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SUMMARY OF MAIN FINDINGS

Sillago bassensis

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
characters.

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. bassensis bassensis and
S.bassensis flindersi.

Sillago bassensis flindersi.

We used seven polymorphic loci to investigate the
population structure of S. bassensis flindersi
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 the 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.HW.

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).

Sillago bassensis bassensis.

The population structure of S. bassensis bassensis 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. bassensis bassensis from
Mandurah, W.A. and Spencer Gulf, S.A., support the idea
that fish from these two areas belong to separate
sub-populations.

We found the distribution of S. bassensis 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 (1985) believed that its range extends eastwards
to San Remo.



ix
Sillago robusta.

Liver and muscle enzymes of Sillago robusta from
northern N.S.W., Rottnest Is. (W.A.) and Groote Eylandt
in the Gulf of Carpentaria (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.

Sillago 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.

Sillaginodes punctata.

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. vittata with S. bassensis bassensis and

S. bassensis flindersi. 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. ciliata.
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. analis 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 S. analis and
S. ciliata, the genetic differences are considerable.

Sillago schomburgkii

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.



RECO NDATIONS

We make the following recommendations for the
management of, and future research into, Sillago
bassensis flindersi.

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 nopthern 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,

xi
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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 bassensis and S. bassensis flindersi 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.

' Recommendation 3

Sillago bassensis 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 ma jor 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 jdentification 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.



Because of the extent to which the fishery for Sillago
robusta impinges on S. bassensis flindersi in northern
N.S.W. we recommend that the same data be obtained for
that species.

With regard to S. bassensis bassensis 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 Sillaginidae. This
Family has recently been reviewed by McKay (1985). It
consists of three genera, Sillago, Sillaginopsis and
Sillaginodes. McKay considers that there are three
sub-genera of Sillago, viz. Sillaginopodys, Parasillago and
Sillago. Ten of the 25 species which make up this family
are found in Australian waters. These are Sillaginodes
punctata, Sillago analis, Sillago bassensis, Sillago
ciliata, Sillago lutea, Sillago maculata, Sillago robusta,
Sillago schomburgkii, Sillago 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 distributional 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 with 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).

Sillago analis (golden-lined or rough scale whiting) is very
similar to S. ciliata 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. ciliata and S. analis are
sibling species: there are sugdestions 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 1b.

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 céunts 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 blotches. 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 lateral 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:

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

Sillago 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 Fremantle 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
maculata extends along the east coast of Australia and S.
maculata burrus occurs on the northern and western coasts of
the continent (Figure lc). 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 §. ciliata 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 1e). 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. bassensis bassensis 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).

Sillaginodes 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 1f). It inhabits sheltered coastal bays
and rocky reefs. It spawns outside these bays but the
larvae are carried back into them and the juveniles grow in
mangrove and seagrass nursery areas (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. ciliata, 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 $AZ2 million.

The King George and sand whitings spend a significant part



Average

Quantity Price
Year Species kg $A per kg
1978-9 Red-spot 164,707 0.8
Sand 94,351 3.38
Truapeter 26,333 1.56
1979-80  Red-spot 109,810 1,08
Sand 108,857 3.74
Trumpeter 29,294 1.73
1980-81  Red-spot 110,503 1.09
Sand 151,907 3.09
Truspeter 42,274 1,44
1981-82  Red-spot 148,911 1.10
Sand 138,255 4,20
Truspeter 37,601 1.51
1982-83  Red-spot 242,798 0.95
Sand 159,814 4,45
Trumpeter 44,587 1,57
1983-84  Red-spot 318,077 0.77
Sand 154,190 4,58
Trumpeter 41,107 1.36

TABLE 1: Whiting sold via N&W Fish Marketing Authority foar
years 1978-1984. Data from N.S.W. Fish Marketing
Authority, Annual Reports 1979-1984.

Year Tonnes $A
1980-81 171 878,000
1981-82 1,499 1,885,000
1983-84 1,091 1,173,000
1984-835 1,042 1,396,000
1985-86 1,347 2,977,000

Table 2: 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 1ife histories that we
intended to obtain samples of these two species. The
red-spot whiting is not usually found in larde numbers in
estuaries; it was not therefore our intention to investigate
this species fully as we expected difficulties in obtaining
samples.

Other species were also to be jnvestigated but to a lesser
extent. This was again mainly because of the difficulties,
to us, in obtaining samples. These other species included
S. robusta, S.maculata and S. analis.

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 larde interbreeding population

throughout its rangde, 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 geocgraphic 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 South 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 10% 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.,
Vic., 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-structuring 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.vittata, S.maculata, S.ciliata,
S.schomburgkii and S.punctata are also presented.






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. analis, S. bassensis, S. ciliata,
S. maculata, S. robusta, S. schomburgkii and

S. vittata. Refer to 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. ciliata and

S. maculata, a net of 100m in length, with a mesh sigze
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. bassensis flindersi and S. robusta 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 -200C. 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 electrophoresis. 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



|
i
s
i
;
5

10

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 40C. Samples were then stored frozen
at -200C 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 o0il) 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 hybridisation. 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 Electro is

Horizontal starch gel electrophoresis was carried out
at 50C 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 #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
370C 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. & photographic record has been kept for all
stock discrimination work.

CQllulgse Acetate Gel Electrophoresis

Commercial preparations of Cellogel and Titan III
cellulose acetate plates were investigated for the
separation of some enzyme loci in some fish species, as
indicated in Appendix 3. The cellulose 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 gelg. Cellogel may be stored
wrapped in plastic in the freezer. Titan III plates
may be stored dried.

Iscelectric focusi

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 storagde.

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 DAT SIS

Patterns of enzyme variation that were consistent with
the known subunit structure of the enzyme (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- “1", the next "2", and so on (in accordance
with the recommendations of Allendorf and Utter, 1879).
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, 1882) 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 progranm, CONPLOT, written by
us, uses the output from CONTML to plot a dendrogram.

Dendrogram construction provides valuable information
on the inter-relationships of populations, but does not
provide a test of whether pairs of populations are



genetically distinet. 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 electrophoretic studies of systematics
(Hillis, 1984). The program NEISTAT, written by us,
computes Nei’s genetic distance, D* (as modified by
Hillis, 1984), from the 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) Fitch-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
differentinl 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 ("1" and "0") 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

13
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bassensis.

Fiqure 2: Morphometric measurements from =.
The variables

(a) lateral view, (b) dorsal view of head.
measured are defined in the text.




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. :

Morphometrics

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 et al, 1986). Standard length was
measured to the nearest millimetre, all other
measurements were made to the nearest 0.0lmm. Details
of measurements were as follows:

Standard Length (SL): from the tip of the snout
from the upper 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 anal fin (AO): from the. tip of the snout
to a line perpendicular to the origin of the first anal
spine.

Caudal peduncle (CP): least 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 (SNL): from the tip of the snout to
the anterior fleshy margin of the eye.

15
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Morpl o | Meristic Data Analvsi

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.

Proportional 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=1Y/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)] (2)

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

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

Here, Y is the original unad justed measurement, B is
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-10
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-10 logarithms of these ratios



(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, p139).

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 Dillon 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 centroid (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 bassensis.

When our study began, school whiting, Sillago
bassensis, 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. bassensis was made up of two sub-species

(S. bassensis bassensis, the western form and

S. bassensis flindersi, the eastern form) we obtained
specimens of S. 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
bassensis and S. bassensis flindersi. 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 Sillago vittata, a newly described western
species which has a superficial resemblance to

S. bassensis (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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Enzyme | Tissue | Number SPECIES PALR DIFFERENCES
of
Loci BASS/VITT BASS/FLIN VITT/FLIN
AAT L 2 Aat-2 Aat-2 Aat-2
ADA L 1 Ada Ada Ada
ADH L 2 Adh-1 Adh-1
ADK L&M 2
ALD M 1
CAT L 1
CDA M 3
DIA L 2 Dia-2 Dia-2 Dia-2
EST L 2
FUM M 1
GDA M 1
GOX L 1
GPI L&M 4 Gpi-1(M) Gpi(-L) ;Gpi-1(¥)} Gpi-1(¥)
GPT L 1 Gpt Gpt
IDH L&M 2 Idh(-L) 1dh(-L) Idh(-L)
LDH M 1
‘ MDH L&M 2 Hdh-1 ;Mdh-2 Mdh-1,Mdh-2
ME L&M 2 Me(-L) Me(-L)
MPL M 1
PEPB L 2 PepB-1 PepB-1;Pep B-2 PepB~1;PepB-2
PEPC L 2 PepC-1 PepC-1
PEPD L 1 PepD PepD
PGD L 1
PGM L 2 Pgm—2 Pgn-2
SDH L 1 Sdh
SOD L&M 1 Sod Sod
XDH L 1

Table 3. The enzymes evamined, the tissues used, the number
of loci investigated, the species pair differences
(diagnostic loci) found in comparisons between whiting
species. ley: L=1iver, M=muscle, HASS=5. bassensis

passenzis, FLIN=Z. bassensis tlindersi, VITT=5. wvittata.

a ‘ Punc b SVltt
__ bass __sflin
_f__flln , spunc
| vitt _ | sbass

-6.27266

Figure Z: Dendrograms to show the relatienships between
5. basszenzix bassensis (bass), &. passenziz tlindersli
(f1in), 5. wvittata, (vitt) and 5. punctata (punc) . (a) as
determined using isozyme data (CONTML), (b) as determined

using isoelectric focusing data (MIX).




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
bassensis, 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. bassensis
flindersi and S. vittata 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 bassensis and

S. bassensis flindersi 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, 1981, 1982). In this
analysis S. punctata was included as the outgroup.

This supports the idea that S. bassensis bassensis and
S. bassensis flindersi 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. bassensis bassensis from St. Vincents Gulf and

S. bassensis flindersi. 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
flindersi populations is much greater than the
differences between any of the S. bassensis flindersi
populations.

Isoelectric focusing of soluble muscle proteins has
also been used to compare S. bassensis bassensis and
S. bassensis flindersi. Distinct differences were
again found between them (Figure 5). A dendrogram
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Fiqure 4: Dendrogram to show the relationships between
populations of 5. bassensiz bas sensis and S. bassensis
flindersi.
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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 1is
observed in this dendrogram, the differences between

S. bassensis bassensis and S. 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. bassensis bassensis (the expected form)
and 57 S. bassensis flindersi, which had not previously
been found west of Cape Otway*. 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. bassensis flindersi and three

S. bassensis bassensis.

Morphometri isti tudies

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,
Fden and Hobart) 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 jndividuals 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).

x S. bassensis flindersi has since been obtained from
Port Fairy in the Portland area.



FIRST SECOND SECOND AHAL ANAL
DORSAL DORSAL DORSAL SPINES RAYS
SPINES SPINES RAYS

10 11 12 1 16 17 18 19 2 17 18 19 20

YAMBA,NSH - 100 - 100 2 90 6 1 100 - 7 91 2
HOBART, TAS b 91 101 g 89 4 - 100 1 227
EDEN, NSH - 100 - 100 s 94 { - 100 - 3 % 2
SPENCERS GULF,SA 3 96 - 99 - g Bt 10 99 - 79 2
NANDURAH , WA 1 93 2 96 - 482 10 % - 17 12

Table 4. Summary of the frequency distributions of school
whiting dorsal and anal fin spines and rays by geographic
area.

SECOND DORSAL RAYS 16 16 17 18 16 17 18 19 17 18 19 N

ANAL RAYS {7 18 18 18 19 19 19 19 20 20 20
Yamea B T A O RO T
HOBART { 220 - 5868 3 - - 1t - 101
EDEN -2t - 39t - 2 - - 100
MANDURAH - - 3 4 -t 1T - 13 %
SPENCER BULF - - 5 2 - 3m® 9 - 1+ 199
Table 5. Summary of frequency distributions of school

whiting second dorsal and anal fin rays by geographic area.

AREA LATERAL LINE SCALES ANAL GCALES DORSAL SCALES
65 bb 47 4B &9 70 71 72 T3 9 10 4 5

YAMBA 4 4 4 10 12 16 - 1 i 50 - 9%

HANDURAH - - -t 2 - 3t - 9 - 2

HOBART - - - 2162 71-5 - 30 4 1 78

EDEN - - - - 221 B 2B b 16 82 - 9

SPENCER GULF - - = - = = = - - i 10 - 3

Table 6. Summary of frequency distributions of school

whiting lateral line, anal and darsal scale counts by
geographic area.



26

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. Lateral 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 (19858).
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 transformations.

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 kurtosis, respectively.
Transforming raw data using the ALLOM method increased
non-normality (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



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 0O.115. Similar results were obtained for LGRATIO
with 24 of the 40 possible variables being
significantly associated with SL with the average r?
being 0.116. For ALLOM, no shape variates were
significantly associated with SL and the mean rZ 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 cases were correctly classified to their

27
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Figure 7t Group centroids for RATIO, LGRATIO and ALLOM
shape variates positioned in discriminant space for
functions I and II. Isodensity circles contain 0% of group
cases (Note: A, Yamba:; E, Mandurah; €, Hobart; D, Eden and
E, Spencer Gulf. Clustering of group centroids by UFGMC for
all possible functions for each data type.
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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 to 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. bassensis flindersi 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. bassensis flindersi is
distributed much further westwards than previously
reported; its distribution extends westwards at least
to Anxious Bay in South Australia. Sillago bassensis
bassensis 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 flindersi.

Sillago 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
starch gel electrophoresis to study seven polymorphic
enzyme loci (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.



30

Maps to show the distribution of (a) S. bassenslis

Figure B:
bassensis bassenslis. Inset shows

flindersi and (b) &.
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
Felsenstein’s (1981, 1982) CONTML. and FITCH programs.
The dendrograms of highest l1ikelihood 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 (Vic.), sample 2 whereas Cape Patton,
sample 1 is clustered with Jervis Bay (N.S.W.), and yet
another cluster includes Port Fairy (Vic.), Anxious Bay
(S.A.) and North Solitary Is. (N.S.W.). The FITCH plot
(Figure 11) shows the populations grouped somewhat
differently, but cnce 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 10: Dendrogram to show relationships between samples
of 5. baszensis flindersi from different localities (CONTHML
plot).

Key: byronbay = Byron Bay; evanshead = Evans Head; yasbaltot = Yanba (7/6/84) total; yaasballge =
Yaaba (7/6/84) large; yambalsal = Yaaba (7/6/84) small; yasba2 = Yaaba (22/5/86); yambal = Yamba
{23/5/86); wooli = Mooli; nthsolit = Nth Solitary Island; coffshi = Coffs Harbour (2/4/85); coffsh2
= Coffs Harbour (21/5/86); casdenl = Caaden (2/10/85); caaden2 = Sth Camden Heads (2/10/83)
forsterl = Forster (1/10/85); forster2 = Forster (5/6/85); forster3 = Forster (20/5/86); ptstephen =
Port Stephens; newcastle = Newcastle; sydney = Sydney; jervisb = Jervis Bay; eden = Eden; lentrance
= Lakes Entrance; sanreso = San Remoj ptlonsd = Pt Lonsdale; cpattoni = Cape Patton (area 1);
cpatton2 = Cape Patton (area 2); apollob = Apollo Bay; ptfairy = Port Fairy; hobart = Habart;
anxiousb = Anxious Bay
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Figure 13: Frequencies of Mpi® and Mpic= throughout the
distributional range of &. bassensis ftTlindersi.

Figure 14: Frequencies of Fgd= and Fgd® throughout the
distributional range of &, baszsensis ftlindersi.




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

Sillago bassensis flindersi 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. bassensis flindersi.

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. bassensis flindersi is very patchy 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 test
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 made 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 conhsiderable 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 graoups 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

37
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it, or

(2) samples of different ade 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 the 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=20.2013, 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 tested was
that the genetic composition of samples from the same
area will remain the same with 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 all 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
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g stat d of ¢ prob.

otu | vs otu 2
Yasbaltot yasballge 2,435675 1 JA185
yasbalsal 2.25425 1 1333
yamba? 5.51440e-3 t L9410
yashal 2.12054 1 1454
yambailge yasbaisal 6.53494 1 .0106%
yaaba? 931983 1 3344
yasbal 5.73496 1 01644
yaabalsal yaaba 1,05898 1 . 3035
yasbald 5.73753e-2 1 .8108
yamba? yaabal 1,24703 t 2642
cotfst coffs2 3.39485 t 0654
caadenl caaden? 2,057195 1 1913
torsterl tarster2 1,41353 1 L2343
forsterd 7.00490e-3 1 9335
torster? forsterd .881039 1 . 3480
cpattont cpatton2 3.54180e-3 1 9921
Table 7. Comparisons between samples (G-tests) of
5. hassensis ftlindersi at the Fgd locus. * indicates a
significant result.
otu | 'L otu 2 g stat d of ¢ prob.
yambaltot ~ yamballge 2.66995 { 1023
yasbalsal 7.52029 1 .0061%
yaaba? . 29679 1 L4124
yashad 1.37011 1 248
yambalige yasbalsal 13.3518 1 0003+
yaaba? 2.35958 { 1248
yasbal 9.0954 1 . 0240
yasbalsal yaaba?2 1.6473 1 199
yaabal 1.0077 1 3199
yasba2 yaabal L193493 1 0933
coffshl coffsh2 17.2947 1 0.000%
caaden! caaden? 4,.41882 1 0.356¢
forstert farster? (3. 4466 ! .0002¢
tarsterd 2.01203 1 . 1561
forster? forsterd 1.89978 1 . 1481
tpattonl cpatton 1,58858e-3 1 . 9684
Table 8. Comparisons between samples (G-tests) of

)

5., bassensIis

flindersi

significant result.

at the Mpi

locus. * indicates a
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1 and Forster 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. bassensis 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
discontinunity, because in oceanographic terms this
area is complex.

In the area between Smoky Cape (Jjust south of Coffs
Harbour) and Sugarloaf Point (Jjust 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 al. (1983) report many “fronts"” in the
ocean in this area and Rochford (1975) found upwelling
to 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.



Such barriers could act as a moving boundary between
two sub-populations of S. bassensis flindersi 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
flindersi 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 that
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 poprulations.

Often when interbreeding occurs between populations of
different genetic composition, significant heterozygote
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 1is
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 Jjust received a sample,
which we believe to be S. bassensis flindersi, from the
eastern end of Kangaroo Island. The future analysis of
this sample will prove interesting.
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POPULATION 1 P feemmrjmocmesimmemomgomoess 6-5T | PROS.,
______ M AB 1]
BYRON BAY 0.743 § 0Bg ¢ 2t 13 0.248 1 0,763
EIP { 20.4 | 141 1 2.4

YANBA 2 0.597 | 0B
. B EX 1.9 3
YANBA 3 0.486 § 0BS 2 15 L83 1 0.9
_____ EIP | 20.2 } 18,5 1 4.2
¥ooLt 0.702 43 35 § 10,308 1 0.742

NTH SOLITARY IS ¢ 0.401 (E)B

I
COFFS HARBOLR 1 i 0.498 EB

COFFS HARBOLR 2 } 0.541 ggg 14 18 § 1 0.484 ¢ 0.622

X 351 8.0 A4S

FORSTER 0,964 ¢ OB 16 21 10 0,414 5 0,667
EXP i 14,94 25,11 8.9

FORSTER 2 0.647 { 0B § 22 22 0,047 1 0.95¢
EIP ¢ 21,3 4 23,3} 4.4

NENCASTLE 0.755 i 0BS 15 3.506 | 0,029 ¢
EXP ¢ 31,41 20,31 3.3

SYDNEY 0.601 | 0B 3 23 42 7 1 3.851 10,021 ¢
EXP § 26,9 1 34.2 | 10.9

JERVIS BAY 0.617 § 0BS ¢ 39 38 17 11,937 1 0.142
EXP | 35.8 1 44,4 ¢ 13.8

EDEN 0.612 § 085 | 42 i 24 1 B.716 1 0,000 ¢
EIP 1 35.2 % 44,6} 14,2

POINT LONSDALE 0,857 (Elgg 22 23 & 1 0.000 1 1,000

2 23 b
CAPE PATTON | 0,656 § 0BS | M4 30 4,944 1 0,008 ¢
EXP | 38,7 1 40.7 § 10.6
CAPE PATTON 2 0.653 | 0BS | 34 A7 7 12,9321 0.052
EXP § 37.5 % 39.9 § 10.6
APOLLD BAY 0.564 | 0BS i 28 34 151 0,648 1 0.524
EXP 26,31 37.4 1 L33
PORT FAIRY 0.567 § 0BS & 32 [ 19 1 0.112 1 0.B94
EXP { 31.2 1 47.6 § 18.2
HOBART 0,547 { 0BS § 3¢ 3 27 4 9,160 1 0,000 ¢
EXP { 28,7 § 47.4 § 19.7
X BA 0.427 (} S 510,198 1 0.822
AHIOUS BaY B i

Table 9. FPgd gene frequencies (p), observed (obs) and
expected (exp) genotype frequences, G-statistic and
probabilities for goodness of fit to the Hardy-Weinberg
distribution for samples of 5. bassensis flindersi.

% 1indicates significant deviation from the H-W

distribution.
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iPOPULATION

YANBA 2

wea s

wo 0.705 L QBS | 46 | A2 0,399 | 0,877
EIP ! 47,2 1 39.5 8.3

gcamc
28|53

NEWCASTLE 0,608 | OB 2% 25 110,946 1 0.609
EIP 3 22,25 8.6 % 9.2

SYONEY 0,435 : 0BS & 35 29 4 12,835 % 0.057
EfP § 31,54 36.2 % 104

JERVIS BAY 0.638 1 085 : 42 )] 15 ¢ 0.756 } 0.526
EXP 3 40 45 13

EDEN 0.672 1 085} 48 29 1o 4 T.774 1 0,000 ¢
EIP ) &2 4 10

LAKES ENTRANCE ! 0.431 i 0BS i 42 4 1h + 1.081 1 0.347
EP 39 4 14

SAH REND 0.645 {0851 41 38 141,073 0,343
EXP | 38,7 § 4.6 4 11T

POINT LONSDALE | 0.707 § 0BS | 19 2 2 4 LI G 0.282
EIP {205 ¢ 17 3.5

oD B L S TR W | 38+ 10 i 0,183 | 0.850
EXP | 30.8 | 38.4 § 10.8

PORT FAIRY is OB 0 b A 13 10,025 0.97
EIP | 3.6 | 44.8 | 12.8

HOBMAT 0.709 Wyt B L0022 087
EXF | 45,7 § W16 7.7

prerreegerumt R R N N I U R LR RA

Table 10. Mpi gene frequencies (p), observed (obs) and
expected (exp) genotype frequencies, G-statistic and
probabilities for goodness of fit to the Hardy-Weinberg
distribution for samples of 5. bassensis fTlindersi. :
% indicates significant deviation from the H-W
distribution.



Figure 164:

Diagram to show the location of

subpopulations of 5. bassensis ftlindersi.
explanation.

‘tentative’
See text for
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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 to Tasmanian waters.

Sillago bassensis bassensis.

In S. bassensis bassensis 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 0.8 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
bassensis compared, namely Mandurah and St Vincent’s
Gulf (Figure 7).

These data, taken together, suggest that the four
samples of S. bassensis 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.



9 __stvingulf b
spengulf
mandurah
kKangaris
5SS = 8.82258 ZSD = 4.75194 59. 08058

Figure 17: Dendrograms to show the relationships between

populations of . bassensis baszsensis. (a) CONTML plot,
(b) FITCH plot.

Key: stvingulf - St Vincents Bult
spenqulf - Spencer Gulf

sandurah - Mandurah
kangaris - Kangaroo Island
otu 1 vs otu 2 g stat d of f prob.
stvingqulf spengul f 121,715 13 0.000 #
kangaris 45,7856 13 0.000 ¢
aandurah B1.3976 13 0.000 #
spengul f kangaris 57.2238 10 0.000 #
aandurah 69,2752 12 0.000 #
kangaris sandurah 7.26543 12 .B396

Table 11. Comparisons between samples of &. bassensis
baszsenszis, fraom four localites, by means of G-statistic
{Sokal and Rohlf, 1981). Key to populations as in Figure
17. * indicates a significant result.

Pepc

O
o

Figure 18: Fregquencies of Fep® and Fep< in
bassensis from four localities.

Key: 1. Mandurah, 2. Spencer Gulf,
3. St Vincents bulf, 4. Kangaroo Island.
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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
different 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



—evanshd
evanshd

byronby
234.75131 SS = 8.970895 /SO = 15.58002

Eigure 19: Dendrograms to show the relationships between

&. robusta samples from northern N.S.W. (a) CONTML plot
(b) FITCH plot. ' Prem

Key: forstl - Forster (1/10/85)
forst2 - Forster (20/5/86)

sandon - Sandon Bluff
coffsh - Coffs Harbour
yasba - Yaaba

evanshd - Evans Head
byronby - Byron Bay

ctu 1 vs otu 2 gstat doft prob.
byronby evanshd 27.0711 2 . 1683
yaaba - 25.4177 21 2299
sandon 92,4687 20 0.000 #
forstl 23,0418 20 . 2867
forst2 20.8548 20 . 4057
coffsh 21,2262 20 .3839
evanshd yanba 30.5317 20 0617
sandon 87.3607 20 0.000
forsti 28,2955 19 0779
forst2 35.2964 20 .0186 #
coffsh 20.2637 20 4415
yamba sandon 96. 9542 19 0.000 #
forstl 11,1661 16 7991
. forst2 27,624 19 0909
coffsh 14,4734 19 7554
sandarr forsti 67,8053 16 0,000
forst2 - 9.2999 17 0.000 #
coffsh 73. 1703 17 0.000 #
forsti forst2 16.034 17 0214
coffsh 9.983% 17 9043
forst2 coffsh 22,4646 18 L2120
Yable 17. Compari=ons between sampies ot @. robusta, from
E localitiws, by means of the G-statistic (Sokal and
Fonid, 1981) . Key to samples as in Figure 19. * indicates
A =iagm ficant result.
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Nusber ~ Species Pair Differences
of -- -
Enzyse  Tissue Loci NT/HA  NT/NSW  WA/NSH

AAT L 4 fat-1 fat-1 -
- Aat-2 fat-2
- Aat-3 fat-3
Aat-4 Aat-4 fat-4
ADA L 1 fAda - Ada
ADH L 1 Adh Adh Adh
EST L 1 - Est Est
6DA L 1 - " bda bda
6P1 L 1 - - -
M 3 - - Bpi-2
- 6pi-3  6pi-3
10H L 1 1dh-2 Idh-2 -
M 1 - - -
LDH LorH 1 - - -
HOH M 3 - Mdh-2  Mdh-2
- Hdh-3  Mdh-3
NE M 2 He-2 He-2
HP1 M 1 - - -
pepP-C L 1 - Pepl Pepl
PEP-D L 2 - Pepl-1  Pepl-1
e~ Loaor M 2 - - -
500 M 1 Sod Sod -
TATAL NUMBER i 7 16 13

TARLE 13: The enzymes examined, the tissues used, the
numbers of loci investigated and the species pair
differences (diagnostic loci) found in comparisons between
2, robusta from N.S.W., W.a. and N.T.
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7/27 fixed differences; the 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 bassensis,

S. bassensis flindersi 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 third 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 not made a morphological
study of the specimens we examined except to the extent
necessary to 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. (1988) say that allopatric
populations of vertebrates can be considered to be
separate species, with a high dedree 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



54

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

Fiqure 20: Isoelectric focusing gel of soluble muscle
proteins from S. maculata (N.S.W.), 5. robusta (N.T.,
N.S.W., W.A.), 5. bassensis bassensis and § bassensis
rlindersi.



Maps to show the distribution of §. robusta (a)
The inset shows

Fiqure 21:
Eastern form, (b) Western form, (c) gulf form.

the distribution described by McKay (1985).
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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 maculata
Pilot Study

Thirty-nine enzyme systems were examined in S. maculata
maculata. These encode about 80 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, Ped, 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 maculata, and
S. maculata burrus.

Comparisons were made between S. maculata maculata from
N.S.W. and S. maculata 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. maculata
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. maculata. 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



22: Isoelectric focusing gel of soluble

Figure 22:
proteins from S, maculata (N.T., W.A.,

robusta (N.T.).

S. maculata

S. maculata

S. maculata

s. robusta

N.S.W.)

(N.T.)

(W.A.)

(N.S.W.)

(N.T.)

muscle
and §.
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S. maculata 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. ‘

Sillaginodes 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-eight 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 Inlet). 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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spencerl b sponcerl

spencer? kangaroo
—__——[;:;;:ln spencer?

kangaroo angusln
48.01833 SS = 0.93655 ZSD = 38.68315
angusin d adelatlde

spencer? L kangaroo
adelalde spencerl
kangaroo angusin

spencerl L_'{._______.__spencerZ

50.31179 SS = 2.89293 ZSD = 4B.89813

adelatde £ adelatde
cornerin cornerin
P_—__—_—{::::;;ngaroo lkangaroo
spencer? spencerl
L spencerl spencer?

44.58031 SS = 4.72588  ZSD = 41.87956

Figure 23: Dendrograms to show the relationships between
Sillaginodes 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 5
b, d and f.using FITCH (Felsenstein, 1981, 1982).

Key: spencer! - Upper Spencer Gulf (1/11/83)
spencer? - Upper Spencer Gulf (3/11/83)
adelaide - Port Adelaide
angusin - Anqus Inlet
kangaroo - Kangaroo [sland
cornerin - Corner Inlet



Dgure 2d4: Frequencies of Gpt ® and

Key:

KEY . cptP
O o

@Melbourne

Bpte in &. punctata

i, Upper Spencer Sulf; 2. Angus Inlet; 3. Port Adelaide; 4. Kangaroo Island; 5. Corner Inlet.
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A e mmemmmmmmmmmmmemmmememmmsmmmesoossmosoomoss
spencer| spencer? 42,6816 16 . 0003 ¢
anqusin 56.4322 16 0.000 ¢
kangaroo 40,1143 16 .0007 ¢
spencer? angusin 25,3548 10 L0047 &
kangaroo 69.293 13 0.000 ¢
angusin kangaroo 57. 4495 12 0,000 #
5 otu | vs otu 2 g stat doff praob.
adelaide spencerl 19.7695 12 . 2020
spencer? 29.394 b 0001 ¢
angusin 13.404 3 L0199 ¢
kangaroo 12,6049 8 1262
spencer | spencer? 41,246 12 0.000 #
angusin 41,481 12 0.000 ¢
kangaroo 34,8603 12 0005 ¢
spencer?2 angusin 14,4391 b 0251 ¢
kangaroo 64,0603 9 0.000 &
angusin kangaroo 39,4584 8 0.000 *
otu | vs otu 2 g stat doff prab.
S
adel aide spencerl 8.80639 9 . 4553
spencer2 29.174 3 0.000 #
angusin ' 11,2049 L L0244 ¢
kangaroo 10,2038 3 L0697
cornerin 23.6518 b 0005 ¢
spencerl spencer2 29,4334 9 .0005 #
angusin 18,5132 9 0297 ¢
kangaroo 27.2406 9 L0013 ¢
cornerin 81.4942 9 0.000 ¢
spencer? angusin 13.2534 5 L0211
kangaroo 50,5387 b 0.000 ¢
cornerin 119,342 & 0.000 #
anqusin kangaroo 32,588 3 0.000 ¢
cornerin 75.8278 b 0.000 #
kangaroo cornerin 19.2783 7 - L0074 ¢

Table 14. Comparisons pbetween samples of 2. punctata by
means of the G-statistic (Sokal and Rohlf, 1981). key to
samples as 1in Figure 23. v

(a) Comparisons based on Gpt; Gpi 1-3, Pgm—1 and Fgm—2.
(b) Comparisons based on Gpt; Gpi 1-% and Fgm-—1.

(c) Comparisons based on Gpt and Gpi 1-3.
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There is an increasing number of samples included in
the analyses as the numbér of loci considered is
decreased. However all analyses include Gpt¢ which was
the only locus at which the frequency of the most
common allele was less than 0O.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 Gpte 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 (Vic.) 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 completed 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.
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PILOT STUDIES ON OTHER SPECIES

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.

Sillago vittata

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 1in Table 3.5, Appendix
3. Only 9 of these loci; Ald, 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. ciliata. 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-1i,
Mpi, Pgd and Pgm-1 are likely to be useful because in
each case the frequency of the most common allele was
less than 0.9 in the samples we used in our pilot
study.

Sillago schomburgkii

Only 15 enzymes were investigated in the liver and
muscle tissue of S. schomburgkii. 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 isozyme polymorphisms in population studies on
this species is to be established.

Sillago analis

Only a very small amount of work was done on a few
specimens of S. analis. Eleven enzymes were studied in



liver and muscle tissue. Four of them showed no
activity, the remaining édight 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. analis.

McKay (1985) regards S. ciliata and S. analis 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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AFFENDIX 1 : WHITING SPECIES OCCURRING ARDUND AUSTRALIA.

TABLE 1.1 : Whiting Species Occurring Around Australia.

Scientific Name

Coamon Name

Distribution

Sillago amalis
Sillago bassensis bassensis

Sillago bassensis flindersi

Sillago ciliata
Sillago lutea.
Sillage aaculata burrus

Sillage naculata waculata
Sillago robusta (Eastern)
Sillago robusta (Western)
Sillago schowburgkii
Sillago sihana.

Sillago vittata
Sillaginodes punctata

Golden-Lined Whiting
Western School or
Transparent Whiting
Eastern School or
Red Spot Whiting
Sand Whiting

Hud Whiting

Western Trumpeter
Whiting

Truapeter Whiting
Stout Whiting

Yellow Fin Whiting
Northern Whiting
Banded Whiting

King George Whiting

aLD, NT, WA.
WA, SA, W.VIC,

Sth GLD, NSW,
VIC, TAS, SA.
aLD, NSW, VIC,TAS
NT, WA.

NT, WA.

aLD, NSW, VIC.
Sth GLD, NGW.
NT, WA.

WA, SA.

NT, WA.

WA.

WA, SA, VIC.

(Froa McKay,1983)

[+ As yet we have been unable to obtain specimens of these species.]



fAround Australia, there are 10 species and 3 sub-species of whiting.

By state these are: NSW (4) Sillago bassewsis flindersi
Sillage ciliata
Sillago maculata naculata
$illago robusta (Eastern Form)

VIC (5) Sillago bassersis basseasis
Sillago basseasis flindersi
Sillago ciliata
§illage maculata waculata
Sillaginodes pusctata

54 (4) Sillago basseasis bassensis
| : and now Sillago bassersis flindersi
| Sillago schowburgkii

| Sillaginodes punctata

i (9) Sillage analis
§illago bassensis bassersis
Sillago lutea
Sillago waculata burrus
Sillage robusta (Western Fora)
Sillago schomburgkii
Sillago sihana
Sillago vittata
Sillaginodes punctata

NT (5) Sillago aralis
Sillago lutea
Sillago maculata burrus
Sillago robusta (Western Form)
Sillago sihama

BLD (5) Sillago amnalis
Sillago bassensis flindersi
Sillago ciliata
§illago maculata naculata
Sillago robusta (Eastern Fora)

TAS (2) Sillage bassersis flindersi
Sillage ciliata




AFPENDIX 2 : COLLECTION DATA FOR WHITING SFPECIES.

Key ¢
F = female, ¥ = nale, J = juvenile
SL = standard length
- = no data

®ton

TABLE 2.1 :  Sample Collection Data For King Beorge Whiting,
Sillaginodes punctata.

COLLECTIDN DATE NB. OF  SEX RATIO SIZE RANGE
SITE ANIMALS {SL ca)

5.A.

Fowlers Bay 28/ 2/64 13 - -

Port Adelaide 13/ 9/84 20 20J i1.4 to 17.0

Upper Spencer 1/11/85 59 2F:118:173 17.7 to 25.4
Bul f 3111483 37 JF:21M: H 14.2 to 26,0

Kangaroo Is 20/11/85 26 264 i1.4 to 16.1

fingus Inlet 13/ 2/86 60 604 5.6 to 9.1

VIC

Queenscliff 9/ 4/83 100 100J 7.7 te 20.5

Kestern Pt Bay 10/ 4/85 20 204 -

Shallow Inlet 12/ 4/85 100 1004 7.2 to 1.1

Corner Inlet 13/ 483 83 83d 7.0 to 20.4

TABLE 2.2 : Saaple Collection Data For Transparent Whiting,
Sillago bassensis bassensis.

COLLECTION DATE ND. OF  SEX RATIO SI1E RANGE

SITE ANIMALS {SL ce)

S.A.

Kangaroo Is 1/ 6/84 43 24F: BM:11 12,5 to 22.1
5t Vin. Gulf 11/ 6/88 108 60F325M:233 3.1 to 20.8
Spencer bulf 5/84 110 A1F: 4AM3650 10,6 to 17.9
Anxious Bay 13/ 9/83 3 iFs 1IN 15.7 to 17.9
KA. - !

Mandurzh 13/ 5/85 110 - 8.8 to 17.2

Rottnest Is 21/ 8785 2 6F: M: &3 13.9 to 22.5




2.2

is flindersi.

SIZE RANBE
(SL ca)

12.0 to 19.6
12.1 to 165
12,5 to 21.7
11,7 to 18.2
8.9 to 18.0
10.7 to 16.8
13.1 to 21.4
13.0 to 21,1
11,2 to 20.3
13.0 to 21/1
11.7 to 18.3
8.9 to 20.3
8.6 to 15.9
10,5 to 16.9
8.2 to 21.2
8.0 to 21.8
8.4 to 20.4
19.7 to 20.1
7.4 to 15.7
9.6 to 19.6
13.3 to 21.8
4,2 to 3.8
7.9 to 10.3
17.0 to 23.9
12,4 to 20.2
12.0 to 22.3

11.5 to 21.3
13.3 to 22.3
6.6 to 21.3
14,3 to 19.5
12,6 to 18.5
15.1 to 23.2
15.9 to 23.5
17.1 to 22.4
10.7 to 22.0

14.0 to 24.8

TABLE 2,3 : Sample Collection Data For Red Spot Whiting,
Sillago bassess
COLLECTION DATE ND, OF  SEX RATID

SITE ANIMALS
N.S5.H.

Byron Bay 23/ 5/86 A0 22F:128: bJ
Evans Head 23/ 5/86 45 18F:24M: 34
Yaaba 7/ /84 200 -

* 22/ 9786 33 29F: M 13

' 23/ 5/8b 23 29F:208: 4J
Nth Solitary Is  10/10/83 100 29F: 368:393
Coffs Harbour 2/ 4/83 49 29F: 24H

' 21/ 5/86 3 21F: 228
Sandon Bluff 3/ 67835 7 9F: iM: 1

' 21/ 9/86 3 21F: 22
Wooli 11/10/83 96 41F: 510 4
Canden Heads 2/10/83 100 JAF: 44Nz 1 2]
Sth Camden Hds 2/10/85 43 19F: 12M: 120
Crowdy Head 4/84 10 aFs oM
Forster 1/10/83 100 15F: 21M: bbd

b 3/ 6/83 80 SOF:4SH: 3J

' 20/ 5/86 32 18F: 9M: 3
Pt Stephens 4/84 10 4F; 1o

' 11/ 4/83 103 14F; 13M: 764
Stockton Bt 11/ 4/83 62 20F: 29M: 134
Broken Bay 12/ 4/83 78 31F:46M: 1
Sydney 11/ 4/84 9 3

' 13/ /84 12 -

*  markets 27/ 9/BA 10 -
Jervis Bay 9/ 8/84 138 47F:91M
Eden 22/ 4184 197 103F:924: 2
VIC
Lakes Entrance 1B/ 6/84 118 b2F:55M: U1
San Remo 297 5784 156  59F:92M: SJ
Pt Lonsdale 20/ 3/84 15 7F: oM

' 21/ 3/83 2 21F: 240
Apollo Bay 12/ 97835 79 40F:38M: 11
Cape Patton 30/ 9/83 100 42F:38M

' 30/ 9/83 Bl A9F:32H

. 30/ 9/83 10 7F: 3
Pert Fairy 11/86 239 b9F:166M:3]
TAS -
Hobart 17/ 5/84 215 99F:10BM:12J
S.A.

Kangaroo Is 12/86 < 60 -/
Anxious Bay 18/ 3/84 60  AAF:1iM: W

10.9 to 15.4




TABLE 2.4 :  Sample Collection Data For Banded Whiting,
Sillago vittata.
COLLECTION DATE NO. OF  SEX RATIO SIZE RANGE
SITE ANINALS {SL cm)

WA,
Mandurah 13/ 5/85 8 BF 15.6 to 24.0

' 12/ 3/86 32 16F: 4M:120 12,0 to 15.0
Rottnest Is 27/ B/B3 4 1F: 3N 20.9 to 24.5

TABLE 2.5 :  Sample Collection Data For Stout Whiting,
Sillago robusta.
COLLECTION DATE NO. OF  SEX RATIO SIZE RANGE
SITE ANINALS {SL ca)
gLd
Coalun 10/ /84 1 iN 16.9
N.S.H.
Byron Bay 25/ 5/86 76 16F: 6M:540  11.2 to 15.7
Evans Head 25/ 5/86 74 IF: 3M:6BJ 10,4 to 14,0
Yanba 22/ 5786 60 5F: 3M:520  10.4 to 15.9
Coffs Harbour 26/ 3/85 8a {7F:13M:980  10.3 to 16.0
Sandon Bluff 5/ 6/85 103 4F: 65M:320 7.0 to 15,0
Wooli 1/10/83 1 Bt 9.9
Forster 9/ 6/83 10 TF: 2M: 1 7.8 to 14.5
* 1/10/85 o7 LYA 6.1 to 12.0
' 20/.5/86 141 BF: 7M:124) 7.6 to 16.7
Sydney 20/ 9/83 38 - 9.3 to 14.9
. 11/ 4/84 ] 4y 5.2 to 4.2
* 3/84 15 BF: 4M: 3 14.9 to 20.3
N.T.
Tasman Pt 21/ 4/86 20 IF: 7N 13.5 to 14.8
KA.
Rottnest Is 27/ B/85 10 4F: IM: 40 11,5 to 15.2

2.3



2.4

TABLE 2.6 :  Sasple Collection Data For Trumpeter Whiting,
§illago waculata.

COLLECTION DATE ND. OF  SEX RATID SIZE RANGE
SITE ANIMALS {SL cm)
. N.S. N,

Sydney 19/ 9/83 20 - 19.0 to 23.4
' 11/ 4/84 2 2F 18.5 to 20.7
' 11/ 5/84 20 13F: TH 17.5 to 22.1
. 19/ 4/84 16 BF: SM: 3J 17.6 to 23.9

NT.

Tasman Pt 21/ 4/86 20 9F: 4M: 1J 13.5 to 17.4

WA,

Daapier 5/ 1/84 12 12 2.5 to 9.3

Handurah 12/ 3/86 29 16F: 10M: 3J 12.0 to 18.0

NH Shelt 2/ 8/83 15 - 12,1 to 24.7
' 30/ 8/83 b - 10.8 to 16.1

TABLE 2.7 : Sample Collection Data For Sand Whiting,
§illago ciliata.

COLLECTION DATE ND. OF  SEX RATIO SIIE RANGE

SITE ANIMALS {SL ca)
N.S.H.
Wallis Lake 2/84 10 - -
Seith's Lake &/ 1/83 b - -
' 1/ 9/83 14 - 8.7 to 15.3
' 2/84 10 - -
' 2/83 20 - -
Sydney &/ 7/83 [ - -
' 21/ 2/84 8 - -
' 5/84 3 2F: 1N 20.3 to 22.6




2.3

TABLE 2.8 :  Sample Collection Data For Golden-Lined Bhiting,
S§illago aralis.

COLLECTION DATE ND. OF  SEX RATIO SI1E RANGE
SITE ANTHALS (5L ca)

N.T.

Escape Cliffs 22/ 8/84 21 11F: 7M: 33 12,9 to 20.8
gLD

Deception Bay 22/ 7784 19 1F: 2M:16d 9.3 to 26.4
WA,

No Maee Bay 7/ 1/84 3¢ - 10.0 to 14.7

TABLE 2.9 :

Sample Collection Data For Yellow Fin Khiting,

Sillago schosburgkii.

COLLECTION DATE KD. OF  SEX RATIO SIZE RANGE
SITE AKIMALS (5L ca)

S.A.

Angus Inlet 13/ B/84 21 1F: - :200  10.3 to 15.9

Spencer Gulf 2/11/83 )| 2F: 26N 18.1 to 25.7

WA,

Daspier 7/ 1/84 7 - 9.9 to 27.8

Sorento 13/ 2/85 1 - -







APFENDIX = : ENZYMES STUDIED,

TISSUES INVESTIGATED,

3.1

ELECTROFHESIS RUNNING CONDITIONS AND PRESUMED NUMEBER OF LOCI

FOR WHITING SFECIES.

Key: EC= Enzyse Commission nusber; L= liver, M= muscle, H= heart, E= eye;

£z best tissue for this enzyme; 1= TBE pH9, 2= ST EST, 3= T6 pHB.3,

4= POULIK, 5= TEB pH 7.8/MgClaz, b= TN pH7.8, 7= TEN pH7.4, B= CAEA pHT7.2,

9= CITPD4, 10= CAM pHb.1, 11= TC pH5.B; © = best buffer system for this
enzyme; AG= agarose, ST= starch, CELL= cellogel, TIT= Helena Titan I1I plates,
“= best support matrix for this enzyse; A= anodal migration, C= cathodal
migration, NS= no staining, P= polysmorphic

Note: Loci are designated from the most cathodal in ascending order to the most anadal.

e.g. PBN-1 is cathodal of PGN-2 (the faster sigrating locus).

TABLE 3.1 : Enzymes Investigated In Whiting Species.

ENIYME ABBREVIATION ENIYNE COMMISSION NO.
Acid phosphatase ACPH EC 3.1.3.2
Aconitase ACON EC 4.2.1.3
Adenosine deaminase ADA EC 3.5.4.4
Adenylate kinase AK EC 2.7.4.3
Alcohel dehydrogenase ADH EC 1.1.1.1
Aldolase ALD- EC 4.1,2.13
Alkaline phasphatase ALKPH EC 3.1.3.1
D-Amino acid oxidase DAMDX EC 1.4.3.3
Aspartate aminotransferase AAT EC 2.6.1.1
D-Aspartate oxidase DASOX EC 1.4.3.1
Carbonic anhydrase CA EC 4.2.1.1
Catalase CAT EC 1.11.1.4
Creatine kinase €K EC 2.7.3.2
Diaphorase DIA EC 1.8.1.4
Enolase ENOL EC 4,2.1.11
Esterase EST EC 3.1.1.1
Fructose-hisphosphatase Fop £C 3.1.3.11
Fumarase FUn EC 4.2.1.2
Galactose dehydrogenase GALDH EC 1.1.1.48
alpha-balactosidase alpha-BAL EC 3.2.1.22
beta-Galactosidase beta-BAL EC 3.2.1.23




3.2

TABLE 3.1 (Cont.)

6luconate dehydrogenase 6DH

§lucose-6-phosphate 66PDH
dehydrogenase

Blucosephosphate isoserase 6PI
alpha-6lucosidase alpha-6LU
beta-6lucuronidase beta-6US
6lutamate dehydrogenase 6LUD
6lutamate-pyruvate 6PT
transaminase

Glyceraldehyde-3-phosphate GA3PDH
dehydrogenase

lycerol dehydrogenase 6LYDH
alpha-6lycerophosphate alpha-6PD
dehydrogenase

Glycolate oxidase 60X
Blyoxylase | BLOI
Buanine deaminase 6DA
Buanylate kinase BUK
Hexakinase HK

Hexosaminidase HEX

Hydroxyacyl coenzyse A HADH
dehydrogenase

beta-Hydroxybutyrate HBOH
dehydrogenase

Isocitrate dehydrogenase  1DH
Lactate dehydrogenase LDH
Leucine aminopeptidase LAP
Halate dehydrogenase NIH
Malic enzyme NE
Mannose phosphate isomerase MPI
Phosphoglucoautase P&H
Peptidases PEP
6-Phosphogluconate PBD
dehydrogenase

Pyruvate kinase PK

Sorbitol dehydrogenase SDH
Succinate dehydrogenase SUCDH
Superoxide dismutase 50D
Yanthine dehydrogenase {DH

EC 1.1.1.69
EC 1.1.1.49
EC 5.3.1.9
EC 3.2.1.20
EC 3.2.1.31
EC 1.4.1.3
EC 2.6.1.2

EC 1.1.1.42
EC 1.1.1.27
EC 3.4.11.1
EC 1.1.1.37
EC 1.1.1.40
EC 5.3.1.8
EC 5.4.2.2
EC J.4.11 or
3.4.13.9
EC 1.1.1.44
EC 2.7.1.40
EC 1.1.1.14
EC 1.3.99.1
EC 1.13.1.1
EC 1.1.1.204

A total of 55 enzyme systems investigated.



TABLE 3.2 : Electrophoresis of King George Whiting, Sillaginodes punctata

SUPPORT  PRESUMED NO.
ENZYME TISSUE  BUFFERS  MATRIX OF LOCI COMMENTS
AAT L L) 51 2R AAT-1 PGOR
RESOLUTION
ACON L L) 5T 1A
ACPH L 1 5T NS
ADA L 6 5T 1A
ADH L b 5T 1€
AX L 1 5T 3A VARIABLE IN L
N 1 5T 1A
ALD L b 5T 2R POOR ACTIVITY
IN ALD-2
ALKPH L L) T 1A POOR ACTIVITY
AND RESOLUTION
CAT L L) 5T 1A POOR RESOLUTION
CDA L L) 5T NS
X i 4 1) NS
DAMOX L b 5T 1€ 7P CLOSE TG ORIBIN
| b 51 1C BEST IN L
DIA L 6 5T 1A,1C P DIA-2
| 6 T NS
ENOL L L) 5T h
ESTY L L) T 2R BEST ACTIVITY
N 4 5T 1A INL
FUH L 4 5T 1A
GAPDH N L) 5T 1A POOR ACTIVITY,
‘ ON ORIGIN
GDA L 4 5Y NS

3.3




3.4

TABLE 3.2 (cont.)
SUPPORT  PRESUMED NO.

ENIYHE TISSUE  BUFFERS  MATRIX OF LOCI COMNENTS
BLYDH L ' o1 NS
60X L 4 ST 1A
6PD M ' ST 1A POOR ACTIVITY
6P1 L ' 5T 1A
N» ' 8T 3 P GPI-1,2,3 INM
6PT L 4 5T 1A P
HEX L 1 5T 1A POOR RESOLUTION
HK L ' ST 1
1DH L S PLI | 1A POOR ACTIVITY
§ N 4,11 8T 1A NN
LAP L b ST 1A POOR RESOLUTION
LDH L ' 5T 1A
HDH M i1 ST 24 POOR RESOLUTION
ME L 11 5T 2 VARIABLE IN L
N 1i*  ST,AB 1A 7 POOR RESOLUTION
IN AGARDSE
NP1 L ' ST 1A
He ' 5T A
PEP  (FP) LeM 4 5T 1A VARIABLE
(L L,Ke 4 o1 2 BETTER IN N
(PL) L b ST 24
PED L b 5T 1A P BEST ACTIVITY
¥ b 5T 1A POINL
PEN L b ST 24 POOR RESOLUTION
M 6  ST,A6 1A POOR RESOLUTION
IN AGAROSE
P L 4 ST NS
SOH L ' i 1A
500 L ' ST 1A
XDH L 4 ST 1A

318 ENIYNE SYSTEMS INVESTIGATED, REPRESENTING 46 PRESUMED LOCI. 10 SUSPECTED POLYNORPHIC LOCI.




TABLE 3.3 : Electrophoresis of School Whiting,
Sillago bassensis bassensis

SUPPORT PRESUNED

ENIYME  TISSUE BUFFERS  MATRIY ND. OF LOCT COMMENTS
AAT L 4,10° 8T 0,2 7P AAT-1 POOR
ACTIVITY
ADA 1 11 8T 1A POOR RESOLUTION
AND ACTIVITY
ADH L 4,6%,10 5T 1C P VARIABLE
AK L 6 5T 2A POOR RESOLUTION
] b 8T 1A
ALD ] b 8T 1A POOR ACTIVITY
CAT L A 8T 1A P
CDA ] 10 8T 3,10 ~ POOR ACTIVITY
DIA L [ 5T 1A P VARIABLE
EST L [} ST 1A »®
FUM ] 11 5T 1A
60A ] b 8T 1A POOR ACTIVITY
60X L A 8T 1A POOR ACTIVITY
G4PDH L 4 5T N
&P1 L A 8T 1A GPI-1 M,P
] [ 8T 3A P EPI-2 N,P
GPI-3 W, P
6PI-4 L
BPT L A ] 1A
HEX L [ 8T NS
1DH L 10,11° 5T 1A IDH-1 N
N 10,11° 8T 2A IDH-2 L, M
LDH N [ §T - 1A
NDH L 1 8T 14
N 10,110 2A
NE L 11 8T 1A
] 11 5T 1A

NP1 i L} 5T 1A

3.5



3.6

TABLE 3.3 {cont.)

SUPPDRT PRESUMED

ENIYNE  TISSUE BUFFERS HATRIX X0, OF LOCI COMMENTS
) PEP (LBE) L b ) I ? AS FOR PL

(PL} L b 5T 2A P
{FP) L ] 5T 1A VARIABLE

PED | L 6,10° 5T 1A

PEN L & 8T 2A P PEN-1

SDH L 4 5T 1A 600D ACTIVITY

500 L 4,11° 5T 1A 00D ACTIVITY

YDH L 4 5T 1A POOR ACTIVITY

27 ENIYME SYSTENS INVESTIGATED, REPRESENTING 40 PRESUNED NUMBER OF LOCI. 10 SUSPECTED POLYNORPHIC
Lacl.




TABLE 3.4 : Electrophoresis of Red Spot Whiting,
Sillago bassensis flindersi

SUPPORT  PRESUNED NO.

ENTYHE TISSUE  BUFFERS  MATRIX OF LOCI COMMENTS

ART L 48,10 ST~,TIT 2 % AAT-1 POOR
M A ST 2 RESOLUTION
H ) . 2
£ 'y ' NS AAT-2 L,H BEST

ACON L 7 8T 2 ACON-1 L ,M,H
N 7 . 1A ACON-2 H
H 7 ' 24 ACON-3 L
£ 7 ' NS

ADA L 8,00°,11 & 1A POCR RESOLUTION
N 10,11* ST~ TIT 1A % BEST ACTIVITY
H i1 5T 1A IN N
£ i1 ' 1A

ADH L 8,10°,11 ST~ TIT,CEL ~ IC P ADH-I L
N i1 . 1A, 1C
H 11 v 1
£ 1 ' i

AK L g,d0°41 & 2 AK-1 LN H,E
N 10%,41 ST~ TIT 2 AK-2 H
H {1 5T 2 AK-3 E
£ 11 . 2

ALD L 7 ST 1A ALD-1
N 7,8,10° ST~,TIT 1A % A2 L
H 7 §T NS ALD-3 E
£ 7 . tA POR ACTIVITY

INL

CAT L 4,8,100 ST 1A 2 POOR RESOLUTION
N 0 " 1A
H 0 " 1A
E 10 " 1A

DANOX L 6,8,9,10* ST,TIT* 1A 2P POOR RESOLUTION
N b 5T NS

DASOX L 10 ST 1 DASOX-2 IN N,
N 10 : 1A, 1C POOR ACTIVITY,
H 10 " NS SAME AS DAMOX
E 10 ' NS

DIA L {*,6,8,10 ST, TIT,CEL  2A DIA-1 L; PODR
N t 5T 1A RESOLUT ION
H t . 1A DIA-2 L,E
£ i " 1A DIA-3 M,H

POOR ACTIVITY
IN ALL TISSUES

3.7
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TABLE 3.4 (cont.)
SUPPORT  PRESUMED NO.

ENIYME TISSUE  BUFFERS  MATRIX 0F LoCI CONNENTS
ENOL L 7 §T 1A BEST ACTIVITY
N 7 . 1A IN
# 7 . A
3 7 . NS
EST L 4%,6,8,10 ST 2 ®  EST-2
N } . 2 BEST ACTIVITY
H } " 2 IN L
£ } ' 1A
FOP L b §T A
FUM L 7 ST A
N 7 . 1A
# 7 . 1A
£ 7 ' 1A
al pha-6AL L b ST 1A POOR ACTIVITY
beta-BAL L b §T A STREAKS
50A L | §T A 6DA-1 M
N t . 2 BDA-2 LM, H
H | J 1A VARIABLE
£ | . NS
BAL-6-PDH L t §T 1A, 1C POOR ACTIVITY
N | . (A IN ALL TISSUES
H t ’ 1A
£ { . 2
BLYDH L [ ST 1A
50X L 3,8,100  §T°TIT 1A POOR ACTIVITY
N 38,000 (A
alpha-6PD L b ST tA §PD-1 M
N b ' tA §PD-2 L,H
H b ' 1A BEST ACTIVITY
£ b ' NS IN X
G6PDH L 4o,00  ST,TIT 1A BEST ACTIVITY
N s 10 ST 1A INE
# 0" 2 VARIABLE
E ENT I tA
6P1 L 4%8,9,10 ST,TIT tA BPI-1 H,H,E
Hes 4+,8,9,10 ST 3A P GPI-2 MH,E
N 48,9,10 " 3 BPI-3 L M, H,E
E 4,8,9,10 " 30
6PT L 4 ST 1A POOR ACTIVITY




TABLE 3.4 {cont.)
SUPPORT  PRESUMED NO.

ENIYME TISSUE ~ BUFFERS  MATRIX OF LOCI COMMENTS
beta-6uUsS L 6,7 5T 24 BEST ACTIVITY
i b . NS INH
H b ' 1A POOR RESOLUTION
E b ' NS
HADH L 3 TIT 1A POOR ACTIVITY
HBDH L 4 5T 1A BEST ACTIVITY
N ) ' 1A INH
HEX L i1 5T 1A BEST ACTIVITY
N 1 . 1A INL
H i1 ' 1A POOR RESOLUTION
3 i * NS
HK L 4* 8,10 5T 1A BEST ACTIVITY
N ) ' 3A INE
H ) ' 2A
3 4 ’ 1A
IDH Lew  g,10%,11 ST,TIT 1A % IDH-1 M
i g,10%,11 * 1A P IH-2 L
H B 5T 1A BEST ACTIVITY
E 8 ' NS INH

E 7HULL ALLELE

LAP L 10 ST 1A POOR ACTIVITY
LDH L 1*,6  ST~,CELL 1A TISSUE DIFF.S
i 1 b 1A
H i ' 1A 5U8 BANDS
E i ' 1A ANODALLY
HDH L 4,11* ST,TIT,CEL 1A POOR RESOLUTION
i bydl® * 1A INL
H i1 5T 28 BEST ACTIVITY
E i1 b 1A INH
HE Lev 10,11 ST,TIT” 1A NE-1 M(H
Hew 10%,11 ST 28 P ME-2 H,E
H i1 ' -2 POOR ACTIVITY
E i1 ' 1A INL

E 7NULL ALLELE

NP1 L 4*,8,10 ST,TIT 1A P BEST ACTIVITY
Nee 408,00 7 i P INMNLH
H 4 8T 1A P ANDDAL SUB-
E 4 ' 1A P BANDING ON TIT

NP L 3 T 1A COMPLEX PATTERN

(2]
-
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TABLE 3.4 {cont.)
SUPPORT ~ PRESUMED NO.

ENIYNE TISSUE  BUFFERS  MATRIX 0F LOCI CONMENTS
PEP  (VA) L 8,10 ST i POOR RESOLUTION
{L66) L 8,10° . 2A,1C P BETTER RESOLUTION
(PL) L 8,10°  ST~,TIT AdC P '
(FP) L 8,10° . 2A,1C 7 POOR RESOLUTION
(LAP) Les  B,f0* ST (A POOR ACTIVITY
(LLL) L B . 38,1C '
PED Le»  ,7,8,10° 5T~ TIT,CEL 1A P BEST ACTIVITY
M b 5T (A INLYE
H b . (A YARIABLE
E b . (A
PEN L 6*,8,10 ST,TIT,CEL 28 P PEN-1 L,N,H
M 6 ST,TIT (A P PBN-2 L,H
H b 5T 20 2 NULL ALLELE
E b ' NS
PK L t 5T NS PK-1 N
M 1 . 2 PK-2 H
H t . A PK-3 M
E { . NS
SOH L 4 5T 2 BEST ACTIVITY
X ' ' 2 IN L
H 4 . A VARIABLE
E 4 . (A
500 L 6,8 ST th
M 4* 6,8 ' th
SUCDH L 4 5T (A POOR ACTIVITY
M 4 . th
XDH L § 5T (A XDH-1 H,E
M 4 . 1A XDH-2 L X
H 4 . (A BEST ACTIVITY
E ' . tA N L
VARIABLE

44 ENIYNE SYSTENS INVESTIGATED, REPRESENTING 75 PRESUMED NUMBER OF LOCI. 16 SUSPECTED POLYMORPHIC
LocI.



TABLE 3.5 : Electrophoresis of Banded Whiting, Sillage vittata.

SUPPORT  PRESUNED
ENIYME  TISSUE  BUFFERS  MWATRIX  NO. OF LOCI CONNENTS
AAT L 1,100 g1 74,20 AAT-1 €. PODR
ACTIVITY &
RESOLUTION
AAT-20
ADA i 1 5T 1 §00D ACTIVITY
ADH L 36000 ST i "POOR ACTIVITY
A L 5 5T 2 POOR RESOLUTION IN L
N 5 8T 1A §00D ACTIVITY
ALD N b ST A %  POOR ACTIVITY
CAT L ) §T 4 P POOR ACTIVITY
CDA N 10 5T 1,4 PODR ACTIVITY
DIA L ) 5T 2A DIA-2 POOR
ACTIVITY
£ST L A §T T
FUN H 1 5T 1A POOR ACTIVITY &
RESOLUT [ON
50A N 5 8T A %  POOR ACTIVITY
50X L ! 5T NG
G4PDH L A §T NS
6P1 L A ST NS
K 3 §T WP GPI-243
BPT L 3 5T 1A POOR ACTIVITY
HEX L A §T RS
1DH L 10,11° 5T (A 7 POOR ACTIVITY IDH-2L
i 10,11 5T 2 §00D ACTIVITY IDH-1
LDH N A 5T 1A G0OD ACTIVITY
MDH L 1 §T 1A MDH-1, LM
N 10,11° 2 NDH-2 N
HE L 1 5T 1A POOR ACTIVITY NE-2 L
N 1 g1 2 ME-1 N
KP1 N A 5T TR
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TABLE 3.5 {cont.)
SUPPORT PRESUMED

ENIYHE  TISSUE BUFFERS NATRIX N0, OF LOCI CONMENTS

PEP {LB6} L ] 51 2A POOR RESOLUTION
{PL) L b 5T 2R
(FP) L b 51 1A VARTABLE

PeD L by10® 5T 1A P

PN L b 51 24 PGN-1

SDH L 4 ST 1A ? POQR ACTIVITY

50D L - 41 ST 1A 600D ACTIVITY

AND RESOLUTION

XDH L 4 ST 1A POOR ACTIVITY

27 ENIYHE SYSTEMS INVESTIGATED, REPRESENTING 44 PRESUNED NUNBER OF LOCI. 9 SUSPECTED POLYNORPHIC
Locl.




TABLE 3.6 : Electrophoresis of Stout Whiting, Sillago robusta

SUPPORT  PRESUMED NO.
ENIYNE TISSUE  BUFFERS  MATRIX  OF LOCI COMMENTS
ART L g6 ST 2 AAT-1 L,E
N ' ST 1A STREAKY IN L
H ' §T (A ART-2 L, H
E ' 5T 1A
ACON L t ST 2
N 1 §T NS
H 11 ST NS
E i 5T NS
ACPH L 1,10+ T 1A BEST ACTIVITY
N f*00 &I 2 FAINT
H {00 T NS
E 1,00 &I 1A FAINT
ADA L 10 §T 1A BEST ACTIVITY
N 10 5T 1A
H 10 ST 1A FAINT
3 10 ST 1A
ADH L b ST i
AK L 11,100 §T 20 FAINT -
N {1,100 & 1A
H 1,100 & 1A
E 1,100 ST 1A
ALD L 10°,7 ST 1A,1C NEAR ORIGIN
N 10,7 &I i
H 10,7 8T NS
E 10,7 &I NS
CAT L ' 5T 1A
M 4 §T NS
H ' 5T NS
E 4 §T NS
DANDX L i g1 1A, 1C NEAR ORIGIN
N i 5T i POOR ACTIVITY
H 1 §T NS
E 1 §T NS
DASOX L i 5T 1A, 1C POOR ACTIVITY
N 1 §T i
DIA L b g1 1A .
N b 5T 1A FAINT,
H b §T NS TISSUE
E b 5T 1A DIFFERENCES
ENOL L 7 §T (A BEST
N 7 5T 1A ACTIVITY
H 7 5T 1A NN
E 76 1A

3.13
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TABLE 3.6 (Cont.)

SUPPORT  PRESUMED NO.
ENIYME TISSUE  BUFFERS  MATRIX  OF LOCI CONMENTS
EST L b §T 1A POOR ACTIVITY
N b ST 24 IN ALL TISSUES
H b §T NS
E b 5T 24
FUN L 10 ST 1A
N 10 5T NS
H 10 5T NS
E 10 §T NS
6D L O B 1A §0A-2
N {*,10 & 24 ?  6DA-2
H 1 ST 24 TISSUE
E 1 51 (A DIFFERENCES
5A-3-PDH L 0%, ST NS
N 00,7 8T 1A
H 10%,7 8T (A
E 10%,7 8T 24
6DH L 1 57 NS
N | ST 1A
H | 5T NS
E ! ST 1A STREAKY
GAL-6-PDH L 1 5T 2 POOR ACTIVITY
N 1 5T 1A
H 1 §T 2
E | §T NS
6LO-1 L 10 §T NS
N 10 ST 1A POOR ACTIVITY
H 10 57 A STREAKY
E 10 ST 1A 57
G6PDH L 1*,4 ST 24 M B&PDH-1 L
N 1*,4 8T 1A B6PDH-2 M, H
H 1*,4 ST 1A B6PDH-3 L,E
E 1*,4 8T A
2l pha-6PD L L0 ST {A NEAR ORIGIN
N 4000 ST 1A POOR RESOLUTION
§P1 L 4 8T (A 'BEST IN M
' N 4 §T 38 P GPI-1 M,E
H 4 §T A ¢ 6PI-2 M,E
£ 4 8T 38 GPI-3 L,M,H,E
§PT L 4 5T 1A BEST
N 4 ST 1A ACTIVITY
H 4 5T NS INL
E 4 57 NS
§UK L 7 8T NS POOR RESOLUTION
N 7 8T NS
H 7 5T NS
E 7 8T 1A




TABLE 3.6 [Cant.)

SUPPORT  PRESUMED NO.
ENIYNE TISSUE  BUFFERS  NATRIX  OF LOCI COMNENTS
beta-GUS L 7 §T 1A beta-GUS-1 M,H
N 7 5T 1A beta-6US-2 L,E
H 7 §T 2
E 7 §T 1A POOR ACTIVITY
HBDH L 4 §T 1A HBDK-1 H
N 4 §T NS HBDK-2 L,E
H 4 §T 1A POOR ACTIVITY
E 4 §T 1A
HEX L 10,11 §T 1A SINGLE LOCUS
N 10%,11 5T NS BEST
H 10%,11 §T 1A ACTIVITY
E 10,0 ST NS N L
HK L 4,7 §T NS
X 4,7 §T NS
H 4,7 §T NS
£ 4,7 §T NS
104 L 4,10,11°  §T 1A P IDH-1 MHE
N 4,10,11* 8T M P IH-2 LM
H 10 §T 1A
E 10 §T 1A
LAP L 10 §T 1A POOR ACTIVITY
" 10 §T 1A
H 10 §T 1A
£ 10 ST NS
LDH L ! §T 1A LDH-1 L,E
N ! §T 1A LDH-2 N,H,E
H ! §T 1A LDH-3 E
E ! 5T 38
NDH L 10,41+ §T 2A 600D ACTIVITY
N 10,01+ 8T 20 POOR
H 10,01+ 8T 2 SEPARATION
E 10,11+ 8T 20 OF LOCI
HE L [T | W VARTABLE
N S TCI n -
H 1 §T 2
E 1 ST NS
NP1 L 4 ST 1A 7 P BEST
N 4 ST th P ACTIVITY
H 4 ST P INE
E ' ST P
PEP  (FP) LNHE 8 §T 1A BEST IN L
(LGE) L 4 ST 20 VARIABLE
(Ly) Le,H ' §T 2
(VL) L 4 20

5T
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TABLE 3.6 (Cont.)
SUPPORT  PRESUMED NO.

ENIYHE TISSUE  BUFFERS  NATRIX OF LOCI COMMENTS

PED L b ST iA VARIABLE

N b §T NS
- H b §T NS

E b §T NS

PEN L b ST 3 P PEN-L LM
N b §T A P PEN-2L
H b §T NS PBN-3 L,E
3 b §T 2A

PK L ! ST NS BEST
N ! ST tA ACTIVITY
H | §T 2 INK
E ! §T 20

SOH L 47,10 ST P
N 4,7 §T NS POOR ACTIVITY
H A7 ST NS IN
E A7 §T NS

500 L A ST 3A
N ST 1A

XDH L 8,7 §T NS XDH-1 M
N 87 ST tA XDH-2 H,E
H INE ST iA BEST ACTIVITY
E AT §T iA INK&H

47 ENIYNE SYSTEMS INVESTIGATED, REPRESENTING 63 PRESUNED NUMBER OF LOCI. 12 SUSPECTED POLYMORPHIC
Locl.




TABLE 3.7 : Electrophoresis of Truspeter Whiting, Sillago saculata maculata

SUPPORT PRESUMED NOD.

ENIYME TISSUE  BUFFERS MATRIX  OF LOCI COMNENTS
ART L T WP MT-IL
N T | NS
B ST 24 ART-1,2 K
E $ 5T NS
ACON L 9 ST 24
N 9 & NS
H 9 8T NS
E 9 8T NS
ACPH L I 2
N I 2
H I | 1A STREAKY
E R 2 STREAKY
ADA L 11§ 1A BEST RESOLUTION
N s 1A IN ¥
ADH L 1,4 8T 1C
N 1,4 ST NS
H {8t NS
E {57 NS
AK L 9,11 ST 2 BEST
" TTI | 1A ACTIVITY
H g i1 5T 1A INM & H
E g 11 ST 1A
ALD L 90,7 ST 1A, 1C BEST
" 9o, ST 1A, 1C ACTIVITY
B g+ 5T i INHY&E
E 9o 5T 1A
CAT L "I 1A 7P BEST ACTIVITY L
N "I NS
H "I 1A BEST RESOLUTION H
E 4 ST NS
DAMDY L 1§t 1A STREAKY
N 1§ 1A - POOR ACTIVITY, ON
H 1§t NS ORIGIN
E 1§ NS
DASDY 18T 1 POOR ACTIVITY
1§t 1 POOR ACTIVITY
DIA L b ST 1A DIA-1 M,H,E
N b ST 1A DIA-2 L
H 6 ST 1A H,H,E POOR ACTIVITY
E b '

5T 1A

3.1
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TABLE 3.7 (Cant.)

ENOL L 78 1A
A 78 1A
H 78 1A
) E 78 24 7P SLON LOCUS
EST L 6 S 1A BEST ACTIVITY
N 6 ST 20 INL
h 6 8 20 TISSUE
E 6 S 20 DIFFERENCES
FUN L g 8 1A POCR ACTIVITY
K g s NS
! g 8 NS
E g 8 1A
alpha-GAL L 6 ST 1A STREAKY
beta-GAL L 6 8 1A STREAKY
K 6 8 1A
6DA L 18 1A POOR ACTIVITY
N { 2
H 1S 2
3 { 1A
BOX L ¢ 1A
K ¢ NS
6A-3-PDH L 9 8 1A POCR RESOLUTION
X 9 8 1A INL
H 9 8 1A
E 9 8 2
66PDH L ¢ 1A STREAKY
N ¢ NS
H ¢ NS
E ¢ 1A BETTER RESOLUTION
6P1 L ¢ 0w
" ¢ ST W % OBPI23
K ¢ o %P GPI-1 MM
E ¢ 3
6PT L ¢ 1A BEST
K T 1A ACTIVITY
! T NS IN L
E T NS




TABLE 3.7 (Cont.)

BUK L
N
H
E
beta-6US L
N
H
E
HBDH L
N
H
E
H L
N
H
E
IDH L
N
H
E
LDH L
X
H
E
MDH L
N
H
E
NE L
X
H
E
NP1 L
N
H
E
PEP (FP) L€, M, He £
(Ly) Le X
(VL) LN
PED

m T X

-~ N~

b*,7
be,7
b*,7
b*,7

o e e e

87
4,7
4,7
4,7

i
i1
1|
i

9,110
9,11
9,11°
9,11

i
i1
i1

[

o~ =

o o~ O~ O~

5T
5T
51
5T

5T
ST
5T
ST

5T
ST
ST
5T

ST
5T
51
ST

5T
ST
5T
ST

ST
ST
5T
5T

ST
5T
5T
ST

ST
ST
ST
ST

ST
51

5T -~

5T

5T
5T
5T

ST
57
5T
ST

NS
NS
NS
1A

1A
1A
2A
NS

1A
NS
1A
1A

1A
1A
1A
1A

1A
2A
24
NS

1A
1A
1A
IR

1A
2A
2A
2A

1A
1A
24
NS

1A
1A
1A
1A

1A
3A
1A

1A
1A
1A
1A

P

POOR RESOLUTION
POOR ACTIVITY

L/E LOCUS

PGOR ACTIVITY LOCUS
BETTER RESOLUTION
PGOR ACTIVITY
TISSUE

DIFFERENCES

IDH-2 L
IDH-1 M

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

MDH-1 M,H,E
MDH-1 IN H

NDH-2 M,H,E,L

VARIABLE

BEST

ACTIVITY
INH

VARIABLE

VARIABLE
POOR ACTIVITY
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TABLE 3.7 ({Cont.]

PGN L b ST M W PEM-1INL
N b ST 1A
H b ST 1A
E 6 S 20
P L O | 1A BEST
N T 3 ACTIVITY
H T 1A IN
E { ST 1A
SDH L 7 ST W oo®
N po7 ST 1A TISSUE
# g7 ST NS DIFFERENCES
E 7§ NS
50D L 4 ST 1A
N TR 1A
SUCDH L ¢t 1A BEST ACTIVITY
N 4 ST 1A IN L
XDH L 4,70 ST 1A BEST ACTIVITY
A 4,7+ ST 1A IN H,H
H §,7¢ ST 1A TISSUE
E 4,7 ST 1A DIFFERENCES

39 ENIYNE SYSTEMS INVESTIGATED, REPRESENTING 60 PRESUMED NUMBER OF LOCI, 13 SUSPECTED POLYMORPHIC
LOCT.



3.2

TABLE 3.8 : Electrophoresis of Western Truspeter Mhiting, S. maculata burrus.

SUPPORT  PRESUMED NO.
ENIYNE BUFFERS MATRIX  OF LOCI CONNENTS
ART 10 8T 1A %
ADA ' §T 1A ON BORATE FRONT
ADH 10 5T i %
EST ' §T 1A
&0A ' 51 1A
&P ' §T 1A P BPI-1,2,3 IN
' . 3 P GPI-4 IN L
10H 10 §T 1A
10 8T 1A P Idh-2 N
HDH 10 5T o
NE 10 5T 1A P
HP1 ' 5T 1A P
PEP {FP) ' 8T 1A VARIABLE
(PL) 10 5T 1A
PED 10 5T 1A
PEN ' 5T 2 P Pga-2
b ST 1A P Pga-i
S0H ' 5T 20
N 8T NS
SO0 10 5T 1A
XDH ' 8T NS

18 ENIYNES INVESTIGATED, REPRESENTING 23 PRESUNED NUNBER.OF LOCI, 11 SUSPECTED POLYMORPHIC LOCI.
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TABLE 3.9 : Electrophoresis of Sand Whiting, Sillage ciliata

SUPPORT  PRESUMED NO.

ENZYNE TISSUE  BUFFERS MATRIX  OF LOCI CONMENTS

AAT L 78T 2 AAT-1 POOR
N g7 8T WP AAT-2 KN
H § ST 2 ART-3 L
E } ST NS

ACON L 37,000 8T 20 ACON-1 H
! 47,010 ST (A ACON-2 L,
H 11 5T (A ACON-3 L
E 11 5T NS

ACPH L *2,9 & 2A
N (*2,9  §T 2
H 9 ST (A STREAKY
E 9 ST NS

ADA L 9 ST (A NO TISSUE
N 9 8T 1A DIFFERENCES
H 9 ST (A
E 9 ST 1A

ADH L i, ST (A BEST
N i, ST (A ACTIVITY
H t 57 NS IN L
E | 5T NS

AK L 11,9¢ ST 2 BEST
N 11,9* 8T 1A ACTIVITY
H 1,9 ST 1A IN
E 11,9+ T (A

ALD L 6,9* ST 2 % COMPLEX
N 6,9 ST s % PATTERN
H 9 §T NS
E 9 ST NS

ARS L 9 §T NS
N 9 ST NS

CA L ' §T (A FAINT
N § ST (A

CAT L } 8T (A % BEST
X 4 ST 1A ACTIVITY
H 4 8T NS ¢ IN L
E 4 ST NS

cK L 1 §T NS
N { ST NS

DANOY L 9o 11 §T 1A
N 9°,11 ST 1 SANE AS
H {1 ST NS DASOX
E 1§ NS




3.3
TABLE 3.9 {Cont.)
SUPPORT  PRESUMED ND.
ENZYNE TISSUE  BUFFERS  MATRIX {OF LOCI COMMENTS
DASOX L 9 5T NS
| 9 ST qC
DIA L b sT 2A P DIA-1 L,E
M b 8T NS DIA-2 H,L
H b 8T 1A
E b 8T 24
ENOL L 7 5T 1A p
N 7 8T 1A
H 7 5T 1A
E 7 8T 24
EST L 2,4%6 8T 3R P BEST
| 2,4*6 8T 1A ACTIVITY
H b 8T 1A INL
3 T b 8T 1A
FUM L b*,9 8T 2A BEST
M 6*,9 8T 1A, 1C ACTIVITY
H 9 87 NS INL
E 9 ST NS
alpha-6AL L 2 8T 1A
| N 2 5T NS
beta-BAL L 2 5T 1A 7P COMPLEX
N 2 ST NS PATTERN
|
BDA L 1,2 8T 1A P BEST
| 1,2 ST 1A ACTIVITY
H 8T NS INL
E 1 5T NS
6A-3-POH L 1*,9 87 1A,1C BEST
N 7,9 8T 2A ACTIVITY
H 9 sT 1A INL
3 9 ST 2R
BDH L ! ST NS
| 1 ST NS
H 1 5T NS “
E 1 8T 1A STREAKY
BALDH L 1 8T yI GALDH-1 W, H
N 1 5T 1A/ GALDH-2 L,E
H 1 5T 20 BEST ACTIVITY
E 1 8T 1A INL
6LO-t L 9 8T NS
M 9 ST 1A POOR ACTIVITY
H 9 81 1A STREAKY
3 9 ST 1A STREAKY
60X L 9 8T 1A P POOR ACTIVITY
N 9 8T NS




R ]

TABLE 3.9 (Cont.)

SUPPORT  PRESUMED NO.
ENZYHE TISSUE  BUFFERS  MATRIX 0F LacCI COMMENTS
alpha-6PD L 7 ST 1A alpha-6PD- 1 N
) 7 ST 1A alpha-6PD- 2 L
BEST ACTIVITY
INN
GLYDH L ] ST 1A GLYDH -1 M
M 4 5T 1A P GLYDH -2 POOR
ACTIVITY
66PDH L 1°,4 5T 1A ? BEST
M 1*,4 ST 1A ACTIVITY
H 1*4 5T 1A INL
E 14 ST 1A
6P1 L LA ST 1A P
M 45 8T,TIT 3A P BP1-3
H b 8T 38
E b ST A
6PT L 4 ST 1A P
M 4 ST NS
H ] ST NS
£ L] ST NS
6UK L 7 ST NS
N 7 ST NS
H 7 ST NS
£ 7 ST 1A
beta-BUS L 7 5T 1A POOR ACTIVITY
] 7 ST NS IN ALL TISSUES
H 7 ST 1A
E 7 ST 1A
HBDH L L] ST 1A
N ] ST 28 POOR ACTIVITY
H ] 5T 1A
E L] ST 1A
HEX L 9+, 11 5T 1A BEST
M 9=,11 5T NS ACTIVITY
H 9,11 5T 1A INL
E 9¢,9 5T NS
HK L 2,4%,7 &7 A HK-1 ¥
A 2,4%,7 8T 1A HK-2 H,L,E
H 2,4%,7 &7 1A BEST ACTIVITY
E 2,4*,7 &7 1A INH
IDH L 7,41¢ ST 1A P IDH-1 M. H
N 7,41 8T 28 I0H-2 L,E\M
H 1 5T 1A
£ 1 5T 1A




TABLE 3.9 (Cont.)

3.2

SUPPORT  PRESUMED NO.
ENIYME TISSUE  BUFFERS MATRIX  OF LOCI COMMENTS
LAP L 49% ST 1A POOR ACTIVITY
A §,9¢ ST 1A IN ALL
R 9 ST 2A TISSUES
£ 9 ST 1A
LDH L 1 ST 1A LDH-1 M H,E
A i ST 1A LDH-2 H,L
R i ST 2A LDH-3 E
E 1 ST 2A
MDA L 49,11 ST I P MDH-L LM
M a9,01° ST,TIT 2 %P '
H 9,11* 8T 2A
E 9,11*  §T NS
ME L [ TUI 1A BEST
A ai10 ST,TIT 2 ACTIVITY
i 11 ST 1A IN L
E 1 ST 2A ALL VARIABLE
WP L 4 ST P
M 4 §T,TIT 1A
H 4 ST 1A
£ 4 §T (A
PEP (AP) L 4 ST 1A
(FP) LSHE & ST 1A
(LBE) LM 4 ST 2A
{LLL) L ) ST AW
y L 4 ST 1A
(wLy) Le,M 3 ST 3A
PED L b ST 1A YARIABLE
" b ST tA POOR ACTIVITY
R 5 ST 1A
£ b ST NS
PGM L ao ST W P PBN-1 LM
" 46 ST,TIT Ih P BESTINM
H b ST 2
£ 5 ST 2
PK L ! §T 1A BEST
A | ST 1A ACTIVITY
H ! §T 1A NN
E | §T tA
SDH L 4,7 ST P
" *4,7 ST 1A POOR ACTIVITY
H 7 ST NS
E g7 ST NS




3.26

TABLE 3.9 (Cont.)

SUPPORT  PRESLMED NO.

ENIYNE TISSUE  BUFFERS NATRIX  OF LOCI COMNENTS
S00 L ' 57 th P
1 4 ST th P
. H 4 §T 1A
E 4 §T NS
SUCDH L 4 §T tA POOR ACTIVITY
N 4 57 1A
XDH L 1407 8T tA BEST
N 1,407 ST 2 ACTIVITY
H 7 ST tA INL
3 7 ST )

49 ENIYME SYSTENS INVESTIGATED, REPRESENTING 81 PRESUNED NUNBER OF LOCI, 23 SUSPECTED POLYMORPHIC
Locl.




.21

TABLE 3.10 : Electrophoresis of Golden-Lined Whiting, S. analis

SUPPORT ~ PRESUNED
ENIYNE  TISSUE  BUFFERS  MATRIX  NO. OF LOCI  COMMENTS
ART L 1,10 §T 1A
504 N 4 §T NS
6PD L ! 5T NS
BP1 N 4 ‘ ST 3 % Gpi-2, 6pi-3
I0H N ! 5T NS
LDH L 4 5T 2
PEP (L6B) L § 8T 2
(FR) L } §T 1A 2 POOR ACTIVITY
PED L } §T 1A POOR ACTIVITY
PEN L § §T 1A P
SDH N § §T NS
500 N 4 ST 1A

{1 ENIYME SYSTEMS INVESTIGATED, REPRESENTING 12 PRESUNED NUMBER OF LOCI, 4 SUSPECTED POLYMORPHIC
Loci.
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TABLE 3.11 : Electrophoresis of Yellow Fin Whiting, Sillage schoaburgkii

SUPPORT PRESUNED
ENIYME  TISSUE BUFFERS HATRIX NO. OF LOCI  COMMENTS

- AAT L § ST 1A
AK M 8,11 ST n P AK-2
CAT L } ST 1A POOR RESOLUTION
DIA L 4,8 ST 24 600D RESOLUTION
Dia-2 FAINT
EST L } ST LI Est-2
G4PDH N 4 5T NS
| 6P1 L 8 5T 2 POOR ACTIVITY
E N 4 11 5T 3
1DH N 1 ST 2 1dh-2 FAINT
LDH N § ST 1A
NDH L 1 ST 2
NE N 8,11 ST 1A VARIABLE
NP1 N 4.8 5T 1A P
PEP (FP) L 4,8° §T 2 500D RESOLUTION
{LBE) L 4 §T 2 500D RESOLUTION
(L 1,8 ST A
PED L b §T 1A P 600D RESOLUTION,
STABLE MIGRATION
PGH L b 5T 2 Pga-2 VARIABLE

15 ENIYNES INVESTIGATES, REPRESENTING 24 PRESUMED NUMBER OF LOCI, 4 SUSPECTED POLYMORPHIC LOCI.







AFPFENDIX 4 : DETAILS OF BUFFERS, STAINS AND EBIOCHEMICALS
THEIR FREPARATION

TABLE 4.1 : Electrophoresis Buffer Recipes

TBE pH 9
ELECTROSTARCH Electrode Buffer  3.96 g Boric acid

1.64 g Na2EDTA
38.75 g Tris
to 4 1 Milli @ water

Gel Buffer as Electrode Buffer

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

STARCH ESTERASE
ELECTROSTARCH Electrode Stock 12 g LiOH
118 g Boric Acid
to 1 1 Nilli B water

Electrode Buffer 100 el of Electrode Stock Solution
ta 1. 1 HMilli @ water

Gel Stock 8.6 g Tris
48.4 g Citric Acid
to 1 1 Milli 8 water

fiel Buffer 26 sl of el Stock Solution
_ 15 - ‘ml of Electrode Stock Solution
to 1 1 Hilli @ water

Run. Conditions Regulate on 35 o {Voltage increases
during run from 80V to 210V},5.5h.

4.1

USED IN



4.2

TABLE 4.1 (Cont.)

TRIS GLYCINE pH 8.5

CELLULOSE ACETATE

POULIK
ELECTROSTARCH

TEB pH 7.8/MgCl2
CELLULOSE ACETATE

THpH 7.8
ELECTROSTARCH

CELLULDSE ACETATE

Buffer

Run Conditions

Electrode Buffer

Gel Buffer

Run Conditions

Butfer

Run Conditions

Electrode Buffer

Gel Buffer

Run Conditiaons

Butffer

Run Conditions

30.3 q Tris
14,4 g GBlycine
to 1 1 Milli @ water

200¥,0.5 to th (depending upon the
enzyse under investigation)

76.4 g Boric acid
9.6 g NaOH
to 4 1 Killi Q water

37.2 g Tris
4,2 g Citric acid
to 4 1 Milli @ water

Requlate on 35mA (valtage increases
during run from 80V to 210V), 3.3h.

B g Tris

.9 g NazEDTA

2 q Boric Acid
¢ g MgCl.

to 1 Milli @ water

200, 0.5 to th {depending upon the
enzyae under investigation)

24.2 q Tris
9.2 g Maleic acid
to 2 1 Milli Q water

100 al of Electrode Buffer
to 1 1 Milli @ water

20eA, 200V, &h.
500 &l of Electrode Buffer
to 1 1 Milli @ water

200V, 0.5 to ih (depending upon the
enzyae under investigation)




TABLE 4.1 (Cont.)

TEM pH 7.4
ELECTROSTARCH

- LAER pH 7.2
ELECTROSTARCH

CELLULOSE ACETATE

CIT P04 pH 6.4
ELECTROSTARCH

Stock Solution 60.55 g Tris
58.05 g Maleic Acid
18.6 g NazEDTA
10.15 g MgCla
26,0 g NaOR
to 1 1 Milli @ water

Electrode Buffer 200 al of Stock Solution
to 1 1 Milli @ water

Gel Buffer 20 al of Stock Solution
to 1 1 Milli B water

Run Conditions 40V, 16h.

Electrode Buffer 17.5 g Citric Acid.
24 al Aminopropyldiethanolaaine
to 2 1 Milli B water

Gel Buffer 50 sl of Electrode Buffer
to 500 .al Milli @ water

Run Conditions 50 mA,140V,4h.

Buf fer 500 l of Electrode Buffer
. to | 1 Milli @ wmater

Run Conditions 200V, 0.5 to ih (depending upon the
enzyse under investigation)

Electrode Buffer 28.4 g NazHFO4 ‘
10,0 g Citric Acid
to 1 1 Milli @ water

Gel Butfer’ .50 - =] of Electrode Buffer
to 1 1 Milli @ water

Run Conditions 50 af,200¥,5h.

4.3
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TABLE 4.1 (Caont.)

CAN pH 6.1
ELECTROSTARCH Electrode Buffer 16,8 g Citric acid

19.5 ol N-(3-alinoprupyl)-norphofine
to 21 Killi Q water

Gel Buffer 25 al of Electrade Buffer
to 500 ! Milli-@ Water

Run Conditians S0mA, 190V, 4h,

CELLULDSE ACETATE Buffer 500 aml of electrode buffer
to 1| 1 Killi @ water

Run Conditions 200V, 0.5 to ik (depending upon the
enzyme under investigation)

| TC pH 5.8
| ELECTROSTARCH  Electrode Buffer 131.2 g Tris

84,1 g Citric Acid
to 4 1 Milli @ water

Gel Buffer 70 &l Electrode Buffer
to 2 1 Milli-B Water

Run Conditions 90mA, 200V, 4h.

TABLE 4.2 : Sample Preparation Buffer Recipes

HOMOSENIZING BUFFER

0.1 el Mercaptoethanol
to 100 81 0,1 K Tris pH 8

EXTRACTION BUFFER
0.1 sl Mercaptoethanol
0.t al Tritan X-100
to 100 1 0.1 K Tris pH 8




TABLE 4.3 ¢ Staining Buffer Recipes

0.2 N Na Citrate pH 4

to
titrate to
to final volume of

0.1 M Acetate pH 9

to
titrate to
to final volume of

0.1 M Phosphate pH 6.7
to

titrate to
to final volume of

0.5 M Tris-HCl pH 7

to
titrate to
te final volume of

0.1 M Phosphate pH 7.5

to
titrate to

to final volume of

0.2 M Tris-HCl pH B

to
titrate to
to final volume of

0.1 W Tris-HCl pH 8

. to
titrate to
to final volume af

8.4 g Citric Acid
180 a1 Willi @ water
pH 4 with NaOH

200 al Milli B water

5.7 sl Glacial Acetic Acid
800 ml Milli @ water
pH 5 with NaOH

1 1 Hilli @ water

13.6 g KHzPO4
800 =1 Milli B water
pH 6.7 with KOH

1 1 Hilli @ water

121.1 g Tris

1.8 1 Hilli @ water
ph 7 with conc. HCl
2 1 Hilli @ water

200 ml 0.5 M NaHzPOs
800 ml Milli @ water
pH 7.5 with NaOH

1 1 Willi @ water

48.4 g Tris

1.8 1 Milli @ water
pH 8 with conc. HEl
2 1 Milli Q water

24.2 g Tris
1.8 1 Hilli @ water
pH 8 with conc. HCl
2 1 Hilli @ water

4.9



4.5

TABLE 4.4 : Enzyme - Specific Histochesical Staining Recipes
{sodified froa Harris and Hopkinson, 1978 and Shaw and Prasad,1970).

Note : Pyruvate and pyrazole is included in all foraizan stain
recipes containing NAD or NADP as we found that some
NAD contamination occurs upon storage of stock solution of NADP.

ACONITASE (ACON) EC 4,2.1.3
tis-Aconitate solution 20 sl
0.1 N MgClz 21l
NADP 0.3 al
Na-Pyruvate {al
Pyrazole { al
Isocitrate dehydrogenase au
A7 0.5 al
PAS 0.2 al
2% ABAR 20 nl

ficonitate Stock Solution

cis-Aconitic acid 300 ng
RIS i g
0.2 K Tris-Cl pH 8 80 al

{Results in pH 8.1)

ACID PHOSPHATASE (ACPH) EC 3.1.3.2

Note: For high pH gels, preincubate gel slice
for 30 wins. in 0.5 M Boric Acid

alpha-Na-naphthyl acid phosphate 30 ng
0.1 ¥ Acetate pH 3.0 20 nl
Fast Garnett 6BC salt {purified grade) 10 ng

2% AGAR 20 nl




TABLE 4.4 (Cont.)

ACID PHOSPHATASE (ACPH) EC 3.1.3.2

{Alternative Recipe)

~ Note: For high pH gels, preincubate gel slice

for 30 mins. in 0.5 M Boric Acid

4-nethylusbel liferyl phosphate 20 ng
0.1 M Acetate pH 5.0 10 nl

Apply stain on filter paper overlay,
incubate at 370 for 30 mins. (5-90 mins
depending on activity). Remove filter paper.
View under long UY. To stop the reaction &
increase fluorescence, pipette a small amount
of 1:4 ammonia onto gel.

ADENOSINE DEAMINASE (ADA) EC 3.5.4.4
Adenosine . 20 mg
0.1 M Phosphate pH 7.5 ‘ 15 al
{Gently Heat)
1 M Na Arsenate 0.5 »l
Xanthine Oxidase I u
Nucleoside Phosphorylase 2
T 0.9 sl
PAS 0.2 al
21 AGAR 15 al
ALCOHOL DEHYDRDGENASE {ADH) EC 1.,1.1.1
95% Ethanol 2.al
0.2 M Tris-HCL pH B , 10 al
NAD 8 al
Na Pyruvate 1al
LN 0.5 al
PHS 0.2 al

2% AGAR 20 al

4.7



4.8

TABLE 4.4 (Cont.)

ADENYLATE KINASE (AK) EC 2.7.4.3
Glucase 100 ng
ADP 50 ng
0.2 N Tris-HCL pH B 10 al
0.1 M MgClz 1l
NADP 2.9 1)
Na Pyruvate 1 al
Pyrazole 1 al
Hexokinase 100 v
§-b6-P-DH b al
MiT 0.5 al
PNS 0.2 al
21 ABAR 20 al
ALDOLASE (ALD) EC 4.1.2.13
Fructose 1,6 di-Phosphate 100 ng
0.5 M Tris-HCL pH 7 20 nl
IM Na Arsenate 0.4 al
NAD B al
Na-Pruvate 1l
Pyrazale il
Triosephos. isomerase 30 u
Slyeraldehyde—S-phos.-DH 50 u
NTT 0.5 al
PMS 0.2 al
2% AGAR 20 al
ALKALINE PHOSPHATASE (ALKPH) EC 3.1.3.1
Beta-Naphthyl Phosphate 29 ng
0.2 M Tris-HC1 pH B 20 nl
MgS0, / KC1 0.5 al
Fast Garnet GBC Salt (purified grade) 10 ng
21 AGAR 20 al
ASPARTATE AMINOTRANSFERASE (AAT) EC 2.6.1.1
pAT Substrate Solution 20 nl
Add just before use:

Fast Blue BB Salt (purified grade) 10 mg

21 AGAR

20 al




|

TABLE 4.4 (Cont.)

Aspartate Aminotransferase Substrate Solution

alpha-Ketoglutaric Acid 0.292 g
L-Aspartic Acid 1,064 g
Polyvinylpyrrolidone 4,000 g
Na; EDTA 0.400 g
Naz H P4 11.340 g
Ha0 to 400 al
ASPARTATE AMINOTRANSFERASE (RAT) EC 2.6.1.1
{alternative recipe)
L-Cysteine Sulfinic Acid 40 ag
Pyridoxal-5°~Phosphate 10 ng
alpha-Ketoglutaric Acid 40 ng
0.2% TRIS-HCI pHB 20 al
MT 0.5 al
PKS 0.2 al
21 AGAR 20 al
CARBONIC ANHYDRASE (CA) EC 4.2.1.1

Stain: 1% bromothyaol blue in pH 9-10 buffer.

Cover gel surface for 15 mins {or until gel
becones blue) with filter paper soaked in
brosothysol blue. Resave paper and hose Clz
onto the surface of the gel.

Yellow zones of carbonic anhydrase activity
appear against a blue background.

To slow down enzyme activity, put gel over
a block of ice.

CATALASE (CAT) EC 1.11.1.8

31 Haa ' {0 al

]
ial of conc soln
Nater to 50 al

Pour over gel and allow to stand for 30 sec.
Rinse gel under running water.

Pour acidified 1.51 KI solution over gel
Decant immediately white bands appear

Rinse gel under running water

Photograph issediately.
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TABLE 4.4 (Cont.)

CREATINE KINASE (CK) EC 2.7.3.2
Creatine Phosphate 20 ag
ADP 30 ag
Glucose 45 g
0.5 M Tris-HCL pH 7 10 al
NADP 1.5 al
0.1M HgCla 0.5 al
Herokinase 160 u
G-4-P-DH 8 al
N7 0.9 al
PHS 0.2 al
21 ABAR 20 al
D-AMIND ACID OXIDASE (DAMGX) EC 1.4.3.3
D-asino acid (eq. D-sethionine) 200 ag
0.2M Tris-HCL pH B 20 nl

{Adjust to pH B with unbuffered M Tris
if necessary)

FAD 10 ng
Peroxidase 10 ag
3-amino-9-ethyl carbazole 1 al
27 AGAR 20 al
D-ASPARTATE DXIDASE (DASOX) EC 1.4.3.1
D-aspartic acid 200 ag
0.2 W Tris-HCL pi B 10 al
{Adjust to pH B with unbuffered M Tris)

FAD B ag
Peroridase 10 ag
3-amino-9-ethyl carbazole 1 al
21 AGAR 20 al
DIAPHORASE (DIA) EC 1.6.2.2
0.2 N Tris-HCL pH B 5 al
NADH 30 ng
NIT 1l
2,6-dichlorophenol 0.75 al

Water to 50 al




TABLE 4.4 ({Cont.)

ENOLASE (ENOL)

EC 4.2.1.1)

2-Phosphoglyceric Acid 3 g
ADP 3 g
0.5 M TRIS-HCL pH 7 9 al
X MqCl2 0.1 nl
NADH 3 ag
Lactate dehydrogenase 30 ul
Pyruvate kinase 30 ul

fpply on filter paper overlay.

View under UV.

ESTERASE (EST) EC 3.1.1.1
{Carboxylesterase)
0.1 X Phosphate pH 6.7 10 =l
Esterase Substrate Solution 1.5 al
{allow to reach R.T before use)
Fast Garnet BBC Salt (purified grade) 10 ag
Esterase Substrate Solution
Alpha-Naphthyl Acetate 0.5 ¢
Beta-Naphthyl Acetate 0.5 ¢
Acetone 25 al
H.0 to 50 al

FRUCTOSE-hisPHOSPHATASE (FDP)

EC 3.1.3.14

Fructose-1,b6-diPhosphate
0.2 X Tris-HCl pH 8

0.1 M NgCl2

NADP

Na-Pyruvate

Pyrazole

Phosphoglucose [somerase
6lucose-b-Phosphate DH
NTT

" PNS

21 AGAR

30 ag
20 nl -
0.3 nl
ial
ial
il
Il
3 al
0.9 nl
0.2 al
20 al

u
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TABLE 4.4 {Cont.)

FUMARASE (FUR) EC 4.2.1.2
{Fumarate Hydratasel
Fumaric acid 100 ag
0.5 M Tris-HCL pH 7 20 al
NAD 4 sl
Na-Pyruvate 1 al
Pyrazole 11l
HDH 100 u
HTT 0.5 al
PMS 0.2 al
2% AGAR 20 al
GALACTOSE DEHYDROGENASE (6ALDH) £C 1.1.1.48
Galactose 500 mg
0.2 M Tris-HCl pH 8 20 al
NAD 5 al
Na-Pyruvate { al
Pyrazole { al
HTT 0.5 nl
PS5 0.2 nl
2% AGAR 20 al
alpha-BALACTOSIDASE (alpha-BAL) EC 3.2.1.22
§-Methyluabelliferyl-alpha-

Balactoside 10 ng
0.2 ¥ Na-Citrate pH 4.4 5 al

Filter paper overlay
Visualise under U.V. light
Stop reaction with NHaDH.

beta-GALACTOSIDASE (beta-GAL) €€ 3.2.1.23
4-Methyluabelliferyl-beta-

Galactoside 5 ag
0,2 N Na-Citrate pH 4.6 10 =l

Filter paper overlay
Visualise under U.V. light
Stop reaction with NHaOH.




TABLE 4.4 (Cont.)

GLUCONATE-5-DEHYDROGENASE ¢{GDH) EC 1.1.1.49
D-Bluconate (Na salt) 50 g
0.2 ¥ Tris-HC1 pH 8 20 i
NADP {nl
0.1 M MgCi» 0.5 al
Na-Pyruvate { al
Pyrazale il
NTY 0.5 al
PNS 0.2 al

BLUCOSE-6-PHOSPHATE DEHYDROGENASE (B6PDH)

LA A A LA AL U R LS i e e

EC 1.1.1.49
0,2 ¥ Tris-HCL pH 8 10 =l
0.25 M Glucose-b-phosphate 3al
NADP 1 al
0.1 M MgCiz 0.5 nl
Na-Pyruvate {al
Pyrazale il
NTT 0.5 nl
PNS 0.2 al
2 % AGAR 20 ol
alpha-BLUCDOSIDASE (alpha-BLU) £C 3.2.1.20
Haltose 30 ng
0.1 M Acetate ph 5 20 nl
Peraxidase 10 ng
Blucose Oxidase 0 u
o-Dianisidine 0.4 al

2% AGAR 20 nl

4.13



TABLE 4.4 (Cont.)

GLUCOSEPHOSPHATE ISOMERASE (GP1) EC 5.3.1.9
(6lucose-b-phasphate Isomerase)
Fructose-6-phosphate 40 g
0.2 M Tris-HCL pH B 6l
RADP 0.2 nl
0.1 N MgCl, 0.1 sl
6lucose-6-Phosphate DH 1 al
NTT 0.3 al
PHS 0.2 2l
21 AGAR 20 nl
beta-6LUCURDNIDASE (heta-BUS) € 3.2.1.31
4-Methyluabelliferyl-beta-D-

6lucuronide S ag
0.2 M Na-Citrate pH 4.4 10 al

Filter paper overlay
Visualise under U.V. light
Stop reaction with NHeOH.

| GLUTAMATE DEHYDROGENASE (GLUD) EC 1.4.1.3

| Na Blutamate 70 ag

| 0.2 M Tris-HCL pH 8 20 al
NADP 0.3 al
Na-Pyruvate 1 al
Pyrazaole {al
ATT 0.5 al
PMS 0.2 al
2 1 AGAR 20 al

GLUTAMATE PYRUVATE TRANSAMINASE (6PT) EC 2.6.1.2
{Alanine Aminotransferase)

DL alanine 50 ng

alpha-ketoglutaric acid 30 ng

0.2 M Tris-HCL pH B 10 al
{Check pH of soln.)

NADH 20 ng

LDH 100 u

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




TABLE 4.4 (Cont.)

BLYCERALDEHYDE-3-PHOSPHATE DEHYDROGENASE

AR A A - A

{6A3PDH)

EC 1.2.1.12

To prepare substrate:

Incubate at 37°C for 1 hour in....

Fructose-1,4-Diphosphate 50 ng
0.2 M Tris-HCi pH 8 2l
Aldol ase ul
Then_Add:

0.2 M Tris-HCl pha 20 sl
NAD 3al
1 M Na-firsenate 0.2 al
Na-Pyruvate 1 al
Pyrazole 1 al
nr 0.9 al
PS5 0.2 al
21 AGAR 20 al
BLYCEROL DEHYDROGENASE _(BLYDH) EC 1.1.1.6
0.2 ¥ Tris pHB 20 al
0.1 M Glyceral 3 al
NAD 1l
Na-Pyruvate 1l
Pyrazole 1 al
NIt 0.5 nl
PS5 0.2 sl
21 ABAR 20 al
alpha-GLYCEROPHOSPHATE DEHYDROBENASE (BPD)

Na glycerophasphate 300 ng
NazEDTA 15 ag
0.2 M Tris-HCL pH B 20 al
NAD 1l
Na-Pyruvate 1al
Pyrazale 1 al
Mt 0.5 al
PHS 0.2 nl
2% AGAR 20 al

£.15




TABLE 4.4 {(Cont.)

BLYCOLATE OXIDASE (60¥)

EC 1.1.3.15

{(5)-2-Hydroxy-acid Oxidase)

Blycolic Acid 1 al
0.2 K Tris-HCl pH B 20 al
M7 0.5 al
PMS 0.2 al
2% AGAR 20 ol
GLYCOLATE DXIDASE (BOX) EC 1.1.3.1
{Mlternative Recipe)
alpha-Hydroxyisocaproic acid 25 ag
0.2 K Tris-HCl ph 8 20 al
Peroxidase 10 ag
p-Dianisidine 0.4 nl
2% ABAR 20 al
GLYOXALASE 1 (6LO 1) EC 4.4.1.5
{Lactoylglutathione lyase)
Preincubate gel slice for 40 min
in the following...
Glutathione (reduced) 125 mg
0.1 M Phosphate pH &.7 40 al
Methylglyoxal 0.5 al
KT 2 al
Then_add...
0.2 K Tris-HCL pH 8 10 al
DE1P 5 ag
BLYOXALASE (6lo 1) EC 4.4.1.5
(Alternative recipe)
Glutathione (reduced) 40 ng
0,1 M Phosphate pH 4.7 12 nl
Methylglyoxal 0.5 sl

fpply on filter paper overlay and incubate

for 40 mins.
Remove filter, blot gel free of

reaction mixture and add agar overlay.

foar overlay: lodine 1 graa
Kl 3q.

Nater to 100 el

Use 1.3 =l of this mixture
to 30 a1 1 1 agar at 45°C




TABLE 4.4 (Cont.)

GLYOXALASE I1 {GLO II) EC 3.1.2.6
{Hydroxyacylglutathione Hydrolase)
Blutathione (oxidised) 40 ag
0.1 M Tris-HCL pH B 15 al
NAD 4 al
Methylglyoxal 50 ul
Pyrazole 1 al
flo 1 30 u
LDH 30 u
N7 0,5 ul
PNS 0.2 al
21 AGAR 15 nl
GUANINE DEAMINASE {(GDA) £C 3.5.4.3
0.2 M Tris-HCL pH 8 20 nl
fuanine Substrate Solution 3al
HTT 0.5 al
PHS 0.2 al
fanthine oxidase 10 u
21 ABAR 20 nl
Guanine Substrate Sslution
fuanine 20 ng
1 M NaOH 9 nl
{gently heat)
H20 to 50 al
GUANYLATE KINASE (BUK) €€ 2.7.4.8
ATP 10 ng
6MP 25 g
Phosphoenclpyruvate 10 ag
0.2 M Tris-HCl pH 8 6 al
0.1 4 NgCl, 2 al
0.5 W KEl 2 al
0.5 M CaLl2 0.2 al
Pyruvate Kinase 10 u
Lactate Dehydrogenase 140 u
NADH 10 ag

Filter paper overlay
Visualise under U.V. light

Counter-stain with pH 8 Tris / NTT / PMS

417



TABLE 4.4 (Cont.)

HEXOKINASE (HK) EC 2.7.1.1
Glucose 30 ag
ATP 40 ug
0.5 N Tris-HCL pH 7 10 al
0.1 M MgCla 0.5 nl
NADP 1l
Na-Pyruvate il
Pyrazole I nl
6-4-PDH 2l
NTT 0.3 nl
PNS 0.2 al
21 AGAR 20 al

HEXOSAMINIDASE (HEX)

EC 3.2.1.92

{B-N-Acetyl glucosarinidase)

NAG
(Naphthol -AS-BI-2-acetasido-
~2-deoxy-B-D-glucopyranoside)
Methanol (Absclute)
{Gently Heat)
0.1 N Acetate pH 5.0
Fast Garnett G6BC Salt (Purified Grade)
21 AGAR

HYDROXYBUTYRATE DEHYDROGENASE (HBDH)

20 ng
10 al

20 nl

10 ng
20 nl

EC 1.1.1.30

DL-beta-Hydroxybutyric Acid
NaCl

0.5 M Tris-HCL pH 7

NAD

Na Pyruvate

Pyrazole

18

PNS

21 ABAR

(Note: qamma-Hydroxybutyric Acid

630 g
287 ng
20 al
Ial
1 al
{al
0.9 al
0.2 al
20 nl

EC 1.1.1.60)




TABLE 4.4 {(Cont.)

ISOCITRATE DEHYDROGEKASE {(1DH) EC 1.1.1.42
ML-Isocitrate 5 al
0.2 K Tris-HCL pH 8 20 al
0.1 M NgCl2 0.5 al
NADP 1l
Na-Pyruvate {al
Pyrazole 1 al
NTT 0.5 nl
PNS 0.2 al
2% ABAR 20 nl
LACTATE DEHYDROGENASE {LDH) EC-1.1.1.27

0.2 K Tris-HCL pH 8 10 al
70 1 Na-Lactate 2 al
NAD 2.9 al
Pyrazole 1l
NTT 0.5 al
PNS 0.2 al
2% AGAR 20 nl
LEUCINE AMIND PEPTIDASE (LAP) EC 3.4.11.1

{Cytosol Aminopeptidasel
Note: For high pH gels, preincubate gel
slice for 30 mins in 0.5 N Boric Acid.

L-leucyl-B-napthylaside 40 ng
0.1 N Acetate pH 5 20 nl
Fast Black K salt 20 ng
MALATE DEHYDROGENASE (MDH) £C 1.1.1,37
0.5 M Tris-HCL pH 7 5 al
1 M Na-Malate S al
NAD 2.5 al
Na-Pyruvate 1 al
Pyrazole 1 al
NTT 0.5 nl
PHS 0.2 al

21 AGAR 20 nl

4.19
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JABLE 4.4 (Cont.)

Na-L-Malate Substrate Solution

NazCD;
L-Malic acid
Hzn to

NALIC ENIYNE (HE)

2.3 g
26.8 g
200 nl

EC 1.1.1.40

0.5 M Tris-HCL pH 7
1M Na-Malate

NADP (solid)

0.1 M MgCl2

LA

PMS

2% AGAR

MANNITOL DEHYDROGENASE (MADH)

3l
3l
15 ag
0.5 al
0.5 al
0.2 al
20 al

EC 1.1.1.67

D-Mannitel 90 ng
0.2 N Tris-HC1 pH B 20 al
NADP 1 al
Na-Pyruvate 1l
Pyrazole 1 ol
HTT 0.5 8]
PMS 0.2al
2% AGAR 20 nl
NANNOSE PHOSPHATE ISOMERASE (MPI) EC 5.3.1.8
0.2 W Tris-HCL pH B 3 al
Mannose-b-phosphate 20 ag
NADP 1 al
Na-Pyruvate 1l
Pyrazole 1 al
Phosphogl ucosei soserase 8l
Blucose-b-Phosphate DH 6 al
HTT 0.5 nl
PMS 0.2 al
2 ¥ AGAR 20 nl
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PHOSPHOSLUCOMUTASE (PGM) EC 5.4.2.2
0.5 M Tris-HCL pH 7 15 al
5% Glucose-1-Phosphate 3 al
0.1 N MgCl2 0.5 al
NADP 1 al
Na-Pyruvate 1l
Pyrazole { al
Glucose-6-Phasphate DH 21l
M7 0.5 nl
PHS 0.2 sl
2% AGAR 20 ol
PEPTIDASE (PEP) EC 3.4.11, or 3.4.13.9
0.1 N Phosphate pH 7.9 15 al
Peptide® 20 ng
0.1 ¥ MgCl2 0.5 nl
Peroxidase 10 ng
fsino Acid Oxidase 3 mg
0-Dianisidine HCL 0.5 al
2 1 AGAR 20 al

* For Pep A k C: leu-ala
Pep B: leu-gly-gly
Pep D: leu-pro or phe-pro
Pep S,8,E,F: leu-Teu-leu
Also try leu-tyr, lys-leu,val-leu, etc.

PEPTIDASES

There are a no. of peptidases (see H & H)
called A,B,C,0,E,F & S in nammals, apparently
deternined by separate loci that have
characteristic but overlapping substrate
specificities, Pep D is exceptional as it
appears to be specific for dipeptides with
proline {or hydroxyproline} as carboxy-
terainal aa.

§ A B € D E

LEU LEU LEY e - 4 - " +
LEY VAL

VAL LEU Y Y - -
LEU TYR R T T IR T T Y .
LEU GLY BLY + - 4t - - -

LEU-PRO/PHE-PRB - - - =~ -
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JABLE 4.4 (Cont.)

PHOSPHOSLUCONATE DEHYDROGENASE (PGD)

EC 1.1.1.44

0.2 ¥ Tris-HCL pH 8
b-Phosphogluconic acid
NADP

0.1 M MgCl,
Na-Pyruvate

Pyrazole

ATT

PHS

2 L AGAR

PYRUVATE KINASE (PK)

10 al
20 aq
{ nl
0.5 al
{ al
i al
0.5 al
0.2 al
20 »]

EC 2.7.1.40

0,2 M Tris-HCL pH 8
Phosphoenolpyruvate

ADP

Fructose-!,b-diPhosphate
HgS04/KCL

NADH

LDH

Apply a filter paper overlay
View under U.V, light

5l
B mg
10 ag
15 ng
0.5 al
3 g
30 u

Counter-stain with pH 8 Tris / NIT / PNS

SORBITOL DEHYDROGERASE (SDH)

EC 1.1.1.14

{L~1ditol Dehydrogenase)
0.2 M Tris-HCL pH 8
D-Serbital

NAD

Na-Pyruvate

Pyrazole

NTT

]

21 AGAR

20 al
250 mg
2l

{ al

{ al
0.9 al
0.2 al
20 al
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SUCCINATE DEHYDROGENAGE (SUCDH)

EC 1.3.99.1

0.1H Phosphate pH 7.3
Na-Succinate

FAD

HTT

]

2% AGAR

IANTHINE DEHYDRUGENASE (XDH)

15 al
100 ag
10 ng
0.5 al
0.2 sl
20 al

EC 1.1.1.204

0.5 M Tris-HCl pH7
Hypaxanthine

Just before slicing gel:

Bring to the boil to dissolve
hypoxanthine. Cool to R.T.
NAD

Na-Pyruvate

Pyrazole

10

PHS

21 AGAR

20 nl
50 ng

2.3 al
{al
1al

0.3 al

0.2 al

20 al

LIV
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TABLE 8.5 : Enzyme Stain Recipes For Cellulose Acetate

Note ; Use filter paper overlay for all stains

ADENDSINE DEAMINASE (ADA) EC 3.5.4.4
0.1 M Tris-HCl pH 8 1 al
Adenosine 10 ag

Na Arsenate 0.9 al

Na pyruvate 0.1 al
Pyrazole 0.1l
Yanthine oxidase 0.1 u
Nucleoside phosphorylase 0.1 u
NTT 0.1 al
PMS 0.1 ul
ALCOHOL DEHYDROGEMASE (ADH) EC 1.1.1.1
0.1 M Tris-HCl pH 8 1 al
95% Ethanol 0.2 sl
NAD 0.2 al

Na Pyruvate 0.1 al
NTT 0.1 al
PMS 0.1 nl
ALDOLASE (ALD) EC 4.1.2.13
0.1 M Iris-HCl pH 8 1 al
Fructose-1,6-diphosphate 10 =g
Na Arsenate 4 ul
NAD 0.2 ul

Na Pyruvate 0.1 al
Pyrazole 0.1 al
Triosephosphate isomerase 3 u
Blyceraldehyde-3-phosphate DH 5 u
NTT 0.1 al
PNS 0.1 nl
ASPARTATE AMINDTRANSFERASE (AAT) EC 2,6.1.1
AAT Substrate Solution 1 al
Rater 1 al

Fast Blue BB Salt 5 ng
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ADENYLATE KINASE (AK) EC 2,7.4.3
0.1 M Tris-HC1 pH B 1l
ADP S g
Glucaose 2 ng
1119 P 0.1l
NADP 0.2 al

Na pyruvate 0.1al
Pyrazole 0.1 al
Hexokinase 0 u
61ucose-6-phosphate DH 4 u
K17 0.1 nl
PMS 0.1l
D-AMIND "ACID OXIDASE (DAMDX) EC 1,4.3.3
0.1 B Tris-HCl pH 8 2 8l
D-Leucine 20 ng
FAD 1 ng
Peroxidase 1 ng
J-amino-9-ethyl carbazole 0.1 81
DIAPHORASE (DIA) EC 1,6.2.2
0.1 W Tris-HCl pH 8 2al
NADH 2 g
bcIp 0.1 al
HTT 0.1 al

(Clear background after bands appear with 1 M HC1)

BLUCDSE-4-PHOSPHATE DEHYDROGENASE

{6-6-PDH) EC 1.1.1.49

0.1 M Tris-HCl pH 8
61ucose-b6-phosphate
MqCl2

NADP

Na pyruvate
Pyrazole

HTT

PMS

1al

10 nq

0.1 al
0.2 al
0.1 al
0.1 al
0.1 nl
0.1 al

L2
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TABLE 4.5 (Cont.)

EALLA—_EERE SN

GLYCOLATE DXIDASE (60X EC 1,1.3.15
{(S)-2-Hydroxy-acid Oxidase)

0.1 M Tris-HCl pH B 1 al
Gilycolic acid 9 ag

Na pyruvate 0.1 sl
Pyrazole ‘ 0.1 al

it 0.1 al

NS 0.1 al
BLUCOSE-PHOSPHATE 1SOMERASE  (BP1) EC 1.1.1.49
{6lucose-b-phosphate Isomerase)

0.1 M Tris-HCl pH 8 1l
Fructose-b-phosphate 2 a9
NqClz 0.1 al
NADP 0.2 nl

Na pyruvate 0.1 al
Pyrazole 0.1 al
Glucose-b-phosphate DH 4

T 0.1 al

PNS 0.1 nl
HAEMOGLOBIN

i a2

Float gel-side-down in a 11 solution of amido black till protein
| bands disappear
E Destain in several washes of fixative

HYDROAYACYL COENZYME A DEHYDROGENASE (HADH) EC 1.1.1.3%

0.14 Acetate pH 5 0.2 al
Acetoacetyl Co 0.6 al
NADH 2 ag

Visualize under U.V. light

150C1 TRATE DEHYDROGENASE (IDH) EC 1.1.1.82
0.1 ¥ Tris-HCl pH B 1al
DL-Isacitrate 0.5 al
NADP : 0.2 al
MgCi2 0.1 al

Na pyruvate 0.1 al
Pyrazole 0.1 al

N7 0.1 al

PHS 0.1 al
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TABLE 4.5 (Cont.)

PAA— B Y

LACTATE DEHYDROGENASE (LDH) EC 1.1.1.27
0.1 M Tris-HC1 pH 8 i al

70 % Na Lactate - 0,2 al
NAD 0.1 al
Pyrazole 0.1 al
L} 0.1 nl
PHS 0.1 al
MALATE DEHYDROBENASE (MDH) EC 1.1.1.37
0.1 M Tris-HCI pH @ il

Na Malate : 0.2 al
NAD 0.1 sl

Na pyruvate 0.1 8l
Pyrazale ‘ 0.1 sl
HTT 0.1 sl
PHS 0.1 ml
MALIC ENZYME (ME) EC 1.1.1.40
0.1 M Tris-HCl pH B il
Na-Malate 0.2 al
NADP 0.2 al
MgCl2 ' 0.1 al
Na pyruvate 0.1 al
Pyrazole 0.1 al
L1 0.1 al
PMS 0.1 al
HANNDSE-PHOSPHATE 1SOMERAGE (HP1) EC 5.3.1.8
0.1 M Tris-HCl pH B 1l
Hannose-4-phosphate 5ng
NADP 0.2 al
HoCl2 0.1 ml
Na pyruvate 0.1 al
Pyrazole 0.1 al
6lucose-phosphate isomerase g u
6lucose-4-phosphate DH 6 u
HTT 0.1 al
PHS 0.1 nl
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TABLE 4.5 ({Cont.)

PEPTIDASE (PEP) EC 3.4.11
0.1 M Phosphate pH 7.0 1l
Dipeptide (FP or PL used) 9 ag
0.1 M HgCla 0.1 al
Peroxidase 2y
paino acid oxidase 189
p-Dianisidine 0.1 al

PHOSPHOGLUCONATE DEHYDROGENASE _(PGD)

EC 1.1.1.44

0.1 W Tris-HCl pH B 1l
b-Phosphogluconic acid 5 &g
NADP 0.2 wl
MgCl2 0.1 nl
Na pyruvate 0.1 al
Pyrazole 0.1 al
LIRS 0.1 al
PHS 0.1 nl
PHOSPHOBLUCOMUTASE {PEM) EC 5.4.2.2
0.1 M Tris-HC1 pH 8 1 sl
Glucose-1-phosphate 15 g
NADP 0.2 al
MqCl, 0.1 al
Na pyruvate 0.1 al
Pyrazole 0.1 al
6lucose-b-phosphate DH 2
L1 0.1 al

PHS

0.1 8l
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TABLE 4.6 : Stock Solutions Used 1n Enzyme-Specific Stain Recipes

SOLUTION CONCENTRATION

Acetoacetyl Cof 2.3ag/nl
o-Dianisidine 10ng/nl
2,6-Dichlarophenol Sag/al
Glucose-4-phosphate Dehydrogenase 10u/al
NgCl2 29/100nl
MgClz / KC1 1g each/25ml
NTT 10ag/ 1. Sul

; NAD 1g/100al

NADP ‘ 19/100al
Na-Arsenate 18, 6g/100al
Na-Pyruvate 5q/100m]
Phosphoglucosei somer ase 10u/nl
PHS 10ng/al
Pyrazole 9g/100ml
Fixative

Methanol : Acetic acid : Water Ratio 4 :1:3




TABLE 4,7 : Binchemicals and Other Products Used in This Investigation

BIOCHEMICALS:
cis-ACONITIC ACID A-7251 (Sigea)
ADENOSINE 102075 (Boehringer)
ADENDSINE DEAMINASE A-0387 {5igea Type III)
ADENOSINE 5'-DIPHOSHATE A-6521 {Sigma)
ADENOSINE 5'-TRIPHOSPHATE A-5394 (Sigma)
A-b144 (Sigma)
AGARDSE IEF £-17-0468-01 (Pharmicia)
DL-ALANINE A-7502 (Sigma)
L-ALANINE A-7427 {Sigma)
L-ALANYL-L-PROLINE A-3253 (Sigma)
ALDOLASE A-6253 (Sigma Type D
£-102652 (Boehringer)
L-AMIND ACID OXIDASE A-9253 (Sigma)
gasma-AMIND-n-BUTYRIC ACID A-2129 (Sigma)
| I-ANIND-9-ETHYL-CARBAZOLE A-5754 (Sigea)
i L-ARGININE A-5006 (Sigma)
§ D-ASPARTIC ACID A-8881 (Sigma)
| 5-BROMD-2' -DEOXYURIDINE B-5002 (Sigma)
| p-BRONOPHENODL B-8502 (Sigma)
BROMOTHYMOL BLUE p-0128 (Sigma)
CARBAMYL PHDSPHATE C-5625 (Sigma)
CREATINE C-3630 (Sigma)
CREATINE PHOSPHATE C-6507 (Sigma)
L-CYSTEINE SULFINIC ACID C-8380 (Sigma)
CYTIDINE C-9505 (Sigma)
CYTIDINE 5'-TRIPHOSPHATE C-1759 (Sigma)
Pl.PS-DI(ADENOS[NE—S'-)PENTAPHUSPHATE D-4022 (Sigma)
3,3°-DIAKINOBENZIDINE D-8126 (Sigma)
o-DIANISTDINE D-3252 (Sigma)
2,6-DICHLURUPHENOL—IUDDPHENUL D-1878 (Sigma)
L-beta-3,4-DIHYDROXY-PHENYLALANINE D-9628 (Sigma)
DL-DITHIOTHREITOL D-0632 (Sigma)

FAST BLUE BB SALT Puritied Grade : F-3378 (Sigma)
FAST GARNET GBC SALT Purified Grade : F-6504 (Sigma)

FLAVIN ADENINE DINUCLEOTIDE (FAD) F-6625 (Sigma)
FLUORESCEIN DIACETATE F-5502 (Sigma)
D-FRUCTOSE-1,6-DIPHOSPHATE

NA2+ Salt: £-750-1 (Sigma)

KH&+ Salt: £-752-1 '

NH4+ Salt: F-0752 '
D~FRUCTDSE~6-PHOSPHATE F-3627 (Sigma)
FUMARIC ACID F-5427 (Sigma)
D-BALACTOSE 6-0750 (Sigma)
D-ALACTOSE-4-PHOSPHATE 6-1625 (Sigma)
alpha-D-6LUCOSE-1-PHOSPHATE 6-1259 {Sigma GRADE V1)

6-7000 (Sigma BRADE 111)

D-6LUCONIC ACID 6-9005 (Sigma 6RADE IX)
D-GLUCONIC ACID LACTONE 6-9005 (Sigea)

GLUCOSE OXIDASE 6-6500 (Sigea TYPE V)




TABLE 4.7 (Cont.)

D-6LUCDSE-&-PHOSPHATE
GLUCOSE-4-PHOSPHATE DEHYDROGENASE

D-GLUTANIC ACID

L-6LUTAMIC ACID

L-GLUTAMIC DEHYDROGENASE

GLUTATHIONE OXIDIZED FORN:
REDUCED FORM:

6-7879
6-8678
6-7878
6-1001
6-162b
6-2501
6-4501
6-4251

GLYCERALDEHYDE-3-PHOSPHATE DEHYDROGENASE

DL-alpha-GLYCEROPHOSPHATE

alpha-GLYCEROPHOSPHATE DEHYDROGENASE

GLYOXALASE I -

GLYCOLIC ACID

BLYCYL-L-LEUCINE

BUANINE

GUANOSINE 5°-NONOPHOSPHORIC ACID
HEXDKINASE
DL-alpha-HYDROXYBUTYRIC ACID
DL-beta-HYDROXYBUTYRIC ACID
DL-gaama-HYDROXYBUTYRIC ACID
DL-alpha-HYDROXY-ISOCAPROIC ACID
5-HYDROXYTRYPTANINE
HYDROXYLANINE

HYPOXANTHINE

INOSINE

ISOCITRATE DEHYDROGENASE
DL-ISOCITRIC ACID
alpha-KETOBLUTARIC ACID
alpha~KETOVALEREC ACID

LACTATE DEHYDROGENASE

L(+)LACTIC ACID
D-LEUCINE
L-LEUCINE-beta-NAPHTHYLAMIDE HCL
L-LEUCYL-L-ALANINE
L-LEUCYLGLYCYL-GLYCINE
L-LEUCYL-L-LEUCINE
L-LEUCYL-L-LEUCYL-L-LEUCINE
L-LEUCYL-L-TYROSINE
L-LEUCYL-L-VALINE
L-LYSINE
L-LYSYL-L-LEUCINE
MALIC DEHYDROGENASE
D-MANNOSE~-4-PHOSPHATE
Disodium Salt:
Bariua Salt
D-METHIONINE
4-METHYLUMBELLIFERYL ACETATE

B-5126
6-0763
6-B380
B-5126
6-4751
6-4252
6-1684
£-2002
6-0381
6-8377
H-5625
H-1253
H-4501
H-3535
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-B754
H-9375
H-0883

4-METHYLUNBELLIFERYL-alpha-D-GALACTOSIDE

H-7633

4-METHYLUMBELL IFERYL-beta-D-GALACTOSIDE M-1633

{Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma TYPE 1)
(Sigma)
(Siqea)

(Sigma)

(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(5igma)
(Sigma)
(Sigma)
(Sigma)
(Boehringer)
{Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigma)
(Sigea)
(Sigma)
(Sigma)
(Sigma)

(Sigma)
(Sigma)
(Sigma)
(Sigaa)

(5igma)
(Sigma)

4.31
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A-METHYLUMBELLIFERYL-beta-D-GLUCURONIDE M-9130 {Sigea)

A-HETHYLUMBELLIFERYL-beta-D-6LUCOSIDE  M-9766 (Sigma)

4-HEHTYLUMBELLIFERYL-N-ACETYL-beta-D-6ALACTOSANINIDE
H-9129 (Sigma)

A-METHYLUNBELLIFERYL PHOSPHATE H-8883 (Sigma)
A-METHYLUNBELLIFERYL SULFATE H-7133 (Sigma)
HTT (TETRAZOLIUM SALT) H-2128 {Sigma)
alpha-NAPHTHYL ACETATE N-6750 (5iqma)
beta-NAPHTHYL ACETATE K-6875 (Sigma)
alpha-NAPHTHYL ACID PHOSPHATE N-7000 (Sigma)

NAPHTHYL-AS-BI-ACETYL-beta-D-GLUCOSANINIDE
N-4006 (Sigma)

alpha-NAPHTHYL BUTYRATE N-8000 (Sigma)
alpha-NAPHTHYL PHOSPHATE N-7255 ({Sigma)
beta-NAPHTHYL PHOSPHATE N-1132 {Sigma)
NITRO BLUE TETRAZOLIUN N-6B76 (Sigma GRADE I1D)

beta-NIEOTINAMIDE ADENINE DINUCLEQTIDE N-7381 {(Sigma)
N-7004 (Sigma)
beta-NICOTINANIDE ADENINE DINUCLEQTIDE
Reduced Form: N-8129 ({Sigma)
beta-NICOTINAMIDE ADENINE DINUCLEOTIDE PHOSPHATE
N-0505 (Sigma)

NUCLEOSIDE PHOSPHATE £-107936 {(Boehringer)
L-ORNITHINE-HCI 0-2375 {Sigma)
OXALACETIC ACID 0-4126 {Sigma)
PERDX1DASE P-8000 {Sigma)
PHARMALYTE (pH3-10) 17-0456-01 {Pharmacia)
PHENAZINE METHOSULFATE P-9625 (Sigma)
PHENOLPHTHALEIN DIPHOSPHATE P-9875 (Sigma)
D-PHENYLALANINE P-1751 {Sigma)
L-PHENYLALANYL-L-LEUCINE P-3874 (Sigma)
L-PHENYLALANYL-L-PROLINE P-6258 (Sigma)
L-PHENYLALANYL-L-TYROSINE P-4876 (Sigma)
L-PHENYLALANYL-L-VAL INE P-5001 (Sigma)
p-PHENYLENEDIAMINE P-6001 (Sigma GRADE I1)
PHOSPHOCREATINE P-6502 (Sigma)
PHOSPHO {ENOL)} PYRUVATE P-7252 ({Sigea)
6-PHOSPHOGLUCONIC ACID P-6888 (Sigma BRADE 1iI)
P-7877 {Sigma GRADE IV)
PHOSPHOGLUCOSE 1SOMERASE p-5381 (Sigma TYPE IID
P-9010 (Sigma TYPE X)
D{+)2-PHOSPHOGLYCERIC ACID P-0257 {Sigma)
D(-) 3-PHOSPHOGLYCERIC ACID P-8627 (Sigma)
PIPES (pH range 4.1 to 7.3 P-4757 (Sigma)
L-PROLINE P-0380 (Sigma)
L-PROLYL-L-LEUCINE P-1130 (Sigma)
L-PROLYL-L-PHENYLALANINE P-1505 (Sigma)
PYRAZOLE P-2646 (Sigma)
PYRIDOXAL-5'-PHOSPHATE . P-9255 (Sigma)
L-PYROGLUTAMIC ACID P-3434 (Sigma)
PYRUVATE KINASE P-1381 (Sigma TYPE I}

P-9136 (Sigma TYPE IID)
£-128155 (Boehringer)
PYRUVIC ACID P-2256 (Sigma)
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SUCCINYLCHOLINE CHLORIDE
TAURINE

THIANIKE HCI

D{+) TREHALOSE DIHYDRATE
TRIDSEPHOSPHATE 1SOMERASE

TRIS:SIGMA 7-9 BIOCHEMICAL BUFFER
L-VALYL-L-ALANINE

L-VALYL-L-LEUCINE
YANTHINE OXIDASE

COMPUTING:

APPLE PC
HAINFRAMES

PLOTTER

PRINTER

DISPOSABLES

1.8al NUNC CRYOTUBES

1.501 MICROCENTRIFUGE TUBES

_ ELECTROPHORESIS SUPPORT HEDIA:

AMPHOLINE PAG PLATES
CELLOBEL
ELECTROSTARCH

TITAN 111 PLATES

REFRIGERATION

CRYDGENIC REFRIGERATORS

PHOTOGRAPHY:

DEVELOPER

PHOTOS ~
TECHNICAL PAN FILM
COLOUR SLIDE FILM

POMER SUPPLIES:

e e —

HEATHKIT
PHARMACIA

VOLTHOUR INTEGRATOR

5-82581 {Sigea)

T-0625 (Sigea)

T-4425 (Sigma)

T-5254 (Sigea)

7-2391 (Sigma TYPE IID)
7-2507 (Sigea TYPE 1)
T-1378 (Sigea)

V-1250 (Sigea)

V-1625 (Sigea)

1-1875 (Sigea GRADE I)
1-4875 (Sigma GRADE IV}

2¢ , 2e

CYBER 170

VAX 11/785

KP1000 (Graphtec)
EPSON FXBO+

3-43401 (Medos)

94,2494,4.001 {Medos)

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

Lot Mo.392 (Electrostarch Co.

Hadison,Hisconsin
...n0 longer available)
3024 (Helena)

35VHC  (Taylor-Kharton)

D19 (Kodak)

(ColorfPro)
2415 {(Kodak)
H40-T (3

SP-17A (Schlumberger)

EPS 500/400 (Pharmacia)
EPS3000/150 8

VH-1 '

4.33
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AFFENDIX S5: NOTES ON PROGRAMS USED IN STATISTICAL ANALYSIS OF
ELECTROPHORETIC DATA.

Felsenstein’s PHYLIP, Phylogeny Inference Package {Version 2.8)
(from PHYLIP Documentation}.

Three types of programs were used in our analyses, one for gene frequency data
calculated from starch gel electrophoresis of polymorphic loci (CONTML), one for distance
satrices calculated from the gene frequency data (FITCH), and one for discrete characters
scored from isoelectric focusing gels (MIX).

CONTHL (continuous character maxisua likelihood progras) uses gene frequencies to
construct estimates of the maxisua likelihood evolutionary tree under the following
assusptions:

{. Different lineages evolve independently;

2. After two lineages split, their genetic drift proceeds independently;
3. Each gene frequency changes by genetic drift;

4, Different loci drift independently.

Input Format:

(5 spaces) No. of Populations (5 spaces) Ko. of Loci

No. of Alleles at each Locus !{in order with a space between each)

Population Name (9 characters or less) Allele frequencies minus one (in order with a
space between each datua).

The progras treats the input as gene frequencies at a series of loci, and square root
transforas the allele frequencies, constructing the frequency of the aissing allele at
each locus first.

Qutput Format:

The topology of the tree is given by an unrooted tree diagram. The lengths lin
expected amounts of variance) are given in a table below the topology, and a rough
confidence interval givea for each length. Negative lower bounds on length indicate that
rearrangesents may be acceptable at this point in the tree . (indicated by a dotted line in
dendrograns plotted using CONPLOT). The units of length are amounts of expected
accusulated variance. The log likelihood {natural log) of each tree is given, as is the
nusber of topologies tried. The log likelihood allows a likelihood ratio hypothesis test
(Sokal and Rohlf, 1981 pp.&95-696).

FITCH (Fitch-Nargoliash and Least-Squares Distance Hethods)

deals with data which comes in the fora of pairwise distances between all pairs of taxa.
In analysing these data, the programs implicitly assumes:

1. Each distance is measured independently from the others: no ites of data contributes

to sore than one distance;

2. The distance between each pair of taxa is drawn from a distribution with an

expectation which is the sum of values (in effect, amounts of evolution).

These two assuaptions are dubious in the case of genetic distance froa gene frequency
data since additivity or independence will not be expected to be true. Therefore, CONTHL
is more appropriate. However, if genetic drift is the mechanisa of divergence, additivity
halds and FITCH will not give positively misleading results {i.e. will not make a
statistically inconsistent estimate).
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The branch lengths of the tree are unconstrained {by tise),

Input Format:

{5 spacesiNo. of Populations

Population Name (9 characters or less) followed by the set of distances to all other
populations.

Qutput Format:

The output consists of an unrooted tree and the lengths of the interior segments.
The sus of squares and average percent standard deviation is given, as well as the number
of trees examined.

K1X (mixed method parsimony)
carries out the Wagner and Camin-Sokal parsisony methods, as specified for each discrete
character. The progras defaults to carrying out Wagner parsiaony.

The two methods assume:
1. fAncestral states are known (Camin-Sokal) or unknown (Wagner).
2. Different characters evolve independently.
3. Different lineages evolve independently.
4, Changes 0 to 1| are more probable than 1 to 0 {Camin-Sokal) or equally probable
(Wagner}.
5. Both of these kinds of changes are "a priori® improbable over the evolutionary tine
spans involved in the differentiation of the group in question.
6. Other kinds of evolutionary event, such as retention of polymorphism, are tar less
probable than 0 to | changes.
7. Rates of evolution in different lineages are sufficiently low that two changes in a
long seqment of the tree are less probable than one change in a short segaent.

Input Format:
{Sspaces)No. of Species(5 spaces)No. of Characters
Species Name followed by the set of character states without a space between each.
Allowable characters states are "0*, "t*, "P", "B® and *7°.
The data are coded into a series of two state characters {*0* or "{"), polymorphisas
are indicated by "P"; if both characters are present this is indicated by "B"; missing
data is indicated by "?", when the state is unknown or does not apply.

Qutput Format:

The tree is printed out as either rooted or unrooted, depending upon which is
appropriate, followed by a table of the nusber of changes of state required for each
character. With the Wagner option, it may not be possible to unaabiguously locate places
on the tree where changes occur, as there may be multiple possibilities. A table is
printed out after the last tree, showing for each branch whether there are known to be
changes in the branch.
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AFPFENDIX &6 : DESCRIPTION OF ENZYME BANDING FPATTERNS FOR THE
POLYMORPHIC LOCI USED IN DISCRIMINATION OF STOCKS OF WHITING SFECIES

ALCOHOL DEHYDROGENASE (ADH) EC 1.1.1.1

ADH was examined in extracts of liver tissue, and migrates cathodally in CAM pH 6.1
buffer.

Subunit Structure : dimer.

Banding Pattern : single band in monomorphic fish {with a single cathodal sub-band
sometises present); heterozygotes for the scored *b* allele did not always show the
expected 1:2:1 activity ratios expected for a dimeric protein.

Variation was detected for:

S, bassensis flindersi - 5 alleles, c (common}, b (may represent more than one allele,
clusped for statistical purposes), a, d k e frare).

Figure 6.1 shows the observed banding patterns for S. bassensis flindersi.

ASPARTATE_ANINOTRANSFERASE (AAT) EC 2.6.1.1

fat-2 was examined in extracts of liver tissue, and migrates anodally in CAM pHe. 1
buffer.

Subunit Structure : dimser

Banding Pattern : single band in sonomorphic tish {with one or two anodal
sub-bands); heterozygous individuals may or may not resolve into 3 clear bands {the
expected pattern for a dimeric protein).

Low frequency variation was detected for:
S, basseasis flindersi - 3 alleles, b (common), a & c frarel.
§, bassensis bassensis - 2 alleles, b (common), a (rarel.

Figure 6.2 shows the observed banding patterns for S, basseasis basseasis and for §.
bassensis flindersi.



6.2

GLUCGSE-PHOSPHATE [SOMERASE (6P1) EC 5.3.1.9

A sultilocus systes, 6PI has been reported as 2 loci in most fish with an hybrid
heteropolyser zone of activity (Avise, 1973). However, the banding pattern observed in
whiting species does not necessarily fit this hypothesis (see note below). For this
reasan, 6P1 has been interpreted here as representing 3 loci.

6PI was examined in extracts of muscle tissue, and all loci migrate anodally in
Poulik buffer.

Subunit Structure : dimer (sonomeric pattern for 6pi-2).

Banding Pattern Gpi-1 is the major muscle cosponent of this enzyae. Monosorphic
fish show a single band with 2 anodal sub-bands appearing soon after; heterozygotes
showed 3 bands (with one or two anodal sub-bands).

Low frequency variation was detected for:

§. bassensis bassensis - 3 alleles, b (common), a & c (rarel;
S, bassensis flindersi - 3 alleles, b (comson), a & c (rare};
S. punctata - 2 alleles, b (coason), a (rarel;
. robusta - 2 alleles, a {(comsan), b {rare);

Gpi-2 shows a single band in sonomorphic fish; “heterozygotes®
showed 2 bands.
Low frequency variation was detected for:
$, bassensis bassensis - 3 alleles b (common}, a & ¢ (rareli
S, bassensis flindersi - & alleles, ¢ (comson), a,b,d.e & § (rarel;
$. puactata - 2 alleles, b (common}, a (rarel;
§, robusta - 3 alleles, b (common}, a & ¢ (rarel;

6pi-3 shows a single band in nonosorphic fish (with one or two
ancdal sub-bands present in some samples); heterozygous individuals with alleles 3 as
apart do not resalve into visible bands; other heterozygotes showed 3 bands.
Low frequency variation detected for:
$, bassensis basseasis - 3 alleles, b (common}, a & c (rare);
S, bassensis flindersi - & alleles, c (common), a,b,d,e bk f (rarel;
S. punctata - 3 alleles, ¢ (comson), a k b (rarel;
. robusta - 3 alleles, b (common), a &k c (rarel;

Fiqures 6.3 to 4.6 shows observed banding patterns for S. bassersis basseasis, $.
bassensis flindersi, S. puactata and S. robusta,

Note The banding pattern expected to fit the hypothesis that Bpi-2 is actually an hybrid
heteropolyser would be a single band when 6pi-1 and Bpi-3 are homozygous, 2 bands when
either Gpi-t or Gpi-3 are heterozygous, and 3 bands when both Gpi-1 and Gpi-3 are
heterozygaus.

However, when an heterozygous pattern appears at one or other of the fast or slow
locus, gne or two bands may be seen at the aiddle zone of activity. Conversely, when
homozygous patterns appear at both the fast and slow loci, again one or two bands may be
ceen at the middle zone of activity. A 3-banded pattern at Bpi-2 was not observed.



6.3

SLUTAMATE-PYRUVATE TRANSAMINASE (6PT) EC 2.6.1.2

6PT was examined in extracts of liver tissue, and migrates anodally in Poulik buffer.
Subunit Structure: sonoaer.
Banding Pattern : single band in monomorphic fish; heterzygotes showed 2 bands.
Variation was detected for:

S. punctata - 3 alleles b or ¢ (common), a (rare),

Fiqure &.7 shows the observed banding patterns for S. punctata.

1SOCITRATE DEHYDROGENASE (IDH) EC 1.1.1.42

Idh-1 was examined in extracts of muscle tissue, and migrates anodally in CAM pHé.1
buffer.

Subunit Structure : diser

Banding Pattern : single band in mcnomorphic fish; heterozygotes show 3 bands
typical of a dimeric protein.

Variation was detected for:
S. robusta - 2 alleles, a & b,

Figure 6.8 shows the observed banding pattern for §. robusta.

HANNOSE-PHOSPHATE ISOMERASE (MPI) EC S.3.1.8

MPI was esamined in extracts of auscle tissue and migrates anodally in both CAM pHé.!
and Poulik buffers.

Subunit Structure : aonomer

Banding Pattern : single band in monomorphic fish (with a single sub-band present
in CAM pHb.1); heterozygotes show two bands.

Variation was detected for: .
S. bassensis flindersi - 5 alleles b & ¢ (cosmon), a, d, e (rare)
§. robusta - 5 alleles d (coamen), a, b, c, and e frare)

Figure 6.9 shows observed banding patterns of §. bassensis flindersi, and S. robusta.

PEPTIDASE-PL (PEPC) EC 3.4.1)

PepC was examined in extracts of liver tissue and aigrates anodally in CAM pHb. 1
butfer.

Subunit Structure : monoser

Banding Pattern : single band in_sonosorphic fish; heterozygotes may or aay not
resolve into 2 clear bands (the expected pattern for a acnoaeric protein).

Low frequency variation was detected for:
§. basseasis bassensis - 3 alleles b (common) a & c (rare)
and §. basseasis flindersi, but due to the very low frequency of heterozygotes, was not
used for statistical analysis.

Figure &.10 shows observed banding pattern for §. bassensis bassensis.
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PHOSPHOGLUCOMUTASE (PGEM) EC 5.4.2.2

PEM was exasined in extracts of auscle tissue and migrates anodally in Poulik butfer.

Subunit Structure : aonomer

Banding Pattern : single band in sonomarphic fish, heterozygotes show 2 bands
typical of that expected for a monomeric protein.

Variation was detected for:
S. robusta Pga-1 - 5 alleles b & c (comson), a, d & e.
S. punctata Pga-1 - 3 alleles b (comson}, a &k c.

Pga-2 - 4 alleles b (comaon), a, ¢ & d.

Figures &.11 k 4.12 show the observed banding patterns for S. robusta and S.
punctata.

6-PHOSPHOBLUCONATE DEHYDROGENASE (PBD) EC 1.1.1.44

PED was examined in extracts of liver tissue and migrates anodally in CAN pHb.1
buffer. It was found that use of the newly-aquired Pharmacia constant power supply (under
conditions of constant current) stabilized (to a large extent) the warping of this
enzyme’s migration.

Subunit Structure : diaer

Banding Pattern : single band in monomorphic fish; heterozygotes (occasionally
atypical) were of a 3-banded pattern.

Variation was detected for:

§. bassensis flindersi - & alleles, a & b (comson}, c & d (rarel.
S. punctata - 2 alleles, a (common) &k b.

Fiqure .13 shows observed banding patterns for §. bassensis fliadersi and S,
punctata.

SORBITOL DEHYDROGENASE (SDH) EC 1.1.1.14

SDH was examined in extracts of liver tissue and migrates anodally in Poulik buf fer.

Subunit Structure : Tetraser

Banding Pattern : single band in sonomorphic fish {(which occasionally sub-bands
anodally); heterozyous individuals may or may not resolve into 5 clear bands (as expected
for a tetrameric protein),

Variation was detected for:
S, robusta - 3 alleles a and b (coamon), & c.

Fiqure .14 shows observed banding patterns for §. robusta.
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Figure 6.1 : Observed banding patterns and genotypes designated
for Adh-1 (EC 1.1.1.1) from S, bassersis flindersi
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Figure 6.2 : Dbserved banding patterns and genotypes designated
for Aat-2 (EC 2.4.1.1) from §, bassenasis bassersis
and S. bassensis flindersi, respectively.
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Figure 4.3 : Observed banding patterns and genotypes designated
for 6P1 (EC 5.3.1.9) fros §. basseasis bassensis.
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Figure 6.4 : Observed banding patterns and genotypes designated
for 6P1 (EC 5.3.1.9) from S, bassensis flindersi.
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Figure 6.5 : Observed banding patterns and genotypes designated
for 6P1 (EC 5.3.1.9) from §. robusta.
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Figure b.b : Observed banding patterns and genotypes designated
for BP1 (EC 5.3.1.9) froe §. punctata,
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Figure 6.8 : Observed banding patterns and genotypes designated
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for 1DH {EC 1.1.1.42) froa §. robusta.
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Figure 6.9 : Observed banding patterns and genotypes designated
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for WP1 {EC 5.3.1.8) froa §. bassensis flindersi
and S. robusta, respectively.

Figure 6.10 : Observed banding patterns and genotypes designated

for Pep C (PL) (EC 3.4.11) from $. bassensis bassensis.
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Figure 6.11 : Observed banding patterns and genotypes designated
for PGM (EC 5.4.2.2) from §. robusta
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Figure 6.12 : Observed banding patterns and genatypes designated
for PEM (EC 5.4.2,2) fros §. punctata.
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Fiqure 6.13 : Observed banding patterns and genotypes designated
for PED (EC 1.1.1.44) from §. bassensis flindersi
and §. punctata, respectively.
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Fiqure 6.14 : Observed banding patterns and gencotypes designated
for SDH (EC 1.1.1.14) from S, robusta.
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AFFENDIX 7: GENE FRERUENCY INPUT DATA FILES FOK

5, bassensis bassenziz, 5. bassensis flindersi, 5. punctata
and &. robusta, and G TESTS FOR 8. bassensis flindersi.

NOTE For gene frequency input data, the nuabers of alleles at each lacus are
indicated by the second line of figures ; the gene frequencies are entered in the order
listed for each table ; one less figure is entered than the number of alleles at each
locus hecause the programs used compute the last figure.

TABLE 7.1 : Gene Frequency Input Data For The Loci Pod, Adh, Aat-2, Gpi-1, 6pi-2, 6Gpi-3
and Mpi of $. bassensis flindersi From Thirteen Localities in N.5.N., Six Localities in
VIC., One Locality in TAS, and One Locality in 5.A. ‘

30 1hb
4533663
byronbay 0.743 0,257 0,000 0,000 0.135 0.B38 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
gvanshead 0.495 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
yambal  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
yambalge 0.523 0,477 0.000 0,000 0,141 0,821 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
yambasal 0.669 0.325 0,006 0.000 0.163 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 0.006 .
yamba2 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
0.958 0.016 0,000 0,000 0.000 0.984 0.000 0,016 0.000 0.703 0.297 0.000
yamba3  0.686 0,314 0,000 0.000 0,143 0.B16 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
wooli 0.702 0,298 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
nsalitary 0.600 0,394 0,006 0,000 0.138 0.B46 0,016 0.000 1,000 0.000 0.995 0.010 0.030
0.940 0,020 0.000 0.040 0,010 0.935 0,010 0,005 0.005 0.687 0.303 0.000
coffshi  0.498 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
coffsh? 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
0.938 0.000 0.000 0,000 0.000 1.000 0,000 0,000 0.000 0.295 0.705 0.000
canden!  0.599 0.394 0.005 0,000 0.172-0.79 0,032 0,000 1,000 0.000 1.000 0,000 0.005
0.945 0,020 0,005 0,000 0,005 0,965 0,005 0.020 0.017 0,400 0.383 0.000
canden?  0.449 0,531 0,000 0,000 0.046 0,880 0.048 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
forster! 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
forster2 0,647 0,353 0.000 0,000 0.1176 0.8476 0.0147 0.000 1.000 0.000 0.9875 0.000
0,000 0.949 0.032 0,019 0.000 0.000 0.9425 0.025 0.0125 0.0063 0.750 0.237 0.000
forsterd 0.571 0.429 0.000 0.000 0.155 0.B45 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 0.672 0.328 0.000




1.2

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

newcastle 0.750 0.241 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

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 0,949 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 0,162 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 0.0143 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

ptionsdal 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 00179 0.000 0.9196 0,0357 0.0268 0.000 0.690 0.298 0.012

cpatton! 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

cpattan2 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

apollobay 0.582 0,405 0,006 0,000 0.114 0.84B 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  0.567 0,433 0.000 0,000 0.161 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 0.136 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 0.392 0,400 0,008

KEY : byronbay = Byron Bay, N.5.W. 23/3/°86 ; evanshead = Evans Head,N.5.W. 23/5/'86
; yambal = Yamba, N.S.¥. 7/6/'84. Total collection, divided as follows:- yambalge = large,
fish ) 17am standard length, yambasel = small fish < 15aa standard length ; Subsequent
collections : yamba2 = 22/5/'Bb, yamba3 = 23/5/°'86 ; wooli = Wooli, N.S.W. 11/10/°B5 ;
nsolitary = North Solitary Island, N.S.W. 10/10/°83 ; coffshl = Caff's Harbaur, N.5.M.
2/4/°85, coffsh2 = 21/5/'86 ; camdenl = Canden Heads, N.5. M. 2/10/°85, canden2 = South of
Canden Heads 2/10/°85 ; forster! = Forster, N.5.K. 1/10/°83, forster2 = 5/6/'85, forsterd
= 20/5/'86 ; ptstephen = Port Stephens, N.S.W. 11/4/°83 ; newcastle = Newcastle, N.G.W.
1/4/'85 ; sydney = Sydney, N.S.¥. 12/4/°85 ; jervisbay = Jervis Bay, N.5.W. 9/8/°'84 ; eden
= Eden, N.G.N. 22/b/°84 ; lakesent = Lakes Entrance, VIC. 18/6/°B4 ; sanreso = Western
Port Bay, VIC. 29/5/'84 ; ptlonsdal = Port Phillip Bay, VIC. 21/3/'85 ; cpattanl = Cape
Patton, VIC. 30/9/'8B5 , cpatton2 = west of Cape Patton, VIC. 30/9/'85 ; apollobay = Apollo
Bay, VIC. 12/9/°85 ; ptfairy = Port Fairy, VIC. 11/°86 } hobart = Hobart, TAS. 17/3/°84 ;
anxiousb = Anxious Bay, S.A. 18/3/'8é,



TABLE 7,2 : 6 Tests For §. bassensis flinderss Populations.

otu 1 vs otu 2 g stat doff prob.

byronbay evanshead 16,9481 21 7142
yaabat 22,974 27 , 6862
yasbalge 22,5329 20 3123
yaabasal 18,7435 26 8470
yasha? 12,9239 18 7961
yanbad 9.04372 20 .9824
wooli 18,4751 24 7691
nsolitary 22,5337 25 4036
coffshi 12,754 18 .8060
coffsh2 41,3024 18 0014
canden} 26.3238 24 . 3369
canden? 43.5102 23 . 0060 +
forsterl 91,3335 23 . 0004
forster2 28,6238 22 1559
forster3 20,9954 19 3371
ptstephen 24,4295 21 . 2636
newcastle 17.9652 23 7994
sydney 21,0118 24 .6380
jervisbay 15.8957 24 8918
eden 24,1906 23 3933
lakesent 22,3719 23 4979
sanremo 25,3378 23 3331
ptlonsdal 31,6486 23 1077
cpattonl 20,9407 22 9244
cpatton2 22,2548 22 447
apollobay 29.959 24 1861
ptfairy 23,3757 23 4390
hobart 38,5488 22 0159 +
anxioush B80.2698 21 0.000 +

evanshead yasbal J1. 4745 28 2964
yaabalge 27,3133 21 . 1807
yanbasal 26,6417 27 4822
yanba2 17.0153 21 7102
yaaba3 13.2858 22 L9249
wooli 13.1603 24 9160
nsolitary 19.8499 25 J347
coffshl 23.9588 22 3494
cof fsh2 91,1562 22 0004
candenl 22,5425 24 . 5449
canden2 44,9782 24 0059 #
forster! 50,9924 24 0012 #
forster2 26.7927 22 .2192
forster3 20,494 21 4902
ptstephen 26,4722 24 3297
newcastle 19.9083 24 .7020
sydney 19.7346 24 J118
jervishay 22,0263 27 . 7340
eden 23.7053 22 3629
l1akesent 14,1452 21 B33
sanreao 14, 6236 21 8414
ptlonsdal 17.2388 AU 6943
cpattont 21,0138 24 4379
cpatton2 24,4087 2 2737
apollobay 22,7908 24 3322
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TABLE 7.2 (Cont.)

evanshead ptfairy
hobart

anxiausb

yasbal yasbalge
yambasal
yanba2
yaabal
mooli
nsolitary
coffshil
coftsh2
caaden!
caaden2
forster
forster2
forster3
ptstephen
nencastle
sydney
jervishay
eden
lakesent
sanreso
ptlonsdal
cpattont
cpatton2
apollobay
ptiairy
hobart
anxiousb
yambalge yasbasal
yasha2
yaabal
wooli
nsolitary
coffshl
coftsh2
caaden!
canden2
forster!
forster2
forster3
ptstephen
nencastie
sydney
jervisbay
eden
lakesent
Sanreso
ptionsdal
cpatton!
cpatton?
apollobay
ptfairy

22,6237
21.7879
64,9266

19.3705
19.4637

15.4742
23.2499
40,3938
93,3428
20,0158
92,9749
29.3744
12.217

94.5015
36,9944
23,1273
44.1168
29,9862
19.2193
25,6655
14,7063
311137
30.5627
49.0082
32,7155
30.9788
36.3383
2.4171
92,4351
99.4293

36,7305
15,8576
23,2114
34,1004
39,0932
1B.2145
30.59797
21,8448
90.6173
46,0771
44.3474
15.5396
28.9855
30.842

16.7619
23.1357
18.8863
27.0578
23.4612
47.2121
31,151

32,9184
208.9472
23.9941

23
20
22

24
24
2b
28
30
30
26
2]
28
29
28
28
2]
27
27
28
29
2
28
28
28
2]
2]
2]
30
28
24

25
21
2t
23
24
18
20
23
22
23
23
18
22
2
23
23
20
23
23
23
22
22
23
23

4829
3521
0.000

BLIS
.8084
.9480
1204
0973
. 0053
.7908
. 0023
3937
0.000

0.000 +
0010 #

,6782
.0201
3148
.8912
. 6433
9734
3121
3348
.0083
. 2068
2120
1081
.0658

L0034 +

0.000 ¢

0612
J178
.3328
0637
0478
4415
0610
N1

0005 #
0029 +

.0048
26246
1453
0763
.8208
<5494
9292
« 2533
434
0021
0934
0630
2641
4040




TABLE 7.2 (Cont.)

yanbalge

yasbasal

yaaba?

yalba3

hobart
anxiousb
yaaba?
yaaba3
wooli
nsolitary
coffshl
coffsh2
candenl
caaden2
forster!
forster2
forster3d
ptstephen
newcastle
sydney
jervisbay
eden
lakesent
sanreao
ptlonsdal
cpattoni
cpatton2
apollobay
ptfairy
hobart
anxiousb

yaaba3
wooli
nsolitary
coffshl
coffsh2
caadenl
canden?
forsterl
forster2
forsterd
ptstephen
newcastle
sydney
jervishay
eden
lakesent
sanreap
ptlonsdal
cpattoni
cpatton2
apollohay
ptfairy
hobart
anxioush

wooli
nsolitary
coffshi

39.37

79.8372
21.2879
15. 4481
33.97

43.4831
23.4718
73,9962
39.2165
51.4678
74,405
33,4604
24.0844
37.1372
33.2483
30.2748
30.8197
22.0378
38.423
40.0656
44,5204
32.1956
42,3126
47.0229
50,9545
3.71977
112,408

16.5402
22,741
17.7956
16.3177
36,7173
17,3686

40.5217°

40,2452
21,2348
12,5553
27.0025
24,0497
17.82

16.4877
21,7344
17.7811
16.3774
23,7844
24,3399
23.1097
19. 6614

18.46082

28.3642
67,4051

19,4745
23.0151
18,3547

21
2
2b
27
29
29
25
24
27
28
27
27
26
24
26
27
28
26
27
27
27
26
26
27
29
27
27

2
2b
26
19
20
24
Yh]
23
22
19
22
24
23
26
3
23
3
23
24
22
23
24
22
23

24
26

21

.0089 &
0.000 &
1270
.9593
2403
0393 ¢
. 3384
0.000 #
0605
L0044 &
0.000 #
1823
711
0727
1550
3019
3251
. bBbb
0714
. 05035
0183 ¢
. 1867
.0228 #
.0098 #
L0071 #
0016 #
0.000 #

.7882
6475
.8832
6360
0126 #
8325
.0258 #
0144 #
3063
8605
2111
. 4588
. 8499
9237
3363
J703
.B38&
4158
8423
3954
8694
J1D
1639
0.000 #

7151
6321
. 6263
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TABLE 7.2 (Cont.)

yasba3d coffsh2 48.2153 2 0006 #
candenl 24,9723 25 A639
canden2 37.275% 24 JOALL &
forstert 49.6829 25 0023 &
forster2 28,2576 24 L2493
forsterd 24,0974 23 . 3984
ptstephen 21,1186 24 6317
newcastle 20,2493 24 6829
sydney 19.4145 24 7293
jervishay 15.9387 25 9161
eden 20,7419 24 6339
lakesent 23.2578 24 3046
sanremo 24,475 2 A7
ptlonsdal 34,5998 24 0746
cpattont 16.4396 22 J924
cpatton2 30.6131 24 1653
apollobay 33.4948 24 . 1482
ptfairy 24,9654 24 4074
habart 34,3308 33 0605
anxioush 77.4943 22 0.000 &
wooli nsolitary 20.814b 27 3699
coffshl 26,2958 24 . 3383
coffsh2 68,1564 24 0.000 #
caeden] 32,0093 27 237
caeden2 52,8051 L} 0004 #
forsterl B1.1214 26 0.000 #
forster2 34,4834 26 233
forster3 15.8844 24 8922
ptstephen 32,8479 25 349
newcastle 20.1745 25 375
| sydney 21,3495 24 7237
| jervishay 28,4671 27 . 3872
eden 28.0014 25 3078
| lakesent 29.249 2b .2999
sanremo 31.5099 26 .2098
ptlonsdal 33.4168 24 . 1504
cpattont 29,0053 25 2437
cpatton2 36,1247 26 0894
apallabay 36,5586 29 1979
ptfairy 33.9279 23 1095
hobart 46.927 23 .0030 #
anxiousb 94,0639 25 0.000 #
nsolitary coffshi 35.9815 27 J157
coffsh2 99.0225 26 .0002 &
caadeni 34,8738 26 J1M
caaden? 94,1277 26 0010 &
forster! 85.9809 29 0.000 ¢
forster2 39.5491 26 L0432 #
forster3 20.5692 25 7164
ptstephen 44,2955 27 0193 ¢
newcastle 37.7439 27 .0820
sydney 23.5004 28 . 6005
jervishay 27,5794 29 54035

eden 48.9579 27 L0060 #




TABLE 7.2 ({Cont.)

nsolitary

cof fshi

coffshi

cof fsh2

canden!

lakesent
sanreso
ptlonsdal
cpattoni
cpatton2
apollobay
ptfairy
hobart
anxiousb

coffsh2
caaden!

_caaden2

forsterl

forster2
forster3
ptstephen
newcastle
sydney
jervisbay
eden
lakesent
sanreao
ptlonsdal
cpattonl
cpatton2
apollobay
ptfairy
hobart
anxiousb

candeni
canden?
forster!
forster2
forster3
ptstephen
newcastie
sydney
jervisbay
eden
lakesent
sanremo
ptionsdal
cpattoni
cpatton2
apollobay
ptfairy
hobart
anxioush

canden?

forster!
forster2
forster3

30.7194
28,6189
37.4864
30,3114
43.56284
38,3172
23.3594
37.2412
91,7438

33.3492
29,146

95.2738
48.5473

37.2816
16.7946
27.824b6
22,61

19.7138
15,7564
18.8326
18.6938
21,1605
32,125t
22,3329
22.8464
35.2374
20.8092
42.9299
74,8161

39.3148
80,0569
58,4352
80.971

39.1192
38.6001
34.8381
38.4478
45.1523
53. 6841
50.8696
49.2956
609623
47.8221
47.8095
47,6047
50,0643
69.9918
80,8802

96.7012
68.8132
39.0561
22,184

27
27
27
27
26
27
21
23
27

20
26
22
21

23
17
21
23
24
24
20
23
23
23
22
22
26
23
22
20

24
25
25
23
20
22
22
24
26
24
24
24
24
22
2
23
24
23
21

26
2b
24
25

.2828
3796
. 0863

", 3003

0166 ¢
0730
3943
. 0548
0.000 ¢

. 0309 #
3045

L0001 ¢
,0004 ¢

L0304 ¢
R
1452
4837
J129
8987
3327
7188
9713
0974
4402
4104
1066
9927
0048
0.000 +

0253 #
0.000
0.000 #
0.000 #
.0044 #
0157 #
L0403 #
0312 #
L0113 #
00035 #
L0011 #
L0017
0.000 #
0011 #
0011 ¢
L0019
L0014 #
0.000 +
0.000 +

0005 #
0.000 #
0269 ¢
6251
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TABLE 7.2 (Cont.)

caanden]

canden2

forstert

forster?

ptstephen
neucastle
sydney
jervisbay
eden
lakesent
sanrego
ptlonsdal
cpattonl
cpatton2
apallabay
ptfairy
habart
anxioush

forster]
forster2
forster3
ptstephen
newcastle
sydney
jervisbay
eden
lakesent
sanreao
ptlonsdal
cpattoni
cpatton2
apol lobay
ptfairy
hobart
anxioush

forster2
forster3
ptstephen
newcastle
sydney
jervisbay
eden
lakesent
sanreao
ptionsdal
cpattoni
cpatton2
apol labay
ptiairy
hobart
anxiagusb

forster3
ptstephen
newcastle
sydney
jervishay
eden

32,8904
27.0533
24,0997
28.9608
28.6734
24,7017
24,0481
35,6954
42,9294
30,7431
19.8541
34.231

40,5501
96,2522

24,316

41.5014
39.3945
44,7538
a8, 144

62,7517
99.2083
60.1245
66.131

61,1403
63.451

66.893

69.6719
63.2197
53.2307
73.5051
98,0499

51.5074
38.4897
43.3832
62,395

72,7492
64,4985
75.0328
68,8866
62,5433
72.238

91.6026
85.7499
68.9598
72,021

100,414
136,526

14.8274
47.8846
49.155

43.0977
48.9391
46,6869

25
23
2
28
2b
25
25
25
2b
24
25
27
24
26

23
25
23
25
25
27
27
23
25
25
25
26
24
28
24
24
24

23
22
24
2b
26
26
23
24
24
24
27
24
27
24
24
24

21
25
2b
2b
28
24

1338
3532
9703
A5
+ 3264
4792
3166
0763
0196 ¢
J613
WELM
1594
0107 ¢
0.000

.5012

.0203 ¢
L0180 ¢
0089 ¢
,0002 ¢
L0001 ¢
0011 &
0.000-¢
0.000 ¢
L0001 ¢
0.000 ¢
0.000 ¢
0.000 ¢
0002 +
L0005 ¢
0.000 ¢
0.000 ¢

0006 ¢
L0161 ¢
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 #

L8315

0039 ¢
0040 ¢
L0189 #
.0085 #
.0035 ¢




TABLE 7.2 (Cant.)

forster2 lakesent 29.8458 23 1339
sanreao 29.0204 3 1796
ptlonsdal 33.3008 23 0750
cpattoni 64,3966 27 0001 #
cpatton2 48,4742 3 00135
apollobay 31.5918 24 J374
ptfairy 44,9352 24 0034
hobart 43,4021 2 L0040 #
anxioush 114,975 23 0.000

forsterd ptstephen 24,5739 2 . 2661
newcastle 24,9815 22 .2989
sydney 11,564 24 . 9844
jervishay 27.4734 26 . 3847
eden 17.0336 2 7091
lakesent 19.4881 3 . bb06
5anreao 18.438 23 7220
ptlonsdal 25.314 23 3342
cpattoni 30,3673 yLi 1729
cpatton2 25.3477 22 . 2807
apollobay 20. 1421 24 . 6887
ptfairy 18,4588 23 .7208
hobart 27.3104 21 . 1608
anxioush 63.418 22 ~ 0.000

ptstephen newcastle 10. 1495 22 . 9849
sydney 28,5617 24 2371
jervisbay 32.8408 27 . 2024
eden 35,0615 24 0473
lakesent 43,7479 25 0181 #
sanreao 42.7427 26 0206 #
ptlonsdal 50. 4145 26 .0028 #
cpattoni 32,4807 23 .0904
cpatton2 45,3523 24 .0033
apollobay 38,7049 26 0511
ptfairy 52,489 25 0016 #
hobart 70,7567 25 0.000 #
anxiousb 101,371 3 0.000 #

newcastle sydney 20.8796 24 .6458
jervishay 27.4117 27 4418
eden 27.9933 yL} . 2603
lakesent 32.7637 26 1691
sanreag 34,0725 24 . 0903
ptlonsdal 37.1193 25 0729
cpattoni 21,5988 23 J944b
cpatton2 28.3832 1] . 2442
apollobay 9.4 2 3014
ptfairy 44,4297 26 L0135 #
hobart 37.97%9 25 .0002 #
anxioush 85,4958 1] 0.000

sydney. jervishay 24,8652 28 6351
eden 13.4518 25 .9705
lakesent 19.778 23 7984
5anreag 20.4355 25 J127

1.9
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TABLE 7.2

{Cont.)

sydney

jervisbay

eden

lakesent

sanreao

ptlonsdal

ptionsdal
cpattoni
cpatton2
apollobay
ptfairy
hobart
anxioush

eden
lakesent
sanreso
ptlonsdal
cpattoni
cpatton2
apollobay
ptfairy
hobart
anxioush

lakesent
sanremso
ptlonsdal
cpattonl
cpatton2
apollobay
ptfairy
hobart
anxioush

sanreag
ptlonsdal
cpattonl
cpatton2
apoiiabay
ptfairy
hobart
anxioush

ptlonsdal
cpattoni
cpatton2
apol lobay
ptfairy
hobart
anxioush

cpattonl
cpatton2
apoliobay
ptfairy
habart
anxiousb

34,1756
19,0477
27,779
27.73b6
20,4851
30,5398
77.576b

32,3996
24,7097
21.9877
35,2549
17.0819
41,1898
38.6472
25,7676
49,5186
88, 13461

26,4786
27,6356
41,8623
32,2969
29.15

37.3987
30,2123
37.1889
86.3743

2.11312
18.7723
35.2627
24,6134
22.0256
19,5194
17,5315
87.916

17.738

35.1082
26,439

18.5438
17.4429
15.9272
77.1517

44,3388
33.9522
23.3505
32,7583
32.8612
83.8972

25
24
25
26
27
24
24

21
27
27
27
26
28
30
26
21
26

23
23
23
25
22
2b
24
22
23

21
2
2b
22
25
24
2
23

2
26
22
23
24
2
23

26
22
23
24
2
23

1042
7484
3181
3715
.8098
1673
0.000 #

2174
. 5907
7380
1325
9066
0916
1336
4759
.0052 ¢
0.000 #

.2788
2291
.0094 #
1494
. 1406
0488
1759
0226 ¢
0.000 #

1, 0000
.9997
1061
3159
6343
7238
.b784
0.000 ¢

6643
1093
2253
8173
8292
7737
0.000

0139 ¢
. 0543
397
1093
.0478 %
0.000 #




TABLE 7.2 (Cont.}

cpattont cpatton2 42,7271 2% 0150 ¢
apollobay 49.3832 27 0054 ¢
ptfairy 36.8809 27 0973
habart 49.7311 25 .0023 ¢
anxiousb 82.0974 23 0.000 #

tpatton? apollobay 27.2248 24 2941
ptiairy 34,482 y1] 0743
hobart 43.5128 22 L004] ¢
anxiousb 70,6749 22 0.000 #

apollobay ptfairy 41.4117 28 0492 ¢
hobart 330131 0 1038
anxiousb 77.6002 25 0.000 #

ptfairy habart 39.2659 24 . 0644
anxioush 79.9433 y1] 0.000 #

hobart anxiousb Bl.12 3 0.000 #
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TABLE 7.3 : Gene Frequency Input Data For The Loci Bpi-1, 6pi-2, 6pi-3, Aat-2 and PepC of
§. bassensis bassensis From Four Localities in Southern Australia.

4 3B
313323
STVINGULF 0,039 0,950 0,039 0,944 0,005 0.978 0.994 0.250 0,444
SPENGULF 0,000 1,000 0.000 1,000 0,000 1,000 1.000 0.012 0,840
KANGARIS 0.035 0,953 0,035 0,942 0,000 1,000 1.000 0,004 0,956
KANDURAH 0.010 0.985 0,015 0,970 0,010 0,990 1.000 0.006 0,936

KEY : STVINGULF = Saint Vincent's Bulf, S.A. 11/b/°84 ; SPENGULF = Spencer Bulf, 5.A.
5/'84 ; KANGARIS = Kangaroo Island, S.A. 1/&/°84 ; NANDURAH = Mandurah, W.A. 13/3/°83.

TABLE 7.4 : Gene Freguency Input Data For The Loci Bpi-t, Gpi-2, 6pi-3, ldh-1, Mpi, Pga-1
and Sdh of S. robusta From Six Localities in New South Wales.

7 7b
233233533
BYRONBY  0.993 0.007 0,987 0.007 0.987 0.286 0.007 0.000
0.987 0,000 0.007 0,335 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
0.944 0,000 0.000 0,493 0,419 0.081 0.194 0.629
YAMBA 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 0.383
SANDON 0.995 0.004 0.989 0.000 0.990 0.239 0.000 0.000
1.000 0.000 0,000 0,283 0.4622 0.094 0,130 0.632
FORSTL 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 0.984 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 0,004 0,964 0,000 0.983 0.224 0.007 0.000
0.993 0,000 0,000 0,349 0.506 0.125 0.207 0.627

KEY : BYRONBAY = Byron Bay 25/5/°86 ; EVANSHEAD = Evan’s Head 25/5/°86 ; YAMBA =
Yasba 25/5/°8b ; SANDON = Sandon Bluff 5/6/°'85 ; FORSTI = Forster 1/10/°85 § FORST2 =
Forster 20/5/°84 ; COFFSH = Coff's Harbour 24/3/°83.



7.13

TABLE 7.3 : Bene Frequency Input Data For The Loci 6pt, Gpi-1, 6pi-2, GBpi-3, Pga-1 and
Pge-2 of S. punctata From Three Localities In South Australia.

L bb
322334
spencer! 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 0,418 0,000 0,000 0,000 0.000 0.000 1.000 0.000 0.991 0.000
kangaroo 0.091 0.114 0,000 0,000 0,000 0.000 0,026 0.947 0.019 0.904 0.038

KEY : spencer! = Upper Spencer 6ulf 1/11/°83 ; spencer2 = Upper Spencer Gulf
3/11/°85 ; angusin = Angus Inlet 13/2/Bh ; kangaroo = Kangaroo Island 20/11/°63.

TABLE 7.6 : Gene Frequency Input Data For The Loci Gpt, 6pi-1, Bpi-2, Gpi-3 and Pgu-1 of
§. punctata Froe Four Localities In South Australia.

3 Jb
32233
adelaide 0,000 0,353 0.000 0.000 0.000 0.000 0.000 f,000
spencer! 0,023 0.500 0.020 0.022 0,020 0.010 0.021 0.978
spencer? 0,000 0.906 0,014 0.000 0,000 0,000 0.000 1,000
angusin 0,000 0,418 0,000 0,000 0.000 0.000 0.000 1,000
kangaroo 0,091 0,114 0,000 0,000 0.000 0.000 0.024 0.947

KEY : adelaide = Port Adelaide 13/9/'84 ; spencer! = Upper Spencer Gulf 1/11/°83 j
spencer2 = Upper Spencer Bulf 3/11/°85 ; angusin = Angus Inlet 13/2/8b ; kangaroo =
Kangaroo.[sland 20/11/°85.

TABLE 7.7 : Gene Frequency Input Data For The Loci 6pt, Bpi-1, Bpi-2 and Bpi-3 of §.
punctata FromFiveLocalities In Southern Australia.

b b

3223

adelaide 0,000 0,353 0,000 0.000 0.000 0.000
spencer{ 0,025 0.500 0.020 0.022 0.020-0.010
spencer2 0,000 0,904 0,014 0,000 0.000 0,000
angusin 0,000 0.418 0.000 0,000 0.000 0.000
kangaroo 0,091 0.114 0,000 0.000 0.000 0.000
cornerin 0,000 0,054 0.020 0,007 0,000 0.000

KEY : adelaide = Port Adelaide 13/9/°84 ; spencer] = Upper Spencer Gult 1/11/°85 §
spencer2 = Upper Spencer Gulf 3/11/°85 ; angusin = Angus Inlet 13/2/8b  kangaroo =
Kangaroo Island 20/11/°85 ; cornerin = Corner Inlet, VIC. 13/4/°B5.






APFENDIX 8 : DESCRIPTIVE STATISTICS FOR RATIO,
LG-RATIO AND ALLOM.

<

EY : VAR.
cl Ll

variable acronya (see text); x = mean; Var. = variance;
95% confidence limits about mean value. ‘

TABLE B.1 : Summary of descriptive statistics for percentage RATIO shape
variates by geographical area.

YANBA HANDURAH HOBART EDEN SPENCER SULF

VAR, x Var. C.L. ] Var. C.L. x Var. C.L. x Var. C.L. ¥

var. C.L.

HOSL 27.19 0.474 0.137 26.86 0,685 0,168 26,53 0.513 0,142 27.49 0.437 0.131 27.36
FDSL 34.46 0.912 0.189 32.90 1,083 0,210 34.17 0.435 0,158 34.86 0.654 0.161 33.03
SOSL 55.59 0.936 0.192 53.51 1.990 0.286 55.47 1.103 0,209 56.33 0.819 0.18 4. 04
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
CASL 7.17 0.111 0.066 6.79 0.120 0.070 6,40 0,089 0,060 6.54 0.101 0.063 3.61
HEHL 22.23 0.756 0.172 20.04 0,714 0.171 22.42 0,445 0.160 21.80 0.626 0.137 19.67
EYHL 25.01 1.190 0.216 26,17 5.791 0.488 24,89 1,706 0.259 25.04 1.568 0,249 26.54

SNHL 42.13 2.691 0.326 41,90 3.345 0,371 43,27 1,303 0,227 43.10 1.406 0.236 43.88

0.351 0.118

0.399 0.126

0.587 0.153

0.688 0.146

0.065 0.051

0.444 0.133

2.025 0.284

2,590 0.321

.1



8.2

TABLE B.2 : Sumsary of descriptive statistics for LGRATID shape variates
by geographical area,

YAMBA HANKDURAH HOBART EDEN SPENCER GULF

VAR. X Var. CL X Var. CL X Var, CL X Var CL X Var. CL

HOSL -0.57 0 0.002 -0.57 0  0.003 -0,58 0 0,003 -0.56 0 0.002-0.5 0 0,002

FOSL -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- O 0.002 -0.27 0  0.002 -0.26 0O 0,002 -0.25 0 0.002-0.27 0  0.002

ANSL -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

CASL -1.15 0 0.004 -1.17 0.001 0.004 -1,19 0 0,004 -1,19 0 0.004 -1,25 0  0.004

HEHL -0.65 0 0.004 -0.70 0  0.004 -0,65 0  0.003 -0.56 0 0.003 -0.71 0  0.003
EYHL -0.60 0 0.004 -0.58 0.002 0.008 -0,41 0,001 0,005 -0.60 0 0.004 -0.58 0,001 0.005

SKHL -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 : Susmary of descriptive statistics for ALLOM shape variates by
geographical area,

YAMBA HANDURAH HOBART EDEN SPENCER GULF

VAR, X Var. CL X Var. CL X Var. CL X Var. CL X Var. CL

HOSL 1.62 O 0,002 1.62 0  0.003 1.61 0 0.0031.63 0 0,002 1.62 0 0.002
FOSL 1,73 0 0,003 4,71 0 0,003 t72 0 0.0021.73 0 0.002171 0 0.002
SOSL 1.94 0  0.0021.92 0 0,0031,95 0 0.0021.9% 0. 0.002 .92 0 0.00!
ANSL 1,93 0  0.0021.92 0 0,0031,92 0 0,002193 0 0,002 1.92 0 0.001
CASL 1.05 ©  0.004 1.02 0 0,005 1,00 0 0.004 1,00 0 0.0050.94 0 0.004
HEAL 0.97 0 0.004092 0 0.00409 0 0,003097 0 0.0040.92 0 0.003
EVHL 1.02 0  0.003 1,01 0.001 0.007 1,04 0 0.004 1,04 0  0.003 1.04 O 0.004

SNHL 1.26 0.002 0.009 1,26 0  0.003 1,26 0 0.0021.26 0 0.003 1.28 0 0.003







ON THE NORMALITY OF VARIABLES.

KEY : VAR.= variable acronya (see text); 6, = skewness; 62 = kurtosis;
S516.= significance of 6, and G2 (& = p<0.03;
#8 = p¢0,01; ### = p¢0,001; - = nonsignificant).

TABLE 9.1 : Normality of RATI0 shape variates by geographical area.

YANBA HANDURAH HOBART

VAR, 6, G6I6. 62 SI6. & SI6. 62 SI6. 6, SI6. B2

HOSL  0.032 .- -0.476 - 0.379 - 0.908 - -0.123 - -0.154
FOSL  -0.744 ®& 2,297 #¢ 0,776 #¢ 1,203 + 0,355 - -0.4%7
soSL 0.175 - -0.186 - -0,072 - 1,736 ##¢  -0.051 - -0.172
ANSL 0,09 - -0.378 - 0,763 # 2,819 ##¢  0.146 - 0,021
CASL  -0.158 - -0.256 -  -0.432 - 0.329 - 0.258 - 0,032
HEHL  0.403 - -0.168 - 0.128 - -0.741 -  -0.041 - 0.043
EYHL  0.161 - -0.276 - 0,678 & 0.526 -  -0.298 - 0.118
SNHL  -0.154 - 0.285 -  -0.383 - -0.320 - 0.128 - 0.783

EDEN SPENCER GULF

6, GI6. 62 OS5I6. 6, G5I6. 62 SI6.

0.585 # 1.849 ##¢ -0,132 - -0.156 -
0.474 - 2.3 ws¢ 0,271 - 0.041 -
2.064 ##¢ 9,914 ##¢  -0,034 - -0.362 -
0.828 #&# 2,412 #¥¢ -0,254 - -0.35f -

0.090 - 0.453 - 0.082 - -0.118 -
0.010 - 0.250 - -0,306 - 0.738 -
0,199 - 0.118 - -0.046 - 0.1460 -

0.070 - -0.247 -  -0.149

0.948 -

AFFENDIX 9 : EFFECTS OF VARIOUS TRANSFORMATIONS

SI6.

9.1
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TABLE 9.2 : Normality of LGRATIO shape variates by geographical area.

YANBA MANDURAH HOBART

VAR. 6, S516. 62 SI6. 6, §I6. 62 SI6. 6, SI6. 62 SI6.

HOSL  -0.025 - -0.458 - 0,252 - 0.958 -  -0.197 - -0.04 -
FOSL  -0.900 s 2,715 ##¢ 0,639 # (.977 ¢ 0.308 - -0.521 -
sosL 0,130 - -0.222 - -0.219 - 1,957 ¢ -0,102 - -0.154 -
ANSL  0.051 - -0.371 - 0,570 ¥ 2,667 #&¢ 0,087 - 0.031 -
CASL  -0.276 - -0.204 -  -0,598 # 0.573 - 0.122 - 0.036 -
HEHL  0.308 - -0.265 - 0,051 - -0.774 -  -0.149 - 0,066 -
EYHL  0.051 - -0.268 - 0.415 - 0.135 - -0.459 - 0.31% -
SNHL  7.591 ### 69,225 #a¢  -0.483 - -0.223 - 0.024 - 0.650 -
EDEN SPENCER GULF

6, S5I6. 62 SI6. 6, §I6. 62 SI6.

0.465 - 1,607 #  -0.189 - -0.148 -
0.346 - 1.821 s -0,324 - 0,000 -
1,897 sa¢ 8,745 #4¢ 0,068 - -0.339 -
0.729 # 2.250 ##¢ -0,290 - -0.333 -

-0.840 - 0.451 -  -0.045 - -0.080 -
-0.108 - 0,183 -  -0.439 - 0.Be% -

0,051 - -0.012 - -0.21%9 - 0.279 -
-0.002 - -0,204 -  -0.303 - 0.914 -

TABLE 9.3 : Normality of ALLOM shape variates by-geographical -area,—— "

YANBA NANDURAH HOBART

VAR. 6, S5I6. 62 Sl6. 6, SI6. 62 SI6. 6, §I6. 62 SI6.

HDSL  -0.145 - -0.367 - 0.320 - 1.071 & -0,457 - 0.274 -
FDSL  -0.884 ## 2,599 ##¢ 0,662 # O0.971 % 0.238 - 0.291 -
sOSL 0.135 - -0.569 -  -0.431 - 2,055 ##¢ -0,289 - -0.003 -
ANSL 0,070 - -0.363 - 0.492 # 2,537 s#+  -0,018 - 0.4B6 -
CASL  -0.279 - -0.201 -  -0.b12 + 0.479 - 0.140 - 0.113 -
HEWL 0,326 - -0.239 - 0,026 - -0.267 - -0,081 - -0.092 -
EYRL 0,170 - -0.108 - 0.179 - 1.937 ##¢ 0,034 - -0.185 -
SNHL  7.436 ### 69.811 ##¢ 0,488 - 0.605 - 0,043 ~ 1.027

EDEN SPENCER GULF
6, S§I6. G2 SI&. 6, §l6. 62 S5I6.

0.465 - 1.429 ##¢  -0,143 - -0.156 -
0.363 - 1.675 sx¢ -0,304 - 0,110 -
1,995 ##¢ 0,808 ##¢ 0,062 - -0.211 -
0.607 & 2,005 ###¢ -0,155 - -0.606 -

-0.137 - 0.269 -  -0,047 - -0.100 -
-0.108 - 0.083 -  -0.708 #+ 1,501 ##
0,533 & 0.931 - -0.206 - 0.734 -

0,233 - -0.293 -  -0,093 - 0.379 -







AFFENDIX 10

: STATISTICS FOR SIMPLE LINEAR REGRESSION

OF SIZE ON SHAPE.

KEY : Var. = variable acronys (see text); Sig. = significance of slope
p<0.05; #& = p¢0,01; ##¢ = p<0.001; - = nonsignificant);
squared caorrelation coefficient.

(¢
R2

TABLE 10.1 : Efficacy of size removal for the RATID method by geographical area.

Yanba Mandur ah Hobart Eden Spencer Gulf
Var. Sig. R* 5ig. R®* Sig. Rz  Sig. R?  SGig. R?
HOSL we 0,08 - 0,001 e 0,43 - 0.00 ke 0.15
FOsL - 0,00 - 0,00 #xx 0,18 - 0.02 o 0,09
§D5L + 0,05 #& 0.060 #x¢ 0,14 ¢ 0.06 - 0,02
ANSL - 0,00 - 0,01 #xx 0,17 wx 0,12 - 0,02
CASL - 0,00 # 0,06 - 000 - 0.00 - 0,00
HEHL - 0,01 =e& 0,20 ¢ 0,10 -~ 0.01 0,08
EYHL 8 0,227 &R 0,43 e3¢ 0,24 sm¢ 0,53 #2028
SNHL - 0,00 Eer  O.44  ®rx 0,10 #xe 0,13 # 0.34

TABLE 10.2 : Efficacy of size removal

for the LGRATID method by geographical area.

Yamba Mandurah Habart Eden Spencer Gulf
Var, Sig. R* Sig. R* Sig. R* §ig. R* Sig. R?
HDSL see 0,08 - 0.01 see 0,43 - 0,00 xer  0.15
FDSL - 0,00 - 0,00 #x& 0,18 - 0.02 =x 0,09
SDsL £ 0,05 £ 0.05 #e¢ 0,14 & 0.07 - 0,02
ANSL - 0,00 - 0.01 #xx 0,17 sxx 0,12 - 0.02
CASL - 0,00 ® 0,06 - 0,00 - 0.00 - 0.00
HEHL - 0,01 #kx 0,20 #0011 - 0,01 # 0,08
EYHL - s 0,22 #x% 0,43 s 0,25 s+ 0,54 2 0.28
SNHL - 0,01 sxr 044 Eer 0,10 s 0,13 #d 0.34

10,1



10.2

TABLE 10.3: Efficacy of size removal for the ALLOM method by geographical area.

Yasha Mandur ah Hobart Eden Spencer 6Gulf

=
»

Var, 5ig. Sig., R* Sig. R*  Sig. Rz Sig. R2

HOSL - 000 - 0,00 - 000 - 0.00 - 0,00
FOSL - 0,00 - 000 - 0,00 - 0,00 - 0,00
SDSL - 000 - 000 - 000 - 0.00 - 0,00
ANSL - 000 - 0000 - 0,00 - 0.0 - 0.00
CASL - 0,00 - 0,00 - 000 - 0.00 - 0.00
HEHL - 000 - 000 - 000 - 0.00 - 0.00
EYHL ~- 0,00 - 0,00 - 000 - 0.00 - 0.00
SNHL - 000 - 000 - 000 - 0.00 - 0.00
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