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SUMMARY AND RECOMMEND A TI ONS 

Nine polymorphic  loci were used to investigate the population structure of  
orange roughy in Australia and New Zealand waters . 

The dat a  suggest that orange roughy are divided into three sub-p opulations.  
These occur in the broad areas o f:-

1. New Zealand 

2. Eastern Australia and Tasm ania 

3. South Austral i a  

Further work should be undertaken before firm conclusions are drawn from 
the data p resented. 

i'he problems of  stock delineation in orange roughy is  complex. There are 
many unknowns and it is l ikely that several di fferent approaches to the 
problem will yield more useful results than a single study . Like the studies of 
Ovenden et fil.. and Lester tl fil.., our study points to popul ation sub-division 

but none are conclusive .  

The allozyme study carried out by u s  was never intended to be more than a 
preliminary ex amination of orange roughy popul at ion structure .  It was 
severely constrained by funds and time . Only nine out of approximately 1 8  
polymorphi c  loc i  were studied beyond the pilot study . No rare alleles were 
included so that analyses which uti lise these alleles could not be applied to 
the data. 

Further all ozyme studies are warr anted because knowledge of the genetic 
structure of the orange roughy "population" is cruci al to the proper 
biologic al m anagement of the species .  Such work needs to be c arefully 
planned to include investigation into spatial and temporal variation and 
s ampling and analysis of juveniles . This work should be supported by 
··uther mtD NA studies (these may h ave already been completed) and possibly 
nuclear DNA fingerprinting, although this latter  technique may yield d ata  
too complex to  be  useful to managers. 



i i 

LIST OF FIGURES 

Fi gure 1 Map to show the col lection sites of  o range roughy. 

Fi gure 2 Frequenc y  distribution (LCF) of orange  roughy 

collected from southern NSW. 

Fi gure 3 F requenc y  distribution (LCF) of  orange roughy 

collected from New Zeal and .  

PAGE 

4 

8 

8 

Fi gure 4 Map to show Aat allele frequencies as pie  ch arts . 1 1  

Fi gure 5 Map to show Est al lele frequencies as p ie  charts.  1 2 

Fi gure 6 Map to show Gpi- 1 allele frequenci es as pie charts . 1 3 

Fi gure 7 Map to show Gpi-2 allele frequencies as pie charts .  1 4 

Fi gure 8 Map to show Idh al lele frequencies as p ie  charts.  1 5 

Fi gure 9 Map to show Mdh al lele frequencies as pie charts .  1 6 

F i  g u r e  1 0 Map to show Me allele frequencies as pie charts.  

Fi g u re 1 1  Map to show Mpi allele frequencies as pie  charts .  

F i g u r e  12 Map to show Pgm al lele  frequencies as pie charts .  

F i gure 13 D endrogram to show the rel at ionships between 

orange roughy samples (CONTML plot) . 

1 7 

18 

19 

20 



i i i 

LIST OF TABLES 

PAGE 

Table 1 Collection data  for  orange roughy . 3 

Table 2 Polymorphic loci  used in the population study 

of orange roughy . 5 

Table 3 Genie contingency Chi-squ are tests for  heterogen eity 

across all samples of orange roughy , by locus 9 

Table 4 Summary of the results of  the G-tests on Aat 

a l lele frequencies  in tr iangle form .  1 0 

Table 5 Summ ary of the results o f  the G-tests on Est 

allele frequencies in triangle form.  1 1 

Table 6 Summary of the results of  the G-tests on Gpi-1 

a l lele frequencies  in tr ian gle form. 1 2 

Table 7 Summary of the results of  the G-tests on Gpi-2 

allele frequencies  in t ri angle form.  13 

Table 8 Summary of the results of  the G-tests on Idh 

a l lele frequenci e s  in tri angle  form .  14 

Table 9 Summary of the results of  the G-tests on Mdh 

al lele frequencies  in tri angle  form .  15 

Table 1 0  Summary of the results o f  the G-tests  on Me 

a l lele f requencies  in t ri angle  form. 1 6  

Table 11 Summary of the results of the G-tests on Mpi 

allele frequencies in triangle form. 1 7 



i v  

Table 12 Summary of the results of the G-tests on Pgm 

al lele frequencies  in t ri angl e  form .  

Table 13 Summary of  s ignif icant d ifferences  across  all 

loci 

Appendix 1 

Appendix 2 

Appendix 3 

Appendix 4 

Appendix 5 

for each locality s ampled.  

LIST OF APPENDICES 

Detai l s  of enzymes surveyed for genetic 

variation in  orange roughy . 

Description of the observed enzyme 

banding patterns of  the polymo rphic loci  

used for the  analysis  of orange roughy 

p opu lat ion s truc ture . 

Allele frequenc ies ,  hetero zygo si ti e s ,  and 

G-test results for the p olymo rphic loci  

used for the analys i s  of  orange roughy 

popul at ion st ru cture . 

Allele frequencie s  of polymorphic loci 

presented by l atitude and longitude 

s c a t t e r g r a m s . 

G-tests and dendrogram (ContML plot) 

for the polymorphic loci published by 

Smith ( 19 8 6) for the analysis  o f  o range 

roughy p opul ati on structure in  

New Zealand waters . 

18 

20 

PAGE 

Al 

All 

Al 7 

A2 1 

A25 



v 

ACKNOWLEDGEMENTS 

Collect ion of s amples was  o rganised by staff  of the N.S .W. Fisheries  

Research Institute . Our thanks  are extended to  those  involv e d, espec i ally 

Johann B el l  and Ken Graham, also Jeremy Lyle (Dept. of  Sea Fisheries , Tas) , 

D avid  Smith (Marine Science Lab . ,  Vic) and Di  Tracey of the New Zealand 

Fisheries Research Centre , Ministry o f  Agriculture and Fisheries  (NZ ) .  

W e  would l i k e  to thank Michael Cahil l, Adam Smith and Peter Lewis for 
t echnical a s s i st anc e .  

Our thanks als o  go to Themo Terzis for the adaption of  "Doc Holl iday" 

for use with the Macintosh computer, and Rees G riff iths for compi ling the 

Macintosh p ro gram to test for inter-popu l at ion het erogeneity of all el ic and 

genotypic frequencies , and for general c omput ing  t roubleshoot ing. 

) 





1 

INTRODUCTION 

Orange roughy , Hoplostethus atlanticus, are known to be distributed in 

the continent al slope waters of the Atlantic  and Pacific oceans (Smith ,  19 8 6) .  

This species i s  found at depths ranging from 800 metres to 1200 metres, and in 

w ater temperatures between 4
°C to 9°C.  Fish mature at 33 cm to 35 cm m 

l ength (we i gh ing about 1 .5  kg) and form spawning aggregations d u ring 

winter (May to July in  Australia ,  July/August in New Zeal and) .  However, the 

complet e  l i fe cycle  i s  as y et unknown, and l arv ae h av e  not yet been 

described.  L ife  span can only be estimated at 15 to 30 years, as aging methods 

(eg .  otolith growth rings) have p roved d i fficult for th i s  spec i e s .  Natural 

mortal ity rates are not known. The above information is from Willi ams,  1987. 

Prior to the explorations of deepwater,  orange roughy was regarded  as 

a rel atively uncommon species. The fish are not sufficiently abundant in the 

north-e a st Atl ant ic o c e an to support a commerc i al f i shery there (Smith , 

19 86). However, m ajor deepwater f isheries rapidly developed from the e arly 

1970's in New Zealand (Smith , 1986) ,  and l ater in Austral i a  with the discovery 

of dense  sp awning aggregat ions enabl ing c atch rates in excess of  5 tonnes  

per hour (Will i ams, 1987 ) .  

Due to escalating industry interest i n  the resource ,  a major re search 

effort was i n it i ated by th e Austral ian Common we alth and south ern St ate  

governm ents for the 1987/'8 8 f i s c a l  year throu gh F . I . R .T. A  and F .D . T . A. 

(Wi ll i ams ,  19 87 ) .  Conducted by several  organ i s at i on s ,  the rese arch was  

rimari ly d ir ected towards the development of  a m an agement strategy that 

would  ensure a sustain ab l e  y ield of o range roughy , both now and m the 

future . To do thi s ,  a safe level of exploitation of the f ish needs to be 

determined to allow p rotection of the existing stocks .  

In a d etai led study o f  the p arasites  of  Orange Roughy Lester  tl al. 
(19 8 8 )  reported  eight separate  stocks in  Austral ian and New Zeal and waters . 
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Electrophores i s  i s  a technique which is useful for the delineation of 

spec ies and species boundaries , for the detection of hybridization , and for the 

determination of p opulation s tructure. This  techni que h a s  been widely  

applied in fi sheries i nvesti gati ons  because of the importance of defining 

subpopulatio n s  for  informed f i shery m an agem ent.  Smi th (1986) used 

isozyme electroph o re s i s  to inves tigate the structure of the New Zealand 

p opulation of orange roughy , but he did not include any samples from the 

Australi an fi shery in h i s  s tudy . Thi s  report details the results of an 

electrophoretic  invest i gation of o range roughy from Australian waters . 

The objectives of our studies on orange roughy were: 

1. to determine if Australian orange roughy comprise one or several 

sub-populati ons, and to investigate the spatial structure of potential sub­

populat ions,  and 

2. to compare the orange rou ghy s amples from Australia with a s ample 

taken from the Chatham Rise off the east coast of· New Zealand. 
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METHODS 

Sample Collection 

Collections  of appro x i m ately 100 fi sh  each,  from 5 locali t ies  m 

Australian Fishing Zone, and 1 locality off the east coast of New Zealand were 

obtained by the N . S .W. Fi sheries Rese arch Institute (Cronulla), NSW 

Department of Agriculture for an electrophoretic survey of genetic vari ation 

in orange roughy. Table 1 and Fi gure 1 show details of  these collections .  

From NSW both adult and juvenile fish were sampled. 

Fish were sent frozen to the laboratory, and were kept at -20° C . 

Samples of liver, muscle and heart were taken from partially thawed fish and 

.;tored cry o genic ally (-180 ° C to -196°C) until requi red for electroph ores is. 

Large (adult) fish from NSW were sent as head and gut only so that the fillets 

from these fish could be marketed. Tissue specimens, frozen at -70° C, were 

obtained fro m  New Zealand. 

observed i n  these samples.  

No deteri oration in enzyme act iv ity was 

T ab I e 1 Collection data for orange roughy (Hoplostethus atlanticus ) . 

Collecti o n  
Site 

New Zealand 
Kangaroo Is . S . A. 

Portland Vic .  
5outh NSW-1 

..>outh NSW-2 

South NSW-3 

West Tasmani a 
East Tasman i a  

C o llec t i o n  Lo c a tion 
Date 

No. of Sex 
Ani m als Rat io 

15/2/8 8 
2/8 8 
2/88 
11/87 

6/4/8 8 
4-5/8 8 
4/8 8 
2,3/2/8 8 

43°s.175o3o·w 50 

3702o·s.13go40'E 94 

38037'S,141°03'E 70 
11 
62 

35os,151°E 107 

4204g·s.144052'E 94 

41038'S,148°40'E 99 

20M:30F:OJ 

66M:27F:1J 

16M:54F:OJ 
7M:4F: OJ 
15M:47F:OJ 

9M:23F:75J 

41M:49F:4J 

69M:21F:1J 

Key : M = male, F = female, J = juvenile.  
South NSW-3 = pooled collections from:- Kiama, Shoalhaven, 

Jervi s Bay , and Ulladulla. 

Size Range 
LCF (cm) 

20.3-36. 3 

31.5-49.0 

31.8-41.2 
15.2-29.2 

33.1-40.9 

16.0-32.0 

32.0-43.4 

32.0-42.5 
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Figure 1 Map to show the collection sites of orange roughy. 

Electrophoresis 

Full details of the electrophoretic  procedures used in  thi s  study follow 

the methods described in  the whi ting s tock identific at ion report (FIRT A 

83/16). Starch gels were m ade from 12% (w/v)  Electro starch (Lot Number 

87) . Due to time restrictions on thi s  study , cello gel (Chemetron, Milan) was 

not investi gated as a support m atrix for orange roughy. 

50 enzy mes rep resen t ing 60 presumptive lo c i  were surveyed for 

genetic vari a t ion using h o rizontal starch gel elect ro p h o res is  for three 

d ifferent ti s sues  (heart, liver and muscle) . Initially,  t issue s amples were 

divided and h omogenised in both distilled water and homogenis ing buffer to 

screen for a technique which provided the maximum activity and resolution 

on the gels . Distilled water proved to be satisfactory for orange roughy .  

Appendix 1 details the enzymes surveyed for geneti c  v ariation, together with 

electrophoresi s  runnin g condit ions  an d p resumed number of lo c i  for each 

t i s sue . 
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Elev en enzyme loci were found to be polymorphic ,  namely: Aat, Aeon, 

Ak, Est,  Gpi-1, Gpi-2 , ldh, Mdh, Me, Mpi and Pgm. Only those loci  with 

patterns of v ariation that were consistent with the known subunit structure 

of the enzyme (S haklee and Keenan , 1 9 86 ) and/or dis played a phenotype 

distribut ion in Hardy/Weinberg equilibrium were used fo r the population 

analysis.  Thus, nine loci were selected for detailed analysis.  These loci were:­

Aat, Est, Gpi-1, Gpi-2 , ldh-2, Mdh, Me, Mpi and Pgm, and are detailed in Table 2.  

Mdh was included for analysis  even though this locus did not  fit Hardy­

Weinberg equilibrium, as thi s disequilibrium was due to the absence o f  two 

phenotypes 'ac' and 'ad' (see Appendix 2), and the heterozygosity values were 

non-significant (see Appendix 3). 

Table 2 Polymorphic loci used in  the population study of orange roughy. 

ENZYME NAME EC NUMBER LOCUS S UBUNIT TISS UE BUFFER 
STRUCTURE 

Aspartate aminotran s ferase EC 2.6.1. 1 A a t  di m e r  l i v e r  Cam pH6. 1 

E s t e r a s e  EC 3.1.1. 1  Est m o n o m e r  l i v e r  Cam pH6. 1 

Glucosephos p h ate i somerase EC 5 .3.1.9 Gpi - 1 d i me r  

Gpi-2 d i m e r  

m u s c l e  TC pH5.8 

mu s c l e  TC pH5.8 

Isoci trate dehydrogenase  

Malate dehydrogenase 

Malic enzyme 

ECl.1.1.42 Id h 

EC 1. 1 .1.37 Mdh 

EC 1.1.1.40 M e  

Manno s ephoph ate i s omerase EC 5.3. 1 .8 Mp i 

Pho s p hogl u c o muta s e  EC 5 .4.2.2 P gm 

dim e r *  h e a r t TC pH6.8 

dim e r* h e a r t TC pH6.8 

t e t r a m e r * l i v e r  Cam pH6. 1  

m o n o mer h e a r t TC pH6.8 

mono m e r  m u s c l e  TC pH5.8 

KEY: * = atypical heterozygotes observed (see Appendi x 2). 
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Data analysis 

Names of enzymes and Enzyme Commission (EC) numbers follow the 

rec ommendations  of the Commission on Biochemical Nomenclature (Anon , 

1984) . For multi-locus enzymes , the form with the most anodal migration was 

designated "l " .  For each locus the alleles  were desi gnated alphabetic ally , 

with the most  anod ally-mi grating allele des i gnated "a". The putati v e  

genotype d ata were tabulated a s  allele frequency d i stributions . 

The program, S EPBOTH, performs G-statist ic (S okal and Rohlf, 19 8 1) 

comparisons between all poss ible pairs of OTUs (operational taxonomic units) , 

with the level of s ignificance set at 99% . The population structure of orange 

roughy was examined by G-stat istic comparisons  of  allele frequencie s 

between locations in Australia , and one locality in New Zealand. 

The program S EPBOTH was adapted from DOC HOLLIDAY (Holliday, 1987) 

for use with the Macintosh computer. 

We used a continuous character, maxi mum likelihood method for 

constructing  phylogenetic trees from these  allele frequency d ata .  The 

program CONTML (version 3.02), i s  part of Felsenstein's ( 198 1, 19 82) P HYLIP 

package. The program CONPLOT uses the output from CONTML to plot a 

d e n d ro g ra m .  

Genotype and allele frequencies were examined fo r  intern al consi stency 

with the Hardy-Weinberg di stribution us ing the G-stati stic, and for the 

goodness-of-fi t of heterozygosity v alues (HL. and HL(obs)) using Chi-squared 

(Pamilo and Varvio-Aho , 19 84) ,  and for inter-population heterogenei ty using 

the chi - square tes t .  
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RESULTS AND DISCUSSION 

We h a v e  ex am ined  the popul ati o n  structure of o range roughy  

throughout  · i t s  kn own Au stra l i a n  ran ge , us ing h o ri z o ntal  st arch ge l  

electrophores i s  to study nine polymorphic enzyme loci (Aat, Est and Me from 

l iver, Gpi-1, Gpi-2 and Pgm from muscle, and Idh, Mdh and Mpi from heart) . 

The enzyme b anding patterns for these loci are described in Appendix 2 .  

Smith (1986) publ ished data on o range roughy from New Zealan d  

waters uti l i s ing more polymorphic loci .  Those loci not included in  our study 

were:-Adh- 1 ,  Gpdh-1, Gpdh-2 , G6pdh, Idh-1 , Ldh- 1 ,  Ldh-2,  and Pgdh. All of 

these loci were not detected as polymorphic in our pilot screening ( see 

\ppendix 1), and showed a low level of polymorphism in Smith's data. D ata 

from the Mpi locus was not included in Smith's study. 

At the time of sampl ing , southern NSW was the only loca l ity i n  

Austral ia where juvenile orange roughy were known t o  occur. B oth "l arge" 

and "small" fish were sampled.  Figure 2 shows the bimodal length frequency 

distribution of  fish from these collections .  This  sample was subdivided in the 

fol lowing  w ay:-

NSWL arge = adult fish >30cm (sex determinable) , 

NSWSmall = juvenile fish <30cm (no gonad development) .  

Fish falling into the 30 cm size class were deleted from these groupings, as 

some, but not all, of these fish showed gonad development (sex determinable).  

Furthermore ,  the juvenile fish were subdivided into two groups, according to 

0road geographic al areas , in the following way:-

NSWSmall- 1 = collections from the Shoalhaven,  Jervis  Bay ,  

and Kiama ,  

NSWSmall-2 = fish col lected from Ulladulla. 

The s ample from the Ch atham R i s e ,  east New Zeal and , cons is ted  

general ly of s maller fish (sec Figure 3), but, because of the small sample size,  

large and small were analy sed together . Despite this size differenc e ,  all fish 

were allocate d  a sex by the collectors (refer to Table 1). 
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Figure 2 

Figure 3 
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Allefe frequencies, numbers of animals successfully scored, and 

heterozygosity values for each polymorphic locus at each locality, together 

with the divided adult and juvenile classes, are presented in Appendix 3, Table 

3 . 1. 

Goodness-of fit to the Hardy-Weinberg distribution were calculated for 

each population for each locus. Mdh was consistently out of equilibrium for 

all but two samples (New Zealand and NSWSmall-2), however, heterozygosity 

values were non-significant, so this locus was included for further analyses. 

The sample from east Tasmania was out of Hardy-Weinberg equilibrium at 5 

loci :- Aat, Idh, Mdh, Mpi, and Pgm. For Aat and ldh the heterozygosity values 

were also significant, indicating a possible mixing of populations within this 

ollection. For any future sampling of the east coast of Tasmania, care should 

be taken in the labeling of each 'shot', so that the data may be subdivided 

acco rdingly. 

Inter-population heterogeneity in genotype frequencies were tested 

for using Chi-squared, see Table 3, below. All loci tested were significantly 

heterogeneous, except for Gpi-2. 

Table 3 Genie contingency Chi-square tests for heterogeneity across all 

samples of orange roughy, by locus. 

Locus No. of LN x2 d.f Probability 
alleles 

Gpi-2 5 843 49.928 36 0.l>P>0.05 
Gpi-1 5 819 61.52 3 36 * O.Ol>P>0.005 
Pg m 3 7 26 43.069 18 * P>0.005 
Est 6 818 79.917 45 * P>0.005 
Mpi 3 626 61.881 18 * P>0.005 
Aat 3 645 57.678 18 * P>0.005 
Me 2 713 69.685 9 * P>0.005 
Idh 4 8 15 1 26.469 27 * P>0.005 
Md h 4 749 62.709 27 * P>0.005 

Key: * = significant heterogeneity 
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Allele frequencies were analysed by pairwise comparison, using the G­
statistic, to determine if the population was subdivided geographically (see 

Appendix 3, Table 3.2). Significant differences were found between the adult 

and all juvenile classes, except NSWSmall-2 (Ulladulla). Furtherm ore, 
significant differences were also found between all localities sampled (35/43 

comparisons). To gain more information on the nature of population 

substructuring in orange roughy, 0-tests were performed on each locus 

individually. Tables 4-12 are summaries of these 0-test resu lts in t riangle 

form, and Figures 4-12 are maps to show the allele frequencies as pie charts. 

For Aat, there were significant differences between 16 out o f 43 

comparisons (see Table 4), separating orange roughy into 4 subgroups:-

1. New Zealand, 
2. NSW adult fish, 

3. NSW juvenile fish, east Tasmania, and Victoria, 

4. west Tasmania and South Australia (see Figure 4). 

Table 4 Summary of the results of the G-tests on Aat allele 

freguencics in triangle form. 

2 3 4 5 6 7 8 9 
1 Newzealand * * 

2 East Tasman * * 

3 West Tasman * * 

4 KangisSA * * * * 

5 PortlandV 
6 NSWLarge * 

7 NSWSrnall * * * 

8 NSWSrnall-1 
9 NSWSrnall-2 

Key: * = Significant 0-tcst, at the 99% level. 
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Figure 4 Map to show Aat allele frequencies, of orange roughy 

samples in the Australian collections, as pie charts. 
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For Est, there were significant differences between 8 out of 43 
comparisons (see Table 5), separat ing orange roughy into 2 subgroups:-

1. New Zealand, eastern Australia and Tasmania, 

2. South Australia (sec Figure 5). 

Table 5 Summary of the results of the 0-tests on Est allele 

frequencies in triangle form. 

2 3 4 5 6 7 
1 NewZealand * 

'? East Tasman * 

..) West Tasman 
4 KangisSA * 

5 PortlandV 
6 NSWLarge 
7 NSWSmall 
8 NSWSmall-1 
9 NSWSmall-2 

Key: • = Significant 0-test. at the 99% level. 

8 9 

* 

* 
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Figure 5 Map to show Est allele f requencies, of orange roughy 

samples in the Au stralian collections, as pie charts. 

For Gp i-1, signi ficant differences were found be tween 3 ou t o f  43 

compa risons (see Table 6), wea kly separa t ing o range roughy into 2 
su b grou p s:-

1. New Zealand, eastern Australia and Tasmania, 

2. South Australia (see Figure 6). 

Table 6 Summary of the results of the G-tcsts on Gpi-1 allele 

f requenci es in  triang le fo rm. 

2 3 4 5 6 7 
1 New Zealand 
2 East Tasman 
3 West Tasman 
4 KangisSA * 

5 PortlandV * 

6 NSWLarge 
7 NSWSmall 
8 NSWSmall-1 
9 NSWSmall-2 

Key: * = Significant G-test, at the 99% level. 

8 9 



Figure 6 
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Map to show Gpi-1 allele frequencies, of orange roughy 

samples in the Australian collections, as pie charts. 

1 3 

For Gpi-2, although heterogeneous (see T able 3 ), there were 

significant differences between 4 out of 43 comparisons (see Table 7), 

separating orange roughy into 2 subgroups:-

1. New Zealand, eastern Australia and Tasmania, 

2. South Australia (see Figure 7). 

Table 7 Summary of the results of the G-tests on Gpi-2 allele 

frequencies in triangle form. 

2 3 4 5 6 7 
1 New Zealand 
2 East Tasman 
3 West Tasman 
4 Kang isSA * 

5 Port landV 
6 NSWTotal 
7 NSWLarge 
8 NSWSrnall 
9 NSWSrnall-1 
10 NSWSrnall-2 

Key: * = Significant G-test, at the 99% level. 

8 9 

* * 
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Figure 7 Map to show Gpi-2 allele frequencies , of orange roughy 

samples in the Australian collections, as pie charts. 

For Idh, there were significant differences between 19 out of 43 

comparis ons (s ee Table 8), separating or ange roughy into 4 subgroups:-

1. New Zeal and, 

2. NSW adult fish, and NSW juvenile fis h from Ulladulla, 

3. NSW juvenile fish from the Shoalhaven (& etc), and Tasmania, 

4. V ictoria and South Australia (sec Figure 8). 

Table 8 Summary of the results of the G-tests on Idh allele 

frequencies in triangle form. 

2 3 4 5 6 7 
1 New Zealand * * * * 

2 East Tasman * * 

3 West Tasman * * * 

4 KangisSA * * 

5 PortlandV 
6 NSWLarge * 

7 NSWSmall 
8 NSWSmall-1 
9 NSWSmall-2 

Key: * = Significant G-tcst, al the 99% level. 

8 9 
* 

* 

* 

"1C 
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Figure 8 Map to show ldh allele frequencies, of orange roughy 

samples in the Australian collections, as pie charts. 

15 

For Mdh, there were significant differences between 15 out of 43 

comparisons (see Table 9), separating orange roughy into 3 subgroups:-

1. New Zealand, 

2. NSW adult and juvenile fish. Victoria and Tasmania, 

4. South Australia (see Figure 9). 

Table 9 Summary of the results of the G-tests on Mdh allele 

frequencies in triangle form. 

2 3 4 5 6 7 
1 NewZealand * * * * * * 

2 East Tasman * 

3 West Tasman * 

4 KangisSA * * 

5 PortlandV 
6 NSWLarge 
7 NSWSrnall 
8 NSWSrnall-1 
9 NSWSrnall-2 

Key: • = Significant G-test, at the 99% level. 

8 9 
* 

* * 
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Figure 9 Map to show Mdh allele frequencies, of orange roughy 

samples in the Australian collections, as pie charts. 

For Me, there were significant differences between 9 out of 43 

comparisons (see Table 10). separating orange roughy into 2 subgroups:-

!. New Zealand, eastern Australia and Tasmania, 

2. South Australia (sec Figure 10). 

Table 10 Summary of the results of the 0-tcsts on Me allele 

frequencies in triangle form. 

2 3 4 5 6 7 

1 NewZe aland * 

2 East Tasman * 

3 West Tasman * 

4 KangisSA * * * 

5 PortlandV 
6 NSWLarge 
7 NSWSmall 
8 NSWSmall-1 
9 NSWSmall-2 

Key: * = Significant G-test, at the 99% level. 

8 9 

* * 
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Map to show Mc allele frequ encies, of orange roughy 

samples in the Australian collections, as pie charts. 

17 

For Mpi. there were si gni fic an t differences between 14 out of 43 

comparisons (sec Table 11 ), weakly separating orange roughy into 5 

su bgroup s:-

!. New Zealand, 
2. NSW juven i le fish from Ulladulla (NSWSmall-2), 

3. NSW adult fish , NSWSmall-1, Victoria, and east Tasmania, 

4. west Tasmania, and 5 .  South Australia (see Figure 11). 

Table 11 Summary of the results of the G-tests on Mpi allele 

frequencies in triangle form. 

2 3 4 5 6 7 

1 NewZealand * * * * * 

2 East Tasman 
3 West Tasman * * 

4 KangisSA 
5 PortlandV * 

6 NSWLarge 
7 NSWSmall 
8 NSWSmall-1 
9 NSWSmall-2 

Key: * = Significant G-tcst, at the 99% level. 

8 9 
* 

* * 

* 
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Figure 11 Map to show Mpi allele frequencies, of orange roughy 

samples in the Australian collections, as pie chans. 

For Pgm, there were si gni ficant differences between 4 out of 43 

comparisons (sec Table 12), weakly separating orange roughy into 3 

su bgroups:-

1. New Zealand, NSW adult fish, NSW juvenile fish from 

Ulladulla (NSWSmall-2), Victoria, west Tasmania, and 

South Australia, 

2. NSW juvenile fish from the Shoalhaven & etc 

(NSWSmall-1 ), and 3.. cast Tasmania (Figure 12). 

Table 12 Summary of the results of the G-tests on Pgm allele 

frequencies in triangle form. 

2 3 4 5 6 7 
1 Newzealand 
2 East Tasman * 
3 West Tasman 
4 KangisSA 
5 PortlandV 
6 NSWLarge 
7 NSWSmall 
8 NSWSmall-1 
9 NSWSmall-2 

Key: • = Significant G-tcst, at the 99% level. 

8 9 

* 
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Map Lo show Pgm a llele frequencies ,  of  o range roughy 

samples in the Aus tralian collect ions ,  as pie charts .  
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The allele frequency data was also used to construct a dendrogram to 

show the genet ic  relat ionshi ps  between the loca l it ies  sampled .  We used 

Fel s ens tein's ( 1981.1 982 ) CONTML program to construc t  the  m ax imum 

likelihood phylogenetic tree (see Figure 13). The dendrogram i s  ctustered 

geo graphica l ly .  

Cons idering all the ab ove info rmati on from all the G-tests and the 

dendrogram , 3 subpopulations of orange roughy arc indicated:-

1 .  New Zealand , 

2 .  eastern Aust ralia and Tasmania , 

3. South Australia. 

The sample from the Chatham Rise, cas t  New Zealand is sep arated by 4 

loci:- Aat (Figure 4), Idh (Figure 8), Mdh (Figure 9) , and Mpi (Figure 11), and 

by 25 comparisons across all loci (sec Table 1 3) .  

S outh Australia i s  separated at 6 loc i : - Est (Figure 5), Gp i-1 (Figure 7), 

Mdh (Figu re 9), Mc (Figure 10), and Mpi (Figure 11), and by 43 comparisons 

across  all loci (sec Table 12 ). The dendrogram (Fi gure 13) separates New 

Zealand and S outh Au stralia with l onger branch lengths relative to the other 

l o c a l i t i e s .  
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r----------- New Zealand 

r---------NSW Small-1 

..------ West Tasmania r . . ··· ··- -·····I ___ 
E�t TusmanJa 

·•••·••••••••••···•· NSWLarge 

I ...... -.... Portland v ........ -... j 
-------------------� KanglsSA 

Figure 13 Dendrogram to show the rel at ionships  be tween o range 

roughy samples in the Au stralian collections (CONTML plot) . 

The large number of signific ant G-tests between the o ther loc al it ies  

(re fer to Table 13) indic ates  a comple x  rel ationship with i n  the  orange 

roughy that i s  not readily p inpointed as a perturbance at any one local ity 

(refer to Tables 4-12). In v iew the strict geogr aphic manner in which the 

d endro gram was drawn, the i solation-by-dis tance model (Rich ardson, 1986) 

should  be considered .  Thi s  model all ows gradu al , geographic ally-re lated, 

changes to  occur in allele frequencies, with the effects at each  locus being 

indep endent, and no  geographical d i scontinuit ies in allele frequency .  

Ta ble 13 Summary of  significant d ifferences  across  all loc i  for 

each local ity sampled.  

Aat Est Gpi-1 Gpi-2 Idh Mdh Me �i Pgm 
New Zealand 2 1 6 8 1 7 
E. Tasmania 3 3 3 2 1 1 3 
w. Tasmania 3 6 2 1 6 
Kang.Is SA 6 5 1 4 7 8 9 2 1 
Portland Vic 1 3 1 1 1 3 
NSW Total 3 2 1 1 3 2 1 2 2 
NSW Large 5 1 5 2 1 1 
NSW Small 3 2 1 1 3 2 1 2 1 
NSW Small-1 4 2 1 3 2 1 1 1 
NSW Small-2 2 1 1 1 1 3 

Total 
25 
16 
18 
43 
10 
17 
15 
16 
15 

9 
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Allele frequencies of the polymorphic loci are presented by latitude 

and longitude in Appendix 4, Figures 4.1-4.12. Continuous clines across all 

localities are not apparent. A number of discontinuous clines support the 

separation of New Zealand and South Australia into separate subpopulations. 

For New Zealand these are:- Aatq (Figure 4. la&b), Estq (Figure 4.2a), Idhq 

(Figure 4.5a&b), ldhr (Figure 4.6a&b), MdhP (Figure 4.7a&b), Mdhr (Figure 

4.9a&b), Me (Figure 4.  lOb), Mpi P (Figure 4. lla&b), and Mpiq (Figure 4.12a&b). 

For South Australia these are:- Aatq (Figure 4.1 b ), Estr (Figure 4.3a&b ), Ests 

(Figure 4.4a&b), Mdhq (Figure 4.8a&b), Mdhr (Figure 4.9a&b), MeP Figure 

4. lOa&b), Mpi P (Figure 4. lla&b), and Mpiq (Figure 4.12a&b). 

Fluctuations, indicating some separation ·between east and west 

Tasmania, occur across 4 alleles:- Estq (Figure 4.2a&b), Mdhr (Figure 4.9a&b), 

M p i P  (Figure 4.lla&b), and Mpiq (Figure 4.12a&b). This supports the 

preliminary findings of Ovenden tl fil. (1989) who reported differences in 

Orange Roughy from eastern and western Tasmania based on mtDNA 

restriction site variation. Victoria follows the pattern of other sites 

clustering either with Tasmania or NSW. NSW juveniles separate at Aatq 

(Figure 4. la), Idhr (Figure 4.6a&b), MpiP (Figure 4.1 la&b) and Mpiq (Figure 

4.12a&b). 

Before any further conclusions can be drawn from these data, more 

biological information, for example age and growth rate, migration distances 

and temporal variations in gene frequencies is imperative. 
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APPENDIX 1 Details of enzymes surveyed for genetic variation 

in orange roughy.  

Table 1.1 Enzymes investigated rn orange roughy .  

E nz y m e  

A c i d  pho sphatase 

A c o n i t a se 

Adenos ine  d e am in ase 

Adenyl ate k inase  

A l c ohol  d eh y d ro genase 

Aldo l ase 

Alkal ine pho sphat as e  

Aldehyde ox idase 

A l d ehyde d eh y drogenase 

A s p artate  a m i n o tran sferase 

C reatine kina s e  

D i a p h o r a se 

D-Amino acid oxidase 

D-Asp artate ox idase 

E n o l a s e  

E s te ra se 

F ructose  d iph o s phata s e  

F u m a r a s e 

Gluconate d ehydro gen ase 

G l u c o s e- 6-pho sphate dehydrogen a s e  

Glucosepho sph ate iso merase 

Glu tam ate dehyd ro genase 

Abb re v i a t i o n  E nzy m e  

A cp h  

Aeo n  

Ada 

A k  

A dh 

Aid 

A l  kph 

A o  

Aldh 

Aa t 

Ck 

D i a  

D arn o x  

Dasox 

Eno l 

Est 

Fdp 

Fu m  

Gdh 

G 6pdh 

Gpi  

Glud 

C o mm i s s i o n  

N u mber 

EC 3 . 1 .3 .2 

EC 4.2.1.3 

EC 3 .5 .4.4 

EC 2.7.4.3 

EC 1 . 1 . 1 . 1  

EC 4. 1 .2. 1 3  

EC 3 . 1 .3 . 1 

EC 1 .2.3 . 1 

EC 1 .2.1 .3 

EC 2.6. 1 . 1  

EC 2.7 . 3 .2 

EC 1 .6.2.2 

EC 1 .4.3 .3  

EC 1 .4.3 . 1  

EC 4.2.1 . 1 1  

EC 3 . 1 . 1 . 1  

EC 3 .1 .3 . 1 1 

EC 4.2.1 .2  

EC 1 . 1 . 1 .69 

EC 1 . 1 . 1 .49 

EC 5.3.1.9 
EC 1 .4. 1 .3 

Al 
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Table 1 . 1  c ont inu ed  

E nzy m e  

G l y cera l d e h y d e- 3 - p h o s p h a t e  d e h y d ro ge n a s e  

a l  p h a- g l y cer o p h o s p h a t e  d e h y d ro g e n a s e  

Galacto s e  d ehydrogenase 

Glyoxylase I 

Glyoxylas e  II 

Gly cero l  d eh ydrogenase 

Guanine d e am inase 

H e x o k i n a s e  

Hex o s am i n i d as e  

b et a - H y dr o x ybutyrate d e h y d ro g e n a s e  

I s o c itrate dehydrogenase 

Lactate d ehydrogenase  

Leucine  aminopept idase 

Malate  d eh yd rogenase 

Malic enzyme 

M annoseph osphate  i s o m er a s e  

Nuc leos ide  p hosphorylase  

Pcptidases (A, B .  C ,  D,  S)  

P h o s p h o g l  u c o m ut a s e  

6-Phos p h o g l u c onate d ehy d ro ge n a s e  

P y ru v ate  k inase  

S orbitol  dehydrogenase 

S u perox i d e  d i smutase 

X anth i n e  dehydrogenase  

A total of  50 enzyme systems investigated. 

Abbr e v i at i o n  

Ga3pdh 

Gpd 

G aldh 

Glol  

GloI I  

G l yd h  

Oda 

H k  

Hex 

Hbd h  

I d h 

Ld h 

L ap 

Md h 

M e  

Mpi 

N p  

P e p  

P g m  

P gd 

P k  

Sdh 

Sod 

Xdh 

E nzy m e  

C o m m i s s i o n  

N u mb e r 

EC 1 .2. 1 . 1 2  

EC 1 . 1 . 1 . 8  

E C  1 . 1 . 1 .48  

EC 4.4. 1 .5 

EC 3 . 1 .2 .6  

EC 1 . 1 . 1 .6 

EC 3 .5 .4.3 

EC 2.7. 1 . 1  

EC 3 .2 . 1 .52 

EC 1 . 1 . 1 .30 

EC 1 . 1 . 1 .42 

EC 1 . 1 . 1 .27 

EC 3 .4. 1 1 . 1  

EC 1 . 1 . 1 .3 7  

E C  1 . 1 . 1 .40 

EC 5.3. 1 . 8 

EC 2.4.2. 1 

EC 3 .4. 1 1  

EC 5 .4.2.2 

EC 1 . 1 . 1 .44 

EC 2.7. 1 .4 

EC 1 . 1 . 1 . 1 4 

EC 1 . 15 . 1 . 1  

EC 1 . 1 . 1 .204 
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Table · i .2 Enzymes studied, ti ssues investigated,  

electrophoresis  running conditions and presumed 

number of loci for orange roughy. 

Key: L = liver, M = muscle, H = heart, s = used in S mith's study(l  986) ,  

Enzy m e  

A c ph 

Aeo n 

Ada  

Ak 

A d h 

* = best tissue/buffer/support matrix for thi s  enzyme,  

1 = Tris- EDTA-boric acid pH 9,  2 = Poulik , 3 = Tris-maleate pH 7 . 8 ,  

4 = Tris-citric acid p H  6 . 8 ,  5 = Tris-ci tric  acid pH 5 . 8 ,  

6 = C i tric acid-aminopropyl -mo rphol ine  pH 6 . 1 ,  

ST = Electrostarch gel -Lot Number 87 (Madison , Wisconson . ) ,  

a .  = anodal mi gration ,  c .  = cathodal mi gration ,  

P = polymorphi c . 

T i ssue  

L 

M 

H 

M 

H 

H 

L 

M 

H 

M 

H 

B u ffe r( s )  

3 ,4* ,5 ,6 .  

3 ,5 ,6* .  

3 ,5 ,6 * .  

2 ,5 , 6 * .  

2 , 5 , 6 .  

2 * ,5 ,6 .  

2 , 3 ,5 * ,6 .  

2 * , 3 ,5 , 6 .  

2 , 3 * ,5 , 6 .  

3 ,5 , 6* .  

5 ,6* .  

5 ,6* .  

2 * , 3 ,5 , 6 .  

2 * ,3,5,6 .  
2 , 3 , 5 , 6 .  

S u p p o rt P re s u m e d  C o m m e n t s  

m a tr i x 

ST 
ST 
ST 

ST 
ST 
ST 

ST 
ST 
ST 

ST 
ST 
ST 

ST 
ST 
ST 

n o .  of loci  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

streaks anodal ly , ?P 

poor resoluti o n  

p o o r  resolut io n  

good activity , P 

no activity 

good activ i ty 

poor  activity 

poor resolution,  ?P 

poor activity , ?P 

sub-banding ,  P 

good activi ty 

good activi ty 

good activ i ty 

poor act iv ity 

no activity 
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Table  1 .2  c o nt in u e d  

E n z y m e  T i ssue B u ffe r( s )  S u p p o rt Pre s u m e d  C om m ent s 

m at r i x no.  o f  loci 

A i d  L 3 , 6.  ST no act ivity 

M 3 , 6 .  ST no a ctivity 

H 3 , 6 .  ST no activity 

A l  k p h  L 3 * ,5 ,6 .  ST 1 poor  activity 

M 3 ,5 ,6 .  ST no activity 

H 3 * ,5 ,6 .  ST 1 poor act ivi ty 

Ao L 3 , 6 .  ST no act iv i ty  

M 3 , 6 .  ST no act iv i ty  

H 3 , 6 .  ST no act ivi ty 

A l d h L 3 ,6 .  ST no act iv i ty  

M 3 , 6 .  ST no act iv i ty 

H 3 , 6 .  ST no act iv i ty  

A a t L S 2,3 ,5 * .  ST 2 a & c .  fair activity , p 
M 2 * ,3 ,5 .  ST 2 poor act ivi ty  

H 2* ,3 ,5 .  ST 2 fair activ i ty ,P 

Ck L 2,3 *,5 ,6 .  ST poor  resolut io n  

M 2 ,3* ,5 ,6 .  ST 1 poor  resolut io n  

H 2* ,3 ,5 ,6 .  ST 1 poor  resolut ion 

D am ox L 3 ,5 .  ST no activity 

M 3 ,5 .  ST no activity 

H 3 ,5 .  ST no act ivi ty 

Dasox L 3 ,5 .  ST no activity 

M 3 ,5 .  ST no act iv i ty  

H 3 ,5 .  ST no activity 
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E n z y m e  T i ssue  B u ffe r( s )  S u p p o r t  P re s u m e d  C o m m e n t s  

m a t r i x no .  o f  loci  

D i a  L 2* ,3 ,5 .  ST 1 poor  resolution 

M 3 ,5 .  ST no activity 

H 3 ,5 .  ST no activity 

E n o l  L 6 .  ST n o  act ivity 

M 6 .  ST no act ivi ty 

H 6 .  ST no activ ity 

:st L S  2 * , 3 ,5 ,6 .  ST good reso lution ,P  

M 2 , 3 , 5 , 6 .  ST no activity 

H 2,3 *,5 ,6 .  ST 1 poor  resolution  

F dp L 3 *,6. ST 1 poor activity 

M 3 , 6 .  ST no activity 

H 3 * ,6 .  ST 1 poor  act ivity 

F u m  L 5 , 6 .  ST no activity 

M 5 , 6 .  ST no activity 

H 5 , 6 .  ST no act ivi ty 

Gda L 2 , 3 , 6 .  ST no activity 

M 2 , 3 , 6 .  ST no activity 

H 2 , 3 , 6 .  ST no activity 

G d h  L 3 ,6 .  ST no activity 

M 3 , 6 .  ST no activity 

H 3 , 6 .  ST no activity 

G 6pdh L S 2,5 * ,6 .  ST 1 poor  resolutio n  

M 2 ,5 , 6 .  ST no ac t iv i ty  

H 2,5 * ,6 .  ST 1 poor  resoluti on  
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Table 1 . 2  c o nti n u e d  

E n z y m e  T i ssue B u ffe r( s )  S u p p o rt P re s u m e d  C o m m e n t s  

m at r i x no. of loci 

G p i  LS l * ,2 ,3 ,5 ,6 .  ST 1 overstains , p 
MS 1 ,2,3 ,5• ,6 .  ST 2 overstains , p 
H 1 ,2 ,3 ,5• ,6 .  ST 2 overstains , p 

Glud L 3 .  ST no activity 

M 3 .  ST no activity 

H 3 . ST 1 poor  activity 

G l ydh  L 5 .  ST no activity 

M 5 .  ST no activity 

H 5 .  ST no act ivi ty 

G a3 pdh L 2 • . 3 ,5 , 6 .  ST 1 poor activity ?P 

M 2 ,3 ,5 , 6 .  ST 2a.&c . poor activi ty  

H 2,3 ,5 ,6• .  ST 2a .&c .  reaso n a b l e act i v i ty 

Gpd L 3 ,5 , 6 .  ST no activity 

M 3 ,5 ,6 .  ST no activity 

H 3 ,5 , 6 .  ST no act ivity 

G al d h  L 3 , 6 .  ST no activity 

M 3 , 6 .  ST no activity 

H 3 , 6 .  ST n o  activi ty 

Glol L 6 ST no activity 

M 6 ST no activity 

H 6 ST no activity 

GloII  L 5 ST no activity 

M 5 ST no activi ty 

H 5 ST no activity 
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Table  1 .2  c o n ti n u e d  

E n z y m e  T i s s u e  B u ffe r( s )  S u p p o r t  P re s u m e d  C o m m e n t s  

m a t r i x no .  o f  loci  

Hk L 6 ST no activity 

M 6 ST no activity 

H 6 ST no activity 

H e x  L 6 ST 1 p o o r  resolut i o n  

M 6 ST 1 p o o r  resolution 

H 6 ST 1 p o o r  resolution 

: b d h  L 5 , 6 .  ST no activity 

M 5 , 6 .  ST no activity 

H 5 , 6 .  ST n o  act ivity 

I d h  L S 2 ,3 ,5* ,6 .  ST 1 good activity p 
M 2 ,3 ,5 , 6 .  ST n o  activity 

H S 2 ,3 ,5 ,6* . ST 2 good activity, p 

L d h  L 2,3 ,5 * ,6 .  ST 3 o v e r s t a i n s  

M S 2 ,3 ,5* ,6 .  ST 1 good activity 

H S 2,3 ,5 * , 6 .  ST 2 o v e r s t a i n s  

L a p L 6 ST no activity 

M 6 ST no activity 

H 6 ST no activity 

M d h  L 2 ,3 ,4*,5 ,6 .  ST 1 good activity 

M S 2 * , 3 ,5 ,6 .  ST 1 good activity, ?P 

H S 2 ,3 ,4*,5 ,6 .  ST 1 good activity, p 

M e  L 2* ,3 ,4,5 ,6 .  ST 1 poor act ivity ,P  

M 2*,3 ,5 ,6 .  ST poor activi ty ,  ?P 

H S 2,3 ,4*,5 , 6 . ST 1 good activi ty 
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Table  1 .2  c ont inued  

E n z y m e  Ti ssue B u ffe r( s )  S u p p o rt P re s u m e d  C o m m e n t s  

m at r i x  no.  o f  loci 

M p i L 2 ,3 ,4*,5 ,6 .  ST 1 rea s o n a b l e  ac t i v i ty , P  

M S 2 ,3 ,5 , 6 .  ST no activity 

H S 2,3 ,4*,5 ,6 .  ST good activity, p 

N p  L 3 *,5. ST 1 good activity 

M S 3 ,5 .  ST no activity 

H S 3 * ,5 . ST 1 good activ i ty 

P e p  A L 2 * ,3 ,5 ,6 .  ST 1 p o o r  re s o l u t i o n , P  

M 2 ,3 ,5 ,6 .  ST no activity 

H S 2 * ,3 ,5 ,6 .  ST 1 good activi ty ,  p 

P e p B  L 2* ,3 ,5 ,6 .  ST 1 p o o r  re s o l ut i o n , P  

M 2* , 3 ,5 ,6 .  ST 1 good activ ity , ? P  

H S 2* ,3 ,5 ,6 .  ST 1 p o o r  activity 

Pepe L 2* ,3 ,5 ,6 .  ST 1 p o o r  re s o l u t i on , P  

M 2,3 ,5 ,6* .  ST p o o r  r e s o l uti o n  

H S 2* ,3 ,5 ,6 .  ST 1 re as o n a b l e  a c t i v i t y  

P e p D  L 2 ,3 ,5* ,6 .  ST 1 p o o r  activity 

M 2 ,3 ,5 ,6 * .  ST 1 reaso n a b l e  acti v i ty 

H S 2 ,3 ,5 ,6* .  ST 2 good activity ,P  

P e p s  L 2 ,3 ,5 , 6 .  ST 1 p o o r  activity 

M 2,3 ,5 ,6 * .  ST 1 p o o r  acti v i t y ? P  

H 2* ,3 ,5 ,6 .  ST 1 p o o r  activity 

P g m  L 2* ,3 ,5 ,6 .  ST 2 good activity , P  

M S 2 * ,3 ,5 ,6 . ST good activity,  p 
H 2,3* ,5 ,6* .  ST 2 good activity ,P 
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Table  1.2 c ont inued  

E n z y m e  T i s s u e  B u ffe r( s )  S u p p o r t P r e s u m e d  C o m m e n t s  

m a t r i x  no .  of  loci  

P g d  L S 1 ,2,3 ,6* . sr 1 poor  act iv i ty ,P 

M S 2* ,3 ,6 .  sr n o  act ivity 

H S 2,3* ,6* .  sr poor  activ i ty ,P 

P k  L 3 ,5 .  sr 1 poor  act ivi ty 

M 3 ,5 .  sr 1 po o r  act ivity 

H 3 ,5 .  sr 1 poor  act ivi ty 

S d h L 3 ,5 , 6 .  sr no activity 

M 3 ,5 , 6 .  sr no act ivi ty 

H 3 ,5 ,6 .  sr no act ivity 

Sod L 3 * ,5 . sr 2a .&c .  good acti v i ty 

M 3 *,5 . sr 2 a . &c . good activi ty 

H 3 * ,5. sr 2 a . &c .  good activ i ty 

Xdh L 1 ,3 ,5 ,6 .  sr poor  act ivi ty 

M 3 ,5 , 6 .  sr no act ivi ty 

H 3 ,5 , 6 .  sr no act ivity 
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APPENDIX 2 Description of the observed enzyme banding 

patterns of the polymorphic loci used for the analysis 

of  orange roughy population s tructure . 

A s p a rt a  t e  a m i n o t r a n s fe r a s e  ( A a t )  E C  2 . 6 . 1 . 1  

Aat was examined in extracts of  l iver tis sue,  and  migrates 

anodally in Cam pH 6 . 1 buffer. 

Subunit s tructure : dimeric 

Observed b anding pattern : one common (bb) and two rare 

al leles were detec ted . Activi ty was often p oor , as was the 

resolution of  the bands .  Heterozygotes were mostly detected as  

difuse zones of activity as  shown below : -

A a t - 1 

aa ab bb be 

E s t e r a s e  ( E s t )  E C  3 . 1 .1 . 1 

Est  was  examined in extracts of liver tissue, and migrates 

anodally in Cam pH 6 . 1 buffer. 

Subunit  s tructure : monomeric 
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Observed banding pattern : one common (dd) and five  other 

alleles were detected . Activity was good , as was the resolution of 

the  b an d s ,  except  for the  two fas te s t  m i g ra ti n g  a l le les . 

Heterozygotes were detected as two bands as shown below : -

E s t - 2  

- · - - - • • • •  
� � � � � � 

.. � .. � .. � 
419 419 419 419 

.. � 

aa ab ac ad ae bb be bd be cc cd ce et dd de df 

G l u c o s e p h o s p h a t e  i s om e r a s e  ( G p i ) EC 5 . 3 . 1 . 9  

Gpi  was  examined  in  extrac t s  of  musc le  t i s sue .  Two 

polymorphic loci migrate anodally in TCpH 5 . 8  buffer. 

S u bunit  s tructure : - dimeric 

Observed banding pattern : S l ow l ocu s - one common (cc) and 

four rare al leles  were de tected .  Activ i ty was  s trong ,  wi th  a 

tendancy to overstain . Heterozyg otes were detected as either three 

bands of activity (ac, ce) or a diffuse band (be, cd) ,  depending on the 

separation of the alleles ,  as shown below : -

G p i - 2  

• • 
• •  
• • • • • 

• 
• 

ab ac bb be cc cd ce 

419 

P '='  

f 



I 
I 
I 
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Fast  l ocu s - one common (aa) and 

four other alleles were detected .  Activity was good, appearing after 

the s low locus  h ad overstained . Heterozygote s  were de tected as 

three bands of activity, as shown below : -

G p i - 1  

� - � � � 
� � - � � 
� � � � � -� .. .. .. 

� � 

aa ab ac ad ae bb be bd be cc cd dd 

I s o c i  t r a t e  d e h y d r o g e n a s e  ( I d  h )  E C  1 . 1 . 1 . 4 2  

Idh  was examined in extracts of heart ti s sue ,  and  migrates 

anodally in TC pH 6 . 8  buffer. 

S ubunit structure : dimeric 

Observed banding pattern : one common (cc)  and three rare 

alleles were detected . Activity suffered in some samples and the 

_ esolution was variable .  Atypical heterozygotes were detected  as 

two bands as shown below : -

l d h  

- ' - -
- - I - - -- ' .. 

aa ab ac ad bb be be cc cd dd 
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M a l a t e  d e h y d ro g e n a s e  ( M d h ) E C  1 . 1 . 1 .37  

Mdh was  examined in extracts of heart  ti ssue ,  and migrates 

anodally in TC pH 6 .8  buffer. 

S ubunit s tructure : dimeric 

Observed banding pattern : two c ommon (bb ,  cc )  and two 

other alleles were detected. Activity suffered in some samples and 

the resolution was variable .  Atypical heterozygotes were detected 

as two bands as shown below: -

M d h  

. - . -
-

- ' -

aa ab bb be bd cc cd dd 

M a l i c  enzyme ( M e ) E C  1 . 1 .1 .40  

Me was  examined rn  extracts of  l iver tissue,  and migrates 

anodally in Cam pH 6 . 1 buffer. 

S ubunit s tructure : tetrameric 

Observed banding pattern : two alleles were detected with the 

resolution being variable. Atypical heterozygotes were detected as 

either two bands  or a difuse  area of activity, as shown below : -
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Me 

aa ab ab bb 

M a n n o s e p h o s p h at e  i s o m e r a s e  ( M p i )  E C  5 .3 . 1 .8  

Mpi w as examined in  extracts of heart ti s sue ,  and migrates 

anodally in TC pH 6 . 8  buffer. 

Subunit  structure : monomeric 

Observed banding pattern : one common (bb) and two rare 

alleles were detec ted . Activ i ty suffered in s ome s amples ,  the 

resoluti on was variable ,  and  this  locus  i s  prone to  warping . 

Heterozygotes  were detected as two bands ,  as shown below: -

M pi 

• •  
• • •  

• 

aa ab bb be 
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P h o s p h o g l u c o m u t a s e  · ( P g m ) E C  5 . 4 . 2 . 2  

Pgm was examined rn extracts of muscle  tis sue ,  and migrates 

anodally in TC pH 5 . 8  buffer. 

S u bunit s tructure : monomeric 

Observed banding  pattern : one common (bb)  and two rare 

alleles were detected . Activity suffered in some samples ,  however 

the reso lution was good .  Heterozygotes were detected as two bands ,  

as  shown below : -

Pg m 

aa ab bb be 



l 
I 
I 
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APPENDIX 3 Allele frequencies , heterozygosities and G-tes t  

re s u l t s  for polymorphic loci used in  the analysis of 

orange roughy p opulation structure. 

Ta ble 3 . 1  Allele frequencies , numbers of  fish successfully scored ,  

heterosygosity values ,  and goodness-of-fit  tests (Chi-squared 

A a t  
01U 
NewZealand 

astTasman 
We st Tasman 
Kangi sSA 
PortlandV 
NSWTotal 

NSWLarge 
NSWSmall 

NSWSmall-1 
NSWSmall-2 

E s t  
01U 
Newzealand 
East Tasman 
We st Tasman 
KangisSA 
PortlandV 
NSWTot al 

NSWLarge 
NSWSmall 

NSWSmall-1 

TSWSmall-2 

G p  i - 1  

for heterozygosities , G-statistic for Hardy-Weinberg) for s amples 

of  orange roughy from the Australi an collections . 

p q r N HL HL(obs) Chi Sq G - s tat  
0 . 0 62 5  0 . 93 7 5  0 . 0 0 0 0  4 8  0 . 1 1 7 2  0 . 12 5 0  0 . 4 2 5 2  0 . 3 8 5  

0 . 1 3 3 7  0 . 8 6 63 0 . 0 0 0 0  8 6  0 . 23 1 6  0 . 1 7 4 4  1 0 . 4 91 6 *  4 . 13 8 * 

0 . 0 7 64 0 . 8 9 5 8  0 . 0 0 0 0  7 2  0 . 1 9 0 2  0 . 2 0 8 3  1 .  9 5 6 1  1 . 4 5 6  

0 . 0 4 5 5  0 . 92 2 0  0 . 0325 7 7  0 . 1 4 68 0 . 12 9 9  2 . 0 4 1 0  0 . 5 4 3  

0 . 1 1 4 3  0 . 8 8 5 7  0 . 0000 7 0  0 . 2 0 2 5  0 . 17 1 4  3 . 3022 1 . 3 62 

0 . 1 1 8 6  0 . 88 1 4  0 . 0 0 0 0  1 1 8  0 . 2 0 91 0 . 1 8 6 4  2 . 7 8 1 4  1 . 1 9 0  

0 . 0 2 5 0  0 . 97 5 0  0 . 0 0 0 0  4 0  0 . 0 4 8 8  0 . 0 5 0 0  0 . 0 4 8 4  0 . 0 4 1  

0 . 1 6 67 0 . 8333 0 . 0 0 0 0  6 9  0 . 2 7 7 9  0 . 2 4 6 4 1 . 7 7 3 1  0 . 7 98 

0 . 2 0 97 0 . 7 90 3  0 . 0 0 0 0  3 1  0 . 33 1 5  0 . 35 4 8  0 . 3 0 63 0 . 1 9 0  

0 . 1 91 2  0 . 8 0 8 8  0 . 0 0 0 0  3 4  0 . 3 0 93 0 . 02 94 5 5 . 6 8 7 1 *  4 . 94 7 *  

p q r s t u N HL HL(obs) Chi Sq 
0 . 12 0 0  0 . 03 0 0  0 . 17 0 0  0 . 6 4 0 0  0 . 02 0 0  0 . 02 0 0  5 0  0 . 5 4 5 4  0 . 4 2 0 0  1 3 . 2 1 61 

0 . 0 9 6 9  0 . 0 8 67 0 . 1837 0 . 5 7 1 4  0 . 0 612 0 . 0 0 0 1  9 8  0 . 61 9 1  0 . 5 1 0 2  1 5 . 1 61 0  

0 . 0 8 0 6  0 . 0 5 91 0 . 2312 0 . 612 9 0 . 0 1 61 0 . 0 0 0 1  9 3  0 . 5607 0 . 6 3 4 4  8 . 833 9 

0 . 1 2 3 4  0 . 12 3 5  0 . 3 0 8 6  0 . 4 13 6  0 . 0 3 0 9  0 . 0 0 0 0  8 1  0 . 7022 0 . 8 8 8 9  2 8 . 63 0 0 *  

0 . 1 1 4 3  0 . 0 7 8 6  0 . 2 0 7 1  0 . 5 7 8 6  0 . 02 1 4  0 . 00 0 0  7 0  0 . 602 6 0 . 5 2 8 6  5 . 2 7 8 0  

0 . 1 3 7 7  0 . 0 5 0 9  0 . 2 18 6  0 . 55 9 9  0 . 0 1 5 0  0 . 01 7 9  1 6 7  0 . 61 6 6  0 . 6 8 61 1 0 . 6 0 8 4  

0 . 1 2 2 8  0 . 02 63 0 . 2 4 5 6  0 . 5 9 6 5  0 . 00 8 8  0 . 0 0 0 0  5 7  0 . 5 6 8 0  0 . 5 4 3 9  0 . 5 1 3 1  

0 . 1337 0 . 0 5 94 0 . 2 1 7 8  0 . 5 5 4 5  0 . 00 9 9  0 . 02 4 7  1 0 1  0 . 62 3 0  0 . 5 4 4 6  7 . 9 5 7 4  

0 . 1 1 2 1  0 . 0 5 1 7  0 . 2 4 1 4  0 . 5 5 1 7  0 . 0 0 8 6  0 . 03 4 5  5 8  0 . 62 0 8  0 . 4 13 8  4 9 . 6 5 7 0 *  

0 . 1 62 8  0 . 0 6 9 8  0 . 1 8 60 0 . 5 5 8 1  0 . 0 1 1 6  0 . 0 1 1 6  4 3  0 .  62 2 3  0 .  7 2 0 9  5 . 3 9 7 5  

G - s tat 
3 . 4 5 4  
4 . 93 2 
5 .  64 5 

12 . 1 6 4 *  
2 . 4 2 1  

1 6  . 1 8 9 *  

3 . 1 4 5  

6 . 7 3 6  
12 . 6 6 7 *  

8 . 0 8 5 *  

01U p q r s t N HL HL(obs) Chi Sq G -s tat 
NewZealand 0 . 5 0 0 0  0 . 2 0 4 1  0 . 2 8 5 7  0 . 0 1 0 2  0 . 0 0 0 0  4 9  0 .  62 6 6  0 . 5 9 1 8  

East Tasman 0 . 4 8 98 0 . 2 3 4 7  0 . 2 5 0 0  0 . 0 2 5 5  0 . 0 0 0 0  98 0 . 64 1 9  0 . 60 2 0  

We st Tasman 0 . 4 8 4 0  0 . 3 1 3 8  0 . 18 0 9  0 . 0 2 1 3  0 . 0 0 0 0  9 4  0 . 63 4 1  0 . 68 0 9  

KangisSA 0 . 4 8 3 5  0 . 2 9 12 0 . 2 1 9 8  0 . 0 0 5 5  0 . 0 0 0 0  9 1  0 . 63 3 1  0 . 65 93 

PortlandV 0 . 5 0 7 4  0 . 2 0 5 9 0 . 2 132 0 . 0 7 3 5  0 . 0 0 0 0  68 0 . 6 4 93 0 . 7 64 7  

NSWTotal 0 . 4 82 0  0 . 2 6 65 0 . 2 3 6 5  0 . 0 0 9 0  0 . 0 0 60 1 67 0 . 64 0 6  0 . 5 8 68 

NSWLarge 0 . 5 0 8 1  0 . 2 7 4 2 0 . 1 9 3 5  0 . 0 0 8 1  0 . 0 1 61 62 0 .  62 8 9  0 . 58 0 6  

NSWSmall 0 . 4 3 1 6  0 . 2 9 4 7  0 . 2 632 0 . 0 1 0 5  0 . 0 0 0 0  9 5  0 . 65 7 5  0 . 57 8 9  

NSWSmall - 1 0 . 4 00 0  0 . 3 1 82 0 . 2 63 6  0 . 0182 0 . 0 0 0 0  5 5  0 . 6 6 8 9  0 . 52 7 3  

NSWSmall-2 0 . 4 7 5 0  0 . 2 62 5  0 . 2 62 5  0 . 0 0 0 0  0 . 0 0 0 0  4 0  0 . 63 6 6  0 . 6 5 0 0  

Key: HL = calculated heterozygosity HL(obs) = observed heterozygosity 

* = significant at P>0.05 

0 . 60 4 6 1 . 4 7 9 
1 .  5 1 4  6 0 . 7 0 2  

2 . 0 4 8 2  3 . 0 8 8  
0 . 62 3 4  3 . 0 8 8 
8 . 5 9 1 9  1 6 . 0 7 0 *  

4 .  7 1 1 6 2 . 52 5  

1 . 4 62 8  2 . 2 0 0  

5 . 4 3 0 5  3 . 83 1  

9 . 8 5 8 9 7 . 6 6 8  

0 . 0 7 0 9 1 . 3 5 5  
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T a b l e  . 3 . 1  c o n t .  . .  

G p i - 2  
oru p q r s t N 
NewZealand 0 . 0 2 0 4  0 . 0102 0 . 9 3 8 8  0 . 02 0 4  0 . 0 1 0 2  4 9  

East Tasman 0 . 0 1 0 1  0 . 02 5 3  0 . 9 5 4 5  0 . 0 0 0 0  0 .  0 1 0 1  9 9  
We st Tasman 0 . 0 1 60 0 . 0053 0 . 9 62 8  0 . 0 0 5 3  0 . 01 0 6  9 4  

KangisSA 0 . 0 1 60 0 . 05 8 5  0 . 9 1 4 9 0 . 0 1 0 6  0 . 0 0 0 5  94 

P o rt landV 0 . 0 0 0 0  0 . 02 1 4  0 . 9 6 4 3  0 . 01 4 3  0 . 0 0 0 0  7 0  

NSWTot al 0 . 0 1 1 6  0 . 0 11 6 0 . 9 4 8 0  0 . 01 4 4  0 . 0 1 4 4  1 7 3  

NSWLarge 0 . 0 2 4 2  0 . 0323 0 . 92 7 4  0 . 0 0 8 1  0 . 0 0 8 0  6 2  

NSWSrnall 0 . 0 0 4 9  0 . 0 0 0 0  0 . 9 7 0 3  0 . 00 9 9  0 . 01 4 9  1 0 1  

NSWSrnall - 1  0 . 0 0 0 0  0 . 0 0 0 0  0 . 9 7 4 1  0 . 0 1 7 2  0 . 00 8 6  5 8  

NSWSrnall -2 0 . 0 1 1 6  0 . 0 0 0 0  0 . 9 6 5 1  0 . 0 0 0 0  0 . 0233 43 

I d  h 
01U p q r s N Ill. 
New Zealand 0 . 07 2 9 0 . 1 5 62 0 .  7 2 92 0 . 0 4 1 7  4 8  0 . 4 3 68 

East Tasman 0 . 02 5 3  0 . 0 7 0 7  0 . 8 9 9 0  0 . 0 0 5 0  9 9  0 . 1 8 61 

We st Tasman 0 . 0 1 61 0 . 03 7 6  0 . 94 62 0 . 0 0 0 1  93 0 . 1 0 3 0  

Kangi s SA 0 . 0 1 1 5  0 . 2 1 2 6  0 . 7 7 5 9  0 . 0 0 0 0  8 7  0 . 3 5 2 6  

PortlandV 0 . 02 2 4  0 . 1 642 0 . 8 1 3 4  0 . 0 0 0 0  67 0 . 3 1 0 9  

NSWTot al 0 .  0 5 62 0 . 13 3 1  0 . 8 1 0 7  0 . 0 0 0 0  1 6 9  0 . 32 1 9  

NSWLarge 0 . 0 8 3 3  0 . 2 1 67 0 . 7 0 0 0  0 . 0 0 0 0  60 0 . 4 5 6 1  

NSWSrnall 0 . 04 1 7  0 . 0 93 7  0 . 8 64 6  0 . 0 0 0 0  9 6  0 . 2 4 1 9  

NSWSrnall-1 0 . 0 1 7 5  0 . 0 614 0 . 92 1 1  0 . 0 0 0 0  5 7  0 . 1 4 7 5  

NSWSrnall-2 0 . 0 7 6 9  0 . 1 4 1 0  0 . 7 8 2 1  0 . 0 0 0 0  3 9  0 . 3 6 2 5  

M d b  
oru p q r s N Ill. 
NewZealand 0 . 1 93 9  0 . 6 0 2 0  0 . 02 0 4  0 . 1 7 3 5  4 9  0 . 5 6 9 5  

East Tasman 0 . 1 1 1 1  0 . 5 6 0 2  0 . 2 1 7 2  0 . 1 1 1 1  9 9  0 . 613 9 

We st Tasman 0 . 13 4 6  0 . 5 8 97 0 . 1 66 7  0 . 1 0 9 0  7 8  0 . 5 9 4 5  

Kangi s SA 0 . 03 8 9  0 . 4 7 22 0 . 2 8 8 9  0 . 2 0 0 0  90 0 . 6 5 2 1  

P o rtlandV 0 . 0 7 1 4  0 . 5 7 1 4  0 . 1 7 8 6  0 . 1 7 8 6  7 0  0 . 6 0 4 6 

NSWTotal 0 . 1 1 0 7  0 . 5 6 3 8  0 . 1 5 4 4  0 . 1 7 1 1  1 4 9  0 . 61 68 

NSWLarge 0 . 1333 0 . 5 5 0 0  0 . 1 66 7  0 . 1 5 0 0  6 0  0 . 62 94 

NSWSrnall 0 . 1 1 0 4  0 . 5 9 0 9  0 . 1 4 2 9 0 . 1 5 5 8  7 7  0 . 5 9 4 0  

NSWSrnall - 1  0 . 1 1 63 0 . 5 8 1 4  0 . 1 62 8  0 . 1 3 9 5  4 3  0 . 602 5 

NSWSrnall-2 0 . 1 0 2 9 0 . 602 9 0 . 11 7 6  0 . 1 7 6 5 3 4  0 . 5 8 0 9  

HL HL(obs) 
0 . 1 1 7 6  0 . 12 2 4  

0 . 0 8 8 1  0 . 0 9 0 9  

0 . 0 7 2 6  0 . 0 63 8  

0 . 1 5 91 0 . 1 5 9 6  

0 .  0 6 95 0 . 0 7 1 4  

0 . 1 0 0 6  0 . 0 9 8 3  

0 . 1 3 82 0 . 12 9 0  

0 . 0 5 82 0 . 0 5 9 4  

0 . 0 5 0 8  0 . 05 1 7  

0 . 0 6 7 9  0 . 0 6 9 8  

HL(obs) Chi Sq 
0 . 4 3 7 5  0 . 0 0 0 4  

0 . 1 212 3 6 . 1 2 0 4 *  

0 . 0538 6 3 . 6 5 9 0 *  

0 . 3333 0 . 782 0 

0 . 2537 6 . 8 0 3 7  

0 . 2308 4 0 . 6 0 7 2 *  

0 . 2 833 2 5 . 8 3 6 9 *  

0 . 2 083 5 . 5 5 6 5  

0 . 122 9 4 . 7 5 6 4  

0 . 3333 0 . 7 5 92 

HL(obs) Chi Sq 
0 . 6122 0 . 82 6 4  

0 . 5 657 1 . 8 3 0 9  

0 . 5 7 6 9  0 . 2 05 1  

0 . 6222 0 . 5 67 6  

0 . 6 5 7 1  1 .  5 8 3 4  

0 . 63 0 9  0 . 2 3 3 6  

0 . 6 1 67 0 . 0 7 3 3  

0 . 6234 0 . 5 6 5 9  

0 . 62 7 9  0 . 2 2 93 

0 . 617 6 0 . 4 0 7 1 

Key : HL = calculated heterozygosity HL(obs)  = observed heterozygosity 

• = significant at P>0.05 

Chi Sq 
0 . 32 65 

0 . 4 0 0 0  

5 . 52 4 3  

0 . 0 0 3 7  

0 . 2 0 93 

0 . 3 61 7  

1 . 0 9 90 

0 . 1 7 1 8  

0 .  0 7 2 8  

0 . 13 4 7  

G - stat 
1 . 0 0 1  

5 . 0 1 7 *  

1 3 . 122 * 

0 . 3 4 5  

1 . 0 0 0  

7 . 2 8 5 *  

1 0 . 0 1 9* 

1 . 02 5  

1 . 03 7  

0 . 0 1 9  

G -stat 
9 . 8 7 1  

2 8 . 4 2 8 *  

2 2 . 1 3 6 *  

2 4 . 2 1 1 *  

2 3 . 1 3 8 *  

4 0 . 2 8 1 *  

2 5 . 9 8 2 *  

1 3 . 2 5 3 *  

1 3 . 4 8 3 *  

7 . 4 1 8  



Table 3 .1 c o n t . . .  

M e  
oru 
NewZealand 
East Tasman 
We st Tasman 
KangisSA 
P o rtlandV 
NSWTotal 
NSWLarge 
NSWSmall 
NSWSmall - 1  
NSWSmall-2 

M p i  
oru 
New Zealand 

:astTasman 
We st Tasman 
KangisSA 
PortlandV 
NSWTotal 
NSWLarge 
NSWSmall 
NSWSmall-1 
NSWSmall -2 

P g m  
oru 
NewZealand 
East Tasman 
We st Tasman 
KangisSA 
P o rtlandV 
NSWTotal 
NSWLarge 
NSWSmall 
NSWSmall-1 
ISWSmall-2 

P q N 
0 . 6875 0 . 31 2 5  4 8  

0 . 6 4 7 1  0 . 3 5 2 9  5 1  

0 . 617 6 0 . 3 8 2 4  8 5  

0 . 2 3 9 1  0 . 7 60 9  6 9  

0 . 5 60 6  0 . 4 3 94 6 6  

0 . 5 6 4 5  0 . 4 3 5 5  1 5 5  

0 . 5 7 8 4  0 . 4 2 1 6  5 1  

0 . 5 5 8 5  0 . 4 4 1 5  94 

0 . 5833 0 . 4 1 67 54 

0 . 5 2 5 0  0 . 4 7 5 0  4 0  

HL 
0 . 5 7 0 3  

0 . 4 5 67 

0 .  4 7 2 3  

0 . 3 6 3 9  

0 . 4 92 7  

0 . 4 91 7  

0 . 4 8 7 7  

0 . 4 932 

0 .  4 8 61 

0 . 4 98 8  

p q r 
0 . 0 8 1 6  0 . 9 1 8 4  0 . 0 0 0 0  

0 . 2 60 9  0 . 7337 0 . 0 0 5 4  

0 . 3 90 0  0 . 6 1 0 0  0 . 0 0 0 0  

0 . 2 0 4 8  0 . 7 952 0 . 0 0 0 0  

0 . 2 92 3  0 . 7 07 7  0 . 0 0 0 0  

0 . 1 9 1 7  0 . 7 95 8  0 . 0 1 2 5  

0 . 23 7 3  0 . 7 54 2  0 . 0 0 8 5  

0 . 12 9 6  0 . 8 5 1 9  0 . 0 1 8 5  

0 . 1 7 3 9  0 . 7 82 6  0 . 0 4 3 5  

0 . 0 9 6 8  0 . 9 032 0 . 0 0 0 0  

P q r 
0 . 0 9 1 8  0 . 8 98 0  0 . 0 1 0 2  

0 . 1 990 0 . 8 0 1 0  0 . 0 0 0 0  

0 . 1 4 3 7  0 . 8 5 63 0 . 0 0 0 0  

0 . 1 4 61 0 . 8 3 1 5  0 . 02 2 4  

0 . 0 9 0 9  0 . 9 0 1 5  0 . 0 1 7 6  

0 . 0 94 9  0 . 9 0 5 1  0 . 0 0 0 0  

0 . 0 9 6 8  0 . 9 032 0 . 0 0 0 0  

0 . 0 8 7 0  0 . 9 1 3 0  0 . 0 0 0 0  

0 . 0 5 1 3  0 . 9 4 8 7  0 . 0 0 0 0  

0 . 1 1 67 0 . 8 833 0 . 0 0 0 0  

N 
4 9  

92 

s o  
8 3  

6 5  

1 2 0  

5 9  

5 4  

2 3  

3 1  

N 
4 9  

98 

87 

8 9  

6 6  

1 3 7  

62 

6 9  

3 9  

3 0  

HL(obs) 
0 . 4 1 67 

0 . 3 52 9  

0 . 4 11 8  

0 . 3 62 3  

0 . 5152 

0 . 4 3 2 3  

0 . 4 51 0  

0 . 4 3 62 

0 . 4 63 0  

0 . 4 0 0 0  

HL 
0 . 14 9 9  

0 . 3 9 3 6  

0 . 4 7 5 8  

0 . 32 5 7  

0 . 4 1 3 7  

0 . 32 9 8  

0 . 37 4 8  

0 . 2 5 7 1  

0 . 3 5 5 4 

0 . 17 4 9 

HL 
0 . 1 8 5 1  

0 . 31 8 8  

0 . 2 4 6 1  

0 . 2 8 6 8  

0 . 1 6 1 4  

0 . 1 7 1 8  

0 . 1 74 9 

0 . 1 5 8 9 

0 . 0973 

0 . 2 0 6 3  

Chi Sq 
3 . 4 8 1 9  

2 .  634 5  

1 . 3 9 4 7  

0 . 0013 

0 . 13 7 6  

2 . 2 62 1  

0 . 2 8 8 8  

1 . 2 5 5 5  

0 . 12 1 9  

1 .  5 6 9 4  

G -stat 
0 . 02 4  

2 . 5 96 

1 . 3 67 

2 . 0 64 

1 . 1 64 

2 . 2 63 

0 . 2 8 7  

1 . 2 57 

0 . 4 1 7 

1 . 5 5 4  

Chi Sq 
0 . 7 8 3 1  

HL(obs) 
0 . 1 633 

0 . 2 93 5  

0 . 5 0 0 0  

0 . 33 7 3  

0 .  4 3 0 8  

0 . 3083 

0 . 32 2 0  

0 . 2 5 93 

0 . 3 4 7 8  

0 . 1 9 3 5  

1 1 . 9 0 0 7 *  

0 . 2 5 8 7  

0 . 2 1 0 6  

0 . 22 2 1  

1 . 02 0 0  

2 . 3 4 1 8 

0 . 0 0 7 9  

0 . 02 1 0  

0 . 7 0 12 

HL(obs) 
0 . 2 0 4 1  

0 . 2 5 5 1  

0 . 2 1 8 4  

0 . 2 697 

0 . 1 9 7 0  

0 . 1 7 52 

0 . 1 93 5  

0 . 1 7 3 9  

0 . 1 0 2 6  

0 . 2333 

Chi Sq 
1 . 03 2 6  

7 . 82 5 3 *  

2 . 2 0 4 4  

0 . 63 2 8  

6 . 4 2 1 9  

0 . 1 0 7 3  

1 .  4 0 2 4  

1 . 22 97 

0 . 2 3 1 4  

1 . 02 7 7  

Key : HL = calculated heterozygosity HL(obs) = observed heterozygosity 

* = significant at P>0.05 
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Table 3.2 G-Tests for s amples of  o range roughy from the 

Austral i an c o l l ections.  

OTU 1 vs OTU 2 G STAT D OF F PROB . 

Newz e a l and EastTasman 1 0 6 . 4 7 2 9  3 2  . 0 0 0 0  * 

We st Tasman 1 1 6 . 4 7 5 6  3 2  . 0 0 0 0  * 

Kangi s SA 1 5 6 . 1 6 7 5  3 1  . 0 0 0 0  * 

Port l andV 7 6 . 6 2 2 6 3 1  . 0 0 0 0  * 

NSWTotal 6 9 . 6 3 4 3  3 3  . 0 0 0 2  * 

NSWLarge 5 9 . 6 8 61 3 3  . 0 0 3 0  * 

NSWSmal l  8 6 . 4 2 5 9  3 2  . 0 0 0 0  * 

NSWSmal l - 1  9 7 . 3 7 8 7  3 2  . 0 0 0 0  * 

NSWSmal l - 2  4 2 . 9 9 9 7 3 2  . 0 9 2 6  

EastTasrnan We stTasman 8 4 . 2 4 8 1 3 2  . 0 0 0 0  * 

Kangi s SA 1 2 0 . 9 1 8 3  32 . 0 0 0 0  * 

Port l andV 6 2 . 8 5 1 1  3 2  . 0 0 0 9  * 

NSWTotal 1 0 6 . 1 2 0 5  3 2  . 0 0 0 0  * 

NSWLarge 7 9 . 5 8 8 2  3 2  . 0 0 0 0  * 

NSWSmal l  1 0 3 . 8 8 6 8  3 1  . 0 0 0 0  * 

NSWSmal l - 1  1 1 5 . 5 3 6 3  3 1  . 0 0 0 0  * 

NSWSrnal l -2 7 3 . 6 3 0 1  3 1  . 0 0 0 0  * 

We stTasrnan Kangi s SA 1 7 6 . 8 7 9 6  3 2  . 0 0 0 0  * 

Port l andV 7 2 . 9 3 8 0  3 2  . 0 0 0 1  * 

NSWTotal 7 9 . 3 7 9 3  3 3  . 0 0 0 0  * 

NSWLarge 8 5 . 4 3 0 8  3 3  . 0 0 0 0  * 

NSWSmall 5 4 . 6 1 3 8  3 2  . 0 0 7 7  * 

NSWSrnal l -1 5 5 . 0 9 2 3  3 2  . 0 0 6 8  * 

NSWSmall-2 6 3 . 6 8 4 7  3 1  . 0 0 0 5  * 

Kangi s SA P ortl andV 7 7 . 5 1 6 4  2 8  . 0 0 0 0  * 

NSWTotal 1 3 9 . 3 8 8 9  3 3  . 0 0 0 0  * 

NSWLarge 8 5 . 4 5 4 1  3 1  . 0 0 0 0  * 

NSWSmal l 1 5 3 . 2 5 5 9  3 1  . 0 0 0 0  * 

NSWSrnal l-1 1 5 8 . 6 5 4 4 3 1  . 0 0 0 0  * 

NSWSrnal l - 2  9 3 . 6 4 4 1  3 1  . 0 0 0 0  * 

P ortl andV NSWTotal 5 8 . 0 7 6 8  3 3  . 0 0 4 5  * 

NSWLarge 5 3 . 4 4 3 1 3 1  . 0 0 7 4  * 

NSWSmal l  6 1 . 0 8 6 3 3 1  . 0 0 1 0  * 

NSWSmal l - 1  8 1 . 8 1 9 4  3 0  . 0 0 0 0  * 

NSWSmall-2 51 . 9 0 52 3 1  . 0 1 0 8  

NSWTotal NSWLarge 3 8 . 9 0 0 9  3 2  . 1 8 6 6  
NSWSmall 1 9 . 3 4 9 5  3 2  . 9 6 1 6  
NSWSmal l - 1  4 2 . 5 9 5 6  3 2  . 0 9 9 6  
NSWSrnal l -2 2 3 . 6 6 5 5  3 3  . 8 8 4 2  

NSWLarge NSWSmall 7 1 . 9 9 52 3 1  . 0 0 0 0  * 

NSWSrnal l - 1  9 3 . 2 3 3 5  3 1  . 0 0 0 0  * 

NSWSmal l - 2  5 1 . 1 6 4 6  3 2  . 0 1 7 2  

NSWSrnal l -1 NSWSrnal l -2 4 2 . 8 7 3 6  3 0  . 0 6 0 0  

Key: * = significant at P>O.O 1 
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Appendix  S G-tests and dendrogram (CONTML plot) for 

the polymorphic loci published by Smith ( 1 986 )  

for the analysis of  orange roughy population 

structure in New Zealand. 

Smith ( 1 986) conducted an electrophoretic study on orange 

roughy from New Zealand and one locality in the Atlantic ocean . 

Here, we analyse these data further. 

Smith ' s  samples were analysed by pauw1se comparison,  using 

the G - s tati s ti c , to  determine how orang e  rou ghy  may be 

geographical ly  s eparated around New Zealand .  S ignific an t  

differences  were found between 1 3  out of  1 5  c omparisons  (see 

Table 5 . 1 ) .  Only the two samples from close to the eastern shore of 

New Zealand (Wairapara coast off the North Island, and Kaikoura 

coast off the S outh Island), were not significantly different.  

Table  5 . 1  G-test  results for samples o f  orange roughy from 

New Zealand (analysis of data from Smith , 1 986)  

OTU 1 vs OTU 2 G STAT D OF F PROB . 
NEAt l ant i c  Chatham 6 8 . 9 1 1 1  3 9  . 0 0 2 2  * 

Kaikoura 5 8 . 2 1 3 2  3 5  . 0 0 8 2 * 

Wai r arapa 35 . 92 3 7  3 5  . 4 2 5 1  
Chal leng- 1 6 5 . 0 4 9 1  4 0  . 0 0 7 4  * 
Chal leng-2 6 1 . 3 67 1  3 7  . 0 0 7 2  * 

Chatham Kaikoura 6 3 . 1 2 9 1  3 7  . 0 0 4 8  * 

Wairarapa 8 2 . 5 4 4 7  3 9  . 0 0 0 1  * 

Chal l eng- 1 8 8 . 1 9 6 6  4 0  . 0 0 0 0  * 
Challeng-2 1 2 0 . 2 1 7 0  4 0  . 0 0 0 0  * 

Kaikoura Wairarapa 52 . 9 8 3 3  3 5 . 0 2 62 
Challeng- 1 6 2 . 4 9 1 9 3 8  . 0 0 7 4  * 

Challeng-2 1 1 6 . 1 4 1 4  3 8  . 0 0 0 0  * 

Wairarapa Challeng- 1 8 3 . 6 0 4 3  4 0  . 0 0 0 1  * 

Challeng-2 7 1 . 6 4 7 7  3 9  . 0 0 1 1  * 

Chal leng- 1 Challeng-2 1 3 2 . 6 0 2 4  4 1  . 0 0 0 0  * 
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· S mith ' s  allele frequency data was also  used to cons truc t  a 

dendrogram to show the genetic relationships between the localities 

sampled.  We used Felsenstein' s ( 1 98 1 , 1 982) CONTML program to 

c o n s tru c t  the maximum likel ihood phylo genetic  tree .  The 

dendrogram widely separates the sample from NE Atlantic ocean .  

Within New Zealand, however, the dendrogram i s  n o t  clustered in a 

geographic way ,  and the two samples that were not significantly 

different  by G-tes t  are separated in  the dendrogram . (Refer to 

Figure 5 . 1 ) .  

NE Atlantic 

Wairarapa 

Challeng-2 

Challeng-1 
-

-

Chatham 

Kaikoura 

F i g u r e S . 1  Dendrogram to show the relationships between 

orange roughy samples from New Zealand (analysis  of 

data from Smith, 1 986) .  (CONTML plot) . 

To examme the relationships of orange roughy around New 

Zealand further, allele frequencies are presented by latitude and 

longitude as scattergrams in Figures 5 .2-5 . 9 ,  below. 
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Chatham Rise i s  separated by : - EstP (Figure 5 .2a&b), Ests 
(Figure 5 .4a&b) ,  Gpi- l r  (Figure 5 .6a&b),  Idhr (Figure 5 7a&b) ,and 
M d h  q (Figure 5 . 8a) .  Samples taken from the west coast, Challenger 
Plateau ,  separate from the other localities at : - Gpi- l P  (Figure 5 . 5b) .  
and Idhr (Figure 5 . 8b) .  The Wairarapa coast, from the North Is . ,  i s  
separated by : - Estr (Figure 5 .3a&b) and Idhr (Figure 5 . 7a&b) . 




