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SUMMARY OF MAIN FINDINGS

Slllago bassensls

The two sub-species of S. bassensis which were
described by McKay (1985) are actually distinct
species. Evidence in support of this conclusion is
from three sources:

(a) Electrophoresis of liver and muscle enzymes.
In these studies we found large numbers of fixed

differences between the two subspecies; twelve out of
the 43 loci were fixed for different alleles in the two
forms. There was no evidence for introgression between

the two forms at the only locality where they were
sympatric (Anxious Bay, S.A.).

(b) Isoelectric focusing of soluble muscle
proteins. Large differences were observed between the
two sub-species when the patterns produced by their
soluble muscle proteins were compared. These
differences were also apparent in the specimens from
Anxious Bay.

(c) Measurements of morphometric and meristic
charac'bers.

The differences that were observed in these
characters were similar to those reported by McKay
(1985). Discriminant function analysis was carried out
on these data. There was no overlap of the confidence
limits between the two sub-species; this separation
supports the idea that the two groups have different
phenotypes and is thus further evidence that these two
groups of fish belong to two distinct species.

In this report we retain the terminology of McKay and
refer to the two species as S. bassensls bassensls and
S. bass ens is flindersi.

Slllago bassensis fllndersl.

We used seven polymorphic loci to investigate the
population structure of S. bassensis flindersl
throughout its known distribution. These studies
revealed a large amount of population sub-structuring.

However, the genetic relationships between the samples
were not as expected on -bhe basis of their geographic
location: the samples were related in a haphazard way.
This is thought to be due to patchy recruitment of
larvae.

A discontinuity in the relatedness between samples was
observed in the region between Forster and Coffs
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Harbour. This discontinuity may indicate some degree
of separation between the fish from northern and
southern N.S.W. However, it is likely that a
significant amount of gene flow occurs between them.

A high degree of genetic similarity was observed
between the samples from southern N.S.W. and those from

Victorian waters. Although it is possible that some
degree of separation may occur between these samples,
we have found no evidence to support this view. We
believe that the fish from Victorian waters belong to
the same sub-population as those from southern N.S.W.

Fish from Tasmanian waters are similar to those from
the Lakes Entrance and San Remo areas. This may be the
result of one-way flow of larvae across Bass Strait.

In South Australia, S. bassensis flindersi were
obtained from Anxious Bay on the west coast. The
allele frequencies in this sample were significantly
different from those obtained in all of the other
samples. These fish belong to a separate
sub-population.

The distribution of S. bassensis flindersi extends from
southern Queensland southwards to Tasmania and
westwards to Anxious Bay in South Australia.
Previously the recorded distribution of S. bassensis
flindersi on the mainland was from southern Queensland
to eastern Victoria (McKay, 1985).

Slllago bassensls bassensis.

The population structure of S. bassensis bassensls was

investigated by means of electrophoresis of five
polymorphic loci. The results of this very limited
study suggested that each of the samples studies (one
from W.A. and three from S.A.) may have been from

separate sub-populations.

Discriminant function analyses of the morphometric and
meristic characters of S. bassensls bassensis from
Mandurah, W.A. and Spencer Gulf, S.A., support the idea
that fish from these two areas belong to separate
sub-popu1 at i ons.

We found the distribution of S. bassensls bassensis to
extend from southern W.A. to St. Vincents Gulf and the
western end of Kangaroo Island. It is possible,
however, that it is distributed further eastwards.
Further sampling is required to check this point.
McKay (L985) believed that its range extends eastwards
to San Remo.



IX

Slllago robusta.

Liver and muscle enzymes of 5illogo robust a from
northern N.S.W., Rottnest Is. (W.A.) and Groote Eylandt

in the Gulf of Carpen-fcaria (N.T.) were compared using
starch gel electrophoresis. Large differences were
found between all samples from the three localities.
In comparisons between fish from N.S.W. and W.A. fixed
differences were observed at 13 of the 27 loci
examined. There were 16/27 such differences when the
fish from N.S.W. and N.T. were compared, and 7/27 in
comparisons between the W.A. and N.T. fish.

Isoelectric focusing of the soluble muscle proteins of
S.robusta revealed large differences between the fish
from each of the three localities.

We believe that the N.S.W. sample of fish is a distinct
species. It is also highly likely that the N.T. and
W.A. fish belong to separate species. Further work
should be done on fish from northwestern Australia to
clarify this point.

Comparisons were made between samples of S. robusta

from N.S.W. No major differences were found between
the samples. We believe that. these fish all belong to
the same population and that the small differences that
were observed are due to patchy recruitment.

Slllago maculata.

We compared samples of S. maculata. maculata from N.S.W.
and S. maculata burrus from Mandurah (W.A.) and Groote
Eylandt (N.T.). The samples were compared at 23 enzyme
loci but no fixed differences were observed.

Preliminary comparisons using isoelectric focusing did,
however, reveal some small differences between fish
from the three samples, but these have not been fully
investigated.

It is unlikely that further work will reveal
differences of the order of those found between samples
of either S.bassensis or S. robusta. We believe
McKay's sub-specific status for S. maculata is

appropriate.

Sillaglnodes punotata.

We compared samples of S. punctata from six localities
in South Australia and Victoria. Evidence is presented
that suggests a degree of population structuring in
this species. However, the data set is small and



patchy; further work must be completed before
conclusions can be reached.

Sillago vittata.

We used electrophoresis of liver and muscle enzymes and
isoelectric focusing of soluble muscle proteins to
compare S. vlttata with 5. bassensis bassensis and
S. bassensis fllndersl. The data obtained support the
finding of McKay (1985) that S. vittata is a distinct
species.

Sillago ciliata

We investigated 81 presumed gene loci in S. ciliaba.
Of the 23 loci which displayed polymorphism, 5 showed
potential for future use in population comparisons in
this species.

Sillago analis

The limited study on S. snails indicates that the level
of polymorphism is relatively high with four out of the
12 loci studied showing polymorphism.

Our preliminary results suggest that, despite the
morphological similarity between 5. snails and
S. cillata, the genetic differences are considerable.

Sill ago scbomburgkj.i

In a small-scale pilot study we found that four out of
the 15 loci we studied, in liver and muscle tissue,
were polymorphic. Further work must be done to
evaluate the potential for the use of these
polymorphisms in studies on the population stucture of
this species.
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RECOMMENDATIONS

We make the following recommendations for the
management of, and future research into, Sillago
bassensls fllndersl.

In New South Wales the main fishery is based at Yamba
(Iluka) on the north coast, where the species is
abundant. Smaller amounts are landed in other northern
ports. The southern fishery is small and is based in
Eden. The species has a patchy distribution between
about Newcastle and Eden and few fish are landed in
that area.

Lakes Entrance and San Remo are the main ports for
landings in Victoria and in Tasmania there is a small
fishery off the east coast.

We observed a discontinuity in genetic similarity
between samples from the Forster to Coffs Harbour
region of New South Wales. This suggests some degree
of separation between fish from the northern and
southern areas. There is, however, likely to be a
significant amount of gene flow between them.

Recommendation 1

The fishery from about Newcastle north should be
managed as a single unit.

In view of the likely gene flow between the northern
and southern areas the fishery should be monitored
carefully for signs of depletion in the southern areas.

We have no evidence for population subdivision in the
region between Jervis Bay and Portland. There is some
degree of separation between fish from the mainland and
those from the Hobart area.

Recommendation _2

The fishery between Jervis Bay and Portland should be
managed as a single unit. Thus consultation between
managers from New South Wales and Victoria is
essential.

The small fishery in Tasmania may be managed separately
but should be monitored carefully as we know nothing of
the extent of its possible reliance on a flow of larvae
from mainland waters.

The sample from Anxious Bay in South Australia was
significantly different from samples from all of the
other areas that we examined. In South Australia,
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school whiting are a trivial part of the by-catch of
beach seiners. However, should a fishery develop two
species are likely to be involved because we found that
S. bassensis bassensls and S. bassensls fllndersi are
sympatric in South Australian waters. We have not been
able to obtain samples of school whiting from the area
between Kangaroo Island and Portland.

Recommenda'bion 3

Sillogo bassensls flindersi from west of Kangaroo
island should be managed as a discrete unit.

However, preliminary indications are that S. bassensis
bassensis from this area may not be a single unit.

Recommendations for Further Research

In view of the complex nature of the relationships
between samples of this species, especially from the
northern waters of New South Wales, further study is
warranted. It is likely that the key to this
complexity lies with larval ecology. The following
matters deserve early attention.

1. Determination of the time of spawning. This should
be done in at least ten localities on the east coast,
e.g. San Remo, Lakes Entrance, Eden, Jervis Bay,
Sydney, Forster, Camden Heads, Coffs Harbour, Yamba and
Byron Bay. This study should include studies on the
Gonadosomatic Index (by month) and histological
examination of gonad development. We understand that
such a study is in progress.

2. Determination of the location of spawning on the
continental shelf and the length of larval life.

3. Investigations into the hypothesised patchiness of
larval distribution and the genetic relatedness of
larvae from different patches of water.

Such a study would be a major undertaking but is likely
to yield fundamental information about recruitment in
this and other species. Sampling could be carried out
along a transect and be followed by identification of
the water mass from which the individual samples were
obtained. However, it would be preferable to carry out
such a study from a ship with real time access to NOAA
satellite images. Under these conditions individual
water pockets could be identified accurately and
sampled. Genetic relatedness of larvae from the
different water pockets could be identified by gel
electrophoresis techniques.
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Because of the extent to which the fishery for Sillago
robusta impinges on S. bassensls fllndersl in northern
N.S.W. we recommend that the same data be obtained for

that species.

With regard to S. bassensls bassensls in South
Australia, further investigations into the population
structure of this species should be made. This matter
is discussed in the body of the report.
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INTRODUCTION

Whiting are small to medium sized fish which inhabit the
shallow coastal waters of the Indian and western Pacific
Oceans. They belong to the Family Slllaginidae. This
Family has recently been reviewed by McKay (1985). It
consists of three genera, Sillago, Sillaglnopsis and
Sillaglnodes. McKay considers that there are three
sub-genera of Slllago, viz. Sillaginopodys, Parasillago and
Slllago. Ten of the 25 species which make up this family
are found in Australian waters. These are Slllaglnodes
punctata, Sillago analls, Sillago bassensls, Slllago
cll.ia.ta, Sillago lu.tea, Sillago macu.lata, Slllago robusta/
Sill ago sohomburgkll, Sl11 ago sihama and Sillago vittata
(see Appendix 1). Many of these species are morphologically
very similar.

The flesh of all species has a fine texture and a delicate
flavour which is retained after freezing. Many of these
species are sought after by recreational fisherman and, over
their whole dis-bributional range, whiting form the basis of
small fisheries of commercial importance.

The following brief description of the species with which we
have worked during this study are based on McKay's (1985)
review, where further details may be found.

Sillago ciliata (sand whiting) is a very good eating fish
which grows to about 50cm in length. It moves in large
schools across sand banks, and in the surf zone. It is a
common angling fish and is of commercial importance in New
South Wales. It is a silvery white fish with unblotched
sides but -wi-th a distinctive dark blotch at the base of its
pectoral fin. The fins are yellow except for the dorsal
which is pale green. McKay says it is distributed
throughout Eastern Australia (Figure la).

Slllago analls (golden-lined or rough scale whiting) is very
similar to S. ciliaba and the two species are found together
in sandy estuaries in Queensland. It grows to about 30cm in
length and has a silvery coloured body which is slightly
darker dorsally, with a yellow band just below the lateral
line. The fins are yellow but there is no black spot at the
base of the pectorals which have a fine dusting of brownish
spots. McKay considers that S. cillata and S. analis are
sibling species: there are suggestions that these two
species sometimes hybridise in nature. Sillago analis is
found in Northern Australia from Moreton Bay (Qld) to Shark
Bay (W.A.), see Figure Ib.

Sillago bassenis (school or red-spot whiting) is regarded by
McKay as a single species, but he found differences between
the eastern and western forms, namely in second dorsal and

anal fin ray counts, numbers of lateral line scales and
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numbers of vertebrae. McKay found, however, overlap between
the two forms in fin ray c6unts and numbers of lateral line
scales. The total number of vertebrae in each form is
distinct, but, when the different kinds of vertebrae (e.g.
abdominal, caudal etc.) are considered there is a great
amount of overlap between the two forms in the numbers of
each type of vertebra. Both forms grow to about 32cm in
length.

There are also distinguishing colour and pattern differences
between the two forms. These differences are apparent in
fresh and frozen specimens that have not suffered scale
loss. These differences are:

(i) The western form has oblique rusty brown bars on its
upper body. These bars are often broken into oblique rows
of dots or blcrbches. This fish has a distinct silvery
mid-lateral line, but there are no rusty brown blotches
mid-laterally. The belly is pink or white, and the pectoral
fin is pale cream, without a dark blotch near its base.

(ii) The eastern form has oblique rusty red to bright
orange broken and unbroken bands above the la'teral line, and
a series of about 12 similarly coloured blotches just above
an obvious silvery lateral band. The oblique bands are more
regular, and broader, than those in the western form. The
belly is pale silvery white, the pectoral fin a dull yellow,
without a dark blotch at its base.

McKay places much importance on swim bladder morphology as a
means of distinguishing between the species of whiting.

He found no differences in swim bladder morphology between
the eastern and western forms of S. bassensis. He regards
the two forms as sub-species which he found to have the
following distributions:

(i) S. bassensis bassensls is the western form, and is
found from western Victoria across the southern coast of
Australia and northwards to Geraldton in Western Australia.

(ii) S. bassensis fllndersi is the form that occurs in
Queensland, New South Wales, eastern Victoria and eastern
Tasmania (see Inset, Figure 8).

Slllago robusta (stout whiting) is a smallish creamy yellow
whiting which grows to about 28cm in length. It has a
silvery band along its side and a yellow blotch on its
cheek. McKay describes two forms of this species, an
eastern form which extends along the each coast of
Queensland to southern New South Wales and a western form
which is distributed from Freman-ble northwards to the Gulf
of Carpentaria (see Inset, Figure 21).

Sillago maculata (trumpeter whiting) has a pattern of dark
blotches on a silvery body. There is also a dark blotch at



the base of the pectoral fin. McKay describes three
sub-species which are all 6f similar size (they all grow to
about 30cm), colouring and morphology. Two of the
sub-species occur in Australian waters; S. maculata
macuiata extends along the east coast of Australia and S.
macu.lata. burrus occurs on the northern and western coasts of
the continent (Figure 1c). The main diagnostic features are
differences in swim bladder morphology.

Sillago schomburgkii (yellow-fin whiting) is a very
important recreational fish in South Australia and Western
Australia. This fish has a silvery appearance and yellow
fins. It is very similar to S. clll&ta in appearance and
habitat requirements but has no dark blotch at the base of
the pectoral fin and grows to a smaller size (about 40cm in
length). Its distribution is shown in Figure Id.

Sillago vittata. (western school whiting or banded whiting)
is a newly described species which has only been recorded
from Western Australia. Its known distribution is from Maud
Landing to Mandurah (Figure Ie). Its maximum recorded
length is 30cm. No geographic variation has been observed
in this species. It is often found in asssociation with S.
robusta, S. bassensls bassensls and S. maculata burrus. In
the north it is found in shallow waters but in southern
Western Australia it is usually trawled in deeper waters
(17-20 fathoms).

Sillaglnodes punctata (King George whiting) is the largest
of the whitings; it grows to about 70cm in length. It is
easily distinguished from all other species by means of the
rows of small dark brown to rusty brown spots which occur on
its back and upper sides. It is distributed from Jurien Bay
(W.A.) across the south of the continent to southern New
South Wales -(Figure If). It inhabits sheltered coastal bays
and rocky reefs. It spawns ou-bside these bays but the
larvae are carried back into them and the juveniles grow in
mangrove and seagrass nursery ereas (Jones, 1981). This
species is the basis of important commercial fisheries in
Victoria, Western Australia and especially South Australia.

We originally proposed to investigate the population
structure of three species of whiting from eastern
Australia. These were: S. cillata, S. bassensis and S.

punctata. These are the most important species
commercially. The King George whiting fishery is worth $A2
million annually in South Australia alone (Jones, 1980). In
New South Wales the sand whiting fishery returns about
$A500,000 (Table 1). Although the sales of red spot whiting
through the New South Wales fish marketing authority are
relatively low (Table 1) an important export market has
developed for this species (Table 2) which last year
returned over $A2 million.

The King George and sand whitings spend a significant part



Year

1978-9

1979-80

1980-81

1981-82

1982-83

1983-84

Species

Red-spot
Sand
Truapeter

Red-spot
Sand
Truapeter

Red-spot
Sand
Truapeter

Red-spot
Sand
Trmpeter

Red-spat
Sand
Truapeter

Red-spot
Sand
Truipeter

Quantity
Kg

164,707
94,551
26,333

109,810
108,857
29,294

110,503
151,907
42,274

148,911
138,255
37,601

242,798
159,814
44,587

318,077
154,190
41,107

Average
Price

(ft per kg

0.8
3.38
1.56

1.08
3.74
1.73

1.09
3.09
1.44

1.10
4.20
1.51

0.95
4.45
1.57

0.77
4.58
1.56

TABLE 1; Whiting sold via NSW Fish Marketing Authority for
years 1978-1984. Data f-rom N.S.W. Fish Marketing
Authority, Annual Reports 1979-1784.

Year Tonnes $fi

1980-81

1981-82

1983-84

1984-85

1985-86

1

1

1

1

777

,499

,091

,042

,347

1

I

I

2

878

,885

,173

,396

,577

,000

,000

,000

,000

,000

Table 2s Australian whiting exports -for years 1980-1986.
Data from "Australian Fisheries".



of their lives in estuaries or sheltered embayments and it
was during that stage of their life histories that we
intended to obtain samples of these two species. The
red-spot whiting is not usually found in large numbers in
estuaries; it was not therefore our intention to investigate
this species fully as we expec-bed difficulties in obtaining
samples.

Other species were also to be investigated but to a lesser
extent. This was again mainly because of the difficulties,
to us, in obtaining samples. These other species included
S. robust a/ S.macuiata and S. snails.

The major objective of our programme was to investigate the
population structure of commercially important whitings
using allozymes as genetic markers. Electrophoretic methods
were to be used to determine whether each species is
characterised by one large interbreeding population
throughout its range, or whether it is made up of two or
more sub-populations with some degree of isolation. Where
evidence of sub-populations is found the geographic limits
of 'stocks' were to be determined. Such information is
important in considerations on the rational management of
the stocks.

With this in mind, during the first few months of the
programme, we carried out pilot studies on each of the
species mentioned. However in May 1984, at the request of
the Sou-bh Eastern Fisheries Committee (SEFC), Demersal and
Pelagic Fish Research Group, the project changed in
emphasis. This group expressed concern at the lack of
knowledge of the biology and population structure of
S.bassensis. Such information was urgently needed because
of the developing fishery for this species. In New South
Wales S.bassensis and S. robusta, which make up about 1.0% of
the red-spot catch, were trash fish. They were part of the
by-catch of prawn trawlers (Bowerman, 1984) until the late
1970's when an export market to Japan was developed, and a
Ministerial concession allowed prawn trawlers, working north
of Smoky Cape, to land whiting. This northern part of the
range of the species accounts for about half of the current
landings (Hobday and Wankowski, 1986). In the south there
are fisheries for red-spot whiting centred on Eden, Lakes
Entrance and San Remo. Table 2 gives the details of exports
from 1980-1986. The development of the fishery for school
whiting in Victorian waters was reviewed by Winstanley
(1983).

Prior to the development of the export market little
interest was shown in this species, so virtually no
background information was available. Fisheries researchers
from each of the states represented in the group (N.S.W.,
Vie., S.A. and Tas.) agreed to obtain samples for us so that
we could direct our major effort towards gaining an
understanding of the population structure of S. bassensis.
At the same time they would collect information on catch and



effort, age and growth, population movements, natural and

fishing mortality and reproduction. The implications of
these data for management are considerable. Unless there is
sub-s-bructuring of the red-spot whiting population,
management will have to be on a regional rather than on a
State or local basis. Such management will have to consider
the impact of each fishery on the other.

The major part of this report presents our findings on the
population structure of S. bassensis. Other subsiduary
findings on S. robusta, S.vlttata, S.maculata, S.clllata,
S. schomburgk.il and S.punctata are also presented.
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METHODS

SPECIMEN COLLECTION

Specimens were collected with the cooperation of the
Fisheries Division (Dept. of Agriculture) and various
other institutions in each state. We obtained samples
of S. punctata, S. analls, S. bassensls, S. ciliata,
S. maculata, S. robusta., S. scbomburgkli and
S. vlttata. Refer -bo Tables 2.1 to 2.9, in Appendix 2
for details of these collections.

Fish caught by us were entrapped using beach seine nets
in various lakes and bays. For S. ciiiata and
S. maculata, a net of 100m in length, with a mesh size
of approximately 30mm at the cod end, was used. For
S. punctata, a net of 25m in length, with a mesh size
of approximately 12mm, was used. Some of the fish
sent; to us were caught using hand lines, but the bulk
of the fish were caught by prawn trawlers.

Specimens of S. bassensls fllndersl and S. robvista in
NSW were caught on cruises conducted by the NSW
Fisheries Research Institute (refer to Kapala Cruise
Report Nos: 94. 97), or obtained from Fishermen's
Co-operatives. They were frozen as soon as possible

after collection.

Fish caught by beach seine were transported back to the
laboratory on ice. Upon arrival, these fish were

stored frozen at -20°C. Those fish caught by prawn
trawlers were frozen on board.

TISSUE PREPARATION

Fish were partially thawed and measured for standard
length (S.L.) and length to caudal fork (L.C.F.), sexed
(with note of gonad condition), and samples of
particular tissues taken for elec-brophoresis. For the
pilot study, samples of liver, "white" skeletal muscle,
heart and eye lens were screened for tissue specificity
of enzyme loci. However, for the bulk of the study,
liver and muscle proved to be the most useful tissues.
All tissue samples were stored in 1.8ml Nunc cryotubes
in liquid nitrogen (-180°C to -196°C) until required
for electrophoresis.

Tissue samples were partially thawed and homogenized
with an equal volume of cold deionized water or
homogenizing buffer (see Table 4.2 in Appendix 4) using
a perspex rod. Tough tissues (muscle, heart, eye lens)
were finely minced with scissors prior to
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homogenization. For the enzymes used in stock 
discrimination of S. bassensis and S. punctata, we
found that homogenizing buffer gave better resolution 
on the gels. For S. robusta, water gave better
resolution. For isoelectric focusing, "white" skeletal 
muscle was homogenized in cold deionized water, to 
minimize the salt load of the samples. 

Homogenates were centrifuged in an MSE Mistral 6L 
refrigerated centrifuge for 20 minutes, 2000 r.p.m. 
(1000 x g), at 4°C. Samples were then stored frozen 
at -20oC and electrophoresed during the same week of 
preparation. 

Due to the amount of free oil separated from the liver 
samples of S. bassensis, it was necessary to carefully
draw off the supernatant (from under the plug of fat 
and oil) with a pasteur pipette and place into 1.5ml 
Eppendorf tubes. Free oil was not a problem with any 
of the other species studied, and the frozen fat plug 
(when present) was removed with a spatula to expose the 
supernatant. Several unsuccessful attempts were made 
to extract oil from the school whiting liver samples 
(Carbon tetrachloride, Butylacetate, Toluene). It was 
found that this extra step in sample preparation either 
destroyed enzyme activity on the gels, or did not 
improve the resolution. For S. bassensis flindersi, 
extraction buffer {see Table 4.2, Appendix 4) was also 
tried, to release membrane-bound proteins into the 
supernatant. However, due to the excessive amounts of 
fat in the liver of this species, the supernatant was 
of high lipid content, resulting in streaking of bands 
on the gels. 

ELECTROPHORESIS 

Various support media were investigated for their 
usefulness, and are detailed below. For the bulk of 
the study, it was found that starch was the most 
suitable system. 

Cellulose acetate separates proteins by net charge 
alone, whilst starch also has a "molecular sieving" 
effect, thus separates proteins by size as well as net 
charge. This "molecular sieving" may be beneficial, or 
may (at times) mask variation due to net charge. We 
have also found starch to be more sensitive than 
cellulose acetate with lower concentrations of protein 
staining on starch whereas there was no activity on 
cellulose acetate. 

Prior to the commencement of population comparisons, 
pilot studies were carried out on all of the species 
collected. The strategy used was essentially the same 
as that described by Richardson et al. (1986). One or, 
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if possible, two populations of each species was used
to determine which enzymes displayed polymorphism. The
enzymes studied in each species are listed in Tables
3.2 to 3.11, Appendix 3. Those loci which were
polymorphic formed the basis of population comparisons
in species where these were made.

Those loci that are monomorphic with different alleles
in different species allow definitive tests for the
occurence of hybrid is ati on. The proportion of loci
differing between species also contributes most of the
information needed for species identification and for
inferring relationships between species.

Starch Gel Electrophoresis

Horizontal starch gel electrophoresis was carried out
at 5oC in a 12% (w/v) Electrostarch gel. The various
buffer systems used are listed in Table 4.1 of Appendix
4. Samples were located onto the gel using sample
strips (cut from Whatman i^3 filter paper) wetted with
supernatant prepared as described previously. A total
of 25 samples, and 2 standards, could be run on each
gel. After electrophoresis, the gel was sliced (into 3
or 5 pieces) with each slice being treated with an
enzyme-specific histochemical stain. Table 3.1,
Appendix 3 lists the enzymes used in this study. See
Table 4.4, in Appendix 4, for details of the staining
recipes followed. Staining reactions were incubated at
3?oC in the dark for 3 minutes to 1 hour, depending
upon the enzyme being investigated. Staining reactions
were stopped with fixative (Table 4.6, Appendix 4) and
scored. A" photographic record has been kept for all
stock discrimination work.

Cellulose Acetate Gel Electrophoresis

Commercial preparations of Cellogel and Titan III
cellulose acetate plates were investigated for -bhe
separation of some enzyme loci in some fish species, as
indicated in Appendix 3. The oellulose acetate was
prepared for electrophoresis by soaking in the
appropriate buffer to equilibrate. The various buffers
used are listed in Table 4.1, Appendix 4. Up to 4ul of
sample was applied to the surface of the gel; 10
samples and 1 standard could be run on each gel. After
electrophoresis, the gel was treated with an
enzyme-specific histochemical-stain. See Table 4.5, in
Appendix 4, for details of the staining recipes
followed. Staining reactions were incubated at room
temperature in the dark for 3 minutes to 30 minutes,
depending upon the enzyme being investigated. Staining
reactions were stopped with fixative. The gels were
scored by marking the position of the bands on the
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plastic backing of the gel^. Cellogel may be stored
wrapped in plastic in the freezer. Titan III plates
may be stored dried.

Isoelectric focusinff

LKB Ampholine polyacrylamide gels (pH range 3.5 to 9.5)
were used to separate soluble muscle proteins for a
comparison of each species (and sub-species) studied.
Gels were prefocused to 500 Volthours, prior to loading
of the samples, to set the isolines. This step proved
necessary to minimize the waving of bands due to the
salt load of the samples. After electrophoresis, the
gels were fixed, according to LKB instructions, and
stained for general protein, with Page Blue 83, for 2
hours. The gels were destained overnight and covered
with plastic film for storage.

Agarose I.E.F. (pH range 3 to 10 Pharmalyte) was
attempted for two polymorphic loci of King George
whiting (as indicated in Table 3.1, Appendix 3).
However, the results were unsatisfactory, and this
system was not investigated further.

ELECTROPHORETIC DATA ANALYSIS

Patterns of enzyme variation that were consistent with
the known subunit structure of the enssyme (Shaklee and
Keenan, 1986) were used for discrimination of stocks.
Names of enzymes and Enzyme Commission numbers follow
the recommendations of the Commission on Biochemical
Nomenclature (Anon, 1984). For multilocus enzyme
systems, the form with the least anodal migration was
designated' "I", the next "2", and so on (in accordance

with the recommendations of Allendorf and Utter, 1979).
For each locus, alleles were indicated alphabetically,
with the most anodally migrating allele designated "a",
the next "b", and so on. For loci with cathodal

migration, the most cathodally migrating allele was
designated "a". The putative genotype data were
tabulated as genotype and allele frequency
distributions, for each species, in a form suitable for
input into the statistical programs described below.

We used Felsenstein's (1981, 1982) continuous
character, maximum likelihood method for constructing
phylogenetic trees from these data. The program CONTML
(Version 2.7) is part of Felsenstein's PHYLIP package.
See Appendix 5 for further explanation of this program
and its assumptions. The program, CONPLOT, written by
us, uses the output from CONTML to plot a dendrogram.

Dendrogram construction provides valuable information
on the inter-rela-bionships of populations, but does not
provide a test of whether pairs of populations are
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genetically distinct. The;G-test (Sokal and Rohlf,
1981, pp 745-746) provides a simple, yet powerful test
for distinguishing populations, and uses all the gene
frequency data available. The program POPSEP, written
by us, performs G-tests on all possible pairs of
populations.

The genetic distance between pairs of populations was
also used to construct phylogenetic trees. This was
done, not because it is the most appropriate method,
but because of the widespread application of these
measures in eleotrophoretic studies of systematics
(Hillis, 1984). The program NEISTAT, written by us,
computes Nei's genetic distance. D* (as modified by
Hillis, 1984), from -bhe allele frequency distributions.
The program NEISTT1, computes D* and tabulates in a
form suitable for input into the following statistical
program.

We used Felsenstein's (1981-1982) Fi-fcch-Margoliash
least-squares distance method for constructing
phylogenetic trees from these data. The program FITCH
(Version 2.8), is part of Felsenstein's PHYLIP package
(see Appendix 5 for details of this program). The
program FITPLOT, written by us, uses the output from
FITCH to plot a dendrogram.

The genotype distributions of various loci in each
species were examined for internal consistency with the
Hardy-Weinburg distribution. The program G-FIT,
written by Dr. D. Croft (School of Zoology, UNSW), uses
G-tests to check the goodness-of-fit of observed
genotype ratios with those expected for a single,
randomly mating population (in the absence of
differential-selection among alleles). These selected
genotype data were then analysed using POPSEP to test
whether pairs of populations were significantly
different. This method has the advantage over other
tests (e.g. F statistics) which are commonly used in
that it allows all the available data to be used.

We used Felsenstein's (1981,1982) mixed method
parsimony to construct dendrograms from the isoelectric
focusing data. The program MIX (Version 2.8) is part
of Felsenstein's PHYLIP 5 package. The gels were
scored for each species as a series of two state
characters ("I" and "O") to indicate presence or

absence of a band, respectively. For more details on

this program see Appendix 5.

MORPHOMETRIC AND MERISTIC MEASUREMENTS

Nine morphometric measurements and eight meristic
counts were made on 496 school whiting (approximately
100 individuals from each of five geographical regions
of Australia). These regions represent relatively
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SL

SDO

FDO

HL
SNL EQ

^'^p^:;l/;

AO

Figure 2: Morphometric measurements from S. bassensis.

(a) lateral view, (b) dorsal view of head. The variables
measured are de-fined in the text.
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discrete and homogeneous geographical areas that are
delimited by major hydrological features. These areas
were as follows: Yamba, NSW; Mandurah, WA; Hobart, Tas;
Eden, NSW and Spencer Gulf, SA.

Meristics

The dorsal and anal fin spines and rays were counted.
The last dorsal and anal fin pterygiophore normally
supports two rays which were counted as a single
element in accordance with McKay (1985).

Lateral line scales bearing pores were counted from the
upper margin of the operculum to the caudal flexure at
the posterior margin of the hypural. Transverse scale
rows were counted from the origin of the dorsal fin in
a posterior oblique row to, but not including, the
Lateral Line scales, and from the origin of the anal
fin obliquely forwards and upwards to the lateral line
scales.

MorT3hometrics

The nine morphometric measurements (Figure 2) were made
along the longitudinal axis of the body using a fish
measuring board for standard length (SL) measurements.
Other measurements were made using a pair of digital
calipers connected to a personal computer via an
interface (Griffiths e-fc aJ, 1986). Standard length was
measured to the nearest millimetre, all other
measurements were made to the nearest 0.01mm. Details

of measurements were as follows:

Standard Length (SL): from the tip of the snout
from the u£>per lip to the caudal flexure at the hypural
margin.

Snout to first dorsal fin (FDO): from the tip of
the snout to a line perpendicular to the origin of the
spinous dorsal fin.

Snout to second dorsal fin (SDO): from the tip of
the snout to a line perpendicular to the origin of the
spine preceding the rayed second dorsal fin.

Snout to ana! fin CAO) : from the tip of the snout
to a line perpendicular to the origin of the first anal
spine.

Caudal pedunole (CP): leas-b depth of the caudal
peduncle.

Head length (HL): from the tip of the snout to the
posterior margin of the fleshy operculum but anterior
to the operculum spine.

Head width (HW): the least width of the bony
interorbital space.

Eye diameter (ED): the horizontal diameter between
the fleshy margins of the orbit.

Snout length (SHL): from the tip of the snout to
the anterior fleshy margin of the eye.
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Morphometric and Meristic Data Analysis

Various univariate transformations have been advanced 
for altering or removing size information from data 
{Reist, 1985). Three transformations were applied here 
for comparative purposes using multivariate 
discriminant analyses. 

Pro'f)Ortional measures: A standard technique in 
systematic studies is the creation of a ratio (or 
proportion) between each of the variables (Y) and some 
standard size measure (X). The shape estimate (R) for 
an individual is then 

R = Y/X ( 1) 

For each region ratios were created between the 
variables HL, FDO, SDO, AO, CP and SL, yielding the 
shape variates HDSL, FDSL, SDSL, ANSL and CASL; the 
remaining three variables HW, ED and SNL were taken as 
a proportion of HL, yielding the variates HEHL, EYHL 
and SNHL. These ratios are consistent with those 
produced by McKay (1985). 

It has been suggested that ratios do not completely 
remove the influence of size variation from the data 
(Dodson, 1978; Albrecht, 1978; Atchley et al., 1976). 

Hills (1978) argued that many of the problems with 
ratios result from nonlinear relationships between the 
ratio and the original variables and suggested that 
such problems may be alleviated by taking the logarithm 

(log) of the ratio. That is, 

R = Log [(Y)/(X)J (2) 

Size-related measures: Thorpe (1975) developed an 
allometric formula for adjusting variables to those 
expected for a mean body size: 

R = LogY - B(LogX - LogM) ( 3) 

Here, Y is the original unadjusted measurement, Bis 
the allometric coefficient (the slope of the 
relationship between log Y and log X), X is the 
standard length (SL) or head length (HL) of the 
individual, M is the grand mean SL or HL across all 
individuals from all regions, and log is the base-1O 
logarithm. Thus, these shape variates are predictions 
of what 'an individual's size for a particular variable 
would be if that individual was the overall mean 
standard length or the overall mean head length. 

Thus, through the use of the appropriate 
transformations, three data sets descriptive of shape 
were created: the raw measurements divided by SL and HL 
(RATIO); the base-1O logarithms of these ratios 
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(LGRATIO); and the allometrically adjusted measurements
(ALLOM). The efficiency of these transformations in
removing the influence of size variation was examined
by simple least squares linear regression of the shape
variate on the appropriate size variable (SL or HL) and
by testing the null hypothesis that the slope equalled
zero. Another indication of the degree of the
relationship and thus the ability of the shape variate
to be free from the influence of size variation is
provided by the squared correlation coefficient (R2).
The effects of transformations on normality was also
investigated using the techniques of Sokal and Rohlf
(1981,pl39).

Differences in biological interpretations of the
covariance (dispersion) structure of the various
transformations were evaluated by direct discriminant
analysis (Nie et al., 1975). The five group centroids
on the four possible discriminant functions were given
an isodensity circle containing 90% of all cases for
each group centroid using the technique of Dilion and
Goldstein (1984). The group centroids were clustered to
determine the similarity of the discriminant analyses
solutions to each other using the unweighted pair group
method centr.oid (UPGMC). Discriminant analyses were
performed using SPSS version 8.3 and cluster analyses
using SPSS-X release 2.1.
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RESULTS AND DISCUSSION

Sillago bassensls.

When our study began, school whiting, Slllago
bassensls, were thought to be widely distributed around
the continent, extending from southern Queensland
southwards along the coast to eastern Tasmania from
western Victoria westwards to Western Australia and up
the west coast to about Geraldton.

While McKay was reaching the conclusion that
S. bassensls was made up of two sub-species
(S. bassensis bassensis, the western form and
S. bassensls fllndersi, the eastern form) we obtained
specimens of 5. bassensis throughout its range. Our
prime concern was to investigate the population
structure of S. bassensis in the area under the control
of the South Eastern Fisheries Committee (SEFC).

Electrophoretic Studies

We began with a pilot study which included a sample
from each end of the area under the control of SEFC,
namely Yamba, N.S.W. and St. Vincents Gulf, S.A. We
investigated 44 enzymes which encode for 75 presumed
genetic loci. There were 19 suspected polymorphic
loci. These were: Aat-2, Ada, Adh-1, Ald-1, Cat,
Damox, Est, Gpi-1, Gpi-2, Gpi-3, Idh-1, Idh-2, Me-2,
Mpi, Pep-C, Pep-D, Pgd, Pgm-1, Pgm-2 (see Tables 3.3

and 3.4, Appendix 3).

We noticed differences in the appearance of the fish
from the two localities, but more importantly there
appeared to be major genetic differences. We therefore
carried out a detailed comparison of these two forms,
for which we use McKay's terminology of S. bassensis
bassensls and S. bassensls fllndersl. We used starch
gel electrophoresis of liver and muscle enzymes, and
isoelectric focusing of soluble muscle proteins to
compare the two forms of S. bassensis. We also
included Slllago vlttata, a newly described western
species which has a superficial resemblance to
S. bassensls (see Plates 1-3).

We examined liver and muscle enzymes (27 different
enzymes) in these fish by starch gel electrophoresis.
Because some of these enzymes occur in more than one
form, some of which are products of different genetic
loci, the 27 enzymes represent 43 presumed loci.

We found large differences in comparisons between the
different whiting. Table 3 gives the details of the
differences that were found to be fixed in species pair
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Eniyne

AAT
ADA
ADH
ADK
ALD
CAT
CDA
DIA
EST
FUN
GDA
GOX
GPI
GPT
IDU
LDU
MDH
ME
MPI
FEPB
FEPC
FEPD
PGD
PGM
SDU
SOD
XDU

Tissue

L
L
L
L&M
M
L
M
L
L
M
M
L
L&H
L
L&H
M
L&M
L&M
H
L
L
L
L
L
L
L&M
L

Number
of

Loci

2
1
2
2
1
1
3
2
2
I
1
I
4
I
2
I
2
2
1
2
2
1
1
2
1
I
1

SPECIES PAIR DIFFERENCES

BASS/VITT

Aat-2
Ada
Adh-l

Dia-2

Gpi-l(M)
GpC
Idh(-L)

Me(-L)

PepB-1
PepC-l
FepD

Pgm-2
Sdh
Sod

BASS/FLIH

Aat-2
Ada
Adh-1

Dla-2

Gpi(-L);Gpi-l(M)

Idh(-L)

Hdh-l;Hdh-2

PepB-l.Pep B-2

PepD

Vm/FLIH

Aat-Z
Ada

Dia-2

Gpl-KM)
Gpt
Idh(-L)

Hdh-l.Hdh-2
Me(-L)

PepB-l;PepB-2
PepC-l

Pga-2

Sod

Table 3. The enzymes examined, the tissues used, the number
o-f loci investigated, the species pair differences
(diagnostic loci) -found in comparisons between whiting
species. Key: L=liver, M=muscle, BASS=S. bassensis

basserisis , FLIN=S. bassensis t~ 1 indersi , VITT=S. t'ittata.

-punc

.bass

-flln

_8Vltt

-sflln

.vltt

.8puno

.sboiss

-6.27266

Fi qure : Dendrograms
bas sens i s bassensis

to show the ri?l ati onshi ps between
(bass), S. bassensis -f 1indersi

(punc). (a) as
determined using isozyme data (CONTML), (b) as determined
using isoelectric focusing data (MIX).

(-flin), S. v'ittata, (vitt) and S. punctata
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comparisons. The occurrence of genuine fixed allelic
differences between sympatric species is a very strong
indication of the existence of independent, gene pools
and thus distinct species (Shaklee, 1983). Even one
such statistically significant difference between
sympatric populations is strong evidence of separate
species.

In comparisons between S. vittata and S. bassensis
bassensls, which are sympatric species, fixed
differences were found in 14 out of the 43 loci studies
(Table 3). These two species are thus distinct despite
their superficial similarities. When S. bassensls
fllndersl and S. vlttata. were compared the same number
of fixed differences were observed (14/43), although
not all of the same loci were involved. These would
also be regarded as separate species because, although
they are not sympatric, their distributions are so
widely separated that the chance of interbreeding in
nature would be very remote.

The comparison between S. bassensis bassensls and
S. bassensls fllndersl is very interesting. Twelve out
of the 43 loci examined showed fixed differences (Table
3). These large differences, we believe, indicate that
S. bassensis bassensis and S. bassensis flindersi are
distinct species.

The dendrogram (Figure 3a) which shows the
relationships between the species examined was produced
using the computer program CONTML in Felsenstein's
PHYLIP package (Felsenstein, L981, 1982). In this
analysis S. punctata was included as the outgroup.
This supports the idea that S. bassensls bassensis and
S. bassensis flindersl are separate species, because
the differences between them are almost as great as
between either of them and S. vittata.

Further evidence supporting this idea is presented in
Figure 4. In this case the dendrogram was produced
with the same program as above but the input data were
the frequencies of alleles in the population of
S. bassensls bassensls from St. Vincents Gulf and
S. basse-nsis flindersl. The S. bassensis flindersi
data were subdivided and entered separately for eight
different localities from Eastern Australia. The
dendrogram shows that the differences between
S. bassensis bassensis and any of the S. bassensis
fllndersl populations is much greater than the
differences between any of the S. bassensls flindersi
populations.

Isoelectric focusing of soluble muscle proteins has
also been used to compare S. bassensls bassensls and
S. bassensis flindersi. Distinct differences were
again found between them (Figure 5). A dendrogram
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x57

_bastremo

.b ast Ions

.hasihob

.'o&sf lent

.b&sf Jbay

.b&sf y&mboi

.boisf eden

.basbgulf

4r
.b&sf newc

411.35068

Figure 4: Dendrogram to show the relationships between
populations of S. bassensis bassensis and S. bassensis
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(Figure 3b) was produced using the MIX program in
Felsenstein's PHYLIP package (Felsenstein, 1981, 1982).
Although a different arrangement of the species is
observed in this dendrogram, the differences between
S. bassensis bassensls and 5. bassensis flindersi
remain large.

Initially we had not found these two "subspecies" to be
sympatric, but eventually a sample was obtained from
Anxious Bay on the west coast of South Australia. This
sample, of 60 specimens, appeared to consist of three
specimens of S. bassensls bassensis (the expected form)
and 57 S. bassensls fllndersl, which had not previously
been found west of Cape 0-bway*. These specimens were
carefully examined at those loci which had previously
been shown to have different alleles in the two
sub-species. There was no evidence of introgression
between them; the two sub-species remained distinct.
Finally isoelectric focusing of soluble muscle proteins
(Figure 6) also supported the view that the sample was
made up of 57 S. bassensls fllndersl and three
S. bassensis bassensis.

Morphometric and Meristic Studies

Morphometric and meristic measurements were made on
samples of fish from the two sub-species. These data
are summarised below.

Meristics

Summaries of meristic counts are shown in Tables 4-6.
From Table 4 it can be seen that no differences were
observed between the numbers of first and second dorsal
spines and anal spines and rays for the different
regions. The number of second dorsal rays varied,
however, with the majority of eastern forms (Yamba,
Eden and Hobar-b) having 17 rays whilst the western
forms (Spencer Gulf and Mandurah) predominantly having
18 rays. This is further demonstrated in Table 5 which
shows the relationship between the number of second
dorsal and anal rays for individuals from the various
regions. The frequency of second dorsal and anal rays
for the eastern forms were predominantly 17 and 19
whilst western forms were predominantly 18 and 19.
These results are similar to the observations of McKay
(1985).

* S. bassensls flindersi has since been obtained from
Port Fairy in the Portland area.
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Due to the poor condition of many specimens, the
results of dorsal, anal and lateral line scale counts
were inconclusive (Table 6). In many instances, counts
could only be made by including adjacent scale rows
which lead to considerable variation possibly due to
counting error. It is evident, however, that the
majority of individuals from the five regions had ten
scale rows between the origin of the anal fin and the
lateral line and five scale rows between the first
dorsal fin origin and the lateral line. La-beral line
scales were particularly difficult to count and in many
instances scales were nonexistent in the caudal flexure
region. In respect of the Spencer Gulf sample, no
lateral line scale counts were possible. It is likely,
however, that the number of lateral line scales were in
the range of 69 to 72 scales for the four regions from
which counts were possible.

Morphometrics

Effects of transformations on data

Descriptive statistics for RATIO, LGRATIO and ALLOM are
given in Appendix 8 (Tables 8.1 - 8.3). Transforming
the data radically decreased the values of means and
variances for LGRATIO and ALLOM whilst values for RATIO
were only moderately affected and are directly
comparable with the results presented by McKay (1985).
Particularly noteworthy is the variable HEHL (HW in HL)
which shows significant differences (95% confidence
limits) between the eastern and western forms for the
three transformat ions.

The effects of the various transformations on the
normality of variables is given in Appendix 9 (Tables
9.1 - 9.3). For RATIO, seven variables showed
significant skewness and eight variables showed
significant kurtosis. LGRATIO demonstrated similar
results with seven and nine variables showing
significant skewness and kur-bosis, respectively.
Transforming raw data using the ALLOM method increased
non-normali-fcy (particularly SNHL) with nine and 13
shape variates being significantly skewed and kurtose,
respectively. Regardless of the type of transformation,
shape variates of individuals from Hobart and Spencer
Gulf were virtually all normally distributed.

Efficacy of size removal

Appropriate statistics for the simple linear regression
of size on shape are given in the Appendix 10 (Tables
10.1 - 10.3). Only ALLOM showed no significant
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relationship of shape with the size variate SL. For
RATIO, three or more shape variates were significantly
associated with SL in each region and the average r2
was 0.115. Similar results were obtained for LGRATIO
with 24 of the 40 possible variables being
significantly associated with SL with the average r2
being 0.116. For ALLOM, no shape variates were
significantly associated with SL and the mean r2 was
0.00017.

Discriminant analysis of covariance structure

The pooled within-groups correlations between canonical
discriminant functions and discriminating variables for
the three transformations are shown in Table 7. Whilst
the sequence of variable entry, magnitudes of the
coefficients and partitioning of variance onto
discriminant axes varied for the three transformations,
the main discriminating variable was HEHL in all cases.

The general pattern of centroid positions in
discriminant space was similar for all types of
transformation (Figure 7). The overlap of 90%
isodensity circles between the groups Yamba, Hobart and
Eden suggests that the morphology of these individuals
is very similar. Conversely, the lack of overlap of
confidence limits between the above groups and Spencer
Gulf and Mandurah suggests these groups have different
phenotypes.

Clustering the correlations between the centroids
(UPGMC) for the four canonical discriminant functions
for the.five areas (Figure 7) indicated that, overall,
Hobart, Eden and Yamba were most similar to each other.
Furthermore, Spencer Gulf and Mandurah formed another
group that was similar but not as closely related to
each other as the previous group. Differences in
statistical association of these groups does not lead
to differences in biological interpretation based upon
each of these data types.

In summary, the various transformations used to produce
shape variates affected normality, correlations and
covariances, but this did not lead to any differences
in biological interpretation. Whilst the underlying
assumptions of discriminant analysis of multi-variate
normality and equality of variance-covariance matrices
within each group were not strictly adhered to, Nie et
al. (1975) suggested that this technique is very robust
and that these assumptions need not be strictly adhered
to. While all transformations were efficient in
removing some size information, ALLOM performed best,
resulting in a discriminant analysis solution whereby
89.3% of oases were correctly classified to their
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particular group. RATIO and LGRATIO both produced a
correct classification rate of 83.5%.

The use of discriminant analysis in ichthyological
numerical taxonomy could lead to erroneous biological
interpretations where the morphological measurement
cannot be made with consistent accuracy. For instance,
variability within measurements of soft body parts such
as snout to anal fin origin could be due -bo either
biological variability or to measurement error.
Discriminant analysis based solely on measurements of
soft parts could therefore be hazardous. The main
discriminating variable in this study (HEHL) is a bony
structure and the results are therefore considered
indicative of phenotypic variation.

Thus both the electrophoretic and morphometric data
strongly support the view that S. bassensis bassensis
and S. bassensls fllndersl are actually distinct
species, and we will shortly describe them as such.

The distributions of these two species is shown in
Figure 8. When compared to the distributions described
by McKay it is apparent that S. bassensls fllndersl is
distributed much further westwards than previously
reported; its distribution extends westwards at least
to Anxious Bay in South Australia. Sillago bassensis
bassensls has so far been found to extend eastwards
only as far as Kangaroo Island and St. Vincents Gulf.
However no sampling has been carried out between
Portland and -Kangaroo Island so it is possible that it
actually extends further eastwards. All of the
specimens collected east of Portland have been
S. bassensis fllndersl.

Slllago bassensis flindersi.

We have examined the population structure of
S. bassensis flindersi throughout its range with a view
to obtaining information that will assist in managing
what appears to be a growing fishery. We have used
s-barch gel electrophoresis to study seven polymorphio
enzyme Ibci (Pgd, Aat-2, and Adh from liver and Mpi,
Gpi-1, Gpi-2 and Gpi-3 from muscle) in fish from 21
localities. These seven loci out of 19 suspected
polymorphic loci (see Table 3.4, Appendix 3) proved to
be the most reliable for ease of genetic
interpretation. Refer to Appendix 6 for a description
of the enzyme banding patterns for these polymorphic
loci. Only at the Mpi and Pgd loci were the
frequencies of the most common allele less than 0.90.
The allele frequencies at each of these loci and the
numbers of specimens used in each population are given
in Table 7.1, Appendix 7.
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Figure 8: Maps to show the distribution of (a) S. bassensis
flindersi and (b) S. basserisis bassensis. Inset shows
distribution described by McKay (1985).
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At some localities multiple samples were taken.
Samples were taken from Yamba on three occasions

(7/6/84, 22/5/86 and 23/5/86); the sample of 7/6/84 was
larger than the others (200) and was sub-divided into
two groups, one "large" the other "small". This

division was carried out in the following way. First,
all of the fish were measured (SL) and the size
frequency distribution plotted. The fish from each end
of the distribution were designated "small" or "large"
and those from an overlap region of 2 cm (SL) were not
included in subsequent analyses (Figure 9). Two
samples were taken from the Camden Heads area on the
same day; three samples were taken from Forster

(1/10/84, 5/6/85 and 20/5/86); two samples were taken
from the Coffs Harbour area (2/4/85 and 21/5/86) and
two samples were taken from the Cape Patton area on the
same day (30/9/85).

The allele frequency data collected from these samples
were used to construct dendrograms to show the genetic
relationships between the populations. Again we used
Felsens-bein's (1981, 1982) CONTML and FITCH programs.
The dendrograms of highest likelihood are shown in
Figures 10 and 11.

Examination of the groupings in the dendrograms shows
that the populations are not clustered according to
geographic proximity. For example, in the CONTML plot
(Figure 10) one grouping includes Eden and Yamba,
another includes Camden Heads (N.S.W.), Apollo Bay and
Cape Patton (Vie.), sample 2 whereas Cape Patton,
sample 1 is clustered with Jervis Bay (N.S.W.), and yet
another cluster includes Port Fairy (Vie.), Anxious Bay
(S.A.) and North Solitary Is. (N.S.W.). The FITCH plot
(Figure 11) shows the populations grouped somewhat
differently, but once again the groupings are not as
expected on geographical grounds. We place more weight
on the groupings as shown using CONTML because this is
the preferred program for handling gene frequency data
(see discussion in Appendix 5).

G-tests, which provide a simple, yet powerful test for
distinguishing between populations, were performed on
all possible pairs of populations. The detailed
results are found in Table 7.2, Appendix 7. Out of the
437 comparisons made, the differences between 164 of
them were significant.

A summary of these results is seen in Figure 12.
Examination of this figure reveals that there is a
major discontinuity between the populations in the
region between Forster and Coffs Harbour.

The loci which contribute most to the differences
between the populations are Mpi and Pgd. The
geographic variation at these loci is shown in Figures
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Figure 13: Frequencies of Mpit> and Mpic throughout the
di stri buti onal range o-f- S. bassensis flindersi.

Figure 14: Frequencies of Pgd- and Pgdta throughout the
distribution a 1 range of S. bassensis flindersi.



37

13 and 14. There is no evidence of clinal variation:
the differences are haphazard in their arrangement.

Slllago bassensis fliTidersi is a small fish which has a
high level of natural mortality (D. Smith, pers.
comm.). It was initially suggested to us that because
of this mortality and its suspected low mobility, this
species may consist of several localised populations
with some degree of isolation. The apparent haphazard
relationships between fish from different localities
suggest that this may be the case. This hypothesis,
however needs closer examination.

There are three alternatives that must be considered
when we interpret our data:

(1) there are many small populations,
(2) practically the whole area is occupied by one

population, or
(3) there are only a few populations of

S. bassensls fllndersl.

Now let us consider these alternatives. It is apparent
that we have shown that significant geographic
differentiation occurs between some populations. It
has also been observed that the distribution of
S. bassensls flindersi is very pa-fcchy in N.S.W. (Smith,
1985) and it is difficult to obtain any samples at all
between Forster and Eden. It is unfortunate that there
are no tagging data available, because these' would -best
the model based on the genetic data. Thus, if tagging
indicated that the fish made only small movements, then
such an observation would be consistent with the idea
that this -species is inade up of multiple, small
populations. However it seems unlikely that the
oceanographic conditions on the east coast would be
conducive to the development of many 'isolated'
populations in a species that lives, and is assumed to
spawn, at sea. In this case the eggs and larvae could
be carried considerable distances between spawning and
the time when the larvae "settle out". The length of
larvae life is thought to be of the order of one month
(A. Miskiewicz, pers. comm.).

Perhaps the fish from practically the whole area
studied actually form one large population. A possible
model to explain the observed genetic relationships
between 'our samples could be that:

(1) relatively small groups of fish reach the
spawning area to reproduce,

(2) chance genetic differences between these
groups result in offspring groupings from each spawning
area that differ genetically,

(3) this results in a shifting pattern of
geographic differentiation in a haphazard manner.
This model could be eliminated if:

(1) the natural history of the fish is against
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it, or

(2) samples of different age classes from the
same locality are more similar to each other than to
those from other areas.

Little is known about the life history of the fish; it
is not known where -bhe spawning areas are located,
although they are thought to be on the continental
shelf. The length of larval life is not known but it
is suspected to be about one month. It seems, then,
unlikely that this alternative could be eliminated on
these grounds.

A genetic comparison was made between 'large' and
'small' specimens from Yamba. This is the only
locality from which we have, to date, been able to
obtain sufficient fish at the one time to carry out
such a comparison. The G-test, which was carried out
to compare Yamba 'large' with Yamba 'small' fish, was
not significant (G=36.7305, p=0.0612, see Table 7.2
Appendix 7). However, the frequencies of Mpi and Pgd
in the 'small' and 'large' fish were quite different
(Figure 15), indicating the need for future work.
These were the only two loci where the frequency of the
most common allele was less than 0.90 and when the
G-test was repeated using only these data the result
was a significant difference (G=20.20l3, p=0.002).

While the results from one locality could arise by
chance, these results may be used to frame hypotheses
at other localities. This we did for Forster, Coffs
Harbour and Camden Heads; we examined further samples
from these localities. The null hypothesis -bested was
that the genetic composition of samples from the same
area will remain the same wit-h time. Three samples
were compared from Forster and G-tests indicated that
there were significant differences between all of them
(Table 7.2, Appendix 7). The two samples from Coffs
Harbour, which were taken about a year apart were
significantly different. We also compared the two
samples from Camden Heads. These samples were taken
only one day apart from a locality slightly north of
the previous one; they both differed significantly.
Similarly the two samples taken from Cape Patton were
significantly different. The frequencies of Mpi and
Pgd in a.ll these samples are shown in Figure 15.

G-tests were carried out to compare the Pgd and Mpi
frequencies for different samples at different sites.
The results of these tests are given in Tables 7 and 8.
At the Pgd locus significant results were obtained for
Yamba "large" versus Yamba "small" and Yamba "large"

versus Yamba 3. The same comparisons gave a
significant G-test at the Mpi locus. In addition, for
Mpi, the comparisons between the two Coffs Harbour
samples, the two samples from Camden Heads and Forster



39

(a)

:0KEY: (^>) Mpib

Mpik

(b)

Pgd'

Fioure 15: Frequencies of (a) Mpi" and Mpic and (b) Pgd-
and Pgdta in samples of S. bassensis flindersi from
localities at which more than one sample was taken.

Key; L = 'large', S = 'saall',

A = Ya»ba, B = Coffs Harbour,

C = Caaden Heads, D = Forster,

E i: Cape Pitton.

1, 2 and 3 indicate saiples taken at different tiaes.
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.1515

.2345

.9335
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Tab 1e 7. Comparisons between samples (G-tests) of
S. bassensis flindersi at the F'gd locus. * indicates a
signi-ficant result.
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.0002*
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.9684

Table 8. Comparisons between samples (G-tests) of
S. bassensis flindersi at the Mpi locus. * indicates a
significant result.
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1 and Fors-fcer 2, yielded significant results. Thus
repeated sampling in the same areas does not always
give the same result. The variability observed within
these sites is as great as the variability observed
over the whole range of the species.

That plankton is patchy in its distribution is well
known (Fasham, 1978). Recently, oceanographers have
shown that such heterogeneity can be forced by physical
factors in the ocean (Denman and Powell, 1984; Haury et
al., 1983). Mackas et al. (1985) show a striking
similarity between biological and physical satellite
images obtained from the same area at the same time;
the same swirls, streaks and eddies are visible in
both. It is apparent, then, that plankton patchiness
is strongly influenced by hydrodynamic processes.

We believe that the lack of consistency which we
observed between samples of S. bassensls flindersi is
due to patchy recruitment to the different areas. Such
patchiness in recruitment is easily explained if the
hydrodynamic processes in the ocean produce water
pockets in which larvae are trapped until they "settle
out". If many such pockets exist, then the larvae in
each could well be the result of the spawnings of
relatively few individuals.

When all these aspects are taken together we are unable
to eliminate the possibility that fish from practically
the whole area belong to the one population. It is
apparent, however, that given the large distances
involved many groups of these fish would be isolated by
distance.

However, in Figure 12 we can see that there is a
discontinuity in the region between Coffs Harbour and
Forster. It is likely that this represents a true
discontinuni-by, because in oceanographic terms this
area is complex.

In the area between Smoky Cape (just south of Coffs
Harbour) and Sugarloaf Point (just south of Forster)
the East Australian Current (EAC) commonly turns
eastwards from the coast (Godfrey et al, 1980). In the
summer Sugarloaf Point is the most common separation
point but in winter separation occurs further north.
Cresswell et ai. (1983) report many "fronts" in the
ocean in this area and Rochford (1975) found upwelling
-bo occur near Camden Heads. As well as this,
examination of NOAA satellite images reveals many small
water bodies between the coast and the EAC. Thus, this
is a complex area oceanographically and is likely to
provide barriers to dispersal.
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Such barriers could act as a moving boundary between
two sub-populations of S. Uassensls fllndersi on the

east coast of the continent. In general terms these
sub-populations could be regarded as occurring:
(i) from about Forster north;
(ii) south of Forster
The boundaries between the sub-populations should not
be regarded as fixed; there is probably yearly and
seasonal variation.

The idea of two sub-populations of S. bassensis
fllndersl on the east coast is consistent with the
findings of Smith (1985) who studied the Gonadosomatic
Index (GSI) of fish from Eden and Yamba. He found tha-b
the GSI was at a maximum in the winter in the from
Yamba, and in the summer in those from Eden. Further
studies on the GSI, and histological examination of
gonad development in fish from localities between Yamba
and Eden should be undertaken to determine whether the
time of spawning is clinal or whether it too shows
perturbation on the mid-north coast.

The extent of the two proposed sub-populations is
outlined in Figure 16. The southern sub-population
extends westwards to Portland. It is apparent that if
the scheme illustrated in Figure 16 is correct, there
is great potential for mixing between populations.

Often when interbreeding occurs between populations of
different genetic composition, significant heterozygcrbe
deficiency occurs. Examination of the genotype
frequency data for Mpi (Table 9) reveals that 13/30 of
the samples were out of Hardy-Weinberg frequency (H-W)
but only two of these displayed heterozygote
deficiency. .In the case of Pgd (Table 10) eight
samples were out of H-W equilibrium and only three of
these showed heterozygote deficit.

Thus, there is little evidence from this source that
mixing of populations is occuring, but this does not
mean that there is no gene flow between populations,
the oceanographic processes would almost certainly
ensure that gene flow does occur.

With regard to the Anxious Bay sample, it is
significantly different from all other samples (Figure
12 and Table 7.2, Appendix 7), and even though we have
no samples between there and the Portland area, it is
unlikely-to belong to an eastern stock. The large
distance between Anxious Bay and the eastern localities
would mean that the fish would almost certainly be
isolated by distance. We have just received a sample,
which we believe to be S. bassensis flinders-i, from the
eastern end of Kangaroo Island. The future analysis of
this sample will prove interesting.
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Table 10. Mpi gene frequencies (p), observed (obs) and
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/

Figure 16: Diagram to show the location of 'tentative

subpopulations of S. bassensis flindersi. See text for

e>;planation.
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The Hobart sample is related genetically to those from
Lakes Entrance and San Remd, but this almost certainly
reflects a one way flow of larvae from the mainland
across Bass Strait 'bo Tasmanian waters.

Slllago bassensls bassensls.

In S. bassensis bassensls there were only ten
polymorphic loci: Aat-2, Adh-1, Cat, Dia-1, Est,
Gpi-1, Gpi-2, Gpi-3, Pep-C and Pgm-1. We were, however
only able to use five of these in our between
population comparisons. Of these five, Aat-2, Gpi-1,
Gpi-2, Gpi-3 and Pep-C, only Pep-C had a frequency of
less than 0.9 for its most common allele. Considerable
difficulties were encountered in tissue preparation
(see Methods) and in obtaining samples of this
sub-species. Also, the samples from Mandurah were in
poor condition and this created further problems.

The data obtained from electrophoretic analysis (Table
7.3, Appendix 7) were used to construct dendrograms
using the programs CONTML and FITCH of Felsenstein
(1981, 1982). The dendrograms with the greatest
likelihood are found in Figure 17.

In both cases the St. Vincent's Gulf population shows
the lowest relationship to the others, with the
Mandurah and Kangaroo Is. populations being the most
similar. The G-tests which were carried out between
all possible pairs of populations, however, showed that
the genetic differences between all of these pairs of
populations were significant (Table 11). Most of the
difference between these populations was due to Pep-C
and the allele frequencies at this locus are shown in
Figure 18.

Discriminant function analysis of meristic and
morphometric characters also showed large differences
between the only two populations of S. bassensis
bassensls compared, namely Mandurah and St Vincent s
Gulf (Figure 7).

These data, taken together, suggest that the four
samples of S. bassensls bassensis examined may be from
separate sub-populations. However further work should
be done before management is arranged along these
lines. Further suitable polymorphic loci should be
sought and samples from more localities examined.
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Figure 17: Dendrograms to show the relationships between

populations of S. bassensis bassensis. (a) CONTML plot,

(b) FITCH plat.

Key: stvingulf

spenguH
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- Hindurah

- Kangaroo Island

otu 1 vs otu 2 g stat d of f prob.
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kangaris landurah

121.715
45.7856
81.3976

57.2238
69.2752
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13

10
12

0.000
0.000
0.000

0.000
0.000

t

t

t

t

t

7.26545 12 .8396

Table 11. Comparisons between samples of S. bassensis
bassensis, from four localites, by means of G-statistic
^(Sokal and Rohlf, 1981). Key to populations as in"Figure
17. * indicates a significant result.

(PepL

Figure 18: Frequencies of Pept> and Pep'= in
bassensis from four localities.

Key; 1. Nandurah, 2. Spencer 6uH,

3. St Vincents Gulf, 4. Kangaroo Island.

bassensis



Sillago robusta 

Comparisons between N.S.W. samples. 

In the case of S. robusta, 42 enzyme systems were 
investigated in the pilot study. These encode about 65 
genetic loci. The data are found in Table 3.6, 
Appendix 3. The pilot study used only specimens from 
N.S.W. The level of polymorphism was low: only 12 out 
of the 65 loci examined showed any polymorphism. These 
suspected polymorphic loci were: Gda-2, G6pdh-1, 
Gpi-1, Gpi-2, Gpi-3, Idh-1, Idh-2, Mpi, Me-1, Pgm-1, 
Pgm-2 and Sdh. 

Seven polymorphic loci were selected for the ease of 
genetic interpretation; there were: Gpi-1, Gpi-2, 
Gpi-3, Mpi, Idh-1, Pgm-1 and Sdh (See Appendix 6 for a 
description of the enzyme banding pattern of these 
polymorphic loci). Of these only in the latter three 
cases was the frequency of the most common allele less 
than 0.9. 

The polymorphic loci were used to compare seven samples 
which were collected from six localities. The detailed 
data obtained are found in Table 7.4, Appendix 7. 

We used Felsenstein's PHYLIP package to compare the 
different samples. The results of the comparisons, 
which were made using CONTML and FITCH, are shown in 
Figure 19. Note that in both cases the two kinds of 
plot are very similar but in neither case are the 
samples assorted according to geographic proximity. 

Table 12 gives the results of pairwise tests using the 
G-statistic. The sample from Sandon Bluffs is
differen� from all the others. There are no known
barriers to gene flow in this area so it seems likely
that we are seeing the results of patchy recruitment
(see discussion relating to S. bassensis flindersi).
Further work needs to be done to investigate this
fully.

Comparisons between samples from Sydney (N.S.W. ), 
Rottnest Island (W.A.) and Tasman Point, The Gulf of 
Carpentaria (N.T. ). 

In these comparisons only 15 enzyme systems were 
investigated. These encode 27 gene loci. Large 
differences were found between the samples. Table 13 
gives the differences that were found to be fixed in 
species pair comparisons. 

In comparisons between N.T. and W.A. samples there were 

48
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Figure 19: Dendrograms to show the relationships between
S. robusta samples from northern N.S.W. (a) CONTML plat,
(b) FITCH plot.

Key: forstl - Forster (1/10/851
farst2 - Forster (20/5/86)
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11.1661
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.0186 •
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forst2 coffsh 22.4646 18 .2120

Compari'..'on'-: L'&ti'sieen 'samples o+ S'. robusta, from

...i.;.; local itifc?Si, by means of the G-statistic (Sokal and

Rohi^'l^l^. 'Key to samples as in Figure 1^. * indicates

-* •-;. i. a n i •F i r-' ant result.

table 1.7:.
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Enzye

ftAT

ADA
ADH
EST
BDfi
6PI

IDH

LDH
HDH

HE
HP I
PEP-C
PEP-D
P6H '
SOD

Tissue

L

L
L
L
L
L
H

L
H

L or H
H

H
h
L
L

L- or H

H

Hutber

Loci

4

1
1
I
1
1
3

1
1
1
3

2
1
I
2
2
1

Species

NT/HA

Aat-1

ftat-4
Ada
Adh

Idh-2

He-2

Pair Differences

NT/NSW

A»t-l
fiat-2
Ait-3
Aat-4

ftdh
Est
Gda

Spi-3
Idh-2

Hdh-2
Hdh-3
He-2

PepC
PepD-1

NA/NSN

Aat-2
Aat-3
Aat-4
Ada
ftdh
Est
6da

Gpi-2
8pi-3

Hdh-2
Hdh-3

PepC
PepD-1

TOTAL NUMBER 27 7 16 13

TABLE 13; The enzymes examined, the tissues used, the
numbers of loci investigated and the species pair
differences (diagnostic loci) found in comparisons between
S. robusta from N.S.W., W.A. and N.T.
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7/27 fixed differences; -t^he N.T./N.S.W. comparison

revealed 16/27 fixed differences; and the W.A./N.S.W.
comparison showed 13/27 such differences. These
differences are much greater than those we found in
comparisons between S. bassensis bassensls,
S. bassensls fllndersi and S. vittata. Differences
between the samples were also apparent in the soluble
muscle proteins when visualised after isoelectric
focusing (Figure 20).

In his review of the sillaginids, McKay (1985) found
geographic variation in S. robusta. He said that this
species is divided into two distinct populations, one
on the east coast and the other on the northern and
western coasts of the continent. The main differences
between the two groups were :

(a) the shape of the swimbladder,
(b) the development of the first dorsal spine

keel, which was more pronounced in the eastern
population;
and (c) the relationship between the posterior
extension of the swimbladder and the posterior -bhird of
the modified caudal vertebrae.

It is apparent that McKay believed that these two forms
were probably sub-species; he was awaiting additional
specimens from northern Australia and the results of a
full osteological comparison before providing a
sub-specific name. We have no-b made a morphological
study of the specimens we examined except to the extent
necessary -bo distinguish them from other whiting
species. However, we did notice some differences in
the colour and shape of the fish from the different
localities-. The fish from eastern Australia were of
darker colour than those from the other areas, and
those from the N.T. were particularly pale. There were
also some differences in body shape (see Plates 4-6).

The differences that we found between these fish
suggest that there are three groups of fish, not two.
The large size of the genetic differences indicates
that these groups may belong to separate species. But
how different do allopatric populations need to be
before they can be considered separate species?
Richardson et al. (1986) say that allopatric
populations of vertebrates can be considered to be
separate species, with a high degree of confidence, if
there are fixed differences at more than 20% of the
loci examined. In each of the population pairs that we
considered the proportion of alleles that show fixed
differences exceeds this level; in the case of the
N.S.W./N.T. comparison, fixed differences occur at
almost 60% of the loci examined. If this criterion is
used there is no doubt that each population belongs to
a distinct species. Figure 21 shows the distributions
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pH 3.5 origin pH 9.5

S. maculata

S. robusta (N.T.)

S. robusta (N.S.W.)

{\\^

S. robusta (W.A.)

S. bassensis flindersi

S. bassensis bassensis

Fiaure 20: Isoelectric focusing gel of soluble muscle

proteins from S. maculata (N.S.W.), S. robusta (N.T.,
N.S.W., W.A.), S. bassensis bassensis and S bassensis

flindersi.
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Fiqure 21: Maps to show_
Eastern form, (b) Western

the distribution

the distribution of S.
farm, <c) gul+Jorm.

described by McKay (1985).

robusta (a)
The inset shows
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of the three "forms" of S. .robusta as proposed by us;

McKay's (1985) distribution is shown in the inset.
Further work should be done on these "forms" to delimit
their distributions.

Sillago macu.la.ta

Pilot Study

Thirty-nine enzyme systems were examined in S. maculata
macu-Zata. These encode about 60 loci. Of these loci
13 showed polymorphism (see Table 3.7, Appendix 3).
The polymorphic loci were: Aat-3, Cat-L, Enol, Gpi-1,

Gpi-2, Gpi-3, Idh-1, Idh-2, Mdh-1, Mpi, Pgd, Pgm-1, and
Sdh. These were not fully investigated but the data
will provide a good basis for further studies on this
sub-species, particularly ones in which populations are
to be compared.

Comparisons between S. maculata macuiata, and

S. maculata burrus.

Comparisons were made between S. maculsta maculata from

N.S.W. and S. ma.cu.lata burrus from Mandurah (W.A.) and
the Gulf of Carpentaria (N.T.). Eighteen enzyme
systems which encode 23 gene Loci were examined. These
were: AAT, ADA, ADH, EST, GDA, GPI, IDH, LDH, MDH, ME,
MPI, PEPC, PEPD, PGD, PGM, SDH, SOD and XDH. The loci
Aat-2, Adh-1, Gpi-3, Gpi(L), Gpt, Idh-2, Me-1, Mpi,
Pgd, Pgm-1 and Pgm-2 were polymorphic in S. macuiata
burrus (see Table 3.8, Appendix 3). No fixed
differences were found.

When the soluble muscle proteins of these sub-species
were compared after isoelectric focusing, some

differences were apparent (Figure 22). These
differences are at least as great as those recorded for
S. robusta but they have not been fully investigated.

The lack of genetic differences between these
sub-species was unexpected, especially in the light of
our findings with S. bassensis and S. robusta.

Sillago maculata maculata. and S. maculata burrus are
two of the three sub-species of S. ma.culata. The
other, S. maculata aeolus, is not known from Australian
waters. McKay distinguishes the sub-species on the
basis of swim bladder morphology. We have made no
morphometric comparisons between the sub-species but we
had no difficulty in distinguishing between them on the
basis of the pattern of the dark blotches on their
bodies and their body shape (Plates 7 and 8).

We are unable, on the basis of our fairly limited
genetic data, to say whether S. maculata maculata. and
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S. msLCulata burrus are 'good' (i.e. useful)
sub-species. A great deal more work, e.g. further
sampling and increasing the number of loci examined, is
necessary before we would be prepared to make any
recommendation on this matter.

SllleLglnodes punctata

Considerable difficulties were encountered in obtaining
good samples of this species throughout its range. We
were able to obtain limited samples from southern
Victoria and South Australia. No samples were obtained
from Western Australia (see Table 2.1, Appendix 2).

Thirty-eigh-b enzyme systems were investigated in the
pilot study, encoding for 46 presumed genetic loci. Of
these loci, 10 showed possible polymorphism. These
loci were: Damox, Dia-2, Gpi-1, Gpi-2, Gpi-3, Gpt, Me,
Pgd, Pgm-1 and Pgm-2.

The polymorphic loci used in the limited investigation
into the population structure of S. punctata were:
Gpi-1, Gpi-2, Gpi-3, Pgm-1 and Pgm-2 from muscle, and
Pgd and Gpt from liver. Of these, only Pgd and Gpt had
frequencies of less than 0.9 for the most common
allele.

However, due to the poor condition of the samples from
Victoria* and some of the samples from South Australia,
only three sampling sites were screened successfully
for Pgd (Adelaide, Swan Bay and Corner In let). For
Gpt, six of the seven sampling sites were successfully
screened.

Due to these missing data, several gene frequency sets
(Tables 7.5, 7.6 and 7.7, Appendix 7) were input into
Felsenstein's (1981, 1982) CONTML and FITCH programs to
construct dendrograms. The dendrograms with the
greatest likelihoods are shown in Figure 23. In this
figure (a) and (b) are based on the loci Gpt, Gpi-1,
Gpi-2, Gpi-3, Pgm-1 and Pgm-2; (c) and (d) on Gpt,
Gpi-1, Gpi-2, Gpi-3, and Pgm-1, and (e) and (f) on Gpt,
Gpi-1, Gpi-2, and Gpi-3.

* These samples were of juveniles less than 1 year
old. Due to their small size, handling difficulties
were encountered. The samples thawed completely
arrival to the laboratory, and thawed again before
dissection. This resulted in the loss of Pgd activity
in the liver tissue.
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•pencer1

.•pencer2

L&ngutln

.k&ng&roo

48.01833

i»pencT 1

-kang&roo

.«pencer2

languiln

S3 = 0.93655 7.50 = 30.60315

,o,ngu«tn

.spencer2

&delalde

-kangaroo

Adelaide

.kang&roo

,tpencerl

,&ngu«ln

spencerl

50.31179 SS = 2.89299

.spencer2

7.SD = 40.09013

adal&lde adolalde

.corner In

-k&ngaroo

.spencer2

tangus In.

,»penc«rl

44.58031

-corner In

Ikang&roo

,spencerl

,&ngust n

.apencer2

SS = 4.72508 7.SD = 41.07956

Figure Dendrograms to show the relationships between
Si1laginodes punctata samples from different localities.
The- plots are based on three different data sets (see text
for details). Plots a, c and e were prepared using CONTML;

b, d and -f.using FITCH (Felsenstein, 19B1, 1982).

Key: spencerl - Upper Spencer Gulf (1/11/B5)
spencer2 - Upper Spencer BuH (3/11/85)
adelaide - Port Adelaide
angusin - Angus Inlet
kangaroo - Kingiroo Island
cornerin - Corner Inlet
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KEY

0
Gpt

Gpt

1.

-:'igure 24: Frequencies of Gpt '=' and Gptc:: in £'. punctata

from five localities.

Key: 1. Upper Spencer Suit; 2. ftngus Inlet; 3. Port ftdelaide-i 4. Kangaroo Island; 5. Corner Inlet.
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otu

spencerl

spencer?

vs atu 2

spencer?

angusin

k»ngaroo

angusin
kingaroo

9 stat

42.&816
5&.&322
40.1143

25.35<8
69.293

d of f

16
16
16

10
13

prob.

.0003 t
0.000 *
.0007 *

.0047 *
0.000 *

angusin kangaroo 57.4495 12 0.000 *

otu 1 vs otu 2 g stat d of f prob.

adelaide

spencer 1

spencer2

angusin

spencer 1
spencer2
angusin
kangaroo

spencer 2
angusin

kangaroo

angusin
kangaroo

kangaroo

15.7695
29.394
13.<0<
12.&049

41.246
41.481
34.8603

14.4391
6<.0603

12
6
5
8

12
12
12

6
9

.2020

.0001

.0199

.1262

0.000
0.000
.0005

.0251
0.000

t

t

t

t

t

t

«

39.1584 8 0.000 «

otu 1 vs otu 2 g stat d of f prob.

adelaide spencerl
spencer2
angusin

kangaroo
cornenn

8.80659
29.17A
11.2049
10.2038
23.6518

.4553
0.000 t
.0244 *

.0697

.0006 *

spencerl spencer2
angusin

kangaroo
cornenn

29.4334
$8.5132
27.2406
81.4942

.0005 *

.0297 *

.0013 *
0.000 «

spei)cer2 angusin
kangaroo
corner in

13.2534
60.53B7
119.342

.0211
0.000
0.000

ingusin

kangiroa

kangaroo
cornenn

cornenn

32.588
75.8278

19.2785

0.000
0.000

.0074 *

Table 14. Comparisons between samples o-f S. punctata by
means of the G-statistic <Sokal and Rohlf, 1981). Key to

samples as in Figure 2.3.

(a) Comparisons based on Bpt; Gpi i-3, Pgm-1 and Pgm-2.
(b) Comparisons based on Opt; Gpi 1-3 and Pgm-1.
(c) Comparisons based on 6pt and Gpi 1-3.
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There is an increasing number of samples included in
the analyses as the number of loci considered is
decreased. However all analyses include Gptc which was

the only locus at which the frequency of the most
common allele was less than 0.900.

Even though there are different numbers of samples
included in each analysis the results of all of them
are very similar. The samples from Kangaroo Island and

Corner Inlet are genetically more similar to each other
then they are to the samples from the two gulfs.

A similar trend is seen when the frequencies of alleles
at the Gpt locus are considered. In this case the
frequency of Gptc is very low in both the Kangaroo
Island and Corner Inlet samples and high in the samples
from the gulfs (Figure 24).

It is unfortunate that insufficient data was obtained
from the Swan Bay (Vie. ) samples to include it in any
of these analyses.

Care must be taken, however, in the interpretation of
similarities based on one locus especially in a case
like this. The gulfs, especially in their upper
reaches, are well known for their high salinities and
temperatures. It is likely that the environments of
fish from the gulfs would be quite different from those
that live in more open embayments which are not so
subject to evaporative water loss. The differences
observed, therefore, could be due to chance, selection
or genetic relatedness. We have no data to enable us

to decide between these three options.

The data- were compared by means of G-tests which use
all the available data. The same three data sets as
described above were used. Significant differences
were found in all comparisons except two. These two
were Adelaide with Spencer Gulf 1 and Adelaide with
Kangaroo Island. These non-significant results were
consistent in comparisons using the two larger data
sets. The results of these G-tests are found in Table
14.

Thus there are indications that. there may be
sub-structuring within the population of S. punctata
but further investigations must be comple-bed before any
definite conclusions are reached. These investigations
should include comprehensive sampling of the species
throughout its range, refinement of collecting and
laboratory procedures to reduce damage to the enzymes,
and a search for further enzyme polymorphism.



64

PILOT STUDIES ON OTHER SPECIES
v

The following brief results and comments are for
species that were not investigated in detail in this
programme. They are included because the data will
provide a useful starting point for further such
studies on these species.

Slllago vlttata

The pilot study on S. vittata included 27 enzymes which
were studied in liver and muscle tissue. Four of these
showed no activity; the remaining 23 encode 44 presumed
gene loci. These data are found in Table 3.5, Appendix
3. Only 9 of these loci; Aid, Cat, Gda, Gpi-2, Gpi-3,
Idh-2, Mpi, Pgd, and Sdh were polymorphic. Except in
the cases of Gpi-2, Gpi-3 and Mpi, the resolution of
these polymorphic differences was poor. Unless further
polymorphic loci can be found and/or resolution of
those already detected is improved, there is little
potential for the use of such differences in the study
of the population structure of these species.

Sillago ciliata

Forty-nine enzymes were investigated in the liver,
muscle, heart and eye lens tissue of S. clllata. Of
these, two showed no activity in any of the tissues
studied but the remaining 47 encode about 81 gene loci.
Twenty three loci displayed polymorphism (for details
see Table 3.9, Appendix 3). Although most of these
loci require further investigation to determine their
usefulness-in future population studies, Enol-1, Idh-1,

Mpi, Pgd and Pgm-1 are likely to be useful because in
each case the frequency of the most common alIe Ie was
less than 0.9 in the samples we used in our pilot
study.

Sill ago schomburgkii

Only 15 enzymes were investigated in the liver and
muscle tissue of S. schombncgkil. Four of these, Ak-2,

Est-2, Mpi, and. Pgd were polymorphic. The details of
these data are found in Table 3.11, Appendix 3.
Further work must be done if the true potential for the
use of i'sozyme polymorphisms in population studies on
this species is to be established.

Slllago analls

Only a very small amount of work was done on a few
specimens of S. analls. Eleven enzymes were studied in
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liver and muscle tissue. Four of them showed no

activity, the remaining 6ight encode about 12 gene
loci. Four of the loci, Gpi-2, Gpi-3, Pep (FP) and Pgm
showed polymorphism, but activity was poor in the case
of Pep (FP). The details of these data are found in
Table 3.10, Appendix 3. Further work must be done to
determine whether isozyme polymorphisms are likely to
be useful in the investigation of the population
structure of S. snails.

McKay (1985) regards S. ciliata and S. analls as
sibling species. In this preliminary investigation we
found that there were fixed genetic differences between
these two species at four of the eleven loci studied;
Gpi-1, Gpi-2, Ldh(L) and Pgm(M). Although the numbers
of individuals examined so far are small, it is likely
that, despite their morphological similarities, the
genetic differences between them are considerable.
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APPENDIX 1 : WHITING SPECIES OCCURRING AROUND AUSTRALIA.

TABLE 1.1 : Nhiting Species Occurring Around ftustralia.

Scientific Naie

Sillaga
Si'JIago

Sill ago

SiJJago
Sillsgo
Sillsgo

Sj'JJago

SiJiago
Sil 1 ago
SfII ago
SiJJago
Sillsgo

snalis

bassensis bassejisis

bassensis ilindersi

ciliata

iu(ea.

lacuJata frurrus

lacuJata aacuJata
robasta (Eastern)
rotusta (Western)

scbofbarykii
si'haia.

ntisis
Sillayinodes pusctata

Coran Na«e

Bolden-Lined Nhiting
Western School or
Transparent Nhiting
Eastern School or
Red Spot Nhiting
Sand Nhiting
Mud Nhiting
Western Truapeter

Whiting
Truapeter Nhiting
Stout Nhiting

Yellow Fin Nhiting
Northern Nhiting
Banded Whiting
King George Hhiting

Distribution

8LD,
NA,

Sth
vie,
BLD,
NT,
NT,

BLD,
Sth
NT,
HA,
NT,
NA.

HA,

, NT, NA.
SA, N.VIC.

OLD, NSN,
, TAS, Sft.
, NSH, VICJAS
NA.

HA.

, NSN, VIC.
OLD, NSN.
Hft.

SA.
NA.

SA, VIC.

(Froa HcKay,l985)

[* As yet He have been unable ta obtain speciaens at these species.]
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Around Australia, there are 10 species and 3 sub-species of whiting.

By state these are; HSN (4) Silliqo bismsis fJitdcrsi

Sillayo ciliaii
Si'IJago iacu2ati ncula^a
SiJJago robusia (Eastern Fora)

VIC (5) Silliqo bsssensis bisstvsis

Sillsqo bfssessis findersi
SiJiago cJJiata
Sillayo lacuJata lacuiata
Silliijinodes puictata

SA. (4) Sillago bissessis bisseisis
and non Sillago bassensis fJlndersi

Silla<jo schofbwqkis
SiJJagi'Bodes puactata

NA (9) Sillago anah's

Sillaao bassessis bassensis

SifJago lutta
SiJJago lacujata burrus
SiIJago robusti (Mestern For*)

SiJiago schaiburgtii
Sillayo iihaia

SiJJago vitiata
SiHagi'aodes pmctata

N1 (5) Si'Jiago anaJi's

Si'Jiago laiea

SJIJago lacuJita burras
SiJiago robusta (Nestern Fora)

SiIJago sihaia

OLD (5) SiJJago anaJi's

SiJJago bassessis fJindersf

SJJJago ciliata
Sillago ncuJata lacuiata
SiJJago robusta (Eastern Fora)

TAS (2) SiJJago tiassfnsn ilisdirsi
Si'JJago cj'Jiata
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APPENDIX 2 COLLECTION DATA FOR WHITING SPECIES.

Ke^
F = feaale, d = •ale, il = juvenile

SL = standard length
= no data

TABLE 2.1 ! Saaple Collection Data For King George Nhiting,

COLLECTION
SITE

S.A.

FoNlers Bay
Port Adelaide
Upper Spencer

Gulf
Kangaroo Is
Angus Inlet

vie
Queenscliff
Hestern Pt Bay
Shallow Inlet
Corner Inlet

TABLE 2.2 :

COLLECTION
SITE

S.A.

Kangaroo Is
St Vin. Bulf
Spencer Bulf
Arraious Bay

K.A.

Handurah
Rottnest Is

DATE

28,
13,

2/84
9/84

1/11/85
3/11/85

20/11/85
13,

9,
10,
12,
13,

Saaple Colled

2/86

4/85
4/85
4/85
4/85

NO. OF
ANIMALS

13
20
49
37
26
60

100
20

100
83

collection Data I

DATE

I/
II/

13,

13,
27,

6/84
6/84
5/84
5/85

5/85
8/85

Sillayivodes

SEX RATIO

20J
21F:11H:17J

7F:21H: 9J
26J
&OJ

100J
20J

100J
83J

:or

Sillaqo bassefsis

NO. OF
ANIMALS

43
108
110

3

110
21

SEX RATIO

24F; W'AIS
&OF:25H:23J
41F: 4H»65J
IF: in

/

6F: 9Ns 4J

puBctata.

SIZE RANGE
(SL c.)

11.4 to 17.0
17.7 to 25.4
14.2 to 26.0
11.4 to 16.1
5.6 to 9.1

7.7 to 20.5

7.2 to 19.1
7.0 to 20.4

Whiting,
bassensis.

SIZE RAN6E
(SL ca)

12.5 to 22.1
13.1 ta 20.8
10.6 to 17.9
15.7 to 17.9

B.B to 17.2
13.9 to 22.5
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TflBLE 2.3 : Saaple Collection Data For Red Spot Whiting,

COLLECTION
SITE

N.S.H.

Byron Bay
Evans Head
Yaiba

I

a

Nth Solitary Is
Coffs Harbour

Sandon Bluff
a

Nooli
Caiden Heads

Sth Caaden Hds
CroNdy Head
Farster

I

•

Pt Stephens
N

Stockton Bt
Broken Bay

Sydney
•

" »arkets

ilervis Bay
Eden

vie
Lakes Entrance
San Re»o
Ft Lonsdale

II

Apollo Bay
Cape Patton

Port Fairy

TAS
Hobart

S.A.

Kangaroo Is
Anxious Bay

DftTE

25, 5/B6
25, 5/8A
11 6/84

22, 5/86
23, 5/B&
10/10/85
2, 4/85

21, 5/86
5, 6/85

21, 5/8&
11/10/85
2/10/85
2/10/85

4/84
1/10/85
5, 6/85

20, 5/86
4/84

II/ 4/85
II/ 4/85
12, 4/85
II/ 4/84
13, 6/84
27, 9/84
9, 8/84

22, 6/84

18, 6/84
29, 5/84
20, 3/84
21, 3/85
12, 9/85
30, 9/85
30, 9/85
30, 9/85

11/86

17, 5/84

12/86
18, 3/8&

Si'Jiago

HO. OF
ANIMALS

w
45

200
33
53

100
49
43

7
43
96

100
43
10

100
80
32
10

103
62
78

5
12
10

138
197

118
156

15
42
79

100
81
10

239

215

< 60
60

SEX

22F;
18F;

25F;
29F;
25F;
25F;
21F:

5F;
21F;
41F;
34F
19F;

5F
15F
30F
1BF

4F
14F
20F
31F

47F
103F

62F:
59F:

7F:
21F:
40F:
62F;
49F;

7F;
69F:

95F:

44Fi

Aasseisis

RATIO

;12H: 6J
;24H: 3J

7H: U
;20H: 4J
!3&H:39J
i24H
;22H
! in; u
;22t
!51H: 4J
:44H:12J
;12H:12J
; sn
:21H:66J
:45H: 5J
: n: 5J
: in
:l3H:76J
:2?H:l3J
:46H: U

5J

!1?1H

!92H: 2J

55H; U
92H; 5J

6H
21H
3BH! U
38H
32H

3H
166H:3J

108H»12J

/

un: u

Hivdersi

SIZE RANGE
(SL c«)

12.0 to
12.1 to
12.5 to
11.7 to

8.9 to
10.7 to
13.1 to
13.0 to
11.2 to
13.0 to
11.7 to
8.9 to
8.6 to

10.5 to
8.2 to
8.0 to
8.4 to

15.7 to

7.4 to

?.6 to
13.3 to

4.2 to
7.9 to

17.0 to
12.6 to

12.0 to

11.5 to
13.3 to

16.6 to
14.3 to
12.6 to
15.1 to

15.9 to
17.1 to
10.7 to

14.0 to

10.9 to

19.6
1&.5
21.7
18.2
18.0
16.8
21.4

21.1
20.3
21/1
18.5
20.3
15.9
li.9
21.2
21.8
20.4

20.1
15.7
19.6
21.8
5.8

10.3
23.0

20.2
22.3

21.5
22.3
21.3
19.5
18.5
23.2
23.5

22.6
22.0

24.8

15.4
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TftBLE 2.4 : Saiple Collection Data For Banded Hhiting,

COLLECTION
SITE

N.fl.

Handurah

Rottnest Is

DftTE

13,
12,
27,

5/85
3/86
8/85

NO. OF
ANIMALS

8
32

4

SEX

8F
16F

IF

Sj'Jiago

RATIO

: 4H:12J
: 3H

vittat,

SIZE
(SL

15.A
12.0
20.9

I.

RANGE
Cl)

to
to
to

24
15
24

.0

.0

.5

TABLE 2.5 ; Saaple Collection Data For Stout Whiting,

COLLECTION
SITE

BLD
Coal un

N.S.N.

Byron Bay
Evans Head
Yaaba
Coffs Harbour
Sandon Bluff
Naoli
Forster

a

I

Sydney

H.T.

Tasaan Pt

N.ft.

Rottnest Is

DftTE

10, 9/84

25, 5/86
25, 5/8&
22, 5/86
26, 3/85
5, 6/85
1/10/85
5, 6/85
1/10/85

20A 5/86
20, 9/83
II/ 4/84

5/84

21, 4/86

27, 8/85

NO, OF
ANIMALS

1

76
74
60
88

105
1

10
67

141
3B

4
15

20

10

SiJIago

SEX RftTIO

Ih

16F; 6HS54J
3F; 3HS6BJ
5F: 3H;52J

17F!l3H!58J
4F;65H;32J

u
7F: 2H: U

67J
8F: 7H:124J

4J
8F: 4H: 3J

3F: 7H

4F; IN: 4J

robasta.

SIZE RANGE
(SL ci)

16.9

11.2 to 15.7
10.4 to 14.0
10.4 to 15.5
10.3 to 16.0
7.0 to 15.0

9.9
7.8 to 14.5

6.1 to 12.0
7.6 to 16.7
9.3 to 14.9

5.2 to 6.2
14.9 to 20.3

13.5 to 14.8

11.5 to 15.2
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TABLE 2,6 ;

COLLECTION
SITE

N.S.N.

Sydney
•

N

»

N.T.

Tasaan Ft

N.ft.

Daapier
Handurah

NN Shelf

Saiple Collect:ollection Data

DATE

19,
II/
II/
19,

21,

5,
12,
2,

30,

9/83
4/84
5/84
6/84

4/86

1/84
3/86
8/83
8/83

NO. OF
ftNIHALS

20
2

20
16

20

12
29
15

6

For Truipeter Whiting,
SiJJago

SEX RATIO

2F
13F: 7H
8F: 5H: 3J

5F; 4H; U

12J
l6F:10H: 3,1

tacuJata,t.

SIZE RANGE
(SL c*l

19.0 to
18.5 to
17.5 to
17.6 to

13.5 to

2.5 to
12.0 to
12.1 to

10.8 to

23.4
20.7
22.1
23.9

17.4

9.5
18.0

24.7

16.1

TABLE 2.7 : Saiple Collection Data For Sand Nhiting,
Si'JJago ci'Jia(a.

COLLECTION DATE NO. OF SEX RATIO SIZE RANGE
SITE AHIHfiLS (SL c»)

N.S.N.

Hallis Lake
Smith's Lake

•

II

I

Sydney
•

K

6,
I/

A/
21,

2/84
7/83
9/83
2/94
2/85
7/83
2/84
5/84

10
6

16
10
20

6
8
3

8.7 to 15.5

2F: in 20.3 to 22.6
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TABLE 2.8 : Saaple Collection Data For Solden-Lined Hhiting,

Silliga tviilis.

COLLECTION DATE NO, OF SEX RATIO SIZE RftNBE
SITE ANIMALS (SL ca)

N.T.

Escape Cliffs 22, 8/84 21 HF: 7H: 3J 12.9 to 20.8

OLD
Deception Bay 22, 7/8& 19 IF: 2H;l6J 9.3 to 26.4

N.A.

No Naae Bay 11 1/84 3+ - 10.0 to 1&.7

TABLE 2.9 : Saiple Collectian Data For Yellow Fin Whiting,
SiiJago schoifcurgi'ii.

COLLECTION DftTE NO. OF SEX RATIO SIZE RftNBE
SITE ANIMALS (SL en)

S.ft.

Angus Inlet 13, 8/84 21 IF: - :20J 10.3 to 15.9
Spencer Gulf 2/11/85 31 2F:28H 18.1 to 25.7

N.A.

Daapier 7/ 1/84 7 - 9.9 to 27.8
Sorento 13, 2/85 1
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APPENDIX 3 ; ENZYMES STUDIED, TISSUES INVESTIGATED,
ELECTROPHESIS RUNNING CONDITIONS AND PRESUMED NUMBER OF LOCI
FOR WHITING SPECIES.

Key; EC= Enzye Cofissian nirber; L= liver, H= luscle, H= heart, E= eye;
£= best tissue for this enzye; 1= TBE pH9, 2= ST EST, 3= T6 pHB.5,
4= POULIK, 5= TEB pH 7.8/HgCl,, 6= TH pH7.8, 7= TEH pH7.4, 8= CAEA pH7.2,
9= CITPO,, 10= CftH pH6.l, 11= TC pHS.Bi • = best buffer systea for this

enzyej ft6= agarase, ST= starch, CELL= cellagel, TIT= Helena Titan III plates,
"= best support aatrix for this enzyie; ft= anodal •igration, C= cathodal

•igration, N5= no staining, P= polyorphic
Note; Loci are designated {roa the lost cathadal in ascending order to the *ost anodal.

e.g. PGH-1 is cathodal of PBH-2 (the faster iigrating locus).

TABLE 3.1 : Enzyies Investigated In Whiting Species.

ENZYHE

ftcid phasphatase
ficonitase

fidenosine deaainase
Adenylate kinase
Alcohol dehydrogenase
Aldolase
filkaline phosphatase
D-ftiino acid oxidase
flspartate aainotransferase
D-ftspartate oxidase
Carbonic anhydrase

Catalase
Creatine kinase
Diaphorase
Enolase

Esterase
Fructose-bi sphosphatase

Fuaarase
Galactose dehydrogenase
alpha-Balactosidase
beta-Salactosidase

ABBREVIATION

ACPH
ACON
fiDft
AK
fiDH
ALD.

ALKPH
DAHOX
AftT
DftSOX
CA
CAT
CK
DIA
ENOL
EST
FDP
FUH
BALDH
aliiha-GAL
beta-SAL

ENZYHE CQHHISSION NO.

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 4.1.2.13
EC 3.1.3.1
EC 1.4.3.3
EC 2.6.1.1
EC 1.4.3.1

EC 4.2.1.1
EC 1.11.1.6
EC 2.7.3.2
EC 1.8.1.4
EC 4.2.1.11

EC 3.1.1.1
EC 3.1.3.11

EC 4.2.1.2
EC 1.1.1.48
EC 3.2.1.22
EC 3.2.1.23
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TABLE 3.1 (Cant.)

Bluconate dehydrogenase
Blucose-6-phosphate
dehydrogenase
Blucosephosphate isowrase
alpha-Blucosidase
beta-Blucuronidase

Glutaaate dehydrogenase
Blutaaate-pyruvate

transaainase
Slycertldehyde-3-phasphate

dehydragenase
Blycerol dehydragenase
alpha-Blycerophosphate

dehydrogenase
Blycolate oxidase

Glyoxylase I
Buanine deaiinase
Suanylate kinase

Hexokinase
Hexosaiinidase
Hydroxyacyl coenzye A

dehydrogenase
beta-Hydroxybutyrate
dehydrogenase
Isocitrate dehydrogenase
Lactate dehydrogenase
Leucine aainopeptidase

Hal ate dehydrogenase

Hal ic enzye
Hannose phosphate isoaerase
Phosphoglucoautase

Peptidases

6-Phosphoglucanate
dehydrogenase
Pyruvate kinase
Sorbitol dehydrogenase
Succinate dehydrogenase
Superoxide disautase
Xanthine dehydragenase

GDH
G&PDH

6PI
alpha-BLU
beta-GUS

SLUD
GPT

GA3PDH

6LYDH
alpha-BPD

BOX
6LOI
BDft
BUK
HK
HEX
HADH

HBDH

IDH
LDH
LAP
HDH
HE
HP I
pen
PEP

P6D

PK
SDK
SUCDH
SOD
XDH

EC
EC

EC
EC
EC
EC
EC

EC

EC
EC

EC
EC
EC
EC
EC
EC
EC

EC

EC
EC
EC
EC
EC
EC
EC
EC

EC

EC
EC
EC
EC
EC

1.

1.

5.

3.

3.

1.

2.

1.

1.

1.

1.

4.

3.

2.

2.

3,

1.

1,

1,

1,

3,

1
1
5
5,

3
3
1

2
1
1
1
1

1.1.69
1.1.49

3.1.9

2.1.20
2.1.31
4.1.3

6.1.2

2.1.12

1.1.6

1.1.8

1.3.15
4.1.5

5.4.3

,7.4.8

7.1.1

,2.1.52

,1.1.35

,1.1.30

,1.1.42

,1.1.27

.4.11.1

,1.1.37

.1.1.40

.3.1.8

,4.2.2

.4.11 or

.4.13.9

,1.1.44

.7.1.40

.1.1.14

.3.99.1

.15.1.1

.1.1.204

A total of 55 enzye systeas investigated.
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TABLE 3.2 ; Electrophoresis of King George Nhiting, SiJiagjitodes pundata

SUPPORT PRESUMED NO.
ENZYME TISSUE BUFFERS MATRIX OF LOCI COHHENTS

AAT

ACON

ftCPH

ADA

ADH

AK

ALD

ftLKPH

CAT

CDA

CK

DftHOX

DIA

ENOL

EST

FUN

GfiPDH

6DA

L

L

L

L

L

L
H

L

L

L

L

H

L
d

L
H

L

L
N

L

H

L

4

4

11

6

6

11
11

6

4

4

4

4

6
6

6
6

4

4
4

4

4

4

ST

ST

ST

ST

ST

ST
ST

ST

ST

ST

ST

ST

ST
ST

ST
ST

ST

ST
ST

ST

ST

ST

2A

1A

NS

1ft

1C

3A
1ft

2A

1A

1A

NS

NS

1C
1C

1A,1C
NS

1A

2ft
1ft

Ifi

Ifl

NS

?p

p

ftAT-1 POOR
RESOLUTION

VARIABLE IN L

POOR ACTIVITY
IN ALD-2

POOR ACTIVITY
AND RESOLUTION

POOR RESOLUTION

CLOSE TO ORIBIN
BEST IN L

DIA-2

BEST ACTIVITY
IN L

POOR ACTIVITY,
OH ORIGIN
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TftBLE_3,2 leant.1

ENZYME

GLYDH

BOX

6PD

BPI

BPT

HEX

HK

IDH

LAP

LDH

HDH

HE

HPI

PEP (FP)
(LY)
(PL)

PSD

PBH

PK

SDK

SOD

XDH

TISSUE

L

L

H

L
H"

L

L

L

L
H

L

L

H

LH
HH

L
H"

Lc,n
L.Ht

L

L"

«•

L
h

L

L

L

L

BUFFERS

4

4

4

4
4

4

11

4

4,ir
4,ir

6

4

11

11
11"

4
4

4
4
6

6
6

6
6

4

4

4

4

SUPPORT
MATRIX

ST

ST

ST

ST
ST

ST

ST

ST

ST
ST

ST

ST

ST

ST
ST, AS

ST
ST

ST
ST
ST

ST
ST

ST
ST,ft6

ST

ST

ST

ST

PRESUMED NO.
OF LOCI

HS

1A

1A

1A
3A

1A

1ft

1A

1A
IA

IA

1A

2fi

2ft
Ifi

1A
1A

1A
2A
2A

1A
1A

2A
1A

NS

1ft

1A

1ft

p

p

?p

p
p

COHHENTS

POOR ACTIVITY

GPI-1,2,3 IN H

POOR RESOLUTION

POOR ACTIVITY
IN H

POOR RESOLUTION

POOR RESOLUTION

VARIABLE IN L
POOR RESOLUTION
IN fiBARQSE

VARIABLE
BETTER IN H

BEST ACTIVITY
IN L

POOR RESOLUTION
POOR RESOLUTION
IN ABftROSE

3B ENZYME SYSTEhS INVESTIGftTED, REPRESENTING 46 PRESUHED LOCI. 10 SUSPECTED POLYHORPHIC LOCI.



TABLE 3.3 ; Electraphoresis oi School Nhiting,
Sj'JJago tassensis basscniis

3.5

SUPPORT PRESUMED
ENZYME TISSUE BUFFERS HftTRIX NO. OF LOCI COHHENTS

AAT

ftDfi

ADH

AK

ftLD

CAT

CDA

DIft

EST

FUH

BDft

BOX

G6PDH

GPI

6PT

HEX

IDH

LDH

HOH

HE

HPI

L

I

L

L
H

H

L

H

L

L

H

H

L

L

L
H

L

L

L
H

H

L
h

L
H

H

4,10*

11

4,&',10

6
6

6

4

10

4

4

11

6

4

4

4
4

4

4

io,ir
10,11*

4

11
io,ir

11
11

4

ST

ST

ST

ST
ST

ST

ST

ST

ST

ST

ST

ST

ST

ST

ST
ST

ST

ST

ST
ST

ST

ST

ST
ST

ST

2fi,2C

1ft

1C

2ft
tft

Ifi

1A

3ft, 1C

1A

1A

1A

IA

IA

NS

1A
3A

1A

NS

1A
2A

1A

1A
2A

1A
1A

1ft

?p

?p

?p

?p

?p

p

ftftT-1 POOR
ACTIVITY

POOR RESOLUTION
AND ACTIVITY

VARIABLE

POOR RESOLUTION

POOR ACTIVITY

POOR ACTIVITY

VARIABLE

POOR ACTIVITY

POOR ACTIVITY

GPI-1 H,P
BPI-2 H,P

GPI-3 H,,P
BPI-4 L

IDH-1 H
IDH-2 L, H
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TftBLE3.3(rnnt.>

SUPPORT PRESUMED
EHZYHE TISSUE BUFFERS HATRIX NO. OF LOCI COHHENTS

PEP (LGG)
(PL)
(FPI

PGD

P6H

SDH

SOD

XDH

L
L
L

L

L

L

L

L

6
6
6

6,l0*

A

4

4,ir

4

ST
ST
ST

ST

ST

ST

ST

ST

3A
2A
IH

1A

2A

1A

1ft

1A

?p
?p

p

ftS FOR PL

VARIABLE

pen-1

6QOD ftCTIVITY

BOOD ACTIVITY

POOR ACTIVITY

27 ENZYME SYSTEMS INVESTIGATED, REPRESENTING 40 PRESUMED NUMBER OF LOCI. 10 SUSPECTED POLYHORPHIC
LOCI.
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L
H
H
E

7
7
7
7

TftBLE 3.4 : Electrophoresis of Red Spat Nhiting,
Sillaao baBsensi 5 flindersi

SUPPORT PRESUMED NO.
ENZYHE TISSUE BUFFERS MATRIX OF LOCI COHHENTS

ftAT L 4*,8,10 SF, TIT 2ft ?P AAT-1 POOR
H 4 ST 2ft RESOLUTION
H 4 " 2A
E 4 • NS AAT-2 L,H BEST

fiCON L 7 ST 2ft ACON-1 L,H,H
IA ACOH-2 H
2A ACON-3 L
NS

ftDA L 8,10',11 ST IA POOR RESOLUTION
H 10,11* SFJIT 1A ?P BEST ACTIVITY
H 11 ST IA IN H
E 11 " 1ft

ADH L 8,10*,11 Sr,TIT,CEL 1C P ADH-1 L
H 11 • 1A,IC
H 11 " 1C
E 11 • 1C

AK L 8,10',11 ST 2ft AK-1 L,H,H,E
H 10*, 11 9F, TIT 2ft AK-2 H
H 11 ST 2fi AK-3 E
E 11 " 2fi

ALD L 7 ST 1A fiLD-1 H
H 7,8,10* SF,TIT Ift ?P ALD-2 L
H 7 ST NS ALD-3 E
E 7 • 1ft POOR ACTIVITY

IN L

CAT L 4,8,10* ST 1ft ?P POOR RESOLUTION

DAHOX L 6.8,9,10' STJIF 1ft ?P POOR RESOLUTION

L
H
H
E

L
H

L
H
H
E

L
n
H
E

4,8,10*
10
10
10

6,8,9,10'
6

10
10
10
10

1*,A,8,10
1
1
1

ST
II

•

a

ST,TIF
ST

ST
a

•

sr,m,CEL
ST

•

»

1ft
1ft
1ft
1ft

1ft
NS

1C
lft,lC

NS
NS

2ft
1ft
1A
1A

DASOX L 10 ST 1C DftSOX-2 IN H,
POOR ACTIVITY,
SftHE fiS DftHOX

DIA L 1*,A,8,10 ST~,TIT,CEL 2ft DIA-1 1; POOR
RESOLUTION
DIA-2 L,E
DIA-3 H,H
POOR ACTIVITY
IN fill TISSUES
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TABLE 3.4 (cont.

ENIYHE

ENOL

EST

FDP

FUH

alpha-BAL

beta-GAL

6Dft

6AL-6-PDH

>

TISSUE

L
H
H
E

L
H
H
E

L

L
H
H
E

L

L

L
H
H
E

L
H
H
E

BUFFERS

7
7
7
7

4',6,8,10
4
4
4

6

7
7
7
7

6

6

1
1
1
1

1
1
1
1

SUPPORT
MATRIX

ST
•

a

I

ST

N

•

ST

ST
N

N

•

ST

ST

ST
•

II

•

ST
I

•

PRESUMED NO.
OF LOCI

Ift
IA
1ft
NS

2ft ?P
2ft
2ft
1ft

IA

1A
1A
1A
1ft

1A

1A

1A
2A
1ft
HS

1A,1C
1ft
1ft
2C

CDHHENTS

BEST ftCTIVITY
IN n

EST-2

BEST ACTIVITY
IN L

POOR ACTIVITY

STREAKS

GDA-1 H
6Dft-2 L,H,H
VARIABLE

POOR ACTIVITY
IN ALL TISSUES

6LYDH L 4 ST 1ft

BOX

alpha-GPD

66PBH

6PI

BPT

L
H

L
H
H
E

L
H
H
E

L
Ht*

H
E

L
H

3,8,10*
3,8,10*

d
6
&
6

4*, 10
4', 10
4»,10
4*,l0

4-,fi,g,to

4*,8,9,10
4*,8,9,10

4-,8,9,10

4
4

ST-JIT
N

ST

•

•

STJIT
ST

•

STJIT
ST

•

ST
•

1A
Ift

1A
IA
Ifi
MS

1ft
Ift
2ft
IA

1A
3ft
3ft
3ft

IA
NS

p

POOR ftCTIVITY

6PD-1 H
6PD-2 L,H
BEST ftCTIVITY
IN H

BEST ftCTIVITY
IN E
VftRIABLE

GPI-I H,H,E
GPI-2 H,H,E
GPI-3 L,H,H,E

POOR ftCTIVITY



3.9

TABLE 3.4 (cont.)

SUPPORT PRESUMED NO.
ENZYME TISSUE BUFFERS MATRIX OF LOCI COHHENTS

beta-GUS L 6',7 ST 2A BEST ACTIVITY
NS IN H
IA POOR RESOLUTION
NS

HADH L 3 TIT IA POOR ACTIVITY

HBDH

HEX

IBH

LftP

LDH

HDH

HE

KPI

L
H
H
E

6',7

6
6
6

NP

L
d

L
H
H
E

L
H
H
E

LtN

H
H
E

L

L
H
H
E

L
H
H
E

LCN

HCN

H
E

L
H"

H
E

L

4
4

11
11
11
II

4*,8,10
4
4
4

8,10*,11
8,10*,11

8
8

10

r,&
1
1
1

&,ir
&,ir

11
11

io*,n
10",11

11
11

4*,8,10
4*,8,10

4
4

3

ST
•

ST

•

ST
I

I

1

ST,TIT

ST

ST

ST".CELL
•

»

•

ST,TIT,CEt.
•

ST
•

STJIF
ST

II

a

STJIT

ST
«

TIT

1ft
Ift

1ft
1ft
1ft
NS

IA
3ft
2A
Ifi

1A
Ift
1A
NS

1A

1A
1A
IA
1A

IA
1ft
2ft
1ft

1ft
2ft
2ft
Ift

Ift
1A
1ft
1ft

1ft

?p
?p

?p

p
p
p
p

BEST ACTIVITY
IN H

BEST ftCTIVITY
IN L

POOR RESOLUTION

BEST ftCTIVITY
IN E

IDH-l H
IDH-2 L
BEST ACTIVITY
IN H
E ?NULL ALLELE

POOR ACTIVITY

TISSUE DIFF.S

SUB BftNDS
ANODALLY

POOR RESOLUTION
IN L
BEST ACTIVITY
IN H

HE-1 M
HE-2 H,E
POOR ACTIVITY
IN L
E ?NULL ALLELE

BEST ACTIVITY
IN H k H
ANODfiL SUB-
BftHDING ON TIT

COMPLEX PftTTERH
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TABLE

ENZYHE

PEP

P6D

P6H

PK

SDH

SOD

SUCDH

XDH

3,4 (cont.

(VA>
(LG6)
(PL)
(FP)

(LAP)
(LLL)

)

TISSUE

L
L
L
L
L"

L

L"

H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H

L
H

L
H
H
E

BUFFERS

8,10*
8,10*
8,10*
8,10*
B,10*

8

6,7,8,10*
6
6
&

6>,8,10
6
&
6

1
1
1
1

4
4
4
4

4*,6,B
4-,6,B

4
4

4
4
4
4

SUPPORT
NATRIX

ST
II

sr,TIT
a

ST
•

SFJIT
ST

•

II

ST,TIT,
ST,TIT

ST
a

ST
B

•

ST
•

B

i

ST
•

ST
»

ST
N

N

a

PRESUMED NO.
OF LOCI

1C
2A,1C
1A,1C
2A,1C

1ft
3A,1C

,CEL 1ft
IA
1ft
1A

CEL 2ft
1A
2ft
NS

NS
2fi
1ft
NS

2A
2ft
1ft
1ft

Ift
1A

1A
1ft

1A
1ft
1ft
1A

p
p
?p

p

p
p

COHHENTS

POOR RESOLUTION
BETTER RESOLUTION

•

POOR RESOLUTION
POOR ACTIVITY

•

BEST ACTIVITY
IN L tE
VARIABLE

PGH-1 L,H,H
P6H-2 L,H

? NULL ftLLELE

PK-1 H

PK-2 H
PK-3 H

BEST ACTIVITY
IN L
VARIABLE

POOR ACTIVITY

XDH-1 H,E
XDH-2 L,H
BEST ACTIVITY
IN L
VARIABLE

44 ENZYME SYSTEMS INVESTIGftTED, REPRESENTING 75 PRESUHED NUMBER OF LOCI. 16 SUSPECTED POLYHORPHIC
LOCI.
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TflBLE 3.5 : Electrophoresis of Banded Nhiting, Sillags rittata.

SUPPORT PRESUMED
ENZYHE TISSUE BUFFERS MATRIX NO. OF LOCI COHKENTS

AAT L 4,10' ST

ftDft

ADH

AK

ALD

CAT

CDfi

DIA

EST

FUH

6DA

60X

G6PDH

BPI

6PT

HEX

IDH

LDH

HDH

HE

1

L

L
H

H

L

H

L

L

H

H

L

L

L
H

L

L

L
H

H

L
H

L
H

11

4,6*,10

6
&

6

4

10

4

4

11

6

4

4

4
4

4

4

io,ir
io,ir

4

11
io,ir

11
11

ST

ST

ST
ST

ST

ST

ST

ST

ST

ST

ST

ST

ST

ST
ST

ST

ST

ST
ST

ST

ST

ST
ST

2A,2C

1A

1C

2ft
IA

1A

Ifi

4A,4C

2A

1ft

1A

1A

NS

NS

NS
3A

1A

NS

1A
2A

1ft

Ifi
2A

1A
2A

?p

?p

?p

p

?p

AAT-l C. POOR
ftCTIVITY I
RESOLUTION
AftT-2ft

60QD ACTIVITY

POOR ACTIVITY

POOR RESOLUTION IN L
GOOD ftCTIVITY

POOR ACTIVITY

POOR ACTIVITY

POOR ftCTIVITY

DIfi-2 POOR
ACTIVITY

POOR ftCTIVITY &
RESOLUTION

POOR ACTIVITY

GPI-2 & 3

POOR ftCTIVITY

POOR ftCTIVITY IDH-2L
GOOD ACTIVITY IDH-1

BOOD ACTIVITY

HDH-l, L,H
MDH-2 H

POOR ACTIVITY HE-2 L
HE-1 H

HPI d 4 ST Ifi
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TABLE 3.5 (cont.)

SUPPORT PRESUMED
ENZYME TISSUE BUFFERS MATRIX NO. OF LOCI COHHENTS

PEP

P6D

P6H

SDH

SOD

(L66)
(PL)
(FP)

L
L
L

L

L

L

L

6
6
6

6,10*

6

4

<*>11

ST
ST
ST

ST

ST

ST

ST

XDH ST

2A
2ft
1A

1A

2ft

1A

Ifi

1A

?p

?p

PQQR RESOLUTION

VARIABLE

P6H-1

POOR ACTIVITY

GOOD ftCTIVITY
AND RESOLUTION

POOR ACTIVITY

27 ENZYME SYSTEMS INVESTIGATED, REPRESENTING 44 PRESUMED NUHBER OF LOCI. 9 SUSPECTED POLYHORPHIC
LOCI.
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TABLE 3.6 ; Eleckrophoresis of Stout Nhiting, SiJJago robasta

SUPPORT PRESUMED NO.
ENZYHE TISSUE BUFFERS HftTRIX OF LQCI COHHENTS

fiAT L 4*,6 ST 2A AAT-1 L,E
STREAKY IN L
AftT-2 L,H

ftCOH

SUE

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

BUFFERS

4-,6

4
4
4

11
11
11
11

1,10*

r,io
r,lo
r,ie

10
10
10
10

SUPPORT
HftTRIX

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

PRESUMED
OF LQCI

2A
1A
1ft
1A

2A
NS
NS
NS

Ift
2ft
NS
1ft

Ift
Ift
Ift
IA

ACPH L 1,10* ST Ift BEST ftCTIVITY
FftIHT

FftINT

ftDA L 10 ST Ift BEST fiCTIVITY

FAINT

ftDH L 6 ST 1C

AK L 11,10* ST 2ft FfiINT
1ft
1ft
IA

ftLD L 10',7 ST 1A,1C NEAR ORI6IN
1C
NS
N5

CAT L 4 ST 1ft
NS
NS
NS

DAHOX L 11 ST 1ft,1C NEAR ORIGIN
1C POOR ACTIVITY
NS
NS

DASOX L 11 ST 1A,1C POOR ftCTIVITY
1C

DIft L 6 ST Ift
1A FftIHT,
NS TISSUE
1A DIFFERENCES

ENOL L 7 ST 1A BEST
1ft ACTIVITY
ift IN n
1A

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H

L
H
H
E

L
H
H
E

11,10*

11,10*
11,10*
11,10*

10',7
10*,7
10*,7
10',7

4
4
4
4

11
11
11
11

11
11

6
fr
6
6

7
7
7
7

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST

ST
ST
ST
ST

ST
ST
ST
ST
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TABLE 3.6 (Cant.)

SUPPORT PRESUMED NO.
ENZYME TISSUE BUFFERS MATRIX OF LOCI COHHENTS

EST L & ST 1ft POOR ACTIVITY
IN ALL TISSUES

FUH

6DA L 1*,4 ST 1ft 6DA-2
?P BDA-2 H

TISSUE
DIFFERENCES

BA-3-PDH

6DH
H 1 ST 1ft
H 1 ST NS

STREAKY

GAL-6-PDH L 1 ST 2A POOR ACTIVITY

L
H
H
E

L
n
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E
L
N

L
H
H
E

L
H
H
E

L
H
H
E

&
6
6
&

10
10
10
10

r.<
r,io
1
1

10*,7
10*,7
10*,7
10*,7

1
1
1
1

1
1
1
1

10
10
10
10

r,<
r,4
r,4
r,4

4,10*
4,10*

4
4
4
4

4
4
4
4

7
7
7
7

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

1ft
2A
HS
2ft

1A
NS
NS
MS

1ft
2A
2ft
Ift

NS
Ift
IA
2A

HS
1ft
NS
1A

2A
1ft
2ft
HS

NS
1A
1ft
Ifi

2ft
1A
1A
1A
Ift
1ft

1ft
3A
1ft
3A

1A
1A
NS
NS

NS
NS
NS
1A

6LO-1
POOR ACTIVITY
STREflKY

ST

G6PDH L 1*,4 ST 2ft ?P 66PDH-1 L
B6PDH-2 M
B6PDH-3 L,E

alpha-GPD L 4,10* ST Ift NEAR ORI6IN
POOR RESOLUTION

6PI L 4 ST 1ft BEST IN H
P 6PI-1 H,E

GPI-2 H,E
6PI-3 L,H,H,E

6PT L 4 ST 1A BEST
ACTIVITY
IN L

GUK L 7 ST NS POOR RESOLUTION



3.15

TABLE

ENZYME

3^ ICont.

beta-SUS

t!3DH

HEX

HK

I OH

LAP

LDH

HDH

HE

HPI

PEP (FP)
(LBB)
(LY)
(VL)

)

TISSUE

L
H
H
E

L
N
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L,H,H,E
L

L',H
L

BUFFERS

7
7
7
7

4
4
4
4

10*,11
10*,11
10*,11

10*,10

4,7
4,7
4,7
4,7

4,io,ir
4,10,11*

10
10

10
10
10
10

1
1
1
1

10,ir
io,ir
io,ir
io,ir

4,ir
4,ir

11
11

4
4
4
4

4
4
4
4

SUPPORT
MATRIX

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

PRESUMED N
OF LOCI

IA
1A
2ft
1A

1A
NS
1A
Ift

1A
NS
1A
NS

NS
NS
NS
HS

1A
2ft
1ft
1ft

Ift
Ift
1A
NS

1ft
1A
IA
3A

2ft
2A
2ft
2fi

1ft
2A
2ft
NS

1ft ''

1ft
1ft
1ft

1ft
2A
2ft
2ft

D.

p
p

?p

p
p
p
p

COHHEHTS

beta-BUS-1 H,H
beta-GUS-2 L,E

POOR ACTIVITY

HBDH-1 H
HBDH-2 L,E
POOR ACTIVITY

SINGLE LOCUS
BEST
ACTIVITY
IN L

IDH-l H,H,E

IDH-2 L,H

POOR ACTIVITY

LDH-1 L,E

LDH-2 H,H,E
LDH-3 E

GOOD ACTIVITY
POOR
SEPfiRftTION
OF LOCI

VftRIABLE

BEST
ACTIVITY
IN E

BEST IN L
VARIABLE
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TABLE 3.6 (Cont.)

SUPPORT PRESUMED NO.
ENZYME TISSUE BUFFERS HftTRIX OF LOCI COMMENTS

P6D

PGH

PK

SBH

SOD

XDH

L
H

H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H

L
H
H
E

6
6

6
6

6
6
6
6

1
1
1
1

4*,7,10
<*,7

4*,7

4*,7

4
4

4,7-

4,7*

^T
4,7*

ST
ST

ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST

ST
ST
ST
ST

1A
HS

HS
NS

3ft
Ift
NS
2ft

HS
1ft
2A
2A

1ft
NS
MS
NS

3ft
1ft

NS
1ft
1ft
1A

p
p

p

VARIABLE

P6H-1 L,H,E
P6H-2 L
PBh-3 L,E

BEST
ACTIVITY
IN H

POOR ACTIVITY
IN H

XDH-1 H

XDH-2 H,E
BEST ACTIVITY
IN H & H

42 ENZYME SYSTEMS INVESTIGATED, REPRESENTING 65 PRESUMED NUMBER OF LOCI. 12 SUSPECTED POLYHORPHIC
LOCI.
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TABLE 3.7 : Electrophoresis of Truapeter Whiting, Siilago lacuJata licuiita

SUPPORT PRESUMED NO.
ENZYME TISSUE BUFFERS MATRIX OF LOCI COMMENTS

AAT L 4 ST 1A P AAT-3 L
NS
2A AAT-1,2 H
NS

ftCON L 9 ST 2A
NS
NS
NS

ftCPH L 1 ST 2A
2A
1ft STREftKY
2A STREAKY

L
H
H
E

L
H
H
E

L
H
H
E

L
H

L
H
H
E

L
H
H
E

4
4
4
4

9
9
9
9

1
1
1
1

11
11

1,4-
1,4-

1
1

9*,11
9*,11
9*,11
9*,11

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ADA L 11 ST 1A BEST RESOLUTION
1A IN H

ADH L 1,4* ST 1C
NS
NS
NS

flK L 9*, 11 ST 2fl BEST
1A ACTIVITY
1A IN H d H
1A

ftLD L 9*,7 ST 1ft, 1C BEST
H 9*,7 ST lft,lC ftCTIVITY
H 9* ST 1C IN H & E
E 9* ST 1A

CAT L 4 ST 1ft ?P BEST ACTIVITY L
H 4 ST NS
H 4 ST 1ft BEST RESOLUTION H
E 4 ST NS

DAHOX L 11 ST 1A STREftKY
H 11 ST 1A POOR flCTIVITY, ON
H 11 ST NS ORIBIN
E 11 ST NS

DftSOX L 11 ST 1C POOR ACTIVITY
H 11 ST 1C POOR ftCTIVITY

DIA L 6 ST 1A DIA-1 H,H,E
H 6 ST Ifl DIA-2 L
H 6 ST 1A H,H,E POOR ACTIVITY
E 6 ST 1A
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TME 3.7 (Cant.)

ENOL L
H
H
E

EST L
n
H
E

FUH L
H
H
E

alpha-BAL L 6 ST 1A STREftKY

beta-Bftt

BDfi

BOX

Gfl-3-PDH

G6PDH

BPI

SPT

7
7
7
7

6
6
6
6

9
9
9
9

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

1A
Ifl
Ifi
2ft

1ft
2A
2ft
2A

1A
NS
NS
1A

?P SLOW LOCUS

BEST ACTIVITY
IN L
TISSUE
DIFFERENCES

POOR ACTIVITY

L
H

L
H
H
E

L
H

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

d
6

1
1
1
1

4
4

9
9
9
9

4
4
4
4

4
4
4
4

4
4
4
4

ST
ST

ST
ST
ST
ST

ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

1A
1A

1ft
2A
2fl
Ifl

1A
NS

1A
1A
1ft
2A

1A
US
NS
1A

1A
3ft
3A
3A

1A
1A
NS
NS

STREAKY

POOR ACTIVITY

POOR RESOLUTION
IN L

STREfiKY

BETTER RESOLUTION

?P BPI-2,3
?P GPI-1 H,H

BEST
ACTIVITY
IN L
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TABLE 3.7

6UK

beta-GUS

HBDH

HK

IDH

LDH

HDH

HE

KPI

PEP (FP»
(LY)
(VL)

PGD

(Cont.)

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

LC,H,H(,E
LC,H

L,H

L
H
H
E

7
7
7
7

6-.7

6*,7

6*,7

6*,7

4
4
4
4

4*,7

**,7
4*,7

^•,7

11
11
11
11

1
1
1
1

9,U*
9,11*

?,ir
l?,ir

11
11
11
11

4
4
4
4

4
4
6

6
6
6
6

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST

ST
ST
ST
ST

NS
NS
NS
Ifi

1A
1ft
2A
NS

1A
NS
1A
1A

1A
1A
1A
1A

1A
2A
2fi
NS

Ifl
1A
1A
3A

1ft
2A
2A
2A

1ft
1A
2fi
NS

1A
1A
Ifi
1A

1A
3A
1ft

Ifi
1A
1ft
1A

p
p

?p

p

/

p

POOR RESOLUTION
POOR ACTIVITY

L/E LOCUS

POOR ACTIVITY LOCUS
BETTER RESOLUTION

POOR ACTIVITY

TISSUE
DIFFERENCES

IDH-2 L
IDH-1 H

LDH-1 H,E
LDH-2 H,L,E
LDH-3 E

HDH-1 H,H,E
HDH-1 IN H

HDH-2 H,H,E,L

VARIABLE

BEST
ACTIVITY
INK

VARIftBLE

VARIABLE
POOR ACTIVITY
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TABLE 3.7 (Cont.l

P6H

PK

SDK

SOD

SUCDH

XBH

I

L
H
H
E

L
H
H
E

L
H
H
E

L
H

L
H

L
H
H
E

6
6
6
6

1
1
1
1

**,7

<',7

*',7
+*,7

4
4

4
4

«.7*

4,7*

4,7*

<,7*

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST

ST
ST

ST
ST
ST
ST

2ft
1A
1A
2A

1A
3ft
Ifl
1ft

1A
1A
NS
NS

1A
1A

1A
1A

1A
Ifl
1A
1A

?P P6H-1 IN L

BEST
ftCTIVITY
IN H

?p
TISSUE
DIFFERENCES

BEST ACTIVITY
IN L

BEST ACTIVITY
IN H,H
TISSUE
DIFFERENCES

39 ENZYME SYSTEMS INVESTISftTED, REPRESENTING 60 PRESUMED NUMBER OF LOCI, 13 SUSPECTED POLYHORPHIC
LOCI.
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TABLE 3,8 ; Electrophoresis of Western Truapeter Nhiting, S. nculata burrus.

SUPPORT PRESUMED NO.
ENZYHE TISSUE BUFFERS MATRIX OF LOCI COMMENTS

ftftT

ADft

ADH

EST

BDA

6PI

IDH

HDH

HE

HP I

PEP (FP)
(PL)

PGD

pen

SDH

SOD

XDH

h

L

L

L

L

L
H

L
H

H

L

H

L
L

L

L
H

L
H

L

H

10

4

10

4

4

4
4

10
10

10

10

4

4
10

10

4
6

4
4

10

4

ST

ST

ST

ST

ST

ST

ST
ST

ST

ST

ST

ST
ST

ST

ST
ST

ST
ST

ST

ST

1A

1ft

1C

1ft

1A

1A
3A

1ft
1ft

2A

Ifi

1A

1A
1A

1ft

2A
1A

2ft
NS

1A

NS

?p

?p

p
?p

p

?p

p

p
p

ON BORftTE FRONT

GPI-1,2,3 IN H
6PI-4 IN L

Idh-2 H

VARIABLE

Pga-2
Pga-1

18 ENZYMES INVESTIGATED, REPRESENTINB 23 PRESUMED NUHBER'OF LOCI, 11 SUSPECTED POLYHORPHIC LOCI.
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TfiBLE 3.9 : Electraphoresis of Sand Hhiting, Silliqo ciliaii

ENZYME

AftT

TISSUE
SUPPORT PRESUMED NO.

BUFFERS MATRIX OF LOCI COHKENTS

ACON

ACPH

ftDA

ADH

flK

fiLD

flRS

CA

CftT

CK

DAHOX

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H

L
H

L
H
H
E

L
H

L
H
H
E

<*,7
4*,7

4
4

4,7,n*

4,7,ir
11
11

r,2,9
1*,2,9

9
9

9
9
9
9

r.9
r,?

1
1

11,9*
11,9*
11,9*
11,9*

6,9*

6,9*

9
9

9
9

4
4

4
4
4
4

1
I

9*,11

9*,11
11
11

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST

ST
ST

ST
ST
ST
ST

ST
ST

ST
ST
ST
ST

2A
2ft
2ft
NS

2A
IA
Ifi
NS

2fl
2ft
Ifi
NS

IA
1A
1A
1ft

1A
1ft
NS
HS

2ft
1ft
1A
1ft

2A
4fi
NS
NS

NS
NS

1ft
Ift

1ft
1ft
HS /•

NS

NS
NS

1ft
1C
NS
NS

?p
?p

?p

ftAT-1 POOR
AftT-2 H,H
AAT-3 L

ACON-1 H
ACON-2 L,H
fiCON-3 L

STREAKY

NO TISSUE
DIFFERENCES

BEST
ACTIVITY
IN L

BEST
ACTIVITY
IN H

COHPLEX
PATTERN

FftINT

BEST
ACTIVITY
IN L

SAME AS
DftSOX
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TABLE 3.9 (Cent.)
SUPPORT PRESUMED NO.

ENZYME TISSUE BUFFERS MATRIX OF LOCI COKHENTS

DftSOX

DIA

ENOL

EST

FUH

alpha-BftL

beta-BfiL

BDA

BA-3-PDH

BDH

BALDH

6LO-1

GOX

L
H

L
N
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H

L
H

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H

9
9

6
6
6
6

7
7
7
7

2,4*,6
2,4-,6

6
6

6',9
6*,9

9
9

2
2

2
2

r,2
r,2

1
I

7*,9

7',9

9
9

1
1
I
1

1
1
1
I

9
9
9
9

9
9

ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST

ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST

NS
1C

2A
NS
IA
2A

IA
Ift
IA
2A

3A
1A
1ft
Ift

2ft
1A,1C

NS
NS

1ft
NS

1A
NS

1A
1ft
NS
NS

1A,1C
2ft
1A
2ft

NS
NS
NS
1A -

2A
Ift /•

2A
1ft

NS
1ft
1A
1ft

1ft
NS

p

p

p

?p

p

?p

DIA-1 L,E
DIft-2 H,L

BEST
ACTIVITY
IN L

BEST
ACTIVITY
IN L

COHPLEX
PATTERN

BEST
ACTIVITY
IN L

BEST
ACTIVITY
IN L

STREfiKY

BALDH-1 H,H
GftLDH-2 L.E
BEST ACTIVITY
IN L

POOR ACTIVITY
STREAKY
STREAKY

POOR fiCTIVITY
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TABLE 3.9 (Cont.)
SUPPORT PRESUMED NO.

EHZYHE TISSUE BUFFERS MATRIX OF LOCI COHHENTS

alpha-GPD

6LYDH

66PDH

6PI

BPT

BUK

beta-BUS

HBDH

HEX

HK

IDH

L
H

L
H

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

7
7

4
4

r,»
1*,4

r,<
r,4

4*,6

4*,6

6
6

4
4
4
4

7
7
7
7

7
7
7
7

4
4
4
4

9*,11

9*,11
9",11
9',9

2,4-,7
2,4*,7
2,4*,7
2,4*,7

7,ir
7,ir
11
11

ST
ST

ST
ST

ST
ST
ST
ST

ST
ST,TIT

ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

1ft
1A

1A
1A

1A
1ft
1ft
1ft

1A
3A
3ft
3fi

1ft
NS
NS
HS

NS
NS
NS
IA

Ift
NS
1A
IH

1A
2A
1ft
Ift

1ft
HS
IA
NS

1A
IA /'

Ift
1A

1ft
2ft
IA
Ifi

?p

?p

?p
p

p

p

alpha-GPD- 1 H
alpha-BPD- 2 L
BEST ACTIVITY
IN H

6LYDH -1 H
BLYDH -2 POOR

ACTIVITY

BEST
ACTIVITY
IN L

6PI-3

POOR ACTIVITY
IN ALL TISSUES

POOR ACTIVITY

BEST
ACTIVITY
IN L

HK-1 H

HK-2 H,L,E
BEST ftCTIVITY
IN H

IDH-1 M
IDH-2 L,E,H
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TABLE 3.9 (Cont.)

ENZYHE

LAP

LDH

HDH

HE

HPI

PEP (AP)
(FP)

(L6S!
<LLL)

(VAi
(LY)

PBD

P6H

PK

SDH

TISSUE

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

L
L£.H,E

L,H
L
L
L£,M

L
H
H
E

L
H
H
E

L
H
H
E

L
H
H
E

BUFFERS

1,9*

4.9*

9
9

1
I
1
1

4,?,ir
4,9.ir
9,ir
9,n*

4,ir
4,H*

11
11

4
4
4
4

4
4
4
4
4
4

6
6
&
6

4,6
4,6

6
6

I
I
1
I

r,<,7
r,4,7
4-,7
4-,7

SUPPORT
MATRIX

ST
ST
ST
ST

ST
ST
ST
ST

ST
ST,TIT
ST
ST

ST
ST,TIT
ST
ST

ST
ST,TIT
ST
ST

ST
ST
ST
ST
ST
ST

ST
ST
ST
ST

ST
ST,TIT
ST
ST

ST
ST
ST
ST

ST
ST
ST
ST

PRESUMED NO
OF LOCI

1A
IA
2A
1ft

IA
1A
2A
2ft

IA
2A
2A
NS

1A
2A
1A
2ft

IA
IA
1ft
1A

1A
Ifi
2ft
2ft
1A
3ft

1A
1ft
1ft
NS

2ft
1ft
2A
2ft

1ft
1ft ,
IA /i

1ft

1A
Ifi
NS
NS

?p
?p

p

?p

p
p

?p

COMMENTS

POOR ACTIVITY
IN ftll
TISSUES

LDH-1 H,H,E
LDH-2 H,L
LDH-3 E

HDH-l L,N

BEST
ACTIVITY
IN L
ALL VARIABLE

VARIABLE
POOR ACTIVITY

pen-i L,H

BEST IN H

BEST
ACTIVITY
IN H

POOR ACTIVITY
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TflBLE 3.9 (Cant.)

SUPPORT PRESUMED NO.
ENZYME TISSUE BUFFERS MATRIX OF LOCI COHHENTS

SOD

SUCDH

XDH

L
H
H
E

L
H

L
H
H
E

4
4
4
4

4
4

1,4*,7

1,4*,7
4*,7

4*,7

ST
ST
ST
ST

ST
ST

ST
ST
ST
ST

Ift
1A
1ft
NS

IA
1ft

1ft
2A
1ft
1ft

p
p

POOR ACTIVITY

BEST
ACTIVITY
IN L

49 ENZVHE SYSTEMS INVESTIGATED, REPRESENTING 81 PRESUtiED NUMBER OF LOCI, 23 SUSPECTED POLVHORPHIC
LOCI.
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TABLE 3.10 : Electropharesis of Golden-Lined Uhiting, S. aiaJis

ENZYHE

ftAT

BDfi

6PD

GPI

IDH

LDH

PEP (L6S)
(FPI

P6D

pen

SDK

SOD

TISSUE

L

H

L

H

H

L

L
L

L

L

H

H

BUFFERS

4»,l0

4

4

4

4

4

4
4

4

4

4

4

SUPPORT
MATRIX

ST

ST

ST

ST

ST

ST

ST
ST

ST

ST

ST

ST

PRESUHED
NO. OF LOCI COHHENTS

1ft

NS

NS

3A ?P Bpi-2, Bpi-3

NS

2fi

2A
1A ?P POOR ACTIVITY

1A POOR ACTIVITY

1A P

NS

1A

11 ENZYME SYSTEMS INVESTIBATED, REPRESENTINB 12 PRESUMED NUMBER OF LOCI, 4 SUSPECTED POLYHORPHIC
LOCI.
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TABLE 3.11 ; Electrophoresis of Yellon Fin Nhiting, Si'J/ago schoitiurgth'

SUPPORT PRESUMED
ENZYME TISSUE BUFFERS HftTRIX NO. OF LOCI COMMENTS

ftAT

w,

CAT

DIft

EST

B&PDH

6PI

IDH

LDH

HDH

HE

HPI

PEP (FP)
(L6G)
(LY)

PBD

PGH

L

n

L

L

L

H

L
H

H

H

L

H

H

L
L
L

L

L

4

8,11*

4

4*,B

4

4

8
4*,11

11

4

11

8,ir

4*.B

4,8*

4
4,8*

&

6

ST

ST

ST

ST

ST

ST

ST
ST

ST

ST

ST

ST

ST

ST
ST
ST

ST

ST

1A

2ft

1A

2fl

2A

NS

2A
3A

2A

1A

2A

Ifi

1A

2fl
2A
3A

1ft

2A

?p

?p

p

p

AK-2

POOR RESOLUTION

GOOD RESOLUTION
Dia-2 FAINT

Est-2

POOR ACTIVITY

Idh-2 FAINT

VARIABLE

BOOD RESOLUTION
GOOD RESOLUTION

BOOD RESOLUTION,
STABLE HISRfiTIDN

Pg«-2 VARIABLE

15 ENZYHES INVESTI6ATES, REPRESENTING 24 PRESUMED NUMBER OF LOCI, 4 SUSPECTED POLYHORPHIC LOCI.
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APPENDIX 4 : DETAILS OF BUFFERS, STAINS AND BIQCHEMICALS USED IN
THEIR PREPARATION

TABLE 4.1 ; Electrophoresis Buffer Recipes

TBE oH 9
ELECTROSTARCH Electrode Buffer 3.96 g Boric acid

1.64 g NaaEDTft
38.75 g Tris

to 4 1 Hilli B water

Gel Buffer

Run Conditions

as Electrode Buffer

300V for 2h, 350V for next 3h

STftRCH ESTERfiSE
ELECTROSTARCH Electrode Stock 12 g LiOH

118 g Boric ftcid
to i i Hiiii e water

EIectrode Buffer 100 nl of Electrode Stacl; Solution
to 1 1 Hilli 8 water

6el Stock 86.6 g Tris
48.4 g Citric Acid

to 1 1 Hilli B water

Bel Buffer 26 il of Gel Stock Solution
15 «1 of EIectrode Stock Solution

to 1 1 Hilli 8 Nater

Run Conditions Regulate on 35 «ft (Voltage increases
during run froa 80V to 210V),5.5h.



4.2

TABLE 4.1 (Cant.

TRIS GLYCINE pH 8.5
CELLDLOSE ACETftTE Buffer

Run Conditions

30.3 g Tris
14.4 g Blycine

to I I Hilli 0 Nater

200V,0.5 to th (depending upon the
enzye under investigation)

POULIK
ELECTROSTARCH Electrode Buffer 76.4 g Boric acid

9.6 g NaOH
to 4 1 Hilli B water

Gel Buffer 37.2 g Tris
4.2 g Citric acid

to 4 1 Hilli B Nater

Run Conditions Regulate on 35»ft (voltage increases
during run froa 80V to 210V), 5.5h.

TEB pH 7.8/HqCla
CELLULOSE ftCETftTE Buffer

Run Conditions

1.8 g Tris

1.9 g NaaEDTA
0.2 g Boric Acid

2.0 g HgCla
to 1 1 Hi Hi B Nater

200V, 0.5 to Ih (depending upon the
enzyie under investigation)

TH pH 7.8
ELECTROSTARCH Electrode Buffer 24.2 g Tris

9.2 g Haleic acid
to 2 I Hilli 0 Nater

Gel Buffer 100 •I of Electrode Buffer
to 1 1 Hilli Q water

Run Conditions 50aA, 200V, 4h.

CELLULOSE ftCETftTE Buffer 500 «l of Electrode Buffer
to 1 1 Hilli 8 water

Run Conditions 200V, 0.5 to Ih (depending upon the
enzyae under investigation)
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TABLE 4.1 (Cant.)

TEH pH 7.4
ELECTROSTARCH

CAEA pH7.2
ELECTROSTARCH

Stock Solution

to

60.55 g Tris
58.05 g Haleic Acid
18.6 g NaaEDTA
10.15 g HgCla
26.0 g NaOH
1 I Hi Hi 8 Nater

Electrode Buffer 200 *1 of Stock Solution
to 1 1 Hilli 8 Hater

Gel Buffer 20 il of Stock Solution
to 1 1 Hilli 8 Nater

Run Conditions 60V,16h.

Electrode Buffer t7.5 g Citric Acid
24 «1 ftiinoprapyldiethanolaaine

to 2 1 Hilli G Nater

Gel Buffer 50 •I of Electrode Buffer
to 500 •! Hilli B water

Run Conditions 50 ift,l&OV,4h.

CELLULOSE ftCETftTE Buffer 500 •! of Electrode Buffer
to 1 1 Hilli B water

Run Conditions 200V, 0.5 to Ih (depending upon the
enzyae under investigation)

CIT P04 pH 6.4
ELECTROSTARCH Electrode Buffer 2B.4 g Na^HPO,

10.0 g Citric ftcid
to I 1 Hilli 0 water

6el Buffer 50 «1 of Electrode Buffer
to 1 1 Hilli B water

Run Conditions 50 rft,200V,5h.
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TABLE 4.1 (Cant.

CflH pH 6.1
ELECTROSTARCH Electrode Buffer 16.8 g Citric acid

19.5 •I N-O-aiinopropyD-wrphoIine
to 2 1 Mill i B Nater

Bel Buffer 25 •I of Electrode Buffer
to 500 •! HilIi-B Nater

Run Conditions 50»A, 190V, 4h.

CELLULOSE ACETATE Buffer 500 •! of electrade buffer
to 1 1 Hilli O Nater

Run Conditions 200V, 0.5 to Ih (depending upon the
enzye under investigation)

TC pH 5.8
ELECTROSTARCH Electrode Buffer 131.2 g Tris

84.1 g Citric Acid
to 4 1 Hilli B Nater

6el Buffer 70 •I Electrade Buffer
to 2 1 Hi 11i-Q Nater

Run Conditions 50iA,200V,4h.

TABLE 4.2 : Saiple Preparation Buffer Recipes

HOH06ENUIN6 BUFFER
0.1 nl Hercaptoethanol

to 100 il 0.1 H Tris pH 8

EXTRACTION BUFFER
0.1 «l Hercaptoethanol
0.1 al Triton X-100

to 100 il 0.1 H Tris pH B



TABLE 4.3 : Staining Buffer Recipes

4.5

0.2 H Na Citrate pH 4

to
titrate to

to final voluae o<

8.4 g Citric Acid
180 •I Killi B water
pH 4 Nith NaOH
200 il Hi Hi C Hater

0.1 H ftcetate pH 5

to
titrate to

to final voluie of

5.7 il Blacial ftcetic ficid
800 •! Nilli B Nater
pH 5 Nith NaOH
1 1 Hilli B Hater

0^1 H Phosphate pH 6.7
13.6 g KHiP04

to 800 Bl Hilli 0 Mater
titrate to pH 6.7 Nith KOH

to final voluae of 1 1 Hilli 0 water

0.5 H Tris-HCl pH 7
121.1 g Tris

to 1.8 1 Hilli B Nater
titrate to pH 7 Nith cone. HC1

to final voluie of 2 1 Hilli C Nater

0.1 H Phosphate pH 7.5

to
titrate to

to final voluae of

200 «1 0.5 H NaHaPO,
800 •! Hi Hi B uater
pH 7.5 Nith NaOH
1 1 Hilli B Nater

0.2 H Tris-HCl pH 8

to
titrate to

to final voluae of

48.4 g Tris
1.8 1 Hilli G Nater
pH 8 Nith cone. HC1
2 1 Hilli O Nater

0.1 H Tris-HCl oH 8

to
titrate to

to final voluae of

24.2 g Tris
1.8 I Hilli C Hater
pH 8 Nith cone. HCI
2 1 Hilli G Nater



4.4

TABLE 4.4 : Enzye - Specific Histocheaical Staining Recipes
(•odified froa Harris and Hapkinson, 1978 and ShaN and Prasad,19701.

Note ; Pyruvate and pyrazole is included in all (oraizan stain
recipes containing NAD or. NftDP as NB found that sow
HAD contaaination occurs upon storage of stock solution of NftDP.

ftCONITASE (ACON)

cis-Aconitate solution

0.1 H HgCl,
NADP
Na-Pyruvate

Pyrazale
Isocitrate dehydrogenase
HTT
PHS
2Z ftGAR

ficonit.ate Stack Solution

cis-Aconitic acid
TRIS
0.2 H Tris-Cl pH 8

(Results in pH 8.1)

ACID PHOSPHftTASE (ftCPH)

Note; Far high pH gels, preincubate

EC 4.2.1.3

20 *1
2 il

0.5 •I
1 •!
1 *1
5 u

0.5 •I
0.2 •!
20 •I

300 ig
1 9

80 •!

EC 3.1.3.2

gel slice
for 30 iins. in 0.5 H Boric ftcid

alpha-Na-naphthyl acid phosphate 50 •q

0.1 H Acetate pH 5.0 20 •I
Fast Garnett 6BC salt (purified grade) 10 ag
21 ftGftR 20 •I
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TABLE 4.4 (Cont.)

ACID PHOSPHATftSE IftCPH) _EC 3.1.3.2
(Alternative Recipe)

Notes For high pH gels, preincubate gel slice
for 30 tins. in 0.5 N Boric Acid

4-«ethylu«belliferyl phosphate 20 ig
0.1 H Acetate pH 5.0 10 •I

Apply stain on filter paper overlay,
incubate at 37° for 30 •ins.(5-90 •ins

depending on activity). Reiove filter paper.
Vie* under long UV. To stop the reaction I

increase fluorescence, pipette a siall auunt
of ls4 awonia onto gel.

ADENOSINE DEAHINftSE (ADA) _EC 3.5.4.4

ftdenosine

0.1 H Phasphate pH 7.5
(Gently Heat)

1 H Na Arsenate
Kanthine Oxidase

Nucleaside Phosphorylase
HTT
PHS
21 AGflR

ALCOHOL DEHYDR06ENASE IftDH)

95X Ethanol
0.2 H Tris-HCL pH 8
HflD
Na Pyruvate
HTT
PHS
2X flGAR

20 ag
15 •I

0.5 •I
1 u
2 u

0.5 Bl
0.2 •!

15 •I

EC 1.1.1.I

2 •I
10 •!
8 •!
1 •!

0.5 •!
0.2 Bl
20 •I
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TABLE 4.4 (Cant.)

ftBENYLATE KINftSE (WO_EC 2.7.4.3

Glucose
ADP
0.2 H Tris-HCL pH 8
0.1 H HgCla
NADP
Na Pyruvate

Pyrazole
Hexokinase
B-6-P-DH

HTT
PHS
2Z BGftR

ftLDOLASE (ALO>

Fmctose 1,6 di-Phosphate
0.5 H Tris-HCL pH 7
1H Na ftrsenate

HAD
Na-Pruvate

Pyrazole
Triosephos. isoaerase

61yeraldehyde-3-phos.-DH
HTT
PHS
2X A6fiR

ALKflLINE PHOSPHATASE (ALKPH)

Beta-NaphthyI Phosphate
0.2 H Tris-HCl pH 8

HgS04 / KC1
Fast Garnet 6BC Salt (purified grade)
21 fl6AR

ASPfiRTATE ftHINOTRfiNSFERASE (AAT>

100 ig
50 ag
10 •!
1 •!

2.5 •!
I ll
1 »1

100 u
d al

0.5 il
0.2 »1
20 il

EC 4.1.2.13

100 «g
20 il

0.4 il
8 il
1 ll
1 «1

50 u
50 u

0.5 >1
0.2 il
20 *1

EC 3.1.3.1

25 «g
20 •I
0.5 •I

10 *q
20 *1

EC 2.A.1.1

20 el

Add just before use;
Fast Blue BB Salt (purified grade) 10 »q
2Z AGfiR 20 il
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TABLE 4.4 (Cont.)

Aspartate Aainotransferase Substrate

alpha-Ketoglutark flcid
L-Aspartic ftcid
Polyvinylpyrrolidone
Naa EDTA
Naa H PO,

M to

ASPftRTATE HHINOTRftNSFERASE (BAT)
(alternative recipe)

L-Cysteine SuHinic Acid
Pyridoxal-5'-Pho5phate

alpha-Ketaglutanc ftcid
0.2H TRIS-HCl pHB
HTT
PHS
21 SOAR

CARBON1C ANHYDRASE (CA)

Soiutian

0.292 g
1,064 g
4.000 g
0.400 g

11.360 g
400 *1

EC 2.6.1.1

40 iq
10 *g
40 ig
20 •I

0.5 il
0.2 il
20 •!

EC 4.2.1.1

Stain; 1Z broiothyol blue in pH 9-10 buffer.

Cover gel surface far 15 tins (or until gel
becaaes blue) Nith filter paper soaked in

braaothyol blue. Reiove paper and hose COz
onto the surface a{ the gel.
YelloN zones of carbonic anhydrase activity

appear against a blue background.
To slow daNn enzye activity, put gel over
a block of ice.

MTftLftSE (CAT) _EC 1.11.1.6

3X HaOa 10 •I
OR

lal of cone soln
Mater to 60 «1

Pour over gel and allan to stand for 30 sec.

Rinse gel under running uater.
Pour acidified 1.51 KI solution over gel
Decant iaaediately white bands appear

Rinse gel under running water
Photograph irediately.
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TABLE <,4 (Cant.)

CREATINE KINftSE (CK) _EC 2.7.3.2

Creatine Phosphate
ADP
Slucose

0,5 H Tris-HCL pH 7
NADP
0.1H HgCla
Hexokinase
G-6-P-DH

HTT
PHS
21 A6AR

D-flHINO ACID QXIDASE (DAHQX)

D-a«ino acid (eg. D-aethionine)
0.2H Tris-HCL pH 8
(Adjust to pH 8 Nith unbuffered
if necessary)

FAD
Peraxidase
3-aiino-9-ethyl carbazole

2Z A6AR

D-ftSPARTATE OXIDASE (DftSOK)

0-aspartic acid
0.2 H Tris-HCL pH 8
(Adjust to pH 8 nith unbuffered
FAD
Peroxidase
3-aiino-9-ethYl carbazole

21 ftGAR

DIAPHQRfiSE (DIft)

0.2 H Tris-HCL pH 8
NADH
HTT
2,6-dichlorophenol
Water

20 ig
50 ag
45 *g
10 il

1.5 •!
0.5 *1

160 u
a ii

0.5 •I
0.2 •!
20 *1

EC 1.4.3.3

200 ag
20 il

2H Tris

10 »q
10 ag
1 Bl

20 *1

EC 1.4.3.1

200 ig
10 il

2H Tris)
B »g

10 *g
1 •!

20 *1

EC 1.6.2.2

5 •!
30 *q
1 ll

0.75 •I
to 50 il
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TABLE 4.4 (Cant.)

ENOLASE (ENOL>

2-PhosphogIyceric ftcid
ADP
0.5 H TRIS-HC1 pH 7
1H HgCl,
HfiDH
Lactate dehydrogenase

Pyruvate kinase

EC 4.2.1.11

3 «g
5 «g
5 il

0.1 *1

5 «g
50 ul
30 ul

Apply an filter paper overlay.
VIEN under UV.

ESTERASE (EST)
(Carbaxylesterasel

0.1 H Phosphate pH 6.7
Esterase Substrate Solution
(alloN to reach R.T before use)
Fast Barnet BBC Salt (purified grade)

Est er ase Sub str ate Solution

ftlpha-Naphthyl ftcetate
Beta-Naphthyl Acetate
Acetone
M to

FRUCTOSE-bisPHOSPHATASE (FDP)

Fructose-l,6-diPhosphate
0.2 H Tris-HCl pH 8
0.1 H HgCIz
NADP
Na-Pyruvate

Pyrazole
Phosphaglucose Isoaerase
Glucose-fc-Phosphate DH
KTT
PHS
21 AGflR

EC 3.1.1.1

10 *1
1.5 «l

10 *g

0.5 g
0.5 g
25 *1
50 *1

EC 3.1.3.11

50 >g
20 •!
0.5 *1

1 •!
1 •!
1 Bl
5 il
3 •I

0.5 Hi
0.2 •!
20 •!



4.12

TABLE 4.4 (Cent.)

FUHflRASE (FUH)
(Fuaarate Hydratase)

Fuiaric acid
0.5 H Tris-HCL pH 7
NAD
Na-Pyruvate
Pyrazole
HDH
HTT
PHS
21 AGAR

BfiLACTOSE DEHYDROGENASE (GflLDH)

Galactose
0.2 H Tris-HCl pH 8
NAD
Na-Pymvate

Pyrazole
HT7
PHS
2X ABftR

alpha-BflLACTOSIDftSE (alpha-SftU

EC 4.2,1.2

100 aq
20 •!
4 •I
1 ll
1 •I

100 u
0.5 •I
0.2 *1
20 •I

EC 1.1.1.48

500 ig
20 il
5 il
1 ll
1 *1

0.5 »1
0.2 il
20 •!

EC 3.2.1.22

t-hethyluabelliferyl-alpha-
Galactoside 10 >g

0.2 H Na-Citrate pH 4.6 5 il

Filter paper overlay
Visualise under U.V. light
Stop reaction nith HMH.

beta-SflLACTOSIDASE (beta-BftL) _EC 3.2.1.23

4-HethylirbeUiferyl-beta-
Salactaside 5 «q

0,2 H Na-Citrate pH 4.6 10 •!

Filter paper overlay
Visualise under U.V. light
Stop reaction Nith NH,OH.
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TABLE 4.4 (Cant.)

GLUCONATE-5-DEHYDR06ENftSE <6DH)

D-Bluconate (Na salt)

0.2 H Tris-HCl pH 8
NADP
0.1 H HgCl,
Na-Pyruvate
Pyrazole
HTT
PHS

6LUCOSE-6-PHOSPHftTE DEHYDROBENfiSE

0.2 H Tris-HCL pH 8
0.25 N Slucase-i-phasphate

NADP
0.1 H HgCla
Na-Pyruvate
Pyra2ole
HTT
PHS
2 X AGAR

alj}ha-6LUCOSI DASE (al oha-GLU)

Haltase

0.1 H ftcetate ph 5
Peroxidase
GIucose Oxidase
o-Dianisidine
2X ASftR

EC 1.1.1.69

50 ig
20 *1

1 •!
0.5 •!

1 *1
1 ll

0.5 •I
0.2 •I

(S6PDH)
EC 1.1.1.49

10 »1
3 •!
1 «1

0.5 il
1 •I
1 il

0.5 Bl
0.2 •!
20 •!

EC 3.2.1.20

50 «g
20 »1
10 *g
50 u

0.4 il
20 •I
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TABLE 4.4 (Cont.)

GLUCOSEPHOSPHflTE ISOHERASE <GPI)
(61ucose-6-phosphate Isoierase)
Fructose-6-phosphate
0.2 H Tris-HCL pH 8
KflDP
0.1 H HgCl,
Glucose-6-Phosphate DH
HTT
pns
2! AGAR

beta-GLUCUROHIDASE (beta-BUS)

4-tlethyluabelIiferyl-beta-D-
Glucuronide

0.2 H Na-Citrate pH 4.6

EC 5.3.1.9

40 >g
6 il

0.2 •I
0.1 *1

1 *1
0.5 •!
0.2 •I
20 il

EC 3.2.1.31

5 *g
10 *1

Filter paper overlay
Visualise under U.V. light

Stop reaction with NH«OH.

6LUTAHATE DEHYDROSENftSE (6LUD)

Na Slutaaate
0.2 H Tris-HCL pH 8

NADP
Na-Pyruvate

Pyrazole
HTT
PHS
2 I ABftR

GLUTAHATE PYRUVftTE TRfiNSAHINftSE
(Alanine Aainotransferase)

DL alanine
alpha-ketoglutaric acid
0.2 H Tris-HCL pH 8

(Check pH of soln.)
HftDH
LBH

Filter paper overlay
Visualise under U.V. light
Counter-stain Nith pH 8 Tris /

EC 1.4.1.3

70 *g
20 •I

0.5 il
1 •I
1 ll

0.5 •I
0.2 il
20 il

16PT) EC 2.6.1.2

50 »g
50 ig
10 *1

20 «g
100 u

HTT / PHS
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TABLE 4.4 (Cont.)

5LYCERALDEHYDE-3-PHOSPHATE DEHYDROeENASE
(BA3PDH) EC 1.2.1.12

To prepare substrate:
Incubate at 37°C far 1 hour in....

Fructose-l,6"Diphosphate
0.2 H Tris-HCl pH 8
ftldolase

Then Adds
0,2 H Tris-HCl pHB
NAD
1 H Na-Arsenate

Na-Pyruvate
Pyrazale
un
PHS
2Z flSAR

BLYCEROL DEHYDROBENASE (BLYDH)

0.2 H Tris pHB
0.1 H Blycerol
NAD
Na-Pyruvate
Pyrazole
HTT
PHS
21 AGAR

alpha-fiLYCEROPHOSPHATE DEHYDROBENASE

Na glycerophosphate
NaaEDTA
0.2 H Tris-HCL pH 8
HAD
Na-Pyruvate

Pyrazole
HTT
PHS
2X MAR

50 ag
2 *1
5ul

20 •I
3 •!

0.2 •I
1 tl
1 •I

0.5 •I
0.2 *1
20 •!

EC 1.1.1.6

20 *1
5 •!
1 il
1 ll
1 •!

0.5 il
0.2 •I
20 il

(BPD)
EC 1.1.1.8

300 ig
75 »g
20 *1
1 ll
1 il
1 ll

0,5 *1
0.2 il
20 .1
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TABLE 4.4 (Cont.)

BLYCOLATE OXIDftSE (60X1
((SI-2-Hydroxy-acid Oxidase)

Blycolic Acid
0.2 H Tris-HCl pH 8
HTT
PHS
IT, AGAR

6LYCOLATE QXIDftSE (BOX)
(Alternative Recipe)

alpha-Hydroxyisocaproic acid
0.2 H Tris-HCl pH 8
Peraxidase
o-Dianisidine
2X A6AR

6LYOXALASE I (BLO D
(Lactoylglutathione lyase)

Preincubate gel slice for 40 ain

in the folloNing...
Glutathione (reduced)
0.1 H Phosphate pH 6.7

Hethylglyoxal
HTT
Then add...

0.2 H Tris-HCL pH B
DCIP

BLYOXALASE (Glo I)
(Alternative recipe)

Glutathione (reduced)
0,1 H Phosphate pH 6.7

Hethylglyoxal

EC

EC

-EC.

_EC

1.1.3.15

1 al
20 •!

0.5 •I
0.2 «1
20 •I

1.1.5.1

25 »g
20 «l
10 ag

0.4 il
20 •I

4.4.1.5

125 iq
40 *1

0.5 *1
2 •!

10 •I
5 ag

4.4.1.5

40 ig
12 al

0.5 »1

ftpply on filter paper overlay and incubate

for 40 Bins.
Reaove filter, blot gel free of

reaction aixture and add agar overlay.
ftaar overlay: lodine 1 graa

KI 3 g.
Mater to 100 *1

Use 1.3 Hi of this aixture
to 30 al 1 X agar at 45°C
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TABLE 4.4 (Cont.l

BLYOXfltflSE II (GLO ID _EC 3.1.2.6
(Hydroxyacylglutathione Hydrolase)

Blutathione (oxidised)
0.1 H Tris-HCL pH B
HAD
Hethylglyoxal
Pyrazole
Glo I
LDH
HTT
PHS
21 ftGAR

6UANINE DEfiHINftSE ISDft)

0.2 H Tris-HCL pH 8
Buanine Substrate Solution
HTT
PHS
Xanthine oxidase
21 ABAR

40 »g
15 •I
4 *1

50 ul
1 •I

50 u
30 u

0.5 «l
0.2 il
15 ll

EC 3.5.4.3

20 *1
3 il

0.5 *1

0.2 •!
10 u
20 *1

Buan i ne Sub strate Solution

Guanine
1 H NaOH

(gently heat)
HaO

BUftNYLATE KINASE (BUK)

ATP
GHP
Phosphoenalpyruvate
0.2 H Tris-HCl pH B
0.1 H HgCl,
0.5 H KC1
0.5 H CaClz
Pyruvate Kinase
Lactate Dehydrogenase
NADH
Filter paper overlay
Visualise under U.V.

to

•g
5 Bl

50 il

EC 2.7.4.8

10 ag
25 *q
10 ag
6 •!
2 •I

2 >1
0.2 •I
10 u

140 u
10 «g

Counter-stain nith pH 8 Tris / HTT / PHS
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TABLE 4.4 (Cant.)

HEXOKINASE (HK) _EC 2.7.1.1

Blucose
ATP
0.5 N Tris-HCL pH 7
0.1 H HgCl,
NADP
Na-Pyruvate

Pyrazole
6-6-PDH

HTT
PHS
21 AGAR

HEXOSAHINIDASE (HEX)
(B-N-Acetylglucosaiinidase)

NAG
(Naphthol-AS-BI-2-acetatido-

-2-deoxy-B-D-glucopyranosi de)

Hethanol (fibsolute)
(Gently Heat)

0.1 H Acetate pH 5.0
Fast Barnett 6BC Salt (Purified Brade)
2X A6AR

50 ag
40 ag
10 il
0.5 *1
1 ll
1 •!
1 *1
2 *1

0.5 il
0.2 il
20 al

EC 3.2.1.52

20 iq
10 Bl

20 *1
10 «g
20 •!

HYDROXYBUTYRftTE DEHYDROGENASE (HBDH) EC 1.1.1.30

DL-beta-Hydroxybutyric ficid

NaCl
0.5 H Tris-HCL pH 7
HAD
Ha Pymvate
Pyrazole
HTT
PHS
21 A6AR

(Note: gara-Hydroxybutyric Acid

630 ig
2B7 *q

20 *1
3 •!
1 ll
1 •!

0.5 »1
0.2 •!
20 «l

EC 1.1.1.61)
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TABLE 4.4 (Cont.)

ISOCITRATE DEHYDR06ENASE (IDH) _EC 1.1.1.42

DL-Isocitrate

0.2 H Tris-HCL pH 8
0.1 H HgCl,
NADP
Na-Pyruvate
Pyrazole
HTT
PHS
21 AGAR

LACTATE DEHYDROBENASE (LDH) _EC-1

0.2 H Tris-HCL pH 8
70 Z Na-Lactate

NAD
Pyrazole
HTT
PHS
2X ABAR

LEUCINE AHINO PEPTIDASE (LftP)
(Cytosol fiainopeptidase)
Note; For high pH gels, preincubate gel
slice far 30 tins in 0.5 H Boric Acid.

L-leucyl-B-napthylaaide
0,1 n ftcetate pH 5
Fast Black K salt

HfiLATE DEHYDROGENASE (HDH)

0.5 H Tris-HCL pH 7
1 H Na-Halate

HAD
Na-Pyruvate
Pyrazole
HTT
PHS
21 A6AR

5 al
20 •!
0,5 il

1 *1
1 Bl
1 •I

0.5 •!
0.2 •!
20 il

.1.1.27

10 *1
2 •!

2.5 •!
1 ll

0.5 al
0.2 •1
20 il

EC 3.4.11.1

40 «g
20 •!
20 ag

EC 1.1.1.37

5 al
5 »l

2,5 il
1 *1
1 il

0.5 •!
0.2 •!
20 il
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TABLE 4.1 (Cant.)

Na-L-Halate Substrate Solution

NazCO,
L-Halic acid

H20 to

HALIC ENZYHE (HE)

0.5 H Tris-HCL pH 7
1H Na-Halate
HfiDP (solid)
0.1 H HgCl,
HTT
PHS
2X AGAR

HflNNITOL DEHYDR06ENASE (HADH)

D-Hannitol
0.2 H Tris-HCl pH 8

NADP
Na-Pyruvate

Pyrazole
HTT
PHS
2X ABftR

HANNOSE PHOSPHATE ISOHERftSE (HP I)

0.2 H Tris-HCL pH 8
Hannose-d-phosphate

NADP
Na-Pyruvate

Pyrazole
Phosphoglucoseisoierase
Glucose-6-Phosphate DH
HTT
PHS
2 X ftBftR

21.3 g
26.8 g

200 ll

EC 1.1.1.40

5 •I
5 il

15 ig
0.5 il

0.5 •!
0.2 il
20 •I

EC 1.1.1.67

50 ig
20 .1
1 ll
1 •!
1 «1

0.5 »1
0.2 •!
20 il

EC 5.3.1.8

5 «1
20 *g
1 ll
1 ll
1 il
8 *1
6 *1

0.5 Hi
0.2 *1
20 »1
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TABLE 4.4 (Cont.l

PHOSPHOSLUCOHUTfiSE (P6H>

0.5 H Tris-HCL pH 7
5X Blucose-l-Phosphate
0.1 H HgCla
NflDP
Na-Pyruvate
Pyrazole
Blucase-6-Phosphate DH

HTT
PHS
2X ftGAR

PEPTIDASE (PEP)

0.1 H Phosphate pH 7.5
Peptide*
0.1 H HgCla
Peroxidase
fttino ftcid Oxidase
0-Dianisidine HCL
2 X A6AR

EC 5.4.2.2

15 •!
3 •I

0.5 «1
1 *1
1 *1
1 *1
2 il

0.5 *1
0.2 *1
20 •!

EC 3.4.11. or 3.4.13.9

15 *1
20 ig

0.5 •!

10 ig
5 ig

0.5 •!
20 il

For Pep ft d C; leu-ala

Pep B! leu-gly-gly
Pep D! leu-pro or phe-pro

Pep S,B|E,F! leu-Ieu-leu
Also try leu-tyr, ly5-leu,val-leu, etc.

PEPTIDASES

There are a na. of peptidases (see H d H)
called A,B,C|B|E(F & S in aauals, apparently
detenined by separate loci that have
characteristic but overlapping substrate
specificities. Pep D is exceptional as it
appears to be specific far dipeptides Nith
proline (or hydroxyproline) as carbaxy-
terainal aa.

LEU LED LED
LEU VAL
VfiL LEU
LEU TYR
LEU 6LY GLY

s
+++

++

+++

+

LEU-PRO/PHE-PRO -

A

+++

+++

B
++

++

+++

c

+++

D

++

E
+
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TABLE 4.4 (Cont.)

PHOSPH06LUCONATE DEHYOR06ENASE (P6D) EC 1.1.1.44

0.2 H Tris-HCL pH 8
6-Phosphogluconic acid
NADP
0.1 H HgCl»
Na-Pyruvate
Pyrazole
HTT
PHS
2 I ftBftR

PYRUVATE KINftSE (PK)

0.2 H Tris-HCL pH 8
Phosphoenolpyruvate
ABP
Fructose-l,6-diPho5phate

HgS04/KCL
HADH
LDH
Apply a filter paper overlay
VieN under U.V. light
Counter-stain Nith pH 8 Tris /

SORBITOL DEHYDROeENfiSE (SDH)
(L-Idikol Dehydrogenase)
0.2 H Tris-HCL pH 8
D-Sorbitol

NftD
Na-Pyruvate

Pyrazole
HTT
PHS
2Z AGflR

10 *1
20 iq

1 •I
0.5 •!
1 tl
1 ll

0.5 »1
0.2 ll
20 tl

EC 2.7.1,40

5 «1
B ig

10 «g
15 *g
0.5 il

5 ag
50 u

HTT / PHS

EC 1.1.1.14

20 *1
250 ig

2 •!
1 •I
1 ll

0.5 il

0.2 *1
20 il



4.23

TflBLE 4.4 (Cant.)

SUCCINfiTE DEHYDRQSENftSE (SUCDH) _EC 1.3.99.1

0.1H Phosphate pH 7.5
Na-Succinate

FfiD
HTT
PHS
2X ftGAR

XfiNTHINE DEHYDROSENftSE (XDH)

0.5 H Tris-HCl pH7
Hypoxanthine

Jystjiefore slicing gel;
Bring to the boil to dissolve
hypoxanthine. Cool to R.T.

NAD
Na-Pyruvate -

Pyrazole
HTT
PHS
21 ABftR

15 *1
100 ag
10 ig

0.5 il
0.2 il
20 al

EC 1.1.1.204

20 il
50 *g

2.5 •I
1 *1
1 ll

0.5 •!
0.2 •1
20 nl



4.2A

TftBLE 4.5 : Enzyie Stain Recipes For Cellulose Acetate

Note ; Use filter paper overlay for all stains

ADENQSINE DEftHINftSE (ADft)

0.1 H Tris-HCl pH 8
ftdenosine

Ha Arsenate

Na pyruvate
Pyrazole
Kanthine oxidase
Nucleoside phospharylase
HTT
PHS

ftLCOHOL DEHYDROBENfiSE (ADH)

0.1 H Tris-HCl pH 8

95X Ethanol
NftD
Ha Pyruvate
HTT
PHS

ALDQLftSE IflLD)

0.1 H Tris-HCl pH 8

Fructose-l,6-diphosphate
Ha Arsenate
NfiD
Na Pyruvate
Pyrazole
Triosephosphate isoierase
Blyceraldehyde-3-phosphate DH
KTT
PHS

ftSPftRTftTE AHINOTRftNSFERASE (AfiT)

ftAT Substrate Solution
Nater
Fast Blue BB Salt

EC 3.5.4.4

1 il
10 ig

0.5 •!
0.1 •I
0.1 il
0.1 u
0.1 u

0,1 •I
0.1 il

EC 1.1.1.1

1 •I
0.2 •!
0.2 •I

0.1 •I
0.1 •!
0.1 «1

EC 4.1.2.13

1 *1
10 iq
4 ul

0.2 •!
0,1 *1

0.1 •I
5 u
5 u

0.1 •I
0.1 Bl

EC 2.6.1.1

1 •!
1 ll
5 *cj
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TABLE 4.5 (Cant.)

ADENYLATE KINftSE (AK) _EC 2.7.4.3

0.1 H Tris-HCl pH 8
fiDP
GlUCOSE

HgCla
NfiDP
Na pyruvate
Pyrazole
Hexokinase
Blucose-6-phosphate DH
KTT
PHS

D-fiHINO-ACID OXIDfiSE (DftHOX)

0.1 d Tris-HCl pH 8
D-Leucine

FAD
Perasidase
3-a«int)-9-ethyl carbazole

DIftPHORASE IDIft)

0.1 H Tris-HCl pH 8 2 •!
NflDH 2 «q
DCIP 0.1 •I
HTT 0.1 •!

(Clear background after bands appear Nith 1 H HC1)

GLUCOSE-6-PHOSPHATE DEHYDR06ENASE (G-6-PDH) EC 1.1.1.49

0.1 H Tris-HCl pH 8 1 •!
Glucose-fe-phosphate 10 «g
HgCla 0.1 •I
NADP 0.2 •I
Na pyruvate 0.1 >1
pyrazole 0.1 •!
HTT 0.1 «l
PHS 0.1 •!

1
5
2

0.!
0.2

0.1
0.1

40
40

0.1
0.1

EC 1

2
20

1
1

0.1

EC 1

ll
•g
•g
I ll
»1
•I
•I

u

u

Bl
ll

.4.3.3

al

•g
•9
•g
»1

.6.2.2
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TABLE 4.5 (Cant.)

6LYCOLATE OXIDftSE (GOX)
((Sl-2-Hydroxy-acid Oxidase)
0.1 H Tris-HCl pH 8
Slycolic acid
Ha pyruvate
Pyrazole
HTT
PHS

BLUCOSE-PHOSPHftTE ISOHERftSE (GPI)
(Blucose-6-phosphate Isoaerase)
0.1 H Tris-HCl pH 8
Fructase-A-phosphate

HgCla
NADP
Na pyruvate
Pyrazole
Blucose-6-phasphate DH
HTT
PHS

HAEHOGLOBIN

EC 1.1.3.15

1 »1
5 ag

0.1 *1
0.1 •!
0.1 •I
0.1 •!

EC 1.1.1.49

1 il
2*0

0.1 *1
0.2 il
0.1 •!
0.1 •I

4 u
0.1 *i
0.1 •!

Float gel-side-doNR in a 11 solution of aiido black till protein

bands disappear
Destain in several Nashes of fixative

HYDROXYfiCYL COENZVHE A DEHYDRQGENASE (HADH) EC 1.1.1.35

0.1H ficetate pH 5 0.2 •!

ftcetoacetyl CaA 0.6 •I
NftDH 2 *g
Visualize under U.V. light

ISOCITRATE DEHYDROGENASE (IDH) _EC 1.1.1.^2

0.1 H Tris-HCl pH 8 i il
DL-Isocitrate 0.5 •I
NflDP 0,2 «l
HgCla 0.1 ll

Na pyruvate 0.1 •I
Pyrazole 0.1 •!
KTT 0.1 •I
PHS 0.1 •!
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TABLE 4.5 (Cant.)

LACTATE DEHYDROGENftSE (LDH) __EC 1.1.1.27

0.1 H Tris-HCl pH 8 1 •I
70 X Na Lactate 0.2 •!
NfiD 0.1 il
Pyrazole 0,1 •I
HTT 0.1 •!
PHS 0.1 •I

HALATE DEHYDR06ENASE IHDH) _EC 1.1.1.37

0.1 H Tris-HCl pH B 1 •!
Na Hal ate 0.2 •I
NAD 0.1 *1
Na pyruvate 0.1 •I
Pyrazole 0.1 •!
KTT 0.1 .1
PHS 0.1 il

HALIC ENZYME IHE) _EC 1.1.1.40

0.1 H Tris-HCl pH 8 1 •I
Na-Halate 0.2 •!
NADP 0.2 •!
HgClz 0.1 •I
Na pyruvate 0.1 •I
Pyrazale 0.1 •!
HTT 0.1 •!
PH8 0.1 •!

HANNOSE-PHOSPHftTE ISOHERftSE (HPI) _EC 5.3.1.8

0.1 H Tris-HCl pH 8 1 •!
Hannose-6-phosphate 5 «g
NADP 0.2 *1
HgCla 0.1 ll
Na pyruvate 0.1 •I
Pyrazole 0.1 «l
Glucose-phosphate isoaerase 8 u
Glucose-6-phosphate DH 6 u
HTT 0.1 •I
pns 0.1 «i
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TABLEA5. (Cant.)

PEPTIDASE (PEP) _EC 3.4.11

0.1 H Phosphate pH 7.5 1 il
Dipeptide (FP or PL used) 5 »g
O.lHHgCl, 0.1 tl
PeroKidase 2 iq
ftaino acid oxidase 1 •q
o-Dianisidine 0.1 il

PHOSPHOSLUCONATE DEHYDROGENASE (PGD) _EC 1.1.1.44

0.1 H Tris-HCl pH B 1 •I
6-Phosphogluconic acid 5 »g
NflDF 0.2 il
HgCla 0.1 Bl
Ha pyruvate 0.1 •!
Pyrazole 0.1 *1
HTT 0.1 *1
PHS 0.1 •!

PHOSPHOGLUCOHUTASE (PBH) _EC 5.4.2.2

0.1 H Tris-HCl pH 8 1 •!
Glucase-1-phosphate 15 «g
HADP 0.2 •I
HgCl, 0.1 •!

Na pyruvate 0,1 •I
Pyrazole 0.1 «1
Blucose-fc-phosphate DH 2 u
HTT 0.1 •!
PHS 0.1 »1
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TABLE 4.6 ! Stock Solutions Used In Enzye-Specific Stain Recipes

SOLUTION

ficetoacetyl Caft

o-Dianisidine

2,6-DichIorophenol

61ucose-6-phosphate Dehydrogenase

HgCli

HgCla / KC1

HTT

NAD

NftDP

Na-Arsenate

Ha-Pyruvate

Phosphoglucoseisoaerase

PHS

Pyrazole

Fixative

Hethanol : ftcetic acid : Nater

CONCENTRftTION

2.5ag/il

lOig/il

5*g/.l

lOu/il

2g/100*1

Ig each/25il

10»g/1.5*1

lg/100.1

Ig/lOOil

IB.ig/lOOal

Sg/lOOal

lOu/il

lOag/il

5g/100al

Ratio 4 ! 1 : 5
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TABLE 4.7 : Biocheaicals and Other Products Used in This Investigation

BIOCHEHICflLS!

cis-ACDNITIC ACID
ftDENOSINE
ftDENOSINE DEftHINftSE
ADENOSINE S'-DIPHOSHATE
ADENOSINE 5--TRIPHOSPHATE

A-7251
102075
A-0387
ft-6521
A-5394
A-6144

ABftROSE IEF £-17-Ot6B-01
DL-ALANINE
L-ftLftNINE
L-ALANYL-L-PROLINE
ftLDOLASE

L-AHIHO ftCID OXIDASE
gaMa-ftHINO-n-BUTYRIC ACID
3-AHINO-9-ETHYL-CARBft!(M.E
L-ftRSIHINE
D-ftSPARTIC flCID
5-BROHO-2'-DEOXYURIDINE

p-BROHOPHENOL
BROHOTHYHOL BLUE
CftRBANYL PHOSPHATE
CREATINE
CREATINE PHOSPHATE
L-CYSTEINE SULFINIC ftCID
CYTIDINE
CYTIDINE 5'-TRIPHOSPHATE
Pl,P5-DI(ADENOSINE-5--)PENTflPHuSPHftTE
3,3--DIAKINOBENZIDINE
o-DIfiNISIDINE
2,6-DICHLOROPHENOL-IODOPHEHOL
L-beta-3,4-DIHYDROXY-PHENYLALANINE
BL-DITHIOTHREITOL
FAST BLUE BB SALT Purified 6rade !
FAST 6ARHET BBC SALT Purified Brade :
FLftVIN ftDENINE BINUCLEOTIOE (FftD)
FLUORESCEIN DIACETftTE
D-FRUCTOSE-l,6-DIPHOSPHATE

Nft2+ Salt!
Nti4+ Salt:
NH4+ Salt:

D-FRUCTOSE-6-PHOSPHATE
FUHARIC ACID
D-GALACTOSE
D-BALACTOSE-6-PHOSPHftTE
alpha-D-BLUCOSE-1-PHOSPHATE

D-6LUCONIC ACID
D-BLUCONIC ACID LACTONE
BLUCOSE OXIDASE

ft-7502
ft-7&27
h-3253
A-6253

£-102652
ft-9253
ft-2129
A-5754
A-500&
A-8881

B-5002
B-8502
B-0128
C-5&25
C-3630
C-&507
C-B3BO
C-9505
C-1759
D-4022
D-8126
D-3252
D-1B78
D-S628
D-0632
F-3378
F-6504
F-6625
F-5502

£-750-1

£-752-1

F-0752
F-3627
F-5&27
B-0750
6-1625
6-1259
6-7000
6-9005

B-9005
6-6500

(Sigaa)
(Baehringer)
(Sigu Type HI)
(Sigaa)
(Sig>a)
(Sigia)
(Phanicia)
(Sigia)
(Sigia)
(Sigia)
(Sigaa Type I)
(Boehringer)

(Sigia)
(Sig»a>
(Sigaa)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigia)
(Sigaa)
(Sigia)
(Sigaa)
(Sigu)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigaa)
(Sign)
(Sigia)
(Sigaa)
(Sigaa)

(Sigia)
•

II

(Sigaal
(Sigw)
(Sigia)
(Sigaa)
(Sign GRADE VI)
(Sigia GRADE 111)
(Sign 6RADE IX)
(Sigaa)
(Sigaa TYPE V)
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TABLE 4.7 (Cant.)

D-GLUCOSE-6-PHOSPHflTE
GLUCOSE-6-PHOSPHftTE DEHYDROBENASE

D-GLUTAHIC ACID
L-6LUTBNIC ACID
L-BLUTftHIC DEHYDROGENftSE
BLUTftTHIONE OXIDIZED FORH;

REDUCED FORH;

B-7879
G-B878
B-7878
e-iooi
G-1&26
G-2501
B-4501
B-4251

(Sigia)
(Sigia)
(Sigaa)
(Sigia)
(Sigaa)
(Sigia TYPE I>
(Sigia)
(Sigaa)

GLYCERALDEHYDE-3-PHOSPHfiTE DEHYDROBENASE
B-5126 (Sigia)
6-0763
B-8380

DL-alpha-SLYCEROPHOSPHATE
alpha-BLYCEROPHOSPHATE DEHYDROBENASE
6LYOXALASE I
BLYCOLIC ACID
BLYCYL-L-LEUCINE
BUftNINE
6UANOSINE S'-HONOPHOSPHORIC ACID
HEXOKINASE
DL-alpha-HYDROXYBUTYRIC ACID
DL-beta-HYDROXYBUTYRIC ACID
DL-gara-HYDROXYBUTYRIC ACID
DL-alpha-HYDROXY-ISOMPROIC ACID
5-HYDROXYTRYPTftHINE
HYDROXYLftHINE
HYPOXfiNTHINE
INOSINE
ISOCITRATE DEHYDROGENftSE
DL-ISOCITRIC ACID
alpha-KETOBLUTARIC flCID
alpha-KETOVftLERIC ACID
LACTftTE DEHYDROGENftSE

U+iLfiCTIC ACID
D-LEUCINE
L-LEUCINE-beta-NAPHTHYLftHIDE HCL
L-LEUCYL-L-ALANINE
L-LEUCYLGLYCYL-6LYCINE
L-LEUCYL-L-LEUCINE
L-LEUCYL-L-LEUCYL-L-LEDCINE
L-LEUCYL-L-TYROSINE
L-LEUCYL-L-VALIHE

L-LYSINE
L-LYSYL-L-LEUCINE

HftLIC DEHYDROSENftSE
D-HANNOSE-6-PHOSPHATE

Disodiua Salt:
Bariua Salt :

D-HETHIONINE
4-HETHYLUHBELLIFERYL flCETOTE
4-HETHYLUHBELLIFERYL-alpha-D-eftLftCTOSIDE

4-HETHYLUHBELLIFERYL-beta-D-BfiLACTOSI DE H-1633

B-6126
G-6751
B-4252
e-iBM
B-2002
G-0381
B-B377
H-5625
H-1253
H-6501
H-3&35
H-9251
H-5755
H-9876
H-9377
1-4125
1-2002
1-1252
K-1750
K-2625
L-1254

£-127230
L-2000
L-7750
L-0376
L-9250
L-9750
L-2752
L-0879
L-0501
L-1377
L-5501
L-1879
H-9004

H-6876
H-8754
H-9375
H-0883

H-7633

IE H-1633

ISigaa)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigia)
(Signal
ISigaa)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigia)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigaa)
(Sigia)
(Sigaa)
ISigaa)
(Boehringer)
(Sigaa)
(Sigaa)
(Sigia)
(Sigta)
ISigia)
(Sigaa)
(Sigia)
(Sigaa)
(Sigaa)
(Sigaa)
ISigaa)
(Sigaa)

(Sigia)
(Sigaa)
(Sigaa)
(Sigaa)

(Sigaa)
(Sigaa)



4.32

TflBLE_<.7 (Cont.l

4-HETHYLUHBELLIFERYL-beta-D-GLUCUROHIDE H-9130 (Sigaa)
4-HETHYLUHBELLIFERYL-beta-D-BLUCOSIDE H-9766 (Sigaa)
<-HEHTYLUHBELLIFERYL-N-ACETYL-beta-D-6ALACTOSflHINIDE

H-9129 (Sigia)
4-HETHYLUHBELLIFERYL PHOSPHfiTE H-8883 (Sigaa)
4-KETHYLUHBELLIFERYL SULFATE H-7133 (SigM)
HTT (TETRAZOLIUH SftLT) H-2128 (Sigaa)
alpha-NAPHTHYL ACETATE N-&750 (Sigw)
beta-NftPHTHYL ACETATE N-6875 (Sigaa)
alpha-NflPHTHYL ACID PHOSPHftTE N-7000 (Sigaa)
NAPHTHYL-AS-BI-ACETYL-beta-D-GLUCOSfiHINIDE

H-400&
alpha-HflPHTHYL BUTYRftTE
alpha-NftPHTHYL PHOSPHATE
beta-NAPHTHYL .PHOSPHATE
HITRO BLUE TETRftZOLIUH
beta-NIEOTINftHIDE ftDENINE DINUCLEOTIDE

(Sigaa)
(Sigaa)
ISigaa)
(Sigia)
(Sigaa GRADE HI)
(Sigia)
(Sigaa)

beta-NICOTINftNIDE ADENINE DIHUCLEOTIDE
Reduced Fon; N-8129 (Sigia)

beta-NICOTINftHIDE fiDENINE DINUCLEOTIDE PHOSPHATE
N-0505 (Sig.a)

N-8000
N-7255
N-1132
N-6B7&
N-73B1
N-7004

NUCLEQSIDE PHOSPHATE
L-ORNITHINE-HC1
OXftLACETIC ACID
PEROXIDASE
PHARHALYTE (pH3-10)
PHENAZINE HETHOSULFftTE
PHENOLPHTHALEIN DIPHOSPHftTE
D-PHEHYLftLANINE
L-PHENYLftLANYL-L-LEUCINE
L-PHENYLftLANYL-L-PROLINE
L-PHENYLftLftNYL-L-TYROSINE
L-PHENYLALANYL-L-VftLINE
p-PHENYLENEDIflHIHE
PHOSPHOCREftTINE
PHOSPHO (ENOLl PYRUVATE
6-PHOSPHOGLUCOHIC ACID

PHOSPH06LUCOSE ISOKERASE

D(*)2-PHOSPH06LYCERIC ftCID
D(-)3-PHOSPH06LYCERIC ACID
PIPES (pH range 6.1 to 7.5)
L-PROLINE
L-PROLYL-L-LEUCINE

L-PROLYL-L-PHEHYLALAHINE
PYRAZOLE
PYRIDO!(AL-5'-PHOSPHATE
L-PYROGLUTAHIC ACID
PYRUVATE KINASE

PYRUVIC ACID

£-107956
0-2375
0-412&
P-8000

17-0456-01
P-9625
P-9875
P-1751
P-3876
P-6258
P-4876
P-5001
P-6001
P-6502
P-7252
P-6888
P-7877
P-5381
P-9010
P-0257
P-B627

P-6757
P-0380
P-1150
P-1505
P-2646

P-9255
P-3&34
P-1381
P-913&

£-128155
P-2256

(Boehringer)
(Sigaa)
(Sigaa)
(Sigia)
(Pharaacia)

(Sigaa)
(Sigaa)
(Sigia)
(Sigaa)
(Sigia)
(Sigaa)
(Sigia)
(Sigia GRADE ID
(Sigaa)
(Sigaa)
(Siqia 6RADE HI)
(Sigia SRftDE IV)
ISigaa TYPE HI)
(Siqia TYPE Xl
(Sigaa)
(Sigia)
(Sigaa)
(Sig»a)
(Sigia)
ISigaa)
(Sigaa)
(Sigia)
(Sigaa)
ISigaa TYPE D
(Sigaa TYPE HI)
(Boehringer)
(Sigia)
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TftBLE 4.7 (Cant.)

SUCCINYLCHOLINE CHLORIDE
TAURINE
THIAHINE HCl
D(+)TREHftLOSE DIHYDRATE
TRIQSEPHOSPHATE ISOHERftSE

TRIS:SI6HA 7-9 BIOCHEHICftt BUFFER
L-VALYL-L-fiLAHINE
L-VALYL-L-LEUCINE
XANTHINE OXIDftSE

S-8251
T-0625
T-4625
T-5251
T-2391
T-2507
T-1378
V-1250
V-1625
X-1875
X-4875

ISiqea)
(Sigea)
(Sigaa)
(Sigaa)
(Sigu TYPE
(Sig»a TYPE
(Sigaa)
(Sigea)
(Sigaa)
(Sigaa GRADE
(Sigaa GRADE

Ill)
I)

I)
IVI

COMPUTING;

APPLE PC
HfiINFRflHES

PLOTTER
PRINTER

2+ , 2e
CYBER 170
VAX 11/785
HP1000 (Graphtec)
EPSON FX80+

DISPOSftBLES

l.Bal NUNC CRYOTUBES
1.5al HICROCENTRIFUGE TUBES

ELECTROPHORESIS SUPPORT HEOIfti

AHPHOLINE PA6 PLftTES
CELL06EL
ELECTROSTARCH

TITAN III PLATES

REFRIGERftTIOH

CRYOBENIC REFRIBERftTORS

PHOTOGRAPHY!

DEVELOPER
PHOTOS
TECHNICftL PAN FILH
COLOUR SLIDE FILH

POHER SUPPLIES:

HEftTHKIT
PHARHACIA

VOLTHOUR INTEGRATOR

3-63401 (Hedos)
96.2494.4.001 (Hedos)

1804-101 (LKB)
CHE-038 (EdNards)

Lot No.392 (Electrostarch Co.

Hadison,Wisconsin
...no longer available)

3024 (Helena)

35VHC ITaylar-Nhartonl

D19 (Kodak)
(ColorPro)

2415 (Kodak)
640-T (3H)

SP-17A (Schluabergerl
EPS 500/400 (Pharaacia)
EPS3000/150

VH-l
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APPENDIX 5: NOTES ON PROGRAMS USED IN STATISTICAL ANALYSIS OF
ELECTROPHORETIC DATA.

Felsenstein's PHYLIP, PhyloQenv Inference Package tVersion 2.8)

(froa PHYLIP Dacuaentation).

Three types of prograis Nere used in our analyses, one for gene frequency data
calculated fra« starch gel electrophoresis of polyorphic loci (CONTHU, one for distance
•atrices calculated froa the gene frequency data (FITCH), and one for discrete characters

scored fraa isaelectric focusing gels (NIX),

CONTHL (continuous character aaxiaua likelihood prograa) uses gene frequencies to
construct estitates of the •axi«u« likelihood evolutionary tree under the folloning

assuiptions:
1. Different lineages evolve independently;
2. After INO lineages split, their genetic drift proceeds independently;
3. Each gene frequency changes by genetic drift;
4. Different laci drift independently.

Input Foraat;

(5 spaces) No. of Populations (5 spaces) No. of Loci
No. of ftlleles at each Locus Sin order Nith a space between each)
Population Naie (9 characters or less) Allele frequencies linus one (in order Nith a

space between each datua).
The prograi treats the input as gene frequencies at a series of loci, and square root

transfor«s the allele frequencies, constructing the frequency of the aissing allele at

each locus first.

Output Foraat;
The topology of the tree is given by an unrooted tree diagraa. The lengths (in

expected aaaunts of variance) are given in a table beloN the topology, and a rough
confidence interval given for each length. Negative lower bounds on length indicate that
rearrangeaents aay be acceptable at this point in the tree (indicated by a dotted line in
dendragraas plotted using CONPLOT). The units of length are auunts of expected
accuKilated variance. The log likelihood (natural lag) of each tree is given, as is the
nuafaer of topologiw tried. The log likelihood alloNs a likelihood ratio hypothesis test
(Sokal and RohH, 1981 pp.695-69&>.

FITCH (Fitch-Hargoliash and Least-Squares Distance Methods)
deals Nith data which coaes in the fort of pairNise distances betneen all pairs of taxa.

In analysing these data, the pragraa iiplicitly assuaes!
1. Each distance is aeasured independently fro* the others: no itea of data contributes

to tore than one distance;
2. The distance between each pair of taxa is drann (ro» a distribution nith an

expectation which is the SUB of values (in effect, aaounts a< evolution).
These IND assuaptions are dubious in the case of genetic distance frai gene frequency

data since additivity or independence Nill not be expected to be true. Therefore, CONTHL
is tore appropriate. HoNever, if genetic drift is the aechanisn of divergence, additivity
holds and FITCH Nill not give positively aisleading results ti.e. nill not •ake a

statistically inconsistent estiaate).
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The branch lengths of the tree are unconstrained (by tiie).

Input Foraat:

(5 spaces)No. of Populations
Population Na»e (9 characters or less) folloNed by the set of distances to all other

populations,

Output Foraat;

The output consists of an unrooted tree and the lengths of the interior segaents.
The SUB of squares and average percent standard deviation is given, as Nell as the nuaber
of trees exaiined.

MIX dixed aethod parsiwny)
carries out the Nagner and Caain-Sokal parsitony •ethods, as specified for each discrete

character. The prograa defaults to carrying out Wagner parsiaony,
The two lethods assuae;

1. Ancestral states are known (Caiin-Sokal) or unknonn (Hagner).

2. Different characters evolve independently.
3. Different lineages evolve independently.
4. Changes 0 to 1 are acre probable than 1 to 0 (Caain-Sokal) or equally probable

(Wagner I.
5. Both of these kinds of changes are 'a priori' iaprobable over the evolutionary ti»e
spans involved in the differentiation of the group in question.

6. Other kinds of evolutionary event, such as retention of polyorphisa, are far less
probable than 0 to 1 changes.
7. Rates of evolution in different lineages are sufficiently ION that two changes in a
long segient of the tree are less probable than one change in a short segaent.

Input Foraat:
(5spaces)Na. of Species(5 spacesiNo. of Characters
Species Naae folloNed by the set of character states Nithout a space betneen each.

AlloNable characters states are "O", "I", "P", "B' and •?".

The data are coded into a series of INQ state characters ("O" or "I"), polyorphisas
are indicated by "P"; if both characters are present this is indicated by "B"; aissinq

data is indicated by '?", Nhen the state is unknoNn or does not apply.

Output Fonat:
The tree is printed out as either rooted or unraoted, depending upon Nhich is

appropriate, folloNed by a table of the nuiber of changes of state required for each

character. Nith the Nagner option, it aay not be possible to unaabiguously locate places
on the tree Nhere changes occur, as there lay be aultiple possibilities, ft table is
printed out after the last tree, shoNing for each branch Nhether there are knoNn to be

changes in the branch.
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APPENDIX 6 : DESCRIPTION OF ENZYME BANDING PATTERNS FOR THE
POLYMORPHIC LOCI USED IN DISCRIMINATION OF STOCKS OF WHITING SPECIES

ALCOHOL DEHYDR06ENASE (ADH) EC I.1.1.I

ADH NBS exaained in extracts of liver tissue, and aigrates cathodally in CAH pH &.1
buffer.

Subunit Structure : diaer.

Banding Pattern ; single band in lonaaarphic fish (with a single cathodal sub-band
soaetiaes present); heterozygotes for the scared 'b' allele did not always shoN the

expected 1:2;1 activity ratios expected for a diaeric protein.
Variation Nas detected for;

S. bissensis flisdersi - 5 alleles, c (coiion), b (•ay represent •ore than one allele,
cluaped for statistical purposes), a, d d e (rare).

Figure 6.1 shows the observed banding patterns for S, bassevsis flisdtrsi.

ftSPflRTftTE AHINOTRfiNSFERASE (ftATI EC 2.6.1.1

Aat-2 NBS exaained in extracts of liver tissue, and aigrates anodally in CAN pH6.1

buffer.
Subunit Structure : diaer
Banding Pattern ; single band in •anaaorphk fish (nith one or INO anodal

sub-bands); heterozygaus individuals Bay or aay not resolve into 3 clear bands (the
expected pattern for a diaeric protein).

LDN frequency variation Nas detected far;

S. Aasseasi? findersj - 3 alleles, b (coron), ale (rare).
S. bssse^sis bsssensis - 2 alleles, b (couon), a (rare).

Figure 6.2 shoNS the observed banding patterns for S, bisseisis bassevsis and for S.

bisse^sis flindersi.
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6LUCOSE-PHOSPHATE ISQHERASE (6PI) EC 5.3^1^.

A aultilocus systea, 6PI has been reported as 2 loci in •ost fish Nith an hybrid
heteropolyer zone of activity (Avise, 1973). HoNever, the banding pattern observed in
Nhiting species does not necessarily fit this hypothesis (see note belaw). For this

reason, 6PI has been interpreted here as representing 3 loci.
6PI was exaained in extracts of luscle tissue, and all loci aigrate anodally in

Poulik buffer.

Subunit Structure ; diner (•onaierk pattern for 6pi-2).
Banding Pattern ; Gpi-l is the aajor •uscle coaponent of this enzye. Hanoaorphic

fish show a single band »ith 2 anodal sub-bands appearing soon after; heterozygotes
showed 3 bands (with one or txo anodal sub-bands).

LON frequency variation was detected for;
S. bissefsis bfsstnsis - 3 alleles, b tcaaian), ate (rareli
S. bissetsis fJi'idtrsi - 3 alleles, b (coiton), ate (rare) j

S. punctata - 2 alleles, b (coHon), » (rare) i
S. rabusta - 2 alleles, a (coMon), b (rare);

6pi-2 shaKS a single band in •onoiorphic fish; "heterozygotes"

showed 2 bands.
LON frequency variation Has detected for!

S. bsssensis bssstnsis - 3 alleles b (coHon), ate (rare)i
S. bassensis ilisdersi - 6 alleles, c (cDiion), a,b,d,e t ( (rare);

S, punctita - 2 alleles, b (coawn), a (rare);
S. robusti - 3 alleles, b (conan), ale (rare);

6pi-3 shows a single band in lanoaorphic fish (Nith one or tNO

anodal sub-bands present in soae saiples); heterozygous individuals Nith alleles 3 M

apart do not resolve into visible bands; other heterazygotes showed 3 hands.

LON frequency variation detected for:
S, basseisis bsssevsis - 3 alleles, b (coron), ate (rare) i

S, bassensi? fh'idersi - 6 alleles, c (coiion), a,b,d,e I f (rare);
S. pusctata - 3 alleles, c (caMon), a I b (rare);
S, robusia - 3 alleles, b (coron), a t c (rare);

Figures &.3 to 6,6 shows observed banding patterns for S. bisstnsis bassessis, S.
bas5e»ii5 fIiRdersi, S. puac(ata and S. robusta.

Note The banding pattern expected to fit the hypothesis that 6pi-2 is actually an hybrid
heteropolyer Nould be a single band Nhen Gpi-1 and 6pi-3 are hoiozygous, 2 bands Nhen
either Gpi-l or 6pi-3 are heterozygous, and 3 bands Nhen both Bpi-1 and Gpi-3 are

heterozygous.
HoNever, Nhen an heterozygous pattern appears at one or other at the fast or slon

locus, one or INO bands •ay be seen at the aiddle zone af activity. Conversely, Nhen
hoMzygous patterns appear at bath the fast and sloN loci, again one or tno bands «ay be
seen at the aiddle zone of activity, ft 3-banded pattern at 6pi-2 NBS not observed.
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SLUTftHATE-PYRUVATE TRANSAHINftSE (6PT) EC 2.6.1.2

GPT Nas exaained in extracts of liver tissue, and aigrates anodally in Paulik buffer.
Subunit Structures tonoaer.
Banding Pattern ; single band in lonoaorphic fish; heterzygotes shoNed 2 bands.
Variation NBS detected (or:

S. puacfata - 3 alleles b or c (coron), a (rare).

Figure 6.7 shows the observed banding patterns far S. punctati.

ISOCITRATE DEHYDR06ENASE (IDH) EC 1.1.1.42

Idh-l NBS exaained in extracts of •uscle tissue, and aigrates anodally in CftH pH6.l

buffer.
Subunit Structure ; diaer
Banding Pattern : single band in aonoaorphic fish; heterozygotes show 3 bands

typical of a diieric protein.
Variation NBS detected for!

S. robusta - 2 alleles, a I b.

Figure 6.8 shoNS the observed banding pattern for S. rofcusta.

HfiNNOSE-PHOSPHATE ISOHERftSE (HPI) EC 5.3.1.8

HPI Nas exaained in extracts of auscle tissue and aigrates anodally in bath CftH pH6.1

and Paulik buffers.
Subunit Structure : •anoaer
Banding Pattern ; single band in lanoaorphic fish (with a single sub-band present

in CAM pH&.l); heterozygotes shaN tNO bands.
Variation Nas detected for:

S. bassevsis fliBdern - 5 alleles b & c (canon), a, d, e (rare)
S. rabusii - 5 alleles d (cafon), a, b, c, and e (rare)

Figure 6.9 shoNS observed banding patterns of S. bassessis ilindersi, and S. robusta.

PEPTlDflSE-PL (PEPC) EC 3.4.11

PepC was exaained in extracts of liver tissue and aigrates anodally in CAM pH6.1
buffer.

Suhunit Structure : aonoaer
Banding Pattern : single band in •onaaarphic fish; heterozygotes aay ar •ay not

resolve into 2 clear bands (the expected pattern for a lonoieric protein).
LON frequency variation Nas detected for;

S. bisseisis bissensis - 3 alleles b (canon) ale (rare)
and S. basstisis fJndersi, but due to the very ION frequency of heterozygotes, Nas not

used for statistical analysis.

Figure 6.10 shoNS observed banding pattern for S. bassensis bassefsis.
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PHOSPH06LUCOHUTASE (PGH1 EC 5.4.2,2

P6H Nts exaained in extracts of auscle tissue and ngrates anodally in Poulik buffer.
Subunit Structure ; •onoaer
Banding Pattern : single band in aonoaarphic fish, heteroiygotes shoN 2 bands

typical of that expected for a aonoieric protein.
Variation NBS detected for:

S. robusti Pg«-l - 5 alleles b d c (coron), a, d d e.

S. puncfata Pga-1 - 3 alleles b (coron), ate.
Pgi-2 - 4 alleles b (conon), a, c d d.

Figures A.11 I 6.12 shDN the observed banding patterns for S. robusia and S.

puactata.

6-PHOSPH06LUCONATE DEHYDROBENftSE (P6D) EC 1.1.1.44

PGD NBS exaained in extracts of liver tissue and aigrates anodally in CAN pH&.l

buffer. It Nas found that use of the neNly-aquired Pharaacia constant poNer supply (under
conditions of constant current) stabilized (to a large extent) the Harping of this
enzye's aigration.

Subunit Structure : diier
Banding Pattern ; single band in •onoaorphic fish; heterozygotes (occasionally

atypical) Nere of a 3-banded pattern.
Variation Kas detected for;

S. bassevsis ilivdersi - 4 alleles, a & b (coaion), c d d (rare).
S. puncfata - 2 alleles, a (coron) 1 b.

Figure 6.13 shoNS observed banding patterns tw S. bassefisis flindtrsi and S.
punctata.

SORBITOL DEHYDRQBENftSE (SDH) EC 1.1.1.14

SDH Nas exaained in extracts of liver tissue and ligrates anodally in Poulik buffer.

Subunit Structure ; Tetraaer
Banding Pattern : single band in lanoaorphic fish (Nhich Dccasionally sub-bands

anodally); heterozyous individuals lay or •ay not resolve into 5 clear bands (as expected

for a tetraieric protein).
Variation cas detected for;

S. robusta - 3 alleles a and b (cotion), k c.

Figure 6.14 shoNS observed banding patterns for S. robusta.
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-ve

••

ac b be c bd cd ce

Figure 6.1 : Observed banding patterns and genotypes designated
far ftdh-1 (EC 1.1.1.11 froa S. bsssensis ilindtrsi

+ve

ab b ab b be

Figure 6.2 : Observed banding patterns and genotypes designated
far ftat-2 (EC 2.6.1,1) fro» S. bsssasis bassessis
and S, bissnsis i linger si, respectively.

+ve

Bpi-3 b b b ab abbc be b b
Gpi-2 b ab be b ab b be b b
Bpi-1 b ab be b b b b ab be

Figure <sA '- Observed banding patterns and genotypes designated
for GPI (EC 5.3.1.9) froa S. btssensis bissensis.
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+ve

® ® •

Gpi-3
Bpi-2

Gpi-1

Eiayre^

c

c

b

&.4 !

c

be

ab

c

c

ab

Observed

ac

ac

b

ba

c be cd ce ce ce c
ce be cd c ce cd cf

be bbb b bb

Observed banding patterns and genotypes designated
for GPI (EC 5.3.1.9) froa S. btssiisis ilindtrsi.

+ve

Gpi-3 b b b ab ab be b
Bpi-2 b b be ab b be be
Bpi-l a ab ab a a a a

Figure 6.5 ; Observed banding patterns and genotypes designated
far BPI (EC 5.3.1.9) froa S. rsbitsti.

+ve

• •

Bpi-3 eec
Bpi-2 b b ab
6pi-l b ab ab

c be ac ac
ab ab b ab
b b b b

Figure 6.6 ; Observed banding patterns and genotypes designated
for 6PI (EC 5.3.1,9) froi S. pmtafa.
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+ve

• •

a b be c

Figure 6.7 ; Observed banding patterns and genatypes designated

for 6PT (EC 2.6.1.2) froa S. punctita.

+ve

a ab b

Figure 6.8 : Observed banding patterns and genotypes designated
for IDH (EC 1.1.1.42) froa S. rotiusta.

+ve

ab ac b be c bd cd be ce ad bd cd d de

Figure 6.9 ; Observed banding patterns and genotypes designated
far ?1 (EC 5.3.1.8} froa S. b»sseisis flisdtrsi
and S. robusts, respectively.

+ve

ab b be

Figure 6.10 ; Observed banding patterns and genotypes designated
for Pep C (PL) (EC 3.4.11) froa S. iassensis bassensis.



6.8
+ve

® ®

Pga-1 ab ac b be c bd be cd ce

Figure 6.11 : Observed banding pitterns and genotypes designated
for P6H (EC 5.4.2.2) froa S. rofcusta

+ve

Pqa-2 ab b be bd ab be ab
Pga-1 ab b he b b b be

Figure &.12 ; Observed banding patterns and genatypes designated
for P6H (EC 5.4.2.2) froa S. puictaia.

+ve

a ab b be ac ad a ab b

Figure &.1I : Observed banding patterns and genotypes designated
for P6D (EC l.l.l.W froa S. bisse^sis ilindirsi

and S. puictata, respectively.

+ve

•'-•

a ab ac b be

Fiaure 6.14 ; Observed banding patterns and genotypes designated
for SDH (EC 1.1.1.14) froi S. robusta.





7.1

APPENDIX 7: GENE FREQUENCY INPUT DATA FILES FOR
S. bassensis bassensis, S. bassensis flindersi, S. punctata
and S. robusta, and G TESTS FOR S. bassensis t'lindersi.

NOTE For gene frequency input data, the nuabers of alleles at each locus are
indicated by the second line of figures j the gene frequencies are entered in the order
listed for each table ; one less figure is entered than the nuaber of alleles at each

locus because the prograis used coipute the last figure.

TABLE 7.1 ; Gene Frequency Input Data For The Loci Pgd, ftdh, Aat-2, Bpi-1, 6pi~2, Gpi-3
and Hpi of S. bastssis flinSersi Froi Thirteen Localities in H.S.N., Six Localities in

VIC., One Locality in TAS. and One Locality in S.A.

30 7 b
4533665
byranbay 0.743 0.257 0.000 0.000 0.135 0.838 0.014 0.000 1.000 0.000 1.000 0.0125 0.0125
0.975 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.7125 0.2875 0.000
evanshead 0.695 0,305 0.000 0.000 0.102 0.841 0.057 0.000 1.000 0.000 1.000 0.000 0.000
0.977 0.011 0.000 0.034 0.000 0.943 0.011 0.011 0.000 0.700 0.300 0.000
yaabal 0.601 0.393 0.005 0.000 0.178 0.792 0.030 0.011 0.986 0.003 0.994 0.000 0.003
0.985 0.006 0.006 0.000 0.003 0.991 0.000 0.006 0.000 0.670 0.327 0.003
yanbalge 0.523 0.477 0.000 0.000 O.lil O.B21 0.018 0.007 0.993 0.000 1.000 0.000 0.000
0.993 0.007 0.000 0.000 0.000 0.993 0.000 0.000 0.000 0.591 0.409 0.000
yaabasal 0.669 0.325 0.006 0.000 0.1&3 0.798 0.039 0.015 0.979 0.000 0.990 0.000 0.005
0.985 0.005 0.005 0.000 0.005 0.990 0.000 0.005 0.000 0.781 0.213 0.00&
ya«ba2 0.597 0.403 0.000 0.000 0.093 0.907 0.000 0.000 1.000 0.016 0.984 0.000 0.016
0.968 0.016 0.000 0,000 0.000 0.984 0.000 0.016 0.000 0.703 0.297 0.000
ya«ba3 0.686 0.314 0.000 0.000 0.143 0.816 0,041 0.000 0.991 0,000 1.000 0.000 0.009
0.991 0.000 0.000 0.009 0.000 0.991 0.000 0.000 0.009 0.717 0.274 0.000
Hooli 0.702 0.29B 0.000 0.000 0.133 0.828 0.039 0.006 0.994 0.000 1.000 0.005 0.000
0.962 0.033 0.000 0.006 0.017 0.960 0.017 0.000 0.005 0.703 0.292 0.000
nsolitary 0.600 0.394 0.006 0.000 0.138 0.846 0.016 0.000 1.000 0.000 0.995 0.010 0.030
0.940 0.020 0.000 0.010 0.010 0.935 0.010 0.005 0.005 0.687 0.303 0.000
coffshl 0.698 0.302 0.000 0.000 0.156 0.844 0.000 0.010 0.990 0.000 1.000 0.000 0.000
1.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.611 0.367 0.022
coffsh2 0.558 0.419 0.023 0.012 0.171 0.805 0.012 0.000 1.000 0.000 1.000 0.000 0.012
0.988 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.295 0.705 0.000
caidenl 0.599 0.396 0,005 0.000 0.172 0.796 0.032 0.000 1.000 0.000 1.000 0.000 0.005
0.965 0.020 0.005 0.000 0.005 0.965 0.005 0.020 0.017 0.&00 0.383 0.000
caaden2 0.469 0.531 0.000 0.000 0.046 0.880 0.068 0.000 0.988 0.000 1.000 0.013 0.000
0.974 0.013 0.000 0.000 0.013 0.974 0.013 0.000 0.040 0.697 0.250 0.013
forsterl 0.564 0.436 0.000 0.000 0.059 0.898 0.042 0.005 0.995 0.000 1.000 0.000 0.000
0.985 0.010 0.005 0.000 0.000 0.985 0.010 0.005 0.005 0.538 0.429 0.027
forster? 0.647 0.353 0.000 0.000 O.ll7i 0.8676 0.0147 0.000 1.000 0.000 0.9875 0.000
0.000 0.949 0.032 0.019 0.000 0.000 0.9625 0.025 0.0125 0.0065 0.750 0.237 0.000
forster3 0.571 0.429 0.000 0.000 0.155 0.845 0.000 0.017 0.983 0.000 0.984 0.000 0.000
0.953 0.047 0.000 0.000 0.000 0.969 0.013 0.000 0.000 0.&72 0.328 0.000
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TABLE 7.1 (Cont.

ptstephen 0.667 0.326 0.007 0.000 0.114 0.826 0.060 0.005 0.990 0.000 1.000 0.000 0.010
0.980 0.010 0.000 0.000 0.010 0.980 0.010 0.000 0.000 0.561 0.439 0.000
neNcastle 0.750 0.241 0.007 0.000 0.114 0.826 0.0&0 0.005 0.990 0.000 1.000 0.000 0.010

0.980 0.010 0.000 0.000 0.010 0.980 0.010 0.000 0.000 0.561 0.439 0.000
Sydney 0.611 0.383 0.006 0.000 0.190 0.792 0.018 0.017 0.978 0.000 1.000 0.000 0.006
0.974 0.019 0.001 0.013 0.000 0.974 0.013 0.000 0.000 0.635 0.365 0.000
jervisbay 0.617 0.383 0,000 0.000 0.106 0.874 0.020 0.010 0.990 0.000 1.000 0.005 0.010
0.980 0.000 0.005 0.0101 0.0101 0.9747 0.000 0.0051 0.005 0.630 0.360 0.005
eden 0.612 0.388 0.000 0.000 0.218 0.739 0.043 0.021 0.969 0.000 1.000 0.000 0.000
0.989 0.011 0.000 0.000 0.000 0,9894 0.0053 0.0053 0.000 0.671 0.324 0.005
lakesent 0.651 0.349 0.000 0.000 0.1A2 0.823 0.015 0.000 1.000 0.000 1.000 0.000 0.000
0.974 0.011 0.015 0.0163 0.000 0.9565 0.0109 0.01&3 0.000 0.636 0.353 0.005
sanreao 0.589 0.411 0.000 0.000 0.136 0.847 0.017 0.000 1.000 0.000 1.000 0.000 0.000
0.974 0.011 0.015 0,0163 0.000 0.9565 0.0109 0.0163 0.000 0.636 0.353 0.005
ptlonsdal 0.657 0.343 0.000 0.000 0.079 0.895 0.026 0.000 1.000 0.000 1.000 0.000 0.000
0.952 0.024 0.024 0.0179 0.000 0.9196 0.0357 0.0268 0.000 0.690 0.298 0.012
cpattonl 0.653 0.341 0.006 0.000 0,126 0.846 0.028 0.016 0.973 0.000 1.000 0.000 0.006
0.994 0.000 0.000 0.033 0.022 0.945 0.000 0.000 0.000 0,652 0.347 0,000
cpattdn2 0.647 0.332 0.016 0.000 0.170 0.797 0.027 0.000 1.000 0.000 1.000 0.000 0.000
0.985 0.015 0.000 0.000 0.000 0.983 0.006 0.011 0.000 0.640 0.349 0.005
apalkbay 0.582 0.405 0.006 0.000 0.114 0.848 0.038 0.000 1.000 0.006 0.994 0.000 0.006
0.949 0.026 0.019 0.000 0.000 0.942 0.026 0.019 0.000 0.627 0.367 0.000
ptfairy 0.5&7 0.433 0.000 0.000 0.1&1 0.833 0.005 0.000 0.995 0.000 1.000 0.016 0.000
0.973 0.011 0.000 0.025 0,000 0.960 0.010 0.005 0.005 0.630 0.355 0.010
habart 0.547 0.453 0.000 0.000 0.223 0.739 0.038 0.000 1.000 0.000 1.000 0.000 0.000
0.968 0.011 0,021 0.0435 0.000 0.9239 0.0163 0.0163 0.000 0.694 0.284 0.000
anxiousb 0.410 0,570 0.010 0.000 0.13& 0.805 0.059 0.000 0.990 0.000 1.000 0.000 0.000
1.000 0.000 0.000 0.053 0.000 0.921 0.026 0.000 0.000 0.592 0.400 0.008

KEY. ; byronbay = Byron Bay, N.S.N. 25/5/-86 i evanshead = Evans Head,N.S.N. 25/5/'B6
i yaibal = Yaaba, N.S.N. 7/6,'84. Total collection, divided as follows:- yaabalge = large,
fish > l7n standard length, yaabasal = saall fish < 15r standard length ; Subsequent
collections : ya«ba2 = 22/5/-86, yaaba3 = 23/5/-86 ; uoali = Noali, N.S.N. H/10/'85 i

nsolitary = North Solitary Island, N.S.N. 10/10/-85 ; coffshl = CoH's Harbour, N.S.H.
2/4/'85, coffsh2 = 21/5/'86 ; caadenl = Caiden Heads, N.S.N. 2/10/-85, ca«den2 = South of

Caaden Heads 2/10/-85 ; forsterl = Farster, N.S.N. l/tO/'85, forster2 = 5/6/'85, farster3
= 20/5/'B6 j ptstephen = Port Stephens, N.S.N. H/4/'85 ; neNcastle = Newcastle, N.S.N.
1/4/'85 j Sydney = Sydney, N.S.N. 12/4/'85 j jervisbay = Jervis Bay, N.S.N. 9/B/'84 ; eden

= Eden, H.S.N. 22/6/-84 ; lakesent = Lakes Entrance, VIC. IB/6/'84 ; sanreio = Nestern
Port Bay, VIC. 29/5/'84 i ptlonsdal = Port Phillip Bay, VIC. 21/3/-85 ; cpattont = Cape
Patton, VIC. 30/9/'B5 , cpattan2 = Nest of Cape Patton, VIC. 30/<?/'85 ; apollobay = Apollo
Bay, VIC. 12/9/'85 j ptfairy = Port Fairy, VIC. 11/'8& j hobart = Hobart, TAS. l7/5/'84 i
anxiousb = Anxious Bay, S.ft. 18/3,'86.
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TABLE 7,2

otu 1 vs otu 2

byronbay evanshead

yaibal
yaabalge
yatbasil
yaiba2
ya«ba3
NOOli

nsolitary
coffshl
cof(sh2
caadenl
caiden2
forsterl
forster2
forster3

ptstephen
neNcastle

sydney
jervisbay
eden
lakesent
sanreao

ptlonsdal
cpattanl

cpatton2
apollabay
ptfairy
hobart
anxiousb

evanshead yaibal
yaabalge
yaabasil
ya«ba2
yaaba3
wool i
nsolitary
coffshl
coffsh2
caadenl
caiden2
forsterl
forster2
forster3

ptstephen
neNcastle

Sydney
jervisbay
eden
lakesent

sanreao

ptlonsdal
cpattonl
cpatton2
apollobay

g stat

1&.9481
22.978
22.5329
18.7455
12.9239
9.01372
18.&751
22.5537
12.754
41.3021
26.3238
43.5102
51.5335
28,6238
20.9954
24.6295
17.9652
21.011B
15.8957
24.1906
22.3719
25.3378
31.&4B6
20.9407
22.2568
29.959
23.3757
38.5488
80.269B

31.4745
27.3133
26.6617
17.0155
13.2858
15.1603
19.8499
23.9588
51.15&2
22.5425
44.9742
50.5924
26.7927
20.494
26.4722
19.9083
19.7346
22.0263
23.7053
14.1452
14.6236
17.2388
21.0138
24.4087
22.790B

d of (

21
27
20
26
18
20
24
25
18
18
24
23
23
22
19
21
23
24
24
23
23
23
23
22
22
24
23
22
21

28
21
27
21
22
24
25
22
22
24
24
24
22
21
24
24
24
27
22
21
21
21
24
21
24

prob.

.7142

.6862

.3123

.8470

.7961

.9824

.7691

.6036

.8060

.0014 *

.3369

.0060 «

.0006 *

.1559

.3371

.2636

.7594

.6380

.8918

.3933

.4979

.3331

.1077

.5244

.4447

.1861

.4390

.0159 <
0.000 t

.2964

.1&07

.4822

.7102

.9249

.9160

.7547

.3494

.0004 *

.5469

.0059 t

.0012 *

.2192

.4902

.3297

.7020

.7118

.7360

.3629
•8&33
.8414
.6965
.6379
.2737
.5322
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TABLE 7.2

evanshead

yaabal

yaabalge

(Cont.)

ptfairy
hobart
anxiausb

yaabalge
yaibasal

yanba2
yaaba3
NOOli
nsolitary
coffshl
coffsh2
caidenl
caaden2
forsterl

forster2
forster3

ptstephen
neNcastle

Sydney
jervisbay
eden
lakesent
sanreao

ptlonsdal
cpattonl
cpatton2

apollobay
ptfairy
habart

anxiousb

yaabasil
ya«ba2
yaiba3
NOOli
nsolitary

coffshl
coffsh2
caadenl

ca*den2
forsterl
forster2
forster3

ptstephen
nencastle

sydney
jervisbay
eden
lakesent
sanreio

ptlonsdal
cpattonl
cpatton2

apollobay
ptfairy

22.6237
21.7879
64.9266

19.5705
19.&37
15.4742
23.2499
40.3958
53.3428
20.0158
52.5749
29.3746
72.217
94.5015
56.9944
23.1273
44.1188
29.9862
19.2193
25.6655
14.70&3
31.1137
30.5627
49.00B2
32.7155
30.97B8
36.3383
42.4171
52.4351
99.4295

36.7305
15.8576
23.2116
34.1004
39.0932
18.2165
30.5797
21.8448
50.&173
46.0771
44.3474
15.5396
28.9855
30.842
1&.7619
23.1357
18.8863
27.0578
23.4612
47.2121
31.151
32.9184
28.9472
23.9961

23
20
22

2&
26
26
29
30
30
26
27
2B
29
28
28
27
27
27
28
29
27
28
28
29
27
27
27
30
28
28

25
21
21
23
26
18
20
25
22
23
23
18
22
21
23
25
20
23
23
23
22
22
25
23

.4829

.3521
0.000 *

.8115
.9084
.9480
.7204
.0973
.0055 *
.7908
.0023 t

.3937
0.000 *
0.000 t
.0010 *

.6782

.0201 *

.3148

.8912

.6433

.9734

.3121
.3368
.0083 *
.2066
.2720
.1081
•0&58
.0034 *
0.000 *

.0612

.7776

.3328

.0637

.0478 <

.4415

.0610

.6447

.0005 «

.0029 *

.0048 *

.6246

.1453

.0763

.8208

.5696

.5292

.2535

.4341

.0021 t

.0931

.0630

.2661

.4040
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TABLE 7.2 (Cont.)

yaibalge hobart
anxiousb

yaabasal ya«ba2

yaiba3
NOOli
nsolitary
coffshl
coffsh2
caadenl
caaden2
forsterl
forster2
forster3

ptstephen
neNcastle

sydney
jervisbay
eden
lakesent
sanreao

ptlonsdal
cpattonl
cpatton2
apollofaay
ptfairy
hobart

anxiousb

ya»ba2 yaiba3
NOOli
nsolitary
coffshl
coffsh2
caadenl
ca»den2
forsterl
forster2
forster3

ptstephen
neNcastle

sydney
jervisbay
eden
lakesent
sanreao

ptlonsdal
cpattonl
cpatton2
apollobay
ptfairy
hbbart
anxiousb

ya«ba3 Nooli
nsolitary
coffshl

39.37
79.8372
21.2879
15.6481
33.971
43.6831
23.6718
73.9962
39.2165
51.4678
74.405
33.4604
24.0944
37.1372
33.2483
30.2768
30.8197
22.0378
38.423
40.0656
44.5204
32.1956
42.3126
47.0229
50.9545
53.7927
112.408

1&.5402
22.7411
17.7936
16.3177
36.7173
17.3686
40.5217
40.2452
21.234B
12.5553
27.0025
24.0497
17.82
16.4B77
21.7314
17.7611
16.3774
23.7844
24.3399
23.1097
15.6614
18.6082
28.3642
67.4051

19.&745
23.0151
18.3547

21
22
2b
27
29
29
25
2&
27
28
27
27
26
26
26
27
28
26
27
27
27
26
26
27
29
27
27

22
26
26
19
20
24
25
23
22
19
22
24
25
26
23
23
23
23
24
22
23
24
22
23

24
26
21

.0089 *
0.000 t

.7270

.9593

.2403

.0393 *

.5384
0.000 «
.0605
.0044 t
0.000 »

.1823

.5711

.0727

.1550

.3019

.3251

.6866

.0714

.0505

.0183 *

.1867

.0228

.0098

.0071

.0016
0.000

.7882
,6475
.8832
.6360
.0126 *
.8325
.0258 t
.0144 *
.5063
,B605

.2111

.4588

.8499

.9237

.5363

.7703

.8386

.4158

.4423
.3956
.8694
.7725
.1639
0.000 t

.7151

.6321

.6265
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TABLE 7.2

ya»ba3

NQOli

nsolitary

(Cont.)

coHsh2
caadenl
ca«den2
forsterl
forster2
forster3

ptstephen
neNcastle

Sydney
jervisbay
eden
lakesent
sanreto

ptlonsdal
cpattonl
cpatton2
apollobay
ptfairy
hobart

anxiousb

nsalitary
coffshl
coHsh2
caadenl

ca«den2
forsterl

farster2
for5ter3

ptstephen
neNcastle

Sydney
jervisbay

eden
lakesent
sanreio

ptlonsdal
cpattonl

cpatton2
apallobay
ptfairy
hobart
anxiousb

coffshl
co^fsh2
caidenl
ca«den2
forsterl
forster2
forster3

ptstephen
neNcastle

sydney
jervisbay
eden

48.2155
24.9723
37.2755
49.6829
28.2576
24.0974
21.1186
20.2493
19.4145
15.9587
20.7419
23.2578
24.475
34.5998
16.4596
30.6131
33.4968
24.9654
34.3308
77.4943

28.8146
26.2958
68.1566
32.0093
52.8051
81.1216
34.4934
15.8844
32.8479
20.1765
21.3495
28.4671
28.0014
29.249
31.5099
33.4166
29.0053
36.1247
36.5586
33.9279
46.927
94.0639

35.9815
59.0225
34.8738
54.1277
85.9809
39.5491
20.5692
44.2955
37.7439
25.5006
27.5794
48.9579

21
25
24
25
24
23
24
24
24
25
24
24
24
24
22
24
2i
24
23
22

27
24
2A
27
24
26
26
2<
25
25
2&
27
25
26
2&
2&
25
2&
29
25
25
25

27
26
2&
26
29
26
25
27
27
28
29
27

.0006 *

.4639

.0411 «

.0023 <

.2493

.3984

.6317

.6825

.7295

.9161

.6539

.5046

.4347

.0746

.7924

.1653

.1482

.4076
•Oi05
0.000 t

.3699

.3383
0.000 *
.2317
.0006 *
0.000 *

.1233

.8922

.1349

.7375

.7237

•3B72
.3078
.2999
.2098
.1504
.2&37
.0894
.1579
.1095
.0050 *
0.000 «

.1157

.0002 *

.1144

.0010 *
0.000 *
.0432 *
.7164
.0193 *

.0820

.6005

.5105

.0060 *
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TABLE 7.2

nsolitary

coHshl

coffshl

coffsh2

caidenl

(Cont.)

lakesent
sanreao

ptlonsdal
cpattonl
cpatton2

apollobay
ptfairy
hobart
anxiousb

co«sh2
caadenl

ca»den2
forsterl

for5ter2
forster3

ptstephen
neNcastIe

sydney
jervisbay
eden
lakesent

sanreio

ptlonsdal
cpattonl
cpatton2
apallobay
ptfairy
hobart
anxiousb

caadenl
ca«den2
forsterl
farster2
forster3

ptstephen
newcastle

Sydney
jervisbay
eden
lakesent

sanreio

ptlonsdal
cpattonl
cpatton2
apollobay
ptfairy
hobart
anxiousb

ca»den2
forsterl
farster2
fDrster3

30.7194
28.6189
37.4864
30.3114
43.6284
38.3172
25.3594
37.2412
91.7458

33.3492
29.146
55.2758
48.5473

37.2816
16.7946
27.8246
22.61
19.7138
15.7564
18.8326
18.6938
21.1605
32.1251
22.3329
22.8464
35.2374
20.8092
42.9299
74.8161

39.3148
80.05&9
68.4352
80.971
39.1192
38.A001
34.8381
38.4478
45.1523
53.6841
50.8696
49.2956
60.9623
47.8221
47.8095
47.6047
50.0643
69.9918
80.8802

5&.7012
68.8132
39.0561
22..184

27
27
27
27
26
27
27
25
27

20
26
22
21

23
17
21
23
24
24
20
23
23
23
22
22
2&
23
22
20

24
25
25
23
20
22
22
24
26
24
24
24
24
22
22
23
24
23
21

26
2&
21
25

.2828

.3796

.0863
• .3003

.0166 *

.0730

.5543

.0548
0.000 «

.0309 t

.3045

.0001 *

.0006 *

.0304 t

.4684

.1452

.4837

.7129

.8967

.5327

.7188

.5713

.0976

.4402

.4104

.1066

.5927
,0048 *
0.000 *

.0253 *
0.000 t
0.000 <

0.000
.0064
.0157
.0403
.0312
.0113
.0005
.0011
.0017
0.000
.0011
.0011
.0019
.0014
0.000
0.000

.0005
0.000
.0269
.&251
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TABLE 7.2

caadenl

ca«den2

forsterl

forster2

(Cant.)

ptstephen
newcastle

Sydney
jervisbay
eden
lakesent
sanreao

ptlonsdal
cpattonl
cpatton2
apallobay
ptfairy
hobart
anxiousb

forsterl
forster2
forster3

ptstephen
newcastle

Sydney
jervisbay
eden
lakesent

sanreao

ptlansdal
cpattonl
cpatton2
apollobay
ptfairy
hobart
anxiousb

for5ter2
forster3
ptstephen
neNcastle

sydney
jervisbay
eden
lakesent
sanreao

ptlansdal
cpattonl
cpatton2
apallobay
ptfairy
hobart
anxiausb

^nrster3

ptstephen
neNcastle

Sydney
jervisbay
eden

32.8904
27.0533
24.0997
28.9608
28.6734
24.7017
21.0481
35.6964
42.9294
30.7431
19.8561
34.231
40.5501
9&.2522

24.316
41.5014
39.3945
44.7538
58.141
62.7517
55.2083
60.1245
66.131
61.1403
63.451
6&.B93
69.&719
63.2197
53.2307
73.5051
98.0499

51.5074
38.4897
43.3832
62.595
72.7492
64.4985
75.0528
68.8866
62.5433
72.258
91.&026
85.7499
68.9598
72.021
100.414
136.526

14.B274
47.8846
49.155
43.0977
48.9391
46.8869

25
25
26
28
26
25
25
25
26
24
25
27
24
26

25
25
23
25
25
27
27
23
25
25
25
26
24
28
24
24
24

23
22
24
26
26
26
23
24
24
24
27
24
27
24
24
24

21
25
26
26
28
24

.1338

.3532
,5703
.4145
.3261
.4792
,5166
.0763
.0196 t

.1613

.7543

.1594

.0187 *
0.000 t

.5012

.0203 *

.0180 *

.0089 *

.0002

.0001

.0011
0.000 <

0.000
.0001 t

0.000 *
0.000 *
0.000 *
.0002 t
.0005 *
0.000 *

0.000 *

•000& t
.0161 <
.0090 *
.0001 *
0.000 <
0.000 *
0.000 *
0.000 *
0.000 *

0.000 *
0.000 *
0.000 *
0.000 *
0.000 *
0.000 «
0.000 *

.8315

.0039 *

.0040 *

.0189 <

.0085 *

.0035 *
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TABLE 7.2

forster2

forster3

ptstephen

neNcastle

sydney

(Cant.)

lakesent
sanreao

ptlonsdal
cpattonl
cpatton2
apollobay
ptfairy
hobart
anxiousb

ptstephen
neNcastle

Sydney
jervisbay
eden
lakesent

sanreao

ptlonsdal
cpattonl
cpatton2
apollobay
ptfairy
hobart
anxiousb

neNcastle

Sydney
jervisbay
eden
lakesent
sanreao

ptlonsdal
cpattonl
cpatton2

apollobay
ptfairy
habart

anxiousb

sydney
jervisbay
eden
lakesent
sanreao

ptlonsdal
cpattonl
cpatton2
apollobay
ptfairy
hobart
anxiausb

jervisbay
eden
lakesent
sanretd

29.8458
29.0206
33.3008
64.5966
48.47&2
31.5918
4&.9352
43.6021
114.975

24.5739
24.9615
11.564
27.4754
17.0336
19.&B81
18.638
25.3154
30.3673
25.3477
20.1421
18.6588
27.3104
63.418

10.1495
28.5617
32.8408
35.0615
43,7479
42.7427
50.4145
32.4887
45.3523
38.7819
52.489
70.75&7
101.371

20.8796
27.4117
27.9933
32.7637
36.0725
37.1193
21.5988
28.3832
29.2146
44.4297
57.5759
B5.6958

24.8662
13.4518
19.778
20.&355

23
23
23
27
23
24
24
22
25

21
22
24
26
21
23
23
23
24
22
24
23
21
22

22
24
27
24
26
26
26
23
24
26
26
25
23

24
27
24
26
26
26
23
24
26
26
25
24

28
25
25
25

.1539

.179&

.0760

.0001 <

.0015 «

.1374

.0034 *

.0040 «
0.000 •

.2661

.2989
,9844
.3847
.7091
.6606
.7220
.3342
.1729
.2807
.6887
.7208
.1608
0.000 «

.9849
,2371
.2024
.0675
.0161 «
.0206 *
.0028 t

.0904

.0053 «

.0511

.0016 t
0.000 t
0.000 t

.6158

.4418

.2603

.1691

.0903

.0729

.5446

.2442

.3014

.0136 t

.0002 *
0.000 *

.6351

.9705

.7584

.7127
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TABLE 7.2

Sydney

jervisbay

eden

lakesent

sanreao

ptlonsdal

(Cant.)

ptlonsdal
cpattonl

cpatton2
apollobay
ptfairy
hobart

anxiausb

eden
lakesent
sanreao

ptlonsdal
cpattonl
cpatton2

apollobay
ptfairy
hobart
anxiousb

lakesent
sanreao

ptlonsdal
cpattonl
cpatton2

apollobay
ptfairy
hobart

anxiousb

sanreao

ptlonsdal
cpattonl
cpatton2
apallobay
ptfairy
hobart

anxiousb

ptlonsdal
cpattonl
cpatton2
apollobay
ptfairy
hobart
anxiousb

cpattonl

cpatton2
apollobay
ptfairy
hobart

anxiausb

34.1756
19.0677
27.7796
27.7366
20.4851
30.5398
77.57&6

32.3996
24.7097
21.9877
35.2549
17.0819
41.1898
3B.&472
25.7676
49.5186
88.15A1

26.4786
27.&556
41.8&23
32.2969
29.15

37.3987
30.2723
37.1889
86.5743

2.11312
18.7723
35.2&27
24.6134
22.0256
19.5194
17.5315
87.916

17.758
35.1082
26.639
18.5638
17.4429
15.9272
77.1517

44.3388
33.5522
23.3505
32.7583
32.8612
83.8972

25
24
25
26
27
24
24

27
27
27
27
26
28
30
26
27
26

23
23
23
25
22
26
24
22
23

21
21
2&
22
25
24
21
23

21
2&
22
25
24
21
23

26
22
25
24
21
23

.1042

.7484

.3181

.3715

.8098

.1675
0.000 t

.217&

.5907

.7380

.1325

.9066

.0516

.1336
.4759
.0052 *
0.000 *

.2788

.2291

.0094 *

.1496

.1406
.0688

.1759

.0226 *
0.000 t

* 1.0000
.5997
.1061

.3159

.6343

.7238

.6784
0.000 t

.6&43

.1093

.2253

.8175

.8292

.7737
0.000 t

.0139 *

.0545

.5571
•1093
.0478 *
0.000 «
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TABLE 7.2

cpattanl

cpatton2

apollabay

ptfairy

(Cant.)

cpatton2
apallobay
ptfairy
hobart
anxiousb

apollobay
ptfairy
hohart
anxiousb

ptfairy
hobart
anxiousb

hobart
anxiausb

42.7271
49.3832
3&.8809
49.7311
82.0976

27.2248
34.482
43.5128
70.6719

41.4117
33.0131
77.6002

35.2659
79.9433

25
27
27
25
23

24
24
22
22

28
24
25

2<
24

.0150 *

.0054 *

.0973

.0023 *
0.000 t

.2941

.07&5

.0041 «
0.000 t

.0492 *

.1038
0.000 *

.064&
0.000 t

hobart anxiousb Bl.12 23 0.000 *
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TABLE 7,3 ; Bene Frequency Input Data For The Loci 6pi-l, Gpi-2, 6pi-3, Aat-2 and PepC of

S, bisseisis bastvsis Froa Four Localities in Southern Australia.

4 5 B
33323
STVINBULF 0,039 0.950 0.039 0.944 0.005 0.978 0.994 0.250 0.644
SPENGDLF 0.000 1.000 0.000 1.000 0.000 1.000 1.000 0.012 0.860
KANGftRIS 0.035 0.953 0.035 0.942 0.000 1.000 1.000 0.006 0.956
HflHDURAH 0.010 0.985 0.015 0.970 0.010 0.990 1.000 0.006 0.956

Kjl ; STVINGULF = Saint Vincent's GuH, S.ft. ll/&/'84 i SPEN6ULF = Spencer Gulf, S.ft.
5/'84 ; KftNBARIS -- Kangaroo Island, S.ft. 1/6/'B4 i HANDURAH = Handurah, N.A. 13/5/'B5,

TABLE 7.4 : Gene Frequency Input Data For The Loci Gpi-1, Spi-2, 6pi-3, Idh-1, Hpi, Pg»-l
and Sdh of S. robusta Froa Six Localities in New South Nales.

7 7 b
2332553
BYRQNBY 0.993 0.007 0.987 0.007 0.987 0.28& 0.007 0.000
0.987 0.000 0.007 0.355 0.579 0.059 0.295 0.610
EVANSHD 1.000 0.014 0.973 0.007 0.980 0.288 0.014 0.020
0.96& 0.000 0.000 0.493 0.419 0.081 0.194 0.629
YAHBA 1.000 0.000 0.983 0.000 0.983 0.298 0.000 0.000
0.991 0.009 0.000 0.246 0.622 0.132 0.208 0.583
SANDON 0.995 0.00& 0.989 0.000 0.990 0.239 0.000 0.000
1.000 0.000 0.000 0.283 0.622 0.094 0.130 0.652
FORST1 1.000 0.000 0.993 0.000 0.993 0.172 0.000 0.000
1.000 0.000 0.000 0.318 0.538 0.144 0.229 0.610
FORST2 0.995 0.005 0.986 0.005 0.995 0.193 0.000 0.000
1.000 0,000 0.000 0.356 0.574 0.069 0.224 0.619
COFFSH 0.989 0.006 0.966 0.000 0.983 0.224 0.007 0.000
0.993 0.000 0.000 0.369 0.506 0.125 0.207 0.627

KEY : BYRONBAY = Byron Bay 25/5,'86 j EVfiNSHEAD = Evan's Head 25/5,'86 j YAHBA =
Yaaba 25/5/'B6 i SftNDON = Sandon Bluff 5/6/'85 ; FORST1 = Forster 1/10/'85 i FORST2 =
Farster 20/5/'86 i COFFSH = Coff's Harbour 26/3/'85.
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TABLE 7.5 : Gene Frequency Input Data For The Loci 6pt, 6pi-l, 6pi-2, Gpi-3, Pga-1 and
Pg»-2 of S. puictata Froa Three Localities In South Australia,

4 & b
322334
spencerl 0.025 0.500 0.020 0.022 0.020 0.010 0.021 0.978 0.010 0.970 0.020
spencer2 0.000 0.906 0.014 0.000 0.000 0.000 0.000 1.000 0.030 0.955 0.015
angusin 0.000 0.618 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.991 0.000
kangarao 0.091 0.114 0.000 0.000 0.000 0.000 0.026 0.947 0.019 0.904 0.038

KEY ; spencerl = Upper Spencer Gulf l/H/'85 j spencer2 = Upper Spencer Gulf
3/11/'B5 j angusin = Angus Inlet 13/2/86 ; kangaroo = Kangaroo Island 20/11/'B5.

TABLE 7.6 : Gene Frequency Input Data For The Laci Gpt, Gpi-1, 6pi-2, Bpi-5 and Pga-1 of
S. punctata Froa Four Localities In South Australia.

5 5 b
32233
adelaide 0,000 0.353 0.000 0.000 0.000 0.000 0.000 1.000
spencerl 0.025 0.500 0.020 0.022 0.020 0.010 0.021 0.978
5pencer2 0.000 0.906 0.014 0.000 0.000 0.000 0.000 1.000
angusin 0.000 0.618 0.000 0.000 0.000 0.000 0.000 1.000
kangaroa 0.091 0.114 0.000 0,000 0.000 0.000 0.026 0.947

KE1 ; adelaide = Port Adelaide 13/9/'B4 j spencerl = Upper Spencer Bulf l/ll/'B5
spencer2 = Upper Spencer Bulf 3/11,'85 ; angusin = Angus Inlet 13/2/86 i kangaroo =
Kangaroo Island 20/11,'85.

TABLE 7.7 ; Gene Frequency Input Data For The Loci Gpt, Bpi-1, Bpi-2 and 6pi-3 of S.
punctata Froa Five Localities In Southern Australia.

& 4 b
3223
adelaide 0.000 0.353 0.000 0.000 0.000 0.000
spencerl 0.025 0.500 0.020 0.022 0.020-0.010
spencer2 0.000 0.906 0,014 0.000 0.000 0.000
angusin 0.000 0.618 0.000 0.000 0.000 0.000
kangaroo 0.091 0.114 0.000 0.000 0.000 0.000
camerin 0.000 0.054 0.020 0.007 0.000 0.000

KEY : adelaide = Port Adelaide 13/9/'M ; spencerl = Upper Spencer Bulf l/H/'85 j
spencer2 = Upper Spencer Suit 3/11,'85 ; angusin = Angus Inlet 13/2/86 j kangaroo =
Kangarao Island 20/H/'85 j cornerin = Corner Inlet, VIC. 13/4/'B5.
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APPENDIX 8 : DESCRIPTIVE STATISTICS FOR RATIO,
LG-RATIO AND ALLQM.

KEY : VAR. = variable acrony (see text)} x s •can; Var. = variancei
C.L. = 95X confidence liiits about lean value.

TABLE 8.1 ; SuMary of descriptive statistics far percentage RftTIO shape
variates by geographical area.

YflHBft HANDURAH HOBflRT EDEN SPENCER 6ULF

VAR. x Var. C.L. x Var. C.L. x Var. C.L. x Var. C.L. x Var. C.L.

HDSL 27.19 0.474 0.137 26.B6 0.685 0.168 26.53 0.513 0.142 27.49 0.437 0.131 27.56 0.351 0.118

FDSL 34.46 0.912 0.189 32.90 1.083 0.210 34.17 0.635 0,158 34.86 0.654 0.1&1 33.03 0.399 0.12&

SBSL 55.59 0.936 0.192 53.51 1.990 0.286 55.47 1.103 0.209 5&.33 0.819 0.18 54.04 0.587 0.153

ANSL 54.07 1.050 0.192 53.59 2.800 0.339 54.08 1.154 0.213 54.71 0.971 0.195 54.02 0.68B 0.166

CASL 7.170.1110.066 6.79 0.1200.070 6,400.0890.060 &.54 0.101 0.0&3 5.61 0.0650.051

HEHL 22.23 0.756 0.172 20.04 0.714 0.171 22.42 0.646 0.160 21.80 0.626 0.157 19.67 0.446 0.133

EYHL 25.01 1.190 0.216 26.17 5.791 0.488 21.89 1.706 0.259 25.04 1.568 0.249 26.54 2.025 0.284

SNHL 42.13 2.691 0.326 41.90 3.345 0.371 43.27 1.303 0.227 43.10 1.40& 0.236 43.88 2.590 0.321
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TftBLE 8.2 : SuMary of descriptive statistics (or L6RATIO shape variates

by geographical area.

YAHBft HftNDURAH HOBART EBEN SPENCER GULF

VAR. X Var. CL X Var. CL X Var, CL X Var CL X Var. CL

HDSL -0.57 0 0.002 -0.57 0 0.003 -0.58 0 0.003 -0.56 0 0.002 -0.56 0 0.002

FDSL -0.46 0 0.002 -0.48 0 0.003 -0.47 0 0.002 -0.46 0 0.002 -0.48 0 0.002

SDSL -0.26 0 0.002 -0.27 0 0.002 -0.26 0 0.002 -0.25 0 0.002 -0.27 0 0.002

ftNSL -0.27 0 0.002 -0.27 0 0.003 -0.27 0 0.002 -0.26 0 0.002 -0.27 0 0.002

CftSL-1.15 0 0.004-1.17 0.0010.004-1.19 0 0.004-1.19 0 0.004-1.25 0 0.004

HEHL -0.65 0 0.004 -0.70 0 0.00< -0.65 0 0.003 -0.66 0 0.003 -0.71 0 0.003

EYHL -O.&O 0 0.004 -0.58 0.002 0.008 -0.61 0.001 0.005 -0.&0 0 0.004 -0.58 0.001 0.005

SNHL -0.37 0.002 0.008 -0.38 0 0.004 -0.36 0 0.002 -0.37 0 0.003 -0.36 0 0.003

TABLE 8.3 ; Surary of descriptive statistics for ftLLOH shape variates by
geographical area.

YAHBA HftNDURftH HOBART EDEN SPENCER GULF

VAR. X Var. CL X Var. CL X Var. CL X Var. CL X Var. CL

HDSL 1.62 0 0.002 1.62 0 0.003 1.61 0 0.003 1.63 0 0.002 1.62 0 0.002

FDSL 1.73 0 0.003 1.71 0 0.003 h72 0 0.002 1.73 0 0.002 1.71 0 0.002

SDSL 1.94 0 0.002 1.92 0 0.003 1.93 0 0.002 1.94 0 0.002 1.92 0 0.001

ANSL 1.93 0 0.002 1.92 0 M03 1,92 0 0.002 1.93 0 0.002 1.92 0 0.001

CflSL 1.05 0 0.004 1.02 0 0.005 1.00 0 0.004 1.01 0 0.005 0.94 0 0.004

HEHL 0.97 0 0.004 0.92 0 0.004 0.98 0 0.003 0.97 0 0.004 0.92 0 0.003

EYHL 1.02 0 0.0031.01 0.001 0.0071.04 0 0.0041.04 0 0.0031.04 0 0.004

SNHL 1.2& 0.002 0.009 1.26 0 0.003 1,26 0 0.002 1.26 0 0.003 1.28 0 0.003





9.1

APPENDIX9 s EFFECTS OF VARIOUS TRANSFORMATIONS
ON THE NORMAL ITY OF VARIABLES.

KEY ! VfiR.= variable acrony (see text); 61 = skewness; 62 = kurtosis;
SI6.= significance of B» and 6a I* = p<0.05i
»* = p<0.01i <*« = p<0.001; - = nansignificant).

TftBLE 9.1 ; Noraality of RATIO shape variates by geographical area.

YAHBA HftNDURAH HOBART

VAR. 6, SIS. 82 SI6. 6, SIB. 82 SI6. 6, SIS. 62 SIG.

HDSL
FDSL
SDSL
ANSL
CftSL
HEHL
EYHL
SNHL

0.032
-0.744

0.175
0.096

-0.158
0.403
0.161

-0.154

-0.47& -

** 2.297 «»*
-0.186 -

-0.378 -

-0.256 -

-0.168 -

-0.276 -

0.285 -

0.379
0.776

-0.072

0.763
-0.432
0.128
0.678

-0.383

t»

t

tt

0.908
1.203
1.736
2.819
0.329

-0.741

0.526
-0.320

t

ttt

ttt

-0.123

0.355
-0.051

0.146
0.258

-0.041

-0.298

0.128

-0.154
-0.497

-0.172

0.021
0.032
0.063
0.118
0.763

EDEN SPENCER 8ULF

St SI6. 62 SI6. 6, SI6. 62 SI6.

0.585
0.474
2.064
0.828
0.090
0.010
0.199

t

ttt

»**

1.849
2.213
9.914
2.612
0.<53
0.250
0.118

ttt

ttt

ttt

tt<

-0.132 -

-0.271 -

-0.034 -

-0.254 -

O.OB2 -
-0.306 -

-0.046 -

-0.15&

0.041
-0.362
-0.351
-0.118
0.738
0.160

0.070 - -0.247 - -0.149 - 0.948 -
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TABLE 9.2 : Mortality of LBRATIO shape variates by geographical area.

YAflBA HANDURftH HOBART

VAR. 6, SI6. Ba SI6. 6, SIG, B, SIB. 6, SIG. 62 SI6.

HDSL
FDSL
SDSL
ANSL
CASl
HEHL
EYHL

-0.025 -

-0,900 *•*

0.130 -
0.051 -

-0.276 -

0.308 -

0.051 -

-0.458 -

2.715 t"
-0.222 -

-0.371 -

-0.204 -

-0.265 -

-0.268 -

0,252
0.659

-0.219

0.570
-0.598

0.051
0.415

t*

t

<

0.958
0.977
1.957
2.667
0.573

-0.774

0.135

t

ttt

<t*

-0.197 -

0.308 -

-0.102 -

0.087 -

0.122 -
-0.149 -

-0.459 -

-0.046

-0.521

-0.154

0.031
0.036
0.066
0.319

SNHL 7.591 *** 69.225 <** -0.483 - -0.223 - 0.024 - 0.&50 -

Gi

0,465
0.346
1.897

0.729
0.840

0.108
0.051

0.002

EDEN

SI6. 6a

1.&07
1.821

»** 8.745
** 2.250

0.451
0.183

-0.012

-0.204

sie.

tt

t»t

ttt

t»t

SPENCER

G» SI6.

-0.189 -

-0.324 -

-0.06B -

-0.290 -

-0.045 -

-0.439 -

-0.219 -

-0.303 -

GULF

Ba SI6

-0.148 -

0.000 -

-0.339 -

-0.333 -

-O.OBO -

0.869 -

0.279 -

0.916 -

TABLE 9.3 ; Nonality of fllLON shape variates by-geographical area.—-

YAHBA HANDURfiH HOBART

VAR. 6, SI6. 6a SIG. G| SIG. 62 SIG, 61 SI6. 62 SIB.

HDSL
FDSL
SDSL
flNSL
CASL
HEHL
EYHL

-0.145

-0.884

0.135
0.070

-0.279
0.326
0.170

-0.3&7 -

»»* 2.599 ***
-0.569 -

-0.365 -

-0.201 -

-0.239 -

-0.108 -

0.321
0.662

-0.431

0.492
-0.612

0.026
0.179

•t

t

t

1.071
0.971
2.055
2.537
0.479

-0.267

1.937

»

*

ttt

t»t

ttt

-0.457 -

0.238 -

-0.289 -

-0.018 -

0.140 -

-0.081 -

0.034 -

0.276
0.291

-0.003

0.486
0.113

-0.092
-0.185

SNHL 7.636 »<* 69.811 «»* -0.48B - 0.655 - 0.043 - 1.027 »

EDEN SPENCER BULF

6, SIG. Ba SI6. 6, SI6. Sa SIG.

0.465
0.363
1.995
0.607
0.137
0.108

0.533
0.233

Kt
t

t

1.629
1.675
8.808
2.005
0.269
0.083
0.931

-0.293

ttt

tt»

t»t

•tt

-0.143

-0.304

0.0&2
-0.155

-0.047

-0.708

-0.206

-0.093

-0.156
0.110

-0.211

-0.606

-0.100

" 1.501
0.734
0.379

n





10.1

APPENDIX 10 s STATISTICS FOR SIMPLE LINEAR REGRESSION
OF SIZE ON SHAPE.

KEY : Var. = variable acrony (see text); Sig. = significance of slope
(* = p<0.05j «» = p<0.0l; •«» = p<0.001j - = nonsignificant);

R2 = squared correlation caetficient.

TABLE 10.1 ! Efficacy of size reaoval for the RATIO aethod by geographical area.

Yaiba Handurah Habart Eden Spencer Gulf

Var, Sig. R2 Big. R2 Sig. R2 Sig. R2 Sig. R2

HDSL
FDSL
SDSL
ANBL
CASL
HEHL
EYHL
SNHL

H»

t

ttt

0.18
0.00
0.05
0.00
0.00
0.01
0.22
0.01

t«

tt

t»t

«»«

ttt

0.01
0.00
0.06
0.01
0.06
0.20
0.43
0.44

ttt

t«*

»tt

tt*

ttt

ttt

Kt

0,13
0.18
0.14
0.17
0.00
0.10
0.24
0.10

tt

tit

ttt

ttt

0.00
0.02
0.06
0.12
0.00
0.01
0.53
0.13

ttt

tt

t»

ttt

ttt

0.1&
0.09

0.02
0.02
0.00
0.08

0.28
0.34

TABLE 10.2 ! Efficacy of size reaoval for the LGRATIO Kthod by geographical area.

Yaaba Handurah Hobart Eden Spencer Gulf

Var. Sig. R2 Sig, Rz Sig. Ra Sig. R2 Sig. R2

HDSL
FDSL
SDSL
ANSL
CASL
HEHL
EYHL
SNHL

»«*

t

Kt

0.18
0.00
0.05
0.00
0.00
0.01
0.22
0.01

t

tt

ttt

ttt

t»<

0.01
0.00
0.05
0.01
0.06
0.20
0.43
0.44

n»
»•»

K*
K»

ttt

tt»

ttt

0.13
0.18
0.14
0.17
0.00
0.11
0.25
0.10

t«

«»t

ttt

«»•

0.00
0.02
0.07
0.12
0.00
0.01
0.54
0.13

ttt

«t*

»»

ttt

«tt

0.16
0.09
0.02
0.02
0.00
0.08
0.28
0.34



10.2

TABLE 10.3: Efficacy of size reaoval for the ALLOW •ethod by geographical area.

Ya«ba Handurah Hobart Eden Spencer Gui ^

Var. Sig. R2 Sig. R2 Sig. R2 Sig. R2 Sig. R2

HDSL
FDSL
SDSL
ftNSL
CftSL
HEHL
EYHL
SNHL

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 -

0.00 -

0.00 -

0.00 -

0.00 -

0.00 -

0.00 -

0.00 -

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
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