0.89
Zeus capensis v 0.144 -0.123 | 0.003

w 0.184 -0.183 | 0.011 |0.92
Helicolenus dactylopterus v 0.184 -0.206 | 0.012

w 0.105 -0.172 | 0.007, |0.88

Table 5.43: Transformation results of Box-Cox Extension method Option 3

It appears from Table 5.43 that the two transformed variables v and w are linearly

related for all species, except for Lophius vomerinus (r = 0.4). The variances

have all been stabilised by the transformation, though slightly high for Merluccius

paradoxus (o> =7.276 and o’ =10.333).

Table 5.44 presents Shapiro-Wilks normality tests to determine if the transformed

variables (only for species whose transformed variables are linearly related)

show any evidence of Gaussian distribution.

Ho: Power-transformed data follow a Gaussian distribution

H1: Power-transformed data does not follow a Gaussian distribution
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Species Transformed variables Shapiro-Wilks W | p-value

Merluccius capensis v 0.988 0.722
w 0.977 0.207
Merluccius paradoxus v 0.978 0.114
w 0.993 0.886
|Genypterus capensis v 0.957 0.122
w 0.96 0.157
Trachurus capensis v 0.948 0.031
w 0.962 0.118
|Chelidonichthys capensis v 0.967 0.485
w 0.951 0.199
Zeus capensis v 0.929 0.012
w 0.924 0.008
Helicolenus dactylopterus v 0.986 0.458
w 0.984 0.334

Table 5.44: Shapiro-Wilks normality tests for variables v and w in Option 3

It appears from Table 5.44 that all species (both v and w) showed evidence of
normality, except for Trachurus capensis v (p-value for Shapiro-Wilks statistic
was significant at 5% level), and Zeus capensis (both transformed variables v
and w had p-values significant at 5% level). Therefore, due to deviation from
normality at 5% level of significance, Trachurus capensis and Zeus capensis

were excluded from the analysis using this method.

The next step is to perform regression analysis through the origin, but only after
the hypothesis test ¢ = 0 has been conducted for 5 species that satisfied the
Gaussian assumptions conducted in Table 5.44. The results of the hypothesis
tests (a = 0) are presented in Table 5.45, which shows test statistics values tcac
and their associated p-values. The test statistic t-calc is calculated as described
in Section 3.4.1.4 of Chapter 3. The d.f. in brackets are the degrees of freedom

(n-2) used when calculating the t-test statistic.
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Ho: Intercept is at origin (a = 0)

H1: Intercept is not at origin (@ #0)

Species teac p-value (d.f)
Merluccius capensis 0.184 0.097 (72)
Merluccius paradoxus 3.316 0.001 (91)
Genypterus capensis 0.271 0.788 (39)
Chelidonichthys capensis 0.867 0.394 (27)
Helicolenus dactylopterus 1.229 0.222 (91)

Table 5.45: Hypothesis tests for a = 0 in Option 3

The null hypothesis was rejected in only one species, namely, Merluccius
paradoxus. Therefore, this species will be excluded from further analysis of this

method.

Table 5.46 presents the results of the regression line through the origin for the 4

species that satisfied the condition a = 0.

Species B (conv factor) 95% Cl for f
Merluccius capensis 0.85 [0.736; 0.962]
IGenypterus capensis 1.78 [1.558; 2.006]
Chelidonichthys capensis 1.64 [1.399; 1.877]

elicolenus dactylopterus 0.8 [0.766; 0.840]

Table 5.46: Conversion factors from Box-Cox extension method Option 3

5.3.2.5. Summary of results of FRS Africana (new trawl gear)

against RV Dr Fridtjof Nansen
The dashes for some methods imply that the data for that species could not meet
all requirements of that method, meaning that the method could not be applied to

calculate a conversion factor for that species. A similar conclusion to Section
5.3.1.5 can be said about the Log2 method. This (Log2 method) was again
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applicable to only 2 species (Genypterus capensis and Zeus capensis), and the
conversion factors from this method were very low compared to conversion

factors from other methods.

Merluccius capensis Merluccius paradoxus
k| se - ]95% Lowef]3 Ciwidth] F&EE | 95% Lower] 95y
0.97 0.07 0.83 1.11 0.28 1.20 .
1.19 0.11 0.97 1.41 045 1.70 0.17
0.91 - 0.76 1.05 0.29 1.24 - 1.07 1.39 0.32
0.84 - 0.73 0.96 0.23 - - - -
0.85 - 0.74 0.96 0.23 - - - - -
0.85 - 0.74 0.96 0.23 - - - - -
Genypterus capensis Lophius vomerinus
"k [IT s.e |95% Lower]85% Upper] Ciwidth] E X 1 80 ]
1.18 1.25 0.75 1.85 1.10 - - - - -
0.75 0.05 0.66 0.85 0.19 - - - - -
2.74 - 1.94 3.73 1.78 7.87 - 5.30 10.63 5.33
1.90 - 1.68 2.12 0.45 2.64 - 2.18 3.10 0.92
1.88 - 1.65 2.11 0.46 - - - - -
1.78 - 1.56 2.01 0.45 - - - - -
Trach is
T e 1]95% Lowei‘{!i95% Upper| Cl width] [aieiiklie] s 5% Uppe
0.09 0.38 0.74 0.36 2.31 0.43 1.46 3.16 1.70
0.13 0.77 1.28 0.51 3.00 0.60 1.83 4.17 2.34
- - - - 1.30 1.12 1.04 1.62 0.59
- - - 2.18 - 1.62 2.9 1.31
0.608 0.743 0.135 1.68 - 1.43 1.92 0.48
- - - - 1.65 - 1.41 1.89 0.48
- - - 1.64 - 1.40 1.88 0.48
Zeus capensis Helicolenus dactylopterus
ko lio-g.e | 85% Lower]95% Upper| Cl width iseus g t] Clwidth
1.75 0.14 1.47 2.03 0.56 . 0.06 0.64 0.89 0.24
3.37 1.06 1.30 5.45 4.15 2.00 0.85 0.34 3.65 3.32
1.07 1.15 0.80 1.42 0.62 - - - - -
0.84 0.04 0.77 0.92 0.15 - - - - -
1.82 - 1.30 2.43 1.14 0.80 - 0.67 0.94 0.27
1.56 - 1.40 1.72 0.32 0.80 - 0.77 0.84 0.08
- - - - - 0.87 - 0.83 091 0.08
- - - 0.80 - 0.77 0.84 0.07

Table 5.47: Summary of results for FRS Africana (new trawl gear) against RV Dr
Fridtjof Nansen

For convenience:

WLS1 —refers to WLS regression line through the origin (1);

WLS2 — refers to WLS regression line through the origin (2);

Log1 —refers to Inversion of the Linear Regression equation;

Log2 - refers to Inversion of the linear Regression Equation through the Origin;
Box-Cox1 — refers to Option 1 of the Box-Cox Extended method: univariate

transformation;
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Box-Cox2 — refers to Option 2 of the Box-Cox Extended method: common transformation
parameters; and

Box-Cox3 — refers to Option 3 of the Box-Cox Extended method: different transformation
parameters.

As is the case in Section 5.3.1.5, the 8 methods are not directly comparable, as
they are probably not on the same scale. Therefore, the best conversion factor
can be chosen as the geometric mean of all the 8 conversion factors, and this
value can then be used to convert catch from RV Dr Fridtjof Nansen to FRS

Africana (new trawl gear).

Species Conversion factor
Merluccius capensis 0.93
Merluccius paradoxus 1.36
|Genypterus capensis 1.58
Lophius vomerinus 4,56
Trachurus capensis 0.73
Chelidonichthys capensis 1.90
Zeus capensis 1.57
Helicolenus dactylopterus 0.94

Table 5.48: Conversion factors to convert RV Dr Fridtjof Nansen catch to FRS
Africana (new trawl gear) catch.

Results for calculating conversion factors to convert RV Dr Fridtjof Nansen catch
data to FRS Africana (new trawl gear) are given in Table 5.48. Conversion
factors for Merluccius capensis, Trachurus capensis, and Helicolenus
dactylopterus were below one, implying that FRS Africana (new trawl gear) was
less efficient in catching these species than RV Dr Fridtjof Nansen, but more

efficient in catching all other species.

The conversion factor for Lophius vomerinus was very high, even though the
data were standardised in density. This factor is due to very low catches of RV Dr
Fridtjof Nansen.
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5.3.3. FRS Africana (old trawl gear) against FRS Africana (new trawl gear)

This section uses the results found in Sections 5.3.1 and 5.3.2. Section 5.3.1
analyses the comparative data between FRS Africana (old trawl gear) against RV
Dr Fridtjof Nansen, and Section 5.3.2 analyses comparative data between FRS
Africana (new trawl gear) against RV Dr Fridtjof Nansen. The methods used in

this section are discussed in detail in Section 3.5 of Chapter 3.

The conversion factors from the comparative trials between FRS Africana (old
trawl gear) against RV Dr Fridtiof Nansen (Tables 5.27) and between FRS
Africana (new trawl gear) against RV Dr Fridtjof Nansen (Tables 5.48) are used
to calculate conversion factors to convert FRS Africana (old trawl gear) historical

data to FRS Africana (new trawl gear), by the use of the following method:

~

4, = %‘ Afryy

1

and the results are presented in Table 5.49

Species Conv factor Conv factor Conv factor
(Afroig vs Nan) (Afryew Vs Nan) (Afroq to Afryew)
Merluccius capensis 1.48 0.93 0.63
Merluccius paradoxus 1.27 1.36 1.07
Genypterus capensis 1.21 1.58 1.31
Lophius vomerinus 1.51 4.56 3.02
Trachurus capensis 0.95 0.73 0.77
Chelidonichthys capensis 3.67 1.9 0.52
Zeus capensis 1.75 1.57 0.9
Helicolenus dactylopterus 0.99 0.94 0.95

Table 5.49: Conversion factors to convert FRS Africana (old trawl gear) to FRS
Africana (new trawl gear).

It is interesting to note that the conversion factors to convert FRS Africana (old
trawl gear) catch to FRS Africana (new trawl gear) for Merluccius capensis (0.63)

and Merluccius paradoxus (1.07) are not far from those found by the GLM
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the biomass survey data collected by FRS Africana (old trawl gear). Finally, stock

assessment® of the species concerned might be revised.

Some concerns were raised during the course of the study. Marine and Coastal
Management (MCM) might usefully examine these concerns and investigate
them further.

The unavailability of comparative trials data between FRS Africana (new trawl
gear) and FRS Africana (old trawl gear) needs to be addressed. Calculating
conversion factors to convert FRS Africana (old trawl gear) catch to FRS Africana
(new trawl gear) catch was one of the major issues the study needed to address,
but lack of data resulted in methods discussed in Section 3.5 of Chapter 3 to be
used. The reliability of this method is somehow questionable as it does not
produce any standard errors or confidence intervals. If possible, MCM therefore
might arrange comparative trials between the two trawl gears so that reliable

conversion factors can be calculated.

Studies describing the behaviour of the species in response to the trawl gears
used in the study could not be found. There is a need for such studies to be
undertaken, because they provide essential information to the calculation of
conversion factors. Such studies could include vessel avoidance (some species
react to light or noise generated by survey vessels and can initiate avoidance
responses well in advance of the sampling gear (Gunderson 1993)) and gear
avoidance (when fish are in contact with the sampling gear, some can escape

capture by actively avoiding the trawl gear (Gunderson 1993)).

It is further recommended that comparative trials for Sole fish and
Chelidonichthys queketti (Lesser Gurnard) should be undertaken, as these

species are also very important to the South African fishery.

% Stock assessment is the process of collecting and analyzing biological and statistical information to
determine the changes in the abundance of fishery stocks in response to fishing, and, to the extent possible,
to predict future trends of stock abundance (FAO website: http://www.fao.org)
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APPENDICES

Appendix A1: Kappenman method
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Appendix A2: The Visual Basic code to run bootstrapping Macros for the

Kappenman method

Sub MCap_kappenman_oldgear()

' MCap_kappenman_oldgear Macro
' Macro recorded by Luyanda Antony
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Appendix B1:

Box-Cox Extended Method: Option 1

transformation parameter for Merluccius capensis
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Appendix B2: Box-Cox Extended Method: Option 2 - common

transformation parameter for Merluccius capensis
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Appendix B3: Box-Cox Extended Method: Option 3 - Different
transformation parameter for Merluccius capensis
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