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I. INTRODUCTION

Apart from the work of Thomson and Anderton (1921),
Pinlay (1928), and Rapson (1940), 1little is known of the
biology of southern hemisphere Heterosomsta.

As it is usual for fishery investigations to be first
directed towards commercially inmportent species the relative
minor importance of the flatfishes in most southern countries
accounts for the small contributions made to the knowledge of
this interesting group. The three pepers referred to above,
describe work done in New Zealand where flatfish form sbout
ten per cent. of the landed weight of trawled scele fish or
seven per cent. of the total cateh of all species.

Although the ennual cateh of the commercisl species of
flounders and soles is less then one per cent. of the total
scale fish catch of Australia, they are nevertheless economicelly
importent in the areas where they are caught due to the high
merket price they commsnd.

The greenback flounder is the predominant flatfish of
Victorian and Tasmanian waters and forms more then ninety per
cent., of the whole Austrelian flatfish catch. The entire
flownder fishery is limlted to the operations of onshore
fishermen snd the numbers teaken by either trawl or Danish

seine are negligible.



- .

This represents the first attempt o contribute to the
biological knowl@dge of the species in Australis and it
should be peointed out that its contents should be regarded
a8 an introductory rather than a comprehensive account of
the problems investigated. Throughout the work the weiter
has been conscious of the need for a far more extensive
sampling programme then funds and facilities permitted but it
is hoped that what is presented will form a useful guide to
any future investigation of the greenback flounders

IX. OYSTEMATIC POSITION

Rhombosoles tapirina Gunther is one of four species of

the genus Rhombosolea belonging to the subfamily Rhombosoleinae
of the order Heterosomate. All four species are represented
in New Zealand but tapirina is the only member occurring in
Australisn waters. The Rhowboscleinae were first described
by Gunther (1862) who published descriptions of six species.
This number was added tw in subseguent years but it was not
until 1926 that sny attempt was made to elucidate the
accumulated gynonyny. This was ably undertaken by J. R. Normen
during hiz taxonomic émdy of flatfishes collected during the
cruises of F,I.8. "BEndeaveur'. In his report (Norman 1926) he
stated that he hed not attempted to complete the synonymy for
every species but had endeavoured to include all of the more
important references of Australisn ichthyologists., ‘The four

species of Rhomboscles recognized by Normen, namely plebeis,
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leporina, retiaria, and tapivina sdequately describe the

present lnown members of the genus.
The synonymy of R. fapirine is extensive and is given

below with references.

Rhombosclea tapirina (part) Gunther, 1862, p. 459;
Macleay, 1082, p. 130.

R. flesicdes Gunther, 1803, p. 117; lacleay, 1882,

p. 131;  Weite, 1906, p. 197; Stead, 1908, p. 10k
McCulloch, 1921, p. 36; 193k, p. 36, pl. XITI;
Waite, 1923, p. 181; Vaite, 1927, p. 223;

Lord & Scott, 1924, p. 473 Lowvd, 1927, p. 13.

Pleuronectes victorise (Castelnan), 1872, p. 168,

Rhombosolea tepirina Hutton, 1873, p. 401; 1874, p. 106,

pl. XIX, fig. 83c; 1876, p. 215; Boulenger, 1902,
Do 188;  Waite, 1909, p. 590; 1911, p. 204,

pl. XXXVI; Phillips, 1924, p. 122; 1927, p. 29;
Thomson & Anderteon, 1921, p. 87; Ilord & Scott, 1924
P. 47; Morman, 1926, p. 284 McCulloch, 1929,

p. 282;  Whitley, 1929, p. 66.

e

R. victoriae, Maclesay, 1929, p. 132;

R. monopus Woodward, 1902, p. 272; Stead, 1206, p. 181.

The existence of this syvoonyy can be atiributed to the
mallness of the early collections, which failed fo indicate
the wide wvariation of meristic characters. This will be cone-

sidered in a following section on raciation within the species.
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R, tapirina is vernacularly !mown as the Common, Scouthern, or
Greenback Flounder, but as it is more widely kanown by the last
mentioned name, it will be referred to as such thmughmut the
DEPET .
ITTI. DISTRIBUTION AND HABITAT

The geopgraphical range of the greenback [lounder iz cone-
fined to the southern states of Australia, Tasmania, and the
South Island of New Zealand., 'The latitudinal extent of its
oceurrence is from 34° 8. to 43° 8. whilst in terms of longi-
tude its renge is from 115% B, to 174° B. In Austrsliaz the
western and northern limits are not known acourately and it is
doubtful whether it ocours in Western Australis sz theres is
tut a single record from King George's Scund identified from
o skin only, Cunther (1862). In New Zealmnd (South I.),
Victoria, and Tesmanis, it is common and in the latter twe
places is the most important commercisl fiatfish. It is

found on almost all paris of the Tasmanian coastline often in

association with the looal "sole!, Ammotretis rostretus Gunther.

The latitudinsl range of the species is small in

&
g

comparison with that of equatorial and northern hemisphere
Heterosomata. Thz distribution of all members of the sub-
femily Rhorboseleinae is somewhat limited, snd apart from the
tropleal subfamily Paralichthodinse it occupies the smallest
geograohiosl range of 2ll the flatfishes.

The greernbock [lounder sccours mainly in estusries and
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bays although it has been tsken by trawlers down to a depth of
nineteen fathoms. It may be regarded as ean estusarine {ish
from the point of view of the commercial catch but as trawling
in shallow water within the three mile limit is prohibited in
Australisn waters the extent of its occurrence there is not
kmown,  The limited amount of Danish seining done in shallow
water around Tesmania has indiecated that quantitieg of flounder
were small, (Blackburn & Fairbridge 1946).

In New Zealand, Graham (1953) noted that R. tapirina was
taken in seine nets in two o five fathoms in Otago Harbour
tut was less abundant ocutside the harbour, although taken dowm
to nineteen fathoms off Wickliffe Bay. Grshem obssrved that
during the sutumn this gpecles was more common in the harbour,
but most were cutside the harbour where they presumebly go
after spawning. He alse indicated that R. tapirine did not

inhsbit the very shallow waters of the harbour as did the sand

flomder Rhombosoles plebeia (Richardson). In Australisa
however it is common in fairly shallow water throﬁghout the
year, especially in its young stages.

Although the greenback flounder is fairly evenly distributed
within the limits of its range, certain areas possessing suit-
able envirommental characteristics support large populations
and consequently these localities are well fished. (See Pige 1)
Such an ares is Pilttwater, near Hobart, in southern Tasmania.

This expanse of water about eleven miles in length varies in
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breadth from one quarter of a mile to two miles. It is open
to the zea through a chennel about a quarter of & mile in
width which permits a tidal fluctuation of three to four feet,
The depth of water in Pittwater varies from thirty feet in the
centiral chennels to six fest or less cm the flats which ave
partially uncovered at low water and form a large proportion
of the total aresn. The flats are sendy and are covered in
parts with beds of Zestera. Flounders prefer fine muddy sand
to herd bottom as they spend most of the daylight hours lying
covered by a fine layer of botton material, and a soft bottom
facilitates their feeding on amall meollusca and polychaete |
worms., W0 rivers enter Pittwater which exert a seasonal
influence on the salinity, Chlorinity varies from 1k.68%0
in winter to 20,00 /b, in sumer (oceanic values for this part
of Tesmenia: 19.29 %o = 19.50 %o);  the slightly higher
velue of 20,00 %o being due to evaporation in mid-summer, |
Temperatures range from 8° - 20° ¢, the minimum reading
oceurring in July snd the maximum in January. Thus it is
apparent that R, tepirina can tolerate a substential range of
galinity and temperature, as it is present in the locality in
numbers st all times of the yvesr. Fort Welshpool, in south-
eastern Victoria, possesses a similar type of habitat but om
g larger scale. 1t has the same topography of chamels and
mid or send flsts coverding sn area of about 140 souare miles,

The inlet has & tide range of aix 4o eipght feet and the depth
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of water varies from five to sixty feet, The Port Welshpool
and adjoining Corner Inlet areas provide more flounders than
any other in Australia and supply Cifty-one per cent. of the
total Victorian catch of this species,

Port Arthur, in southern Tesmanis, is a good example of
a non-estuarine babitat, being in direct contact with the open
sen, The port itself is about five miles long and varies in
width from one to two miles., VWater of depth from twenty to
thirty fathoms occupies most of the area and shallow flats are
confined to the environs of the mouths of a few small Qreeks;g
The waters of Port Arthur can be described as oceanic and

support large beds of Macrocystis pyrifera (L) Ag. The range

in temperature is from 12.1 - 17.8° C. Plounders are not
nevertheless numerous enough to be fished for commercislly.

Two further localities in Tssmania which are topographically
similar snd which provide suitable conditions for flounders
are George's Bay (St. Helens) and Port Sorell. The tidal
flow in George's Bay, however, is smaller than in Port Sorell
and in this regard it is comparable with Corner Inlet.

Yhilst flounders can be regarded as an estuarine fish
and all sizes of the adult form are found in shallow waters
throughout the year, the location of spawning grounds remains
doubtful. It will be shown later in the section on spawning,

that the number of running ripe fish in samples was extvemely
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emall as was the percentage of male fishe The largest
proportion of males in any one sample was 12.7 per cent. snd
the lowest nil,
IV, TISHING METHCODS
(a) Amateur fishing

A considerable quantity of flounders are taken by smateur
or gport fishermen largely by the light and spesr method.

Although it is impossible to gauge the extent of this
type of fishing in Tasmenia it is known that it accounts for
& large proportion of flounders teken and gives rise to meny a
grievance on the part of the professional fishermen. This is
80 because smeteurs generally aie not much concerned with the
obgervance of the minimum length laws, usually talting every
fish they see and often spear wndersize fish for sport. The
suthor has seen instances of amateur spearers £illing an apple
case with young fish in the course of a night's fishing, and
then empitying them on the shore hefore leaving. Meny areas
are worked by both professional and emateur fishermen and it
is falirly common for the fommer to cover the seme ground closely
following the latter taking sny swall fish which may have been
discarded. There is a {ive months closed season for flounders
in Tasmenia extending from June to October which applies to
amateur and professionel fishing alike so that the main fishing
pericd occurs during the warmer months. This gives every

encouragenent to flounder spearers who usually wade to waist
1A &
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depth while fishing, The winter btemperatures of Tammanian
estuaries which fall to from 8 - 12° ¢ would greatly reduce
the number of spearers, were fishing allowed at that time of
the year.

In Victoria where therxre is mo closed season certain areas
are marked off for either amateuwr or professional fishing.
This gives the profeasional pgrounds some local protection from
smateurs during the summer but does not lessen the effect of
extensive spearing on the population generally.

The beach seine is not much used by smateurs due to the
more expensive gear and accurate local knowledge essential for
this type of fishing.

As there are no presept means of aszessing the quantity
of fish taken by amateur spearers their effect on the fishery
cannot he gauged. But it 1= considersble, and is added to by
the depredation of Juvenile {ish that sccompanies their
activities,

(b) Commercial fishing

Due to itz availebility and eating qualitles the greenback
flownder was swongst the first fishes o be exploited in the
early years of the settlement of Tasmania.  Although there are
no officlal records of guantities taken, evidence given before
the Royal Commission on Tasmenian Fisheries, 1882, sugpests
that they were at times much more abundent during the last

century then in the present one. Passages quoted from this



- 10 -
Commission ars given below; -

"Retween thirty and forty years ago flounders were
very scarce indeed, then they appearsd in great numbers
and were sold as low as ninepence per dozen. 1 have
known 50 dozen to be taken in a hsul at Brown's River
Beach,.cooo® "T have heard of 150 dozen large fish
being taken in two conseentive shots of the net thirty
years age in the Tamer. For some years past the fish
have heen scarce, 'i.n fact it bed almost disappesred out
of the Tamar and the fishermen had 1o go to Port Sorell
for them, Latterly, however, the fish have reappeared and
fishermen report thal they are nearly ss numerous asg
formerly.”

The gear uzed st that time was mostly the seine net with
the dimensions ss follows.  Length L0-60 fathoms, depth 9=13
feet and with meash varying from 1-1.5 inches, Mesh neits were
also employed uging 3=4 inch mesh with the length varying from
30-500 fathoms. The effic:i.ex;wy of the mesh nels wea improved
by catching up the leadline to form pockets. As esrly as 1882
a minimun legal length of 9 inches had been assigned to the
flounder salthough fishing was permitted throughout the year.
However. during the Royal Commission of 1882 it was stated
iflounder are at a certain season wnfit for food - Hovember to
Pebruary. Their sale should be prohibited during these months®,

Another wiiness proposed s cloge season of two mounths "with
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heavy penalties' as the answer to depleted grounds.

Nowadays the bulk of the commercial flounder catch is
taken by seine nets although in some places due to rough and
unsuitable bottom spesring is employed. The nets vary from
30-60 fathoms in length, 9-12 feet in depth with mesh 3l
inches, knot to kmot. As the technigue of beach seine netting
is well known further description is wmwmecessexry except that
flounder nets are often worked parallel to the shore-line in
shallow water instead of at right angles to it. A cstch of
five dozen marketable flounders in the one haul would be
congidered good fishing by present-day stendards. According
to fishermen flounders are very susceptible 1o westher con-
ditions and the state of the tide. The moon also is said 4o
play an important role in the movemenis of the fish shorewsrds.
Conditions for fishing are considered ideal when the tide has
Just commenced to flood, the wind is very light, and there is
no moen. Under these conditions Llounders leave the deep
water they prefer during the daylight hours end move across
the flats to feed. Under favourable conditions of moon and
tide but with rough weather, 1t has been found that fishing
iz very poor. The author has elso noticed whilst fishing in
Tasmanis that scarcity of flounders appeared to be associated
with low barometric pressures, other conditions being considered
satisfactory.

Professional spearing, unlike the amateur method, is



- 10

usually done from a dinghy in depths of up to eight feet.
Tasmanian regulations do not allow more than three prongs to
each spear and mest {dishermen prefer to use three harbless
prongs fashioned from motoreycle wheel spokes or wire of the
same gauge. The light used to illuminate the {ish on the
bottaﬁ consists of a small six wvolt battery-cperated lamp
with reflector suitebly mounted on a handle about four feet
longe This method of flshing cen only be used when the
surface is waruffled by wind., Under such conditions it is
possible for an expert fishermen 4o take as many fish in this
way a3 would be caught by nstting over & gimiler pericd of time.

Mesh nets are very rarely used ot present due, no doubt,
to the relavive scarcity of {lounders compared with the early
days.

V. THE COMERCIAL CAICH

It is not proposed to deal with the study of flounder
catches over the years in detail for the following reasons.

The fisheries statistics compiled by the State Deparituents
are inaccurate and do not truly represent the amount of fish
taken, Two factors contribute o this, A considerable
quantity of fish is caught by smateur fishermen who are not
required by law to furnizh returns and professional fishermen
who are required to submit returns either do not or fail to
disclose their catches accurately.

To establish the state ¢f o fishery it is necessary o
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determing the effort in terms of the number of men engaged in
it, the time gpent actually fishing, and the effect of market
prices on supply. | In Tasmanis where the present investigation
was made, records are scanty prior to 1944 when an attempt was
made to implement a system whereby fishermen wers issued with
a book containing forms to be filled in to give relevant details
of their fishing operations month by inon*th@ These regords
were not availsble to the writer but yearly totals of flounder
cateches from these returns compiled by the Misheries Division
of 'l:he‘Deparﬁnent of Agriculture were supplied. All figures
quoted before 1944 ars taken from the records of fish buyers
and whelesalers. |

() The Tasmanian Flounder Catch -
Beonomic Importance

The total fish ecatch of Tesmanis fluctuatss from yesr to
year, often greatly, due to the varying sbundsnce of the barra-
couts. For example, for the years 1945 and 1955 the catches
of all fish, not including crustacea and molluscs, were 8,77
million 1b and 3.33 million 1b respsctively. However, the
barracouta catch for those years was €.11 million 1b and 1.22
million lb. Thue if the barrecouts cateh is neglected the
totals of all other species amounted to 2.65 million 1b in
1945 and 2,11 millién 1b in 1955, In the comparison of the
flounder cateh with the total catch of the State the barraccoute

will therefore not be taken intc acecount.



- Al -

The percentage by weight of flounder of the total fish
production varies from approximately cne 1o two per cent.

Table 1 shows the Tasmanian fish catch by species for the two
years 1945 and 1955.  (These data are also shown in Figure 2
(barracouts and shark omitted for convenience) where the
relative sizes of the catches can be more easily compared.)

The Tasmanian floun.aer catch from available records of
the period 1931-1956 is shown grephically in Figure 3. The
fluctuating nature of the histogram from 1931 to 1939 i3 no
doubt due to a certain extent to the inadequacies of the
statistical records. PBut as it seems likely from evidence
given at the Royel Commission referred to earlier allowance
mist be made here for natural changes in abundance. The waxy
vears contribute to the lack of information betwesn 1939 and
1945 and in this regerd it is noteworthy that from 1941 to
1945 ('when lack of manpower menifested itself in most other
fisheries) the flounder catch is meintained around 40,000 1b.
I% should be pointed cut that during the war, blackout restric-
tions prohibited the use of underwater lights which gave the
fish protection from amsteurs and no doubt enabled the popula-~
tion to build itself up; so that in 194547 with the release
of fishermen from the services and in Fig. 3 the cateh rises
to cirea 60,000 1b.

By 1946 returns from fishermen had improved to the extent

where they gave a fairly relisble indication of the catch



TABLE 1
THE TASMANTAN SCALE FISH CATCH BY SPECIES ¥OR THE YEARS 1945 AND

1955 SHOWING THE RULATIVE IMPORTANCE OF GREENBACK FLOUNDER

1945 1955

SPECTHE WALGHT 1B SPECTES WHIGHT LB
Barracouta 6,116,652 Shark 1,265,640
Bhark 877,767 Barracouta 1,219,193
Salmon 335,514 Salmoﬁ 357,431

Whitebalt 332,500  Flathead 103,422
Rock Cod 312,623 Trumpe ter 67,559
#lathead 304,210 Garfish 66,91,
Trumpe ter 109, 391 Rock Cod 65,135
FLOUNDER 59,938 Trevally 35,835
Mullet 30,994 Whi. tebait 33,167
Perch 18,011 Mullet 24,363
Mackerel 16,938 FLOUNIIER 19,321

Garfish 15,048 Trout 10,092
Trevally 14,956 Perch 9,493
Parrot fish 8,587 Tuna 7,652
Bream 1,735 Parrot fish 3,291

Other species 205, 852 Other species 62,653
Total catch 8,766,723 Totsl catch 3,331,175




£

“BT

4

STIEECD ¥

<

ATasels

JseA sy} JO souwyJodmr

saTaEaTavwenh sy Supsoys sazed pejosTes ol

MIeUg TOOUDE puB

Del1THG SI% SOUDLED

(straay sne SNUTUIOSTED)
)

(FaT o3t

I BUL 39 w

ncowLreg S vmonTy

UTTUBUER

*cotoads snOT

SIAY,

e
303 UYosed YSIF

(34

""‘L——‘L}UUUU

5861

““L_H_JLJL&”&JLJL—J

WEIGHT OF CATCH

o
- OO0}

- 0§t

w
o]
I

(THOUSAND POUND)

N

HOO
-H0SZ

- Q0¢E

SALMON

WHITEBAIT

coOo

FLATHEAD

|rrumpETER

|

F L OUNDER
MULLET
PERCH
MACKEREL
GARFISH
TREVALLY
PARROT FISH

BREAM

MISCELLANEOQUS

-1 O8E

1 1

SALMON

|FLATHEAD

TRUMPETER
GARFISH
cOoD
TREVALLY
WHITEBAIT
MULLET
FLOUNDER
TROUT

PERCH

TUNA

PARROT FISH

I

MISCELLANEOUS



S5&

*9G~1(41 EaUDIB0 JOPUNSTY NOBqUOsaE WSTURWSB] aumog

¢ *Ftg

O36i Sir6t Ovél SEI

1 1 1

o] o] o]

4] ™ —
HOLYD "VNNNY

H

)

<
ONVYSNOHL)

1
o]
v

(sannod

i
o]
0




- 15 -
(Smith 1946). The decline from 62,000 1b in 1947 to
14,000 1Ib in 1953 is sharp but steady snd it would appear
that this represents a fall in abundance, I+4 may be argued
that there is insufficient evidence to make such an asswnption
without assessing the fishing effort. However, it is the
authorts opinion that in the case of the preenbeck flounder
the fishing effort is largely regulated by the sbundence of
fish for the follavf@g reasongs -

(1) The flounder is amcnget the hiphest priced fish and
sub,jeci; to an unsaturated demand. If they are there the
fishermen will fish for them,

(2) Men engsged in the fishery usually are equipped to
cateh other estuarine fish such as salmon and mullet snd are
mlikely to be forced cut of the industry by a dearth of flownder
alone,

(3) The effect of a sudden increese in the number of men
in the fishery cén be disregarded because of the local lmowledge
reguired for seine netting which cemnot be gained in a short
period. In other words the potential number of flounder fisher-
men is falrly constant and their active participation in this
fishery would be largely determined by availability of fish.

From 1952-1956 inclusive the catch fluctuates between
11,200 1b and 19,000 1t which is spproximately equivalent to
the catch for 1938 and 1939 although as stated the yecords from
those years are merely an indication of the true weight of fish

taken,
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In view of possible naturel changes in population density
due to envirommentel sand other couses, the ropid downward
trend from 1947 camnot be definitely ascribed to ovepr-
gxploitation of the stocks. FHowever, this trend is significant
in that the period follows one during which the fish had some
respite from spearing and the returns for the years 194L7-1956
are o more accurate assessment of the catch than those of
Previous years. |

As individval fisherman's returng were not aceessible the
monthly veriation in the catch caymot be given. Half-yearly
fipures, however, have been prepared sinece 1951 and these are
of interest. The half-yearly catches for four years are glven
in Table 2,

The cleosed season for the years quoted operated only during
the second half-yearly period, namely from July 1 to September 1l
inclusive, Latterly it hag been extended o month to October 1k
in some parts of the Island. TFrom the table it is evident thatb
fishing is about 300 1lb a month better during spring and early
summer than it is during late summer and autum. It would be
expected that following the rest from fishing during the winter
more ©ish would be on the fishing grounds ut against this must
be weipghed the fact that unsuiteble fishing weather is more
prevalent in spring then late summer and autumn when long
periods of light winds and generally calm conditions cccur.

Professionsl fishermen generally claim that the increase



YEAR
1951
1952

1953

1954,

1955

TABLE

2

IHE TASHANTAN FLOUNDER CATCH FROM 1951 - 1955

POR THE FIRST AND SECOND HALF OF EACH YEAR

FLOUNDER CAICH IN LB

JaN. 1 - JUNE 30
16,369
no record
7,928
10,146

1,143

Average catch per month

for 6 months

= 1,699 1b

JULY 1 - DEC. 31
8,956
ne record
6,204
6,703
8,178

Average catch per month

for 3% months =

j3]
-
e

&
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in emateur spesring has sdversely affécted the fishery. In
order tc compare the zize composition of flounders from an
ares relatively inaccessible to spearers with that of fish from
readily accessible Pittwater some experimental hauls were made
in Lime Bay. This Bay, although only twelve miles by water
from Pittwater, being situsted at the northernmost tip of the
hock-shaped Tasmen Peninsuls, is isolated by viriue of its
distance from well populated areas and lack of roads. The
length distribution of flounders from three hauls from this
ares together with that of fish from a similar munber of shots
of the same net made in Pittwater is shown in Migure .
The samples were collected in March 195 on successive days and
the same netting technicue was employed in both cases. The
histograms show a distinet difference in the proportion of fish
20 cm end greater available in the two localities. In the
Pittwater sample conly 28 per cent, of the total numbsr teken
fsll into the 20 om or greater group but in ILime Bay this group
forms 57 per cent. of the total number taken. As both places
are fished commercislly but only Pittwater is visited exiensively
by amsteurs the apparent correlation between their activities
and the scarcity of larger fish is worthy of consideration.
Significant also is the fact that juvenile fish are abundant
in Pittwaier and the sharp downward trend in the histogram of
that sample commences at 19 cn st which length the flounder is

large enough to be edible, although still } cm below the minimum
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legal length. In advancing the sbove contenticn it is assumed
that professional fishermen do not take any gquantity of fish
below the legal length (230 mm) and considering the difficulty
of disposal for profit the author feels that this is a safe
agsump tion.

It is realized, however, that the samples represented by
the two histograms are insufficlent either in size or duration
to be anything more than a basis on which to advance a hypothesis
regarding the effect of amateur spearers on the flounder population.
However, 1t appears that if spearing has been detrimental to
the professional fishery it has operated through limiting the
number of flounders attaining legal size rather than reducing
the fecundlty of the population.

(b) The Victorisn Catch -
Beoonomic Importance

Of the forty-three main species of edible telecstean fish
taken in Victorian waters the flounder lies tenth in erder of
catch weight and commands the highest price.  The South

Avstralian spotted whiting Sillsgo punctata, Cuvier, is the

most expensive fish on the market in Victoria verying from six
to nine shillings per pound as ageainst from five to six shillings
per pound for flounder. From 1946 to 1955 inclusive the annual
fish catch of Viectoria ranged from 10,7 -~ 12.8 million 1b and
during that period the percentage of flounder in the catch varied
betwean 1.3 - 1.7 per cent. Figoure ’5 shows the 1956 teleostean

catch by species in order of weights.
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In Victoria, unlike Tasmania, there is a well organized
central fish market situated in NMelbourne thyough which the
bulk of the fish so0ld in the State passes. There is a
tendency for flounders to be bought direct from the fishermen,
to a limited extent, by guest-houses, hotels, eand the like but
it is safe to sssume that this amount. is amall enough to be
disregarded for the purposes of genersl observations on the
flounder catahe. Date shown in Figure 5 and Table 3 are taken
from market records and have been checked with figures from
Fisherments returns. Fish sold privately are not usually
included in thelr returns.

Figure 6 shows the magnitude of the flounder catch from
19311936 in histogram form with a superimposed trend curve
obtained by smeothing the data with a moving average of three,
The drop in the mid thirties shows the effect of the economic
depression during that time and the even lower catches in the
early ferties result from leck of manpower due to the war.

But it is significant that even after enjoying a respite during
the latter period the postwar fishery does not atdain lts prewar
level as in Tasmania, and af'ter 1947 a slight downwerd trend is
evident. The same conditions as regards munbers of fishermen
and the market demend for flounder spply to Victoria, as has been
outlined for Tasmanis.

(¢) Conclusions
Tasmenig. -

(1)  The lack of reliable catch data prior to 1945, limit
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TEAR

1931

1932
1933
1934
1935
1936
1937
1938
1939
1940
1941

1942
1943
1940
1945
1946
1947
19,8
1949
1950
1951

1952
1923
1952,
1955
1956

TABLE 5
VICTORTAN ANVUAL FLOUNDER CATCH 1931 - 1956
The Tasmanian catch for the same period
is also given for comparison.
VICTORLA
iB
530,254
251,759
216,728
212,384
180,849
192,577
239,653
196,221
189,208
271,163
165,768
105,709
B, 388
107,568
165,933
134,861
199,359
182,761
186,540
180,606
162,905
185,155
187,012
150,916
164,402
147,977

TASMANIA
LB
15,360
45,382

20,22},
27,625
50,835
20,166
16,685
39,104

42,390
42,976

38,760
59,238

62,303
53,283
32,112
30,638
25,235
16,394,

Ap,132

16,849
19,521
14,698
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to the ensuing ten years the period from which any conclusion
can be drawn as to the state of the flounder fishery in Tasmania,

(ii) Although it cennot be established that the decline
in total catch since 1945 has in part heen due to a decrease
in abundence there is some evidence that the sctivity of
gpearers may have limited the numbers of legal fish avellable.

(111) The present minimum legal length of nine inches does
not give the maturing fish adequate protection. (This question
will be covered in a later section of this paper.)

(iv) The decline is a phase of a natural fluctuation due
to environmental factors which are unrelated to (a), (b), or (c).

(4) Conclusions

Vietorig.=-

(1) The statistics aveilsble are a reasonable indication
of the catches for this State but until more detailed information
such as the number of shots of the net made throughout the year,
the quantity of gear used, and the selectivity of the mesh it
will be impoasible to assess accurately the fishing effort.

(11) 'The Viectorian fishery is more stable than that of
Tasmsenia, showing smaller fluctuations in the catch from year
to yeare However, the period from 1946-1956 can be regarded
a8 a more accurate indication of the state of the fishery because
during these recent years prices have been high and the demsnd
for flounders unsatisfied. Prior to 1946 demand was affected
by the economic depression of the 193%0-1938 period snd

production declined with manpower shortage during the war yearse.
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During the war years the population had an opportunity to
increase ite strength snd any subzequent steep decline could be
explained as a depleticn of the accumlated stock.

After the war handling facilities such as transport,
quality, and supply of ice improved which encouraged maximum
production.

Thus the alight downward trend since 1946 cammot in the
light of avsilable statistics be atiributed to a decline in the
population due to over-exploitation.

Vi. SAMPLING
(a) Sempling Methods

It was not possible to adopt the acoustomed procedure of
large-scale observations on fish marlket material in this
investigation as a central market ceased to exist in Tasmania
soon after the first world war. All fish is sent direct to
several buyers some of whom bave theiyr own retail shops and the
demand for flounders is such that they are sold to consumers
almost immediately. In addition it is the custom to cock and
serve the flounder complete save for the viscera which are
removed by the fishermen as soon as possible after catching,
It is also impossible to remove the ovaries without affecting
gither the sppearsnce or the weight of the fish, Hence thege
eonsiderations mede it necessary for all fish uvsed in the
investigation to be either fished for or purchased from
commercial fishermen.,  The last-mentioned avenue of supply

had wderstandable financial limitations.
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Samples collected by the anthor were obtained by nettiag
which provided the mejority of immature fish used, Thease
were supplemented by vegular monthly samples of about a
hmdred fish teken by sn experienced fisherman over a period
of nineteen months,

(i) Netting.~ What is commonly called a "garfish net®
was used as a seine to fish estuarine beaches, Dimensions of
the net were: length, 30 fathoms; depth, L feet; and 3 inch
mesh throughouts The not was weighted with moulded leads snd
four foot six inch 1@&& Tipped spresder-poles ware used at
each wing to keep the leadline at the extramities of the net
on the botlom when nearing the end of each haul. The net wes
worked from an eleven foot dinghy using ten fathoms of colr
hauling line on each wing to engble the working of the net in
the deep chennels bordering the flats, The net was bunted up
an the flatse A three inch meah wes found to be suitable for
the regular cepture of flounders as small as 10 om and from time
to time smeller sizes were found entangled in seaweed in the
tunt meshes.

(31) Spearing.= For the most part the monthly samples
weye spearad, The fish were collected in the following nmernner.
Using the equipment described in an earlier ssction of the
paper and fishing from e dinghy every fish sighted was speared
gr at least an attenpt was mades The number of fish escaping

through not being securely speared or missed altogether was
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generally less than 10 per cemts I3 was always possible to
cbtain the saple of one hundred in the one night and the
size composition of a night's speared cateh when compered with
that of o netted cateh showed no more variation than that
between two successive catches of one or the other method of
fishing, The smoples cean therefore be repgarded as rondome

Other methods of specimen and data collection will be
discusesed in the seeliong of the paper dealing with specific
aspects of the investipgation.

(v) Measuring Methods

All fish were mweasured to the nesrest millimetre hy placing
them blind side down on o standerd fish messuring-hoard. The
total length wes read to the extremity of the caudsl rays, In
order 4o obtain the standard length the distance fron the caudal
peduncle to the end of the saudal ravs was neasured with dividers
and subtracted from the totel length, All other measursments
were taken with dividers, Weighing was done on a "Mormel" pan
balance while the fish were wet although all excess waiter was
first shaken off, All weights were recorded to the nesxrest
gram,  The majority of the welghing was done either in the
lsboratory or in the cabin of the leunch used in the investigo-
tion where sheltered condiftions made accurste welghing possible.

ViI. TOTAL IENGIH -
STANDARD  IENGTH RELATIONSHIP

It is more convenient for practicsl purpcses to express

lengths of fish in terms of total length tut to ascertain whether
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the standard length is a truer value for the purposes of growth
study in the case of the flounder, its relationship with total
length was investigated.

The toial length measurements of a sample of 1723 specimens
ranging fram 110 mm to 370 mm were grouped to the nearsst
centimetre and the mesn standard length was alaulated for. sach
centimetre groups The resulting greph is shown in Pigure 7.
Apart from the extreme values derived from relatively few
specimens all the points lie about e straight line passing
through the origin. Thus the standard length was found to
be 81.20 per cent. of the total length which relationship is
constant throughout the 1life of the fish. This proporiion
approximates that found in two other apecies of flatfish namely,

the California sand dab Citharichthys sordidus (Girard), Arora

(1951); and the starry flounder Platichthys stellatus (Pallas),

Orcutt (1950).  The standard lengths of these fish are
8L.00 per cent. and 81,95 per cent. of thelr totsl lengths
regpectively,

For the gresnback flounder, 1L Y = total length and X =
stendard length conversion from one to the other can be made
by wsing the equations:

X=0812%

i

or

Y = 1.231 X

#

VIII. WEIGHT/IENGTH RELATIONSHIP
The weight/length relationship wes investigated for the

following reasons:
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Firstly to measure the seasonal change in the relationship
and to correlate it with increased weilght due to gonad development.

Secondly to determine the length at which the weight increase
is suitable o define an optimum size for fishing,

Thirdly to compare the weight/length relation of two
representative samples of flounders from two populations
possessing significently different meristic characteristics.

That the weight/length index of a species varies consider-
ably with the time of year, state of gonads, and feeding con-
ditions has been shown by Clark (1928) and Ancona (1937).

Thus to arrive at a mean value it was thought necessaxry to
treat data from o series of samples extending over a period of
twelve months.  Although the most obvious csuse of changing
weight/length value is the increase and decrease in ponad
weight, the changes ccourving throughout the year are not due
to this alone, I+t appears that linked with the development
of “ifhe gonad to maturity is the building up of body fats and
tissue, This will be evident when the seasonal variation of
the condition factor C for males and females over a period of
eighteen monthe is considered where the variation in ¢ for
males shows comparsble fluctuations with the female values
although the relative weight of gonad per weight of f£ish is
very different for the sexes., A ripe ovary usually forms
about 17.5 per cent, of the total weight of the fish and when

spent about 1.1 per cents 1In the male however the testis
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vhen ripe rarely sxceeds 1.3 per cent. and when spent 0.4 per
cent, of the total weight,

{a) Methods

Twe samples of fish were used for weight/length
determinations. The first consisting of 286 females and
129 males was collected during the month of Merch 1954 The
range in toinl lenpgths of fish in this. sample was from
110=20 mm and was therefore largely composed of inmature f£ish.
The second, comprised of 1172 females and 58 males within the
range 180-340 mm total length, was scollected over the peried
of twelve months from June 1951 to May 1955, there being
approximately one hundred fish in each monthly sample.

In both samples the mean welipght of sach ten millimetre
proug was caloulated and log length plotted against log weight.
This relationship wes found to be linear as is shown in Figures
8 and 9. Data from which the caloulaticons wers made are shown
in Teble ko

The raw dats of Table 4 are plotted in Figures 10 and 11
and the points are seen bto lie about the curves drawn us:.ng
the wean calculated weights for each class, Caleulated weights

were derived from the expression: log W, = log C + n log L.

there C is the condition factor from the expression C = E’r%@
L

V. = caloulated mean weight; W, = actusl mean weight end n =
the regression coefficient. The total length of the fish is

reprezented by L. The choice of the sbove expression as
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TABLE

THE MBAN WEBIGHT Of JUVENIIE AND ADULT PITTWATER FLOUNDERS
FOR BACH CENTUMETRE OF TOTAL LENGTH

INTERVALS OF

MEAN WT. GM.

MEAN WT. G,

TOTAL IENGTH o N S
Tm Males Females Males Females
(110=230 mm) | (110-240 mm) | (160-300 mm) | (170=340 mm)
105114 19.5 1563
115120, 22,0 22.5
125130, 30.0 26.5
135-14dy 33,8 34s 5
11,5154, L5.3 45.1
155164, 5.1 5.4
165-171, 61.6 &0.7 69.5
175-18k. 73.8 3.5 90.0 830
185-194 78.7 85.1 86.0 89.3
195200 95,3 10141 10003 105.3
205214 120.0 117.0 118.0 119.7
215=-224, 133.7 137.4 1356 157.9
225234 157.8 15k 3 158.8
235-24). 176.2 173.5 178.8
245-25), 1985.0 19961
255261, 201,0 228, 1
265-271, 252, 2
275281 287.6
265--29h 313.5
295-30h 313.0 539.1
305-314 370.9
315324 379.4
325-33k. L66.6
53530 L66.1
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against another well-known variation, K = Nﬁ{“/l.,3 will be discussed
later in this seection.

IT Y is the welght expressed in gm and X the total length
in mm equations for the curves are; |

March 1954 sample (Wig. 10)

- v 2.
Males Iog Y = 5.5427 + 2,802 (Log X) or ¥ = 00005489 X~ go2

Females Log Y = 5.0108 + 3.040 (Log X) or Y = .00001025 xo 040

June 195} - May 1955 semple (Fige 11)

20611

10165 + 2,611 (Log X) or ¥ = .0001039 X

i

Males JTeog ¥

i

Femsles Log ¥ = 5.53L7 + 2.823 (Log X) or ¥ = 00003426 X?”°82'3

(b) Discussion

The wvalues of "' for females were found to he 3.040 for
the 110-240 mm fish and 2,823 for the larger 170-340 mm figh.
For males the corresponding fipures were 2,802 and 2,611, The
difference in values of "n" between the samples (0.138 for
females and 0,212 for males) was due to the larger fish being
collected throughout twelve months whilst the smaller fish
constituted a single month's sample,

It is evident that as they get older the female fish
increase in weight for length at a slightly greater rate than
the males although this relationship does not hold for young
fish. The curves of the 110=240 mm fish show that up o
170 mm male fish have & greater weight/length factor than
females, This is also evident in the intersection of the
regressioﬁ lines for log weight/log length plots of the same

sample, That this is not just an sbnoymality due to
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sampling is borne out by the curves for the 170-340 mm fizh
vhich also intersect at approximately 190 mm. The regression
lines for this sample also show a tendency to meet.

Hagorman (1952) and Orcutt (1950) show log weight/log
length repressions for both sexes of Dover sole and sterry
flomder respectively in which the male and female regression
lines are perallel to each other, The weipht/length cuxrves
for Dover sole are also parallel but as the data are largely
from mature fish they are not strictly comparable with those
for greenback flounder. However, Orcutt measured starry
flounders down to 100 mm standsrd length at which all wers
certainly irmature. The ourves for the two sexes of starry
flounder sppear to meet at about 180 mm although the regression
linezs do not show it. Thus a different condition has besn
met with the greenback flounder than apparently cceours in two
other species of flatfish.

It will be shown in a later section that the ovaries of
immature flounders begin to mature when the fish is about
160 mm in length and at 200 mm may contain ovae that will be
spawned during the coming seascn. It is sipgnificent therefore
that it is while the length is between these limits that the
Temale [ish becomes proporiicnately heavier thean the male,

Unlike a large maurber of other telecsts the ovaries of
flatfishes do not lie wholly in the viscersl cavity but are

placed posteriorly between the haemsl spines and the body wall,
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In the ripe female the posterior extremity of the ovary closely
approaches the caudal peduncle, However, the testis is
considerably smaller then the ovary (not more than 0.06 the
weight of an ovary from s similar sized fish) and therefore
does not penetrate the posterior tissue to the same extent.
In the immature female fish it is possible W pass a probe
backwards between the haemal spinss and the body wall ithrough
the post visceral cavity of the coslom that will ultimately
be taken up by the overy. In the wele fizh such a space does
net exist and the muscular tissus is closely applied to the
gpines. Thog the low relative density of the immsture female
due to the allowance for gonad development seems a possible
explanation of observed unusual weight/length differences in
young fish. As development of the ovaries takes place the
femole weight/length factor becomes greater than that of the
male and the curves azsume the form generally found with moat
fishes.

(¢) Weight/Length Relationship of Fish
from Two Areas

In order 4o sscertein eny differences in this relationship
between two distinct areas 265 fish were collected from Port
Sorell and 285 from Pittwater, Only females were used and
flounders less than 185 mm or greater than 304 mm in total
length were discarded.

All fish were collected over a period of three months,

namely from July=September 1955.
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The data are shown in Teble 5 and the regression of log
weight on log length for these two samples is presented in
Pigure 12,  The two coefficients differ by 0.085, Pittwater
fish being 3.052 and Port Sorell having a value of 2.967.

The equations for the curves are:

Pittwater Log T = 6.9675 + 3,052 (Log X)
or ¥ = 000009279 x°+052

51481 + 2,967 (Log X)

or T o= 00001 2,;06 .}{,29967

Port Sorell Iog¥

4]

Bearing in mind that both seamples contain fish of the same
size composition and were collected simultsznecusly the variation
in the weight/length ratic must be due to one or more of the
following causes.

(i) Intrinsic population characteristics,
(ii) Difference in mean gonad condition and spawning period.

(iii) Eovironmental factors influencing food supplye

It will be shown in a later section of the paper that there
are significant differences in certain meristic characters in
flouders from the two arsas but it is thought that the cause
of weight/length variation more justifiably lies with (ii) then
(i). Insufficient information is available %o consider the
implications of (iii).

As the curves and the regression lines converge towards
their lower limits it seems highly probable that the weight/
length ratio of immature £ish would be closely comparable for

both areas. The mean welghts of the 190 mm group differ by



TABLE 5

THE WEIGHT/IENGTH REIATIONSHIP OF ADULT FEMALE
FLOUNDERS FPROM TWO LOCALLTIES

INTERVALS OF TOTAL LENGTH mn VISAN WELGHT GM
Port Sorell Pittwater
185194 83,1 82,8
195=20) 96,4 96.9
205214 106.8 115.8
215221, 124.7 131.1
225230, 129.2 149. 4
235-244 ‘ 165.7 170.6
245251, 177.5 201 .1
255261, 204.6 210:3
26527, 236,0 24 2
275-281 249.5 261,9
285-291, 279.2 299.8
295304, 330.1 5Bl 3
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only 0.3 gm whilst the 280 mm group which would consist of
mature fish have o difference of 12.4 mn. furthermors; the
sharp decline in mean ove diameter at the end of the spawning
season in 1959 (Figure 2).) commenced three wonths earlier at
Port Sorell. Although it was not feasible o collect enough
material to determine the limits of the spowning period of
Tlownders from this arves it seems certain that it iz mors
protracted in Pittwater where as can be seen in Figure 2. the
temperature of the water remsins cooler for at lesst two months
longer in the spring thon at Port Sorell. Prom this evidence
the weight/length differences betwean the two samples could be
attributed at least in part to differing relative weights of
gonads in mature £ish,

In the treatment of the seasonal fluctuation of the weight
and length of male and femsle flounders the "condition factor!
C was used as the index., Hart gt al. (1950) bave stated that
the alternative relationship X = Wfiﬁ gives an index of welght
relative to that which would be expected under conditions of
lsogoncus growth in all body &imenaimnsm However, the procedure
of using the relationship C m'ﬁ/ﬁn gives an index of the weight
relative to the mesn weipght at any length which Hart el al.
repgarded as mere appliceble to the determination of the seasonal
Lrend in relative heavinsss. It was thought therefore that ¢
was preferable to X for the present purpose as the comparison

of the relationship of the seasonal variation of condition facior
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with the spewning period is shown more by the trend in relative
heaviness than "form". Also as is the case with many other
species the cube law does not strictly hold for R. tapirina;
that is it will be shown that "'n' is not exsctly equal to three
and in fact is considerably less.

Some further workers who have made use of and modified
both ¢ and K as indices of Ycondition" are Clark (1925), Keys
(1928), Hile (1936), Kesteven (1942), Le Cren (1951), and
Cassie (1956).

In the prezent analysis "n" was determined by linear
regregsion as outlined previously in which cese 1t becomes
the coefficient of regression of weight on length. © was
then caloulated from the expression C = W/Ln or log G = log W -
n{log L) where W and I, are the mean weiphts and mean lengths of
sach monthly sample,

Attention is drawm to the small number of male fish in
all samples (Table 6), Whereas the proportion of meles to
females was approximately 1 ¢ 2 in the March 195 collection
of largely immature flounders the ratio in the adult samples
i 1 @2 25, It is difficult to accept this latter figure as
representing the normal balance of the sexes and it is con-
cluded that ss they mature male fish do not generally inhebit
the shallow water to the same extent as the femeles. This
will be referred to in the section on spawing. It is possible

that the fishing methods were selective to some degree as there



TABLE 6

VALE 70 FEMALG RATTIO IN SAMPIES OF GREENBACK FLOUNDERS
USED IN WELIGHT/LENGTH CALCULATIONS

MONTH RATTIO OF MALES T0 FEMALES NUMBER BXAMINED
Juii. 1 ¢ 16.0 96
Jul. ; 1 50,0 100
Aug. 1 ¢ 505 101
Bept. 1@ 59.2 ‘ 105
Oct. 12 50.0 i 100
Nov i 59.2 | 105
Dee 0 :103.0 ’ 103
Jan. ¢ 98,0 98
Peb, i 13 7.8 92
Mar. 1 : 16.8 s 96
Apr. 11 Bul 92
May i 6.8 89
Jurn, 15 e 99
Jul. 1 : 19.6 93
Aug. 1 3 28.6 86
~ Sept. 1 : 37.0 113
Oct. 1 ¢ BheB 109
Now. 1 21.0 105
Dee. 1 : 35.6 | 107
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is a higher proportion of male flounders in the three monthly
Port Sorell samples than in corresponding Pittwater samples.

The former were all taken by beach seine and the latter by spear.
Monthly values of C are listed below and presented graphe
ileally in Pipure 13, For convenience both male and female
values have been multiplied by 103,
Whilst the condition factor of greenback flounders does
not vary greatly during the year, what fluctuations do exist
can be broadly correlated with the spawning cyele., The species
has a winter spewning season that extends over a period of up
to eilght months depending on suiteble temperature conditions,
and for the remaining four months from November to February,
al.though occasionally fish may be found in roe the majority of
them are in the spent condition. In 195L. the condition factor
beging to fall in Augnst, the male value more shaxply than the
female, until it reaches its minimum in October. However, in
November it compences to rise again until Jeanuary of the following
year when it reaches a point not much short of the maximum for
that year. The sudden drop in February is surprising but coin-
cides with the m@nth‘at which the mean ova diameter is at its
lowest (see TPigure 23). During the remainder of 1955 "CY at
no time reaches the eguivalent of its mescimum value of 1954
which leads to the assumption that environmental conditions
were not sultable for as long a periéd in the latter year.

This effect also shows up to the same degree in the male graph,
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The sudden rise in "C" in October is obviously due fto a late
gpawning run as a similar pesk occurs for that month in
Pigure 23,

It has been pointed out that there is a great difference
in weight between the gonads of the two sexes. Notwithstanding
the two curves are of similar form and trend which indicates
the possibility that other factors such azs the formation and
absorption of fat tissue and avallability of adequate séasonal
food contribute to the degree of variation of"C" throughout
the yeaxr,

IX. GROWIH RATE AND AGE DETERMINATTON

Four well-lnown methods of approach to the problem of age

and growth determination were considered in the present study.
(a) Scales

Unlike some northern bemisphere flatfish the scales of the
greenback flounder are useless for age determination. Sceales
from different parits of the body were exammined without finding
any indication that they might be of use,

(b) Otoliths

When otoliths were first studied the writer was under the
impression that these also were unsatisfactory for growth
investigation and collection of them was not as extensive as
it might have been. However, in the sbsence of other criteris
they were reverted to and by exercising care in the selection

of readable materisl it became possible to follow the growth
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for the first three years of life. As the fish length
approached 300 mm a high proportion of otoliths became un-
reédable due to thelr incressed opagqueness and no fish longer
than 320 mn possessed otoliths that could be read with certainty.

In order to ascertain whether grinding the older otoliths
facilitated reading, several specimens were thus treated to no
advantage. The obgcurity of the amnuli was found to lie not
in the actual thicknezs of the otolith ut in the tendency of
the annuli to become opague as the age of the fish increased,

It was found that the otoliths could be most satisfactorily
removed from the flounder by severing the head with a sharp
knife midway between the eyes and the insertion of the right
pectoral fin. The otoliths can then be lifted out of thelr
sacculi which remain in the portion of the head which bhas been
severed. They were not immediately wvisible and had to be
felt for with forceps. After the otoliths had been cleaned
by rubbing between the fingers they were stored in small
envelopes upon which was written the length of the fish together
with the place and date of collection. Where possible both
otoliths were collected as nearly 10 per cent, exhibited verying
degrees of crystallization of one or the other. In some cases
both otoliths were affected by this condition,

Tor reading purposes the otoliths were placed under water
in a Petri dish, the bettom of which was covered by a coating

of black wax, and viewed by mesns of a low power dissecting
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ricroscope, Illumination was provided by a microscope lamp
placed about nine inches from the stage in such a menner that
the otolith could be read by reflected light. Cne szide of
the flounder otolith is almost flat whilst the other is slightly
convex and it was found that reading was facilitated by placing
it with the latter side uppermost.

About half-an-~hour after being placed in water a degree
of cleayring wes noticed which sharpened the distinction between
senes but clearing with clove oil and xyleol 4id not render the
otoliths more readable. The alternating rings of white opaque
and translucent material could be distinguished in the otolith
without magnificantion although the detail oould only be sesn
under a lens.

Molander (194?) working on plajce and flounder bhas shown
that the opague zone is assocliaied with the fast growth during
spring and summer whilst the bhyaline or translucent zone is
formed during the slow growing winter period.  The greenback
flounder's otolith conformed to Molander's exposition of seasonal
zone formation with the first appeerance of the opaque ring
ogourring in Novenber and its almost certsin presence in fish
token in December. The hyaline zone made its first appearance
during the month of April. A lerge variation in the structural
composition of the zones and their relative width is presumably
due to the extended spawning season of the species, A amall

propertion of otoliths peossessed {ranslucent nuclei. It is
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thought that fish possessing such were spawned in late summer
and their early development took place during what is a normally
slow growing period. On the whole the otoliths were not easy
to read owing to the frequency of supernumery or false annuli,

Before employing the use of otolith measurements for
calcoulating intermediate lengths the proportional growth of
fish and otolith must be established, Although Jensen (1938)
discovered that for the plaice and dab growth was disproportionate
guite satisfacltory agreement was found between the two for the
greaenback floundexr, Both length and width of the otolith as
well as the distance from the nucleus to the ventral and posterior
margins were compared with the fish length and it was found that
of these measurements the best correlation with the fish length
was found using the distence from the centre of the nucleus to
the ventral margin. This measurement will be referred to as
the otolith width,.

The regression line of otolith width on fish length in
Figure 1) indicates that the growth of fish and otolith is
proportionate in flounders between 13 ~ 32 an toial length.

As the regression line intercepts the ¥ (otolith width) axis at
1 scale division and doeg not pass through the origin this was
gubtracted from both the otolith width measurements and the
distance from the nucleus to each snmulus in the determination
of intermediate lengths. This adjusts the proportionality and

30 permits the use of the formula L, = (L/W) 1, to calculate the
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Fig. 14 The regression of otclith width on fish length.
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intermediate lengths., The following notation is uged in the
above expression, -

Ly = intermediate length

Le = total fish length

W =  width of otolith measured from centre
of micleus to ventral or more curved
margin.

1& m distance from centre of nucleus to

outside edge of anrlus
Buccessive annuli sre designated lal’ 1&2, and 1&_‘5’ and

likewise intermediate lengths Lilg L and Lﬁ@

120

It was necessary to use the outside edge of the anmulus
as a reference point for measurements becsuse it was often
difficult to judge the position of the centre.

For purposes of relating the otolith messurements to age
it is necessary to select a birthday month, This month
represents the perdod during which the fish pass from one age
group to the next and it is usually contvenient to choose the
month during vhich spawning is most concentrated, The long
spawning season of R. tlapirina mekes the choice of such a
birthday month difficult. As the month of July lies approxi-
‘mately in the middle of the spawning season it was chosen as
the birthday month snd the 31st day as the birthday. The
formation of the mid point of the annulus mey also be taken

to ocour in July, the whole period of the laying down of the

annulus lagting from May to Septenber.
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Thus if the intermediate lengths of the age groups are
caloulated using the distence from the nucleus to the outside
edge of the ammulus formed in September, each length will be
groater than the birthday length by spproximately three wonths'
frowth. To accotmt for this period the age groups have been
desipgnated O+, T4, IT+, and sc on,

The wminimum water temperature of all the Tasmaniean localities
from which samples weore drawn ocours in either July or Aupust,
concarrently with the pesk of the spewning season, As has
been pointed out the amnulus is also laid dowm during this perdiod
so that in the greenback flounder its formation is contemporansous
with the spawning season and the wmonths of lower temperatures,

The mean otolith size and corresponding values of 1, and
I‘:i, for fish between 130 and 320 mmn ave gilven in Table 7. The
figures have been corrected according to the ¥ intercept of the
regression line as previously mentioned.

The mumber of flounders in each age group from which
otoliths were read in conjunciion with the intermediate length
caleulations is shown in Table 8 It will be noticed that the
overlap of apge groups is not great which is due to the shoriness
of the period over which the sample of fish was collected,

The growth curve in Figure 15 has been drawn using the
means of the intermediate lengths.

(e) Marking Experiments

(1) Methods.- - All flounders used in the tagging programme
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TAPLE 8
THE NUMBER OF FLOUNDERS CONTATNED IN BACH AGH GROUP TOR
BACH CENTIMETRE OF TOTAL LENGIH

Total Length Humber in Age Group
(em groups) O+ T+ IT+ TIT+

\1 3 1 2

14 % 1

15 o 7

16 1

17 2k

6 20

19 9

20 10

21 5

22 2 1

]
LM
E -
e~ W

24 2

25 1 2
26 L
27 2

k?\':‘ -~

2 8 B
- P -]
™)




(em.)

TOTAL LENGTH

_'-4’
20
10
! 1 i }
C > I+ e m+ I+
AGE GROUPS
Fig. 15 The growth curve of the greenback flounder for the

first four years of life as derived fram otolith
measurements, The dotted line indicaies fourth
year growih of a single teggesd fish.
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were caught by beach seine snd trensferred as soon as possible
to the well of the netting dinghy. Experimental fishing was
usually done between 9 pem. and 3 a.m. and all fish reserved
for tagging were kept in the well until about 9 a.m. so that
any fish suffering demapge from bandling could be rejected. In
this way only the most active fish were used for tagging.

Petersen dise tags were used saxc].ﬁsively and were affixed
in the following manner with silver wire. The flounder was
held in the left band in such a way that the snout lay in the
palm with the blind ox left side uppermest. The body-wall waaz
punctured with a long slender awl at the midpoint of the lins
from the centre of the lateral lime to the dorsal fin, and the
prepared wire loaded with the blank backing-disc passed through
the fishs The tag was then slipped ontc the emergent wire
vhich was given two turns with pliers and the turns then bent
down close against the outside surface of the tag, The tegs
were rather loosely affixed to allow for growth. At the outset
of the prograrme white celluloid tags were placed on the blind
gide of the fish but abrasion by send particies when 1t was in
glose contact with the bottom tended to wear away the numbers
on the tag as evidenced by the return of worn tags that had been
out for only a month, Grey tags were then used and placed on
the uppermost side. It was considered that white tags placed
on this side, whilst desirable for their conspicucusness to

fishermen, would render the fish more evident to natural predators.
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To observe the effect of the tags on the fish several
small flounders 13 ~ 15 om long were lagged and placed in a
small aquerium tank in the laboratory. They comnenced feeding
on nereid worms a wesk leter and although they did not grow
appreciably were all alive and heslthy for twelve weeks when
they died due to an overnight breakdown of the aeratora‘

(ii) Discussion.~ In all, L7 southern flounders were
tagged in two localities, Pittwater and 5%. Helens. Total
lengths of the fish ranged from 10 « 30 om and the nmber of
tags recoveraed was 28 or 5.91 per cent. of the lotal relsased.
Of this number 22 (L.64%) were retuwrned with full information
regarding length, place, and date of caplure. The number of
fish that were avedlable for accurate messurement amounted to
8 or 1.69 per cent., of the total returns and this figure
included flounders receptured by the author during the
experimental fishing operations. It was found that where
fish had been measured by fishermen and then returned to the
laboratory for checling differences of up %o 1 ¢m between the
two lengths ocourred. Flshermen tended to measure to the
nearest half inch by plaging a rule along the side of the fish
often after keeping them alive in caufs or wells for a week or
80 a9 curios.

The pericods of freedom varied from nine to nine hundred
and seventy-eight days, with a mean of one hundred and sixty-

six days. VWith the exception of one fish, all were retaken
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within the tagging area. The fish referred to travelled from
Pittweter to the Carlton River, a distance of nine miles in

one hundred and eight days. From this it appears that generally
the southern flounder does not travel extengively but rather
tends to apend its life within a restricted ares, It might

be expected that the percentage return of tags should have been
higher than it actuaelly was, taking into account thelr limited
movements and the intensity of fishing, I1 may well be that

the moritallty of iagged flomders was abnommally bigh, as was

found in the case of the lemon sole (Parophrys vetulus) by

Wanzer (1952),  This author estimated by extrapolation that
over s period of a year the rate of tagging moritality without
competition from other types of mortelity was from 31 ~ L9 per
cente
In the present investigation ne indicaticn of high mortality
was neticed other than the relative small percentage of returnsg.
Table 9 shows the number of fish tagged {rom each centimetre
group of total length together with the number and percentage
of tags returned, The contents of this table are arrsnged
grephically in Figure 16 for easier compsrison. It is notice-
able thaet none of the 10 -~ 15 om fish were returned and that
the highest proportion lay in the larger size groups. A
possible explanation of the absence of the small sizes is that
professionsl fishermen would rerely catch them and amateur

spearers, if they did take them, would be loth to diaclose the



TABLE

2

THE FREQUENCY DISTRIBUTION OF TAGGED AND
RECAPTURED FLOUNDERS

TOTAL LENGTH NUMBER NUMBER
(an groups) TAGGED RECAPTURED % RECAPTURED
10 1 0 )
1 1, o 0
12 20 0 0
13 25 o 0
14 1 0 0
15 23 4] 0
16 2l 1 hed7
17 25 0 0
18 20 2 10,00
19 28 2 7ol
20 51O 2 5400
24 51 1 1.96
22 68 L 5,88
23 51 6 11,76
24, 23 L 17.39
25 20 2 10.00
26 1L i 28,57
27 9 0 0
28 3 0 0
29 E 0 o
30 2 0 0
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information, for obvious reascns. On the other hand the
wortality in the smell fish could have been high due to both
natural causes and the effect of the tags, Manzer (1952)
found that the size of the fish could not be related with
either the number of deaths or the rate at which they took
place but the smallest fish tagged duwring his investigation
were in the 25 = 27 o group. VWhen the two histograms in
Figure 16 (data Table 10) are compared not only do the means
differ (19.65 cm end 22.$3) but the principal mode of the
returned fish is one centimetre greater than that of the tagged
sanmple, This may indicate that mortality decreases with age
although one would expect that any differing physiecal effects
of tagging on 20 and 26 cm fish would be negligible.

- The period between July and October when the flounder
fishery is closed accounts for the lack of returns during these
months. Only one tagged fish was caught in the experimental
hauls made during the closed season.

The increase in length of individual fish during theip
release is presented in fgure 17, The +time axis covers Lfour
years end the points at the extremities of the lines represent
the l@ng*ths and dates at tagging snd recepture. The lines are
numbered to correspond with the figures in the last column of
Table 41 where other details of each particular fish may be
consulted. The lines marked with an asterisk indicate the

specimens which were accurately measured both times by the author,
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STATISTICS OF TAGGED AND RECAPTURED FIOUNDERS TREATED AS

TWG SEPARATE SAMPLES

TAGGED FISH

RECAPTURED TISH

een Length

Number

8.0,

5.E.

19.65 om
Lk
+ 5.231

i+

0.19L3

2¢.95 o

I+
Py
®

L
O
[0

§+

O B 1{905




LENGTH OF FISH (om)

200

§

8

= MEASURED BY AUTHOR ON RECAPTURE
s LENGTH WHEN TAGGED
s LENGTH ON RECAPTURE

Fig. 47 The growth of tagged flounder during varying periods
of freedom. The dotted lines represent the cal-
culated growith snd the figures adjascent o each tag
return refer io the serial pumbers in the extreme
right=-hend column of Table 11 where more detailed
data are shown,



WISNTT o oy
RESULTS OF {55

TAG N¥C, | RELBASES REC DAYS | INCRE- | GRAPH
Dete  lLooality Lemgth | Date Iength | TFREE = MENT | NG,
A232% 24 5% 225 mwm 28, iv. 5l 250 28 15 mm 4
A238: 34 54 250 27. =z 51 279 270 29 2
47522 16 51 2LD 20. iv, 51 21 €3 3 3
A7530 16,44, 51 220 27. iv. 54 223 70 3 b
47533 | 16.3i.5 235 25. v. 51 243 99 8 5
47539 1£,44.5% g 225 ? 235 ? 10 6
AT75hL 16,43,54 R 217 5, v. 51 262 79 15 7
AD2EE 16,41, 5% 2.3 232 ? 235 ? 3 a
AP2ET 16,4351 P 260 7 260 7 0 5
A22B0 16,131,517 P 255 25, V. 2 F 260 - o8 5 16
42283 16,441,514 R 250 19, ii. 52 P 268 368 28 14
47554 22,43.5% S.HE, 260 3,341, 5 5 260 g 0 12
ATEES 22,31,51 S.H. 243G 2 5 245 ? L 13
A7574 22,1i1.54 S.E. 225 27.vii, 51 5 235 155 10 14
AT581 22.33,54 S.H, 232 27. x. 53 3 230 978 58 15
A7582 22,43,.5% S.H. 220 2 S 220 ? 0 16
47587 22,43, 51 S.H. 185 ? S.H. 486 ? 4 17
A7589 22.11,51 S.H, 238 20, iv. 51 S.H. 252 57 k 18
A7554 22.344,5% 8.5, 180 20, iv. 51 S.H. 181 57 L 4G
L3554 2.iv. 5y, P.Y. 18 20, vi. 55 BV, 260 376 78 20
03214 ihe 1.5 P, 198 10,4i11i. 53 PV, 22C 55 2z 24
02216 1k. 1.53 2%, 255 2h. i. 53 PV, 255 g o 22
3204 1L, 1.53 PF, 221 2%, x. 53 P.¥E. 2732 282 51 23
3227 1k, 1.53 2., 218 17.v111.53 P.¥. 251, 295 25 2i,
C3231 16, 1,53 PeW. 225 Le V. 53 Cariton R. 243 108 23 z
3253 20, 4.53 P.W. 200, 2.iii. B P.W. 216 17 12 26
c33z 24, 1,53 PV, 162 20,3113, 53 Polo 150 57 28 27
03338 10,131,853 PJH. 192 2.vii. 5 Pa¥, 228 144 36 28
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The broken lines drawn at yearly intervals are corresponding
parts of the growth curve determined by otolith reading.

It is apperent from the agreement between the calemlatsd
growth lines and the growth of the tagged fish that the
otolith interpretation is essentially correct, Good agreement
occurs in the case of the asterisk-msrked lines, but it is omly
Tair in the renzaamciev where the accuracy of measurement cammot
be wouched for, The accelerated growth taking place in the
summer months shows wp in lines 21, 26, and 27, but due to the
absence of any reliable short-ierm returns over the winter the
extent 1o which it falls off during this peried cannot be
determined. Lines 2 and 11 indicate the slowing down of
growth in the third and fourth yvear. Had it been possible to
obtain more reliable returns from the 20 - 25 an group over a
longer period the ecalculated growth curve could be extendsd
beyond the stage when otoliths become unresdsble. Howsver, it
has not been attempted with the figures avalilable az the only
return that might have bsen of use, line 15, is not striectly
securate. This fish which remained free for over twe and a
half ysars was reported by the finder to have the "tail almost
eaten away"! and its length was estimated at 330 mm on having
a standard length of 295 mm. However, interpolating the
growth arrived at by this approximation it seems that a flounder
at the end of its fourth year would have a total length in the

vicinity of 300 wmm.
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(4) Length Frequency Observations

The successful. use of the Peterson method for estimating
growth in fishes depends primarily on the apecies under con-
sideration having a relatively short breeding season, and also
upon fish at the same size having approximately the same growth
rate.. The greater range in lengths of each year rood result-
ing from an extended spawning tends to obscurc yearly modes in
the frequency distributions, although this may be overcome to
same extent by large sampling techniques,

In the present investigation the interpretation of length
frequency modes was severely limited as the sampling was not
great encugh o overcome the irregularxities caused by the
extended spawning season of the species.

There being no fish market in Tasmania it was not poszsible
to messure large muwbers of flcounders and the collections made
by the author were rarely greater than 100 fish for any one monthe
In addition the fishing methods were probably selective as
regards the limited areas Tished and the gear used. Practical
considerations prevented making larpge experimental collecticns
of juvenile Tish at regular intervals and usable data on I+ fish
were therefore lacking. There were also insufficient numbers
of TV+ and V+ fish to provide any clue to growth in these two
groups.

However there lis some indiecation of the presence of genuine

age groups over a short period in some samples whilst others
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display a modal shift commensurate with growth,

The length frequencies of female fish from nineteen monthly
collections in Pittwater are presented praphicelly in Figure 18,
All length meagurements were grouped to the nearest centimetre.
Cnly female fish were used as the number of males taken was too
small to be of consequence in monthly plots.

in the cuyves for the months June to Octobar 195). it is
seers that there is a model shift of 2 oan over the four monthsg
period. Prom the calcoculated curve the annual growth rate of
IT+ (19-26em) flounders was established to be 0.6 om per month
or 2.k an for four months.  As growih is presumably slower in
winter there is reasonable agreement botween "thesea two figures.
The growth cannot be followed directly in November where two
modes occour at 21 and 23 ¢m. In this ssmple the 21 an mode
probably represents the I+ fish as they become IT+, and the
23 om mode is posaibly due either o ssmpling ervor or the
existence of two maln spewiing pericds in the protracted
breeding season. That growth is greatly retarded in winter
ig evidenced by the primaxy modes of the May - August 1955
samples remaining static at 22 an and then showing am incresse
of 1 am in September, The growth of II4+ and TITI+ fish from
August 1950 to April 1955 indicated by modal shift in Migure 19
ig comparable with the calculated prowith for the period shown
by the hroken lines drawn through the curves. The TTL+ group

can be followed more easily than the II+ Tut in both it is
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from Pittwater as shown by measurements of nineteen
consecutive monthly collections, June 1954=-December 1995.
Statistical data shown in Teble 12,



STATISTICS OF FEMALE PLOUNIERS FROM WHICH THE DATA

TABILE

12

PLOTTED IN FIGURE 18 WERE TAKEN (MEASUREMENTS IN MM)

7 = NUMPER EXANMINED

A, = ARTTHMETIC MEAN

S.D. = STANDARD DEVIATTON

S.E. = STANDARD ERROR OF THE MEAN
MONTH RANGE (T.L.) | =n | MODE AM. 8.0 SeBe
1954,
June 19--30 92 22 23.4 | + 2,64 + 0,28
July 1733 96 23 23,6  + 3.21 4 0.33
August 17=30 102 2L 2hel |+ 3.2 + 0,32
Sep tember 19-33 105 21, 245 £ 2,68 4 0.26
October 20=3%3 96 2L 2he 6 + 2.82 + 0,29
November 2032 104 21 & 23 242 £ 3,09 % 0.30
Decenber 2032 98 21 & 25 2.6 L2 0.2
1955 | | |
Janusry 19-33 83 22 25,6 & 2.7 + 0. 29
February 19-31 100 22 23.1  + 2.15 + 0.21
March 19-31, 93 22 2ol + 340 .+ 0,35
April 20~33 &7 22 25.7 4 3.38 4 0.37
Moy 19~33 86 22 23,2 £ 2,92  + 0.3
June 19«29 93 22 23.0 + 2,38 + 0.25
July 1936 91 22 234 13,20 4 0.3
August 18-30 a5 22 23.3  + 2.25 + 0.2)
Sep tember 17-34 113 23 23,1, + 2. 74 + Q.26
October 2031, L3 23 23,5 | 4 2.98 4 0.5
Novenber 18-32 102 22 22.3 | 4 2,63 + 0,26
December 19-33 104 J 22 | 23.0 & 241 | + 0.24
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apparent that the fastest growth is during the period Noverber
o Iebruary.

The sumred freguencies of all male and femnale flounders
examined together with those of s twelve months sample of
Tepales appesyr in Figure 20, The ardthnetic weans of the
two female samples differ by less than 0.5 on and the mean length
of males iz 1.92 om leas than the wvalue for the corresponding
female sample, The statigtics of the curves are in Table 13.

(e} General Conclusions on Growth Rate

From the study of otoliths it sppears that in its Lfirst
year of 1life the pgreemback flounder could be expected to attain
a length of approximately 10.5 cm at a mean rate of 8,75 mm &
menth, ring its second year the growth rate decresases to
7455 mm & month and reaches a length of 19,0 cm.  The mesn
nonthly growth rate duydng 'thé third yesr is 6.0 wm and approximate
length at the end of the year 26,6 cm.

The second and third year caloulated growth rates are
corroborated by tag returns and modal progression of lenpgth
frequency ourves, which also demonstrate a retardation from
lay to August and an acceleration from November to Pebruary.

Although it was not possible to caloulste fourth year growth
it is estimated to be of the order of 2.8 mm per month and the
length attained approzximately 30.0 an.

X,  SPAWNING AND GONAD MATURTTY

The documentation of maturity spawning and progressional
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during the investigation. Ths statistics of the
irves are presented in Table 13.
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Fig. 20 The lengih frequency curves of 21l flounders examined



TABLE 43

STATISTICS (F LENGTH FREQUENCY CURVES SHOWN IN FIG, 20

n = NUMBER EXAMINED
AM, = ARTTHMETIC MEAN
S.Ds = STANDARD TEVIATION
S,E. = STANDARD ERROR OF THE MBAN
RANGE IN |
SAVPIE TOML IENGTH = n | MODE | AM. | S.D. | S.E
(i) |
March 1954-Dec. 1955 12-36 1,818 22 23,6 4 3,01 4 0.07
(Females) ﬁ ‘
June 1954-Mey 1955 17-3 1,423 23 2l 4 3.07 4 0.19
(Females) ; ; 5
June 1954-May 1955 17-27 B9 21 207 & 1.76 4 0.09

(Males)
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development of ova in R. tapirina was made somewhat difficult
by four factors.

Firstly, the spawning season was found to be greatly
prolonged; secondly, the proportion of mele {ish in the
samples was low; thirdly, runing ripe females were rare;
and. finally, the external appearance of the ovary varied only
slightly during the various stages of maturity.

As the length of the spawning season will be dealt with
later in this section it will be sufficient to state briefly
that spawning takes place over a period of eight months, although
some fish with maturing or ripe ova mey be encountered in any
nonth of the year, The moomer in which a proloaged spawning
affects growth determination has been mentioned in the previcus
section and the study of adolescence and age at maturity is
similaxly rendered Alfficult by this condition. The more pro-
longed the spawning season the greater will be the range in
size of developing ova at any chosen time of observation. This
vives rise to complications when following the growth of ova
in freguency distributions from month to month.

Secondly, because of the Alfficulty of capturing mature and
ripe males during the investigation, and the absence of adequate
observetional staging criterion, it was necessary to confine
the gtudy of maturity and spawning to Temale fish.,  Although
in the 10 - 17 an flounders the percentage of meles varied

between 25.0 and 56.7 per cent,, as maturity was reached the
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proportion quickly fell away to 17 per cent. and this downwerd
trend continued among the larger fish. The smellest £ish
taken from which "milt" flowed freely was 18 cm long so that
the bulk of fish represented by the part of the curve lying
between 18 and 27 an in Figure 21 would be mature. Reference
to the percentage curve in the same figure shows the gteady
decline in the proportion of males from 17.0 - 0.6 per cent.
over the length limits of mature fish, Considering the almost
equal proportion of the sexes amongst bmmature Fish the question
of what factor or factors determine the change in sex ratio
presents itself.  Although Kawasaki and Hatanake (1951) found

that for two groups of Idmends angustirostris Kitaharsa the sex
groug 2

ratio remained constant at 1:0.999, in other species the
proportion of females may elther increase or decrease with

age. Hile (193%) showed that the munber of female ciscos per
one hundred males increased from one hundred in the first year
of life to 1100 in the sixth year, He was of the opinion that
the differential mortality of the two sexes was probably the
result of their innate physiclogical mechanism the manifestation
of which could vary from one population to another. Previous
work on +the Leake Hurcn herring by Van Costen (1929) demonstrated
the reverse condition m which the males, although not abundant
in age groups I+ and IT+, predominate in older age groups.

Van Qoaten attributed the shifting sex ratio to the sarlier

attalnment of sexual maturity in females and a resulting




60 - 30
LENGTH FREQUENCY ~—m - —m e
PERCENTAGE _—
50 as
I
u_l, 40 — —~20
w
13
|
<
2 30+ -~ 15
1]
[C]
<
=
r4
g 20 P - i
& A 277N o
o ”—s\ K \ ’, \\
s A i ] N
- \\_,’ 1 U4 AY
& \\ [y /I \\
2
ior 7 \\v \.\’/ \‘ -5
/ 3
§ . 3
/ : LY
§ . AN
7 : Mz
o) l : 1 o
10 15 20 25 30
TOTAL LENGTH  (cm)
Pig. 21 The muonbers of male flounders in sach am. of total

length expressed as a percentage of total number
examined. The broken line indicaies the length
composition of male Tish.

HSI4 3ITYW 40 YIEWONN



- 5O
tendency for them to appear in the commercial catch at an
earlier age.

The reason for the change in sex ratic in the greenback
flounder is not clear Trom the data available. Possibly, as
feiser (1923, 192L) concluded, the differential mortslity of
the sexes is due to the gyeater inherent ability of the females
to survive adverse environmental conditions. A further
pogsibility is that males, as they nature, tend to move lo sea
amd remain there. That there is a higher mortality amongst
older male fish seems apparent from a study of the length com-
position of the two sexes in the collections from June 1954 1o
Hay 1955, In Figure 20 the mean length of males is enly 2.31
less than the female mean length although there 1s a difference
of 8 om between the largest male and i“‘émala Tish measured. At
no time during the invegstigation waz & male talen longer then
26 cm while the largest female flounder measured 36 o,

(a) MNethods

Becsuse the changes in sppesrance of the developing ovary
were few the author decided to pursue the study of the growth
and development of the ovarien ova and use it for the
determination of the age at maturity and the spawning season.
Ova dismeter measurements as maturity ariteria have been used
hy several workers and sytematized by Clark (1934). The
measiaring technique used in the present study was similar but
in view of several minor changes it will be as well to ocutline

the procedure.

<m



Ovaries were taken from about 1800 flounders over & period
of o year and a half. The flounders were collected at regular
monthly intervals from Pittwater, each semple being rendomly
ppeared and conslsting of approzimately one hundred fish,

Additional collections of small, immature fish were netted
by the auther from time to time for the investigation of age ait
maturity. Where possible the whole of the overy was preserved
by placing it in a )" x 1" tube contalning a ten per cent.
solution of formaldehyde.  Where the size of the ovary precluded
its entire preservation a large trensverse section of the antericr
portion was used. Bxamination established that the size closses
of ova were homogeneously distributed throughout the ovary.

Any shrinkage or dlstension caused by preservation was not
detectable even in matufe eggs although o certain amount of
distortion due to pressure exerted by the wells of the {tube was
evident. [Hardening of the ova was completed within a week after
wiich they could be handled without causing any alberation in
diameter.

For measuring purposes a small piece of ovary was leased
out with needles, placed on a slide, and covered by a suitable
emount of water so that the largest epgps were completely sub-
merged.  This enabled the material to be viewsd without the
uge of s coverslip which simplified and speeded up the operation.
A movable stage microscope was used to make the actual measure-
ments in conjunction with an eyepiece micrometer in which one

scale division equalled 0.015 mm.
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Twenty to thlr"cy of the largest ova were messured from
each ovary and the mean diameter noted, Generally the majority
of eggs were symmelrical but to obviate errors coused by any
that mey have been distorted the micrometer was always kept in
e vertical position and the diameter measured psrallel to the
graduations. When it was required to maks measurements of
rroups of eggs of vardied sizes within the one ovary a fraction
of the gonad was teased out, and all ova in the field measured,
The field was then changed and measuring continued until from
00 to 300 egegs had been accounted fox,

(b) Terminology

The maturity of fish can be expressed either in terms ef
the maturity of its ova, or by the state of development of itls
VALY o Whilst the changes in sppearance of the ovary itsell
are usually adequate to define the state of maturity of the fish
the use of ova diameter messurements isg subject to sertain
quatification. Because it is possible for an adolescent and
an adult fish to conitain saturing ova it is necessary to draw
up a series of terms that will avold confusion when referring
to the maturity of ova as distinet from the maturity of ovaries.
Turthermore, as it is necesgary to apply the terminoclogy of spgs
and gonads to the state of the Iish itself the different stages
of maturity are listed under three headings, as follows.

(c) Description of Ovarian Ova

(i)  Ovarian Ova.~ It became evident at the outset of
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the gonad study that the ovarian eggs could be separated into
one or more of three size groups depending on state of maturity.

GroupT: this group comprised the immature egg stock
from which eggs destined to mature would be dravn. The range
in ove diameter was found to Be from O.015-0.135 mm and the ova
vere largely transparent with a granular translucent nucleus
wpprozimately half the total ova diameter in size. The smaller
egps bendesd to remain in clusters after the tissue had been
teased ont on a slide whilst the lsrper ones were often zeparated
by this operation. Group I ova were visible in all ovaries in
all stages of maturity.

Group I1: eggs in this group measured 0,150-0,525 mm
and had begunm to form yolk which gave them a grenulested sppear—
aNoS. The pravulation graéiua]iy becgsmme generel throughout
the egg, rendering it more ocpague ag the size increased although
the nuecleus could be distinguished in eggs wp to 0,250 wn in
diameter, From 0.350-0,525 mm the eggs were darkly opague,
except for a thin transparent periphery.

droup TIT:  all ova renged from 0,630-0.800 mm in diameter
and were closely spproaching or had undergone maturation in
preparation for spawning. They were translucent with a very
thin semi-transparent peripheral layer and therefore mavkedly
didferent from Group IT eggs. The nucleus was visible if
maturation had net taken plece and from one to three dark brown

01l globules were present which varied in size from % to & the
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egy diameter. The largest eggs in the group were found to be
identical with those of the species found in the planiton.

(41)  The Ovary.~ (1) Tmmature. An ovary which con.
tained Group I eggs ondy. The immature ovary could be
infallibly diztinguished from one that had spavmed and was g
recovering as in the spent overy the largest ova fell into
Group IT.  (2) Maturing. There wers two types of meturing
ovaries, Adolescent: thoge which had never reached full
maturdty but would produce ripe epgs in the approaching spawn-
ing season. Recovering: ovaries which had previocusly spawned
and had begon to mature the next secason's ova.

Both adolescent and recovering ovaries contained Group IT
and Group LT epgs, dbut were readily distinguished by differences
i shape and appearanoe. As in the plaice (Cole and Johngton
190ﬂ) the spent ovexry of the greenback flounder does not revert
to its adolesoent form. The recovering ovary is elongated
and shrmken with well developed blood vessels whereas that of
the adolescent is of a lighter appearance, more rounded and’
lacks prominent blood vessels, (3) Watures ovaries which
contained Group I1T ova which were ususlly in process ol being
spavned,

iid The Migh.- To overcome ambiguity in the applice-
tion of ova diameter snd gonad stage criteria to the maturity
of the fish three further terms were introduced. Young: the

ovary contained Group I ova only. Adolescent: had never
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gpavned but posssssed Group II ova.  Adult:; had spavned
previcusly and contained Group I or TIT ova or may not have
spavmed but contained Group IIT ova.

These terms will be adhered to throughout the present vaper.

(iv) Discussion.~ The size Limits of the ova in each
group together with thelr relationship with the maturity of the
fish were determined from the measurements of from two lumdred
1o three hundred ova chosen st random from each of four adult
flownders with different stages of mature and meturing gonads.
The resulting ova frequency disiribution from (A) maturding,

(B) mature, (C) partly spent, and (D) fully spent ovaries ave
~shown dn Figure 22.  Tn all four distributions the irmature
stock of Group I ova ds clesrly zeen with a mode at 0.075 wm.
In (A) secondary modes at 0,105 end 0.135 mm indicate that
portion of the stock has commenced to incresse in size as the
first step in the maturing process has been taken. Two |
important features of the behaviocur of the developing ovary
shown by the distributions are:;

Pirstly, the spawming act is completed in two stages with
an anknown interval between each stage. In i:he mature ovary
(B), two distinet size groups are present, those about to be
gpawned snd a secondary group ranging in size from 0,360 to
0.495 mn. The question arises whether this group of ova mature
and are spawned in the current seascn, whether they constitute

the stock from which the following season's eges will he drawn,
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or whether they degenerate and are resorbed. It is common in
some species of flatfishes for all mature eggs to be discharged
at spawning, only the immature stock remaining in the ovary.
This condition is met with in the dab (Wheeler 192L), the starry
flounder (Orcutt 1950), and the Dover sole (Hagermean 1952) all
of which, during the spawning season, contain no intermediste
groups of ova between ripe and immature stages. Conversely
in the California sand dab (Arors 1951) and plaice (Franz 1910)
a stock of unripe maturing eggs remains after spawning which sre
‘ ultimately reabsorbed. Such is the case with the greembaclk
{lounder.

Observation of running ripe ovaries showed that a large
mumber of ova were released during the spawning act which left
the ovaxry quite flaceid. This indicates that the ova which
undergo maturation in preparation for spawning do so in a body
and not in small batches over a considerable interval of tine,.
The ultimate fate of the secondary group of ova must now be
congidered. Two types of readily recognizable overies were
found‘tc be consistently present in spent fish, one containing
the group of maturing eggs in question and the other in which
it was lacking. (See graphs (C) and (D). Fig. 22). The
study of ovaries of type (B) showed that at the time when the
moture ova were lying freely in the lumen the secondary group
of ova were firmly attached to the walls and in such quantity

that they were estimated to be potentially as numerous as those
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already mature. No instance of the bresking down and resorption
of this group was noticed throughout the study. Once it has
keen established that these eggs do become mature the guestion
of the interval between spawning of the two groups presents
itself, That the secondary group are the stock from which the
ova destined for the following year are drawn is discounted by
curve (D) in which the largest ova are seen to be in the 0.180 -
0315 mm class., While no accurate assessment of the time lapse
between maturing batches of ova could be made it is likely,
considering the length of the spawning season, that it mey be
a period of weesks or even months,

The second noticeable charscteristic is that not all ova
that begin to mature are destined to achieve final maturity.
Bromination of fully spent and maturing adolescent ovaries
showed the presence of two ova groups measuring 0,045 - 0.135 mm
and 0,135 = 0.180 mm respectively. The smaller group represents
the immature stock whilst the larger comprises the succeeding
segson’s crop which has already entered the maturing stage.

In some cases there ocourred a further class ranging from 0.180 -
0330 mm which, if in spent adults showed signs of degeneration.
It appears that these were ova in which, for some reason,
development did not continmue and it may well be that they formed
8 "reservoir® from which any losses due to mortality in later
stages were replenished. That they did ultimately degenerate

was borne out by microscopical observation and confirmed by
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their general sbsence in ovaries from November to February when
the modal ova diameter was 0.150 mm,

The monthly ova frequency data in Figure 23 show that the
growth of eggs from 0,150 to 0.450 mm in the adult and adolescent
flounder is accomplished in four to five months., During this
period growth is regular as is demonstirated by the occurrence
of all intermediste size groups in the month to month samples,
However, once the ova reach a gize ranging from 0,330 - 0.450 mm,
development appears to be halted and a stock of ova awaiting
meturation is formed. The existence of this prematuration
group is clearly seen in the frequengy histogrems for the
spawning period. From June to October 1954 (Fig. 23), with
the exception of two fish in August and one each in September
\ and October, the largest group of eggs have their mode at
0,450 mm. During the same periocd mature ova measure 0,675 -
0,825 nm which draws attention to the noticeable absence of
0.450 -~ 0.675 mm eggs.

Idght has been thrown on the absence of eggs in the inter-
mediate stages of the final maturation process by Pulton (1897)
working on haddock. He concluded that the relative scearcity
of such ova was due to sudden change from the dengely opaque
condition to the distended transparent form and added that the
actual extrusion of eggs took place as quickly. Hickling (1930)
also attributed the low percentage of "running ripe" female

hake on the spawning grounds at the height of the spawning
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TABLE

14

MONTHLY VARTATION IN MEAN OVA DIAMETER (RIPE OVA EXCLUDED)
OF PITIWATER FLOUNDER FROM JUNE 4954 TO DECEMBER 19%55.

CLASS INTERVAL FIVE SCALE DIVISIONS WHERE

1 SCALE DIVISION = 15 MICRA

MONTH MEAN DIAM, S.D. S.B. n MEAN DLAM,
(Sc. Div,) (Miera)

1954, |

June 18,46 .*:. 7.365 + 0.772 91 277
July 19.4  + 7.066 i‘omh 98 292
dugust 24,92 o+ 1.572 + 0.742 104 329
Sep tember 20,01+ 7.772 | +0.773 | 104 301
October 16.68 .‘;‘:, 6.514 + 0,668 95 250
November 13.99 :.t. 6.179 + 0,606 101, 210
December 14.82 + 4.628 + 0.465 99 177
1955

January 10.28 + 4039 4+ 0,426 90 154,
February 12.88 x4 951 + 0.531 87 193
March 18,22 £ 7.161 + 0,755 90 273
April 20.35 + 6.939 + 0,74 87 305
May 19.65 46,998 4 0,782 80 294
June 20.70 ,»_; 6.705  + 0.695 93 310
July 19.10  £8.092 4 0.858 89 287
Angust 22 £7.657  +0.8%5 8 357
Sep tember 20.00 .:t:. 7.05, 4 0.670 111 300
October 19.21 j.: 7,211 + 1,170 38 288
November 13.00 ..;t, 5.477 + 0548 100 195
Deceuber 1200 | +0.527 | 102 186

£ 5,320
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season to the ova ripening in batches and being shed at oncs.
The finel maturation process in the greenback flounder appeared
to follow this pattern for not only were no eggs between 0.525 mm
and 0.630 mu encountbersd throughout the study but the number of
running ripe females was extremely small,
() The Place of Spawning

It is generally accepted by {ishermen that the greenback
flounder seeks the shallow waters of estuaries and tidsl rivers
in which fo spawn and the author's c¢bservations suppeorted thias
belief. Female flounders about to s@pawn, or actually in the
running ripe condition together with meles from which it was
possible to expreoss milt, were found in thiz type of locality
of ten in extremely shallow water. Confirmetory evidence was
provided by the similax occurrence of planktonic ovae and juvenile
fish, Howsver, 1t is suspected that spawning is not confined
to the estuarine environment as running rii)e males and femsles
have bean taken offshore in depths down 4o fifteen fathoms from
time to time by Danish seiners. (Fairbridge, unpublished data
1947.)  As there are but scanty details recorded from flounder
caught in deep wator no certain opinion can be given regarding
the relative proportion of fish spawming in the two habitats,
There is slso no apparent seasonal variation in abundance in
mature estuarine fish that might suggest the occurrence of a
gpawning migretion and consequently the inshore habitet is
regaxrded as normal for all months of the year including those

in which spawning taekes place,
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(e) Spawming Times

The length of the spawning season for flounder in Tasmanis
has been a subject for argument and speculation ever since the
first fishing regulations were drawn up during the middle of
lagst century. Opiniona given before royal commissions and
enquiries into fisheries regulations varied between a short
spawning season of two months in the middle of winter %o con-
tinuously throughout the year. The results of the present
investigation show that the spawning periocd, although prolonged,
can be defined and that a marked cycle exists. It must be
emphasized, however, that it was not possible to investigate the
effect of environmental factors on spawning from one locality to
snother and the results presented are indieative of the condition
found in one estuary only, namely Pittwater,

The monthly frequency distributions of ove diameters
(Table 14, Fig. 23) show a decided seasonal periodicity over
nineteen successive months. The histogrems were constructed
by grouping the raw data in class intervals of five scale
divigions with values of 5, 10, and 15 scale divisions as mid
points. It was thought that as there was often a degree of
distortion in preserved ova which exceeded two scele divisions
nothing wes lost by grouping and the much tidier distribution
shown subsequent to grouping justified this treatment of the
raw data.

In considering the curves it should be borne in mind that



- 64 -
ova in the class measuring 30 scale divisions (0.450 mm) are
those awaiting maturation. DBecanse of the suspected rapid
development from this stage to full maturity and also considering
the few fish obtained containing fully ripe or spawning ova the
rresence of those 0.450 mm in diameter were taken to be as
indicative of incipient spawning as was the presence of ova
measuring 0.600 - 0,800 mm.

The ovaries contain a largs proporition of well developed
egpe from March to SBeptember but during the remaining months
(October to Februsry) the number of large ove is considerably
diminished and their ploce taken by swall ones which fomm a
distinet wode at 0.150 mm. This rather short period when the
great majority of ova axre not much lerger than the immature
stock is brought to an ebrupt end with their growth during
Maxrch end April. As growth proceeds the proportion of 0.150 mm
eggs naturally decresses and this condition holds, apart from
the suggestion of a recession in July, until September when a
shaxp decline in frequency of large ova commences, The
seasonal fluctuation in egg maturity is more apparent in
Figure 24 where the mesn ova diameter of each monthly sample
is plotted. Because ripe ova are almost twice the size of
those awaiting maturation and also the number of rumning ripe
fish in a sample iz not truly indicative of the maturity of the
sample, Stage III eggs are excluded in the calculation of the

means.
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The curve shows that a definite spawning peak occurs in
August of both years tat in 1955 the ova achieve a comparable
size ps early as May. In both 1954 and 1955 the decline in
mean diemeter takes place in Beptember although at a more rapid
rate in the former year. As it can be assumed that samples of
{lounders whose eggs have a mean dlameter of 300 - .345 wm
are in a position to spawn the season may be said o last from
Mareh to September, slthough as the value for October 1955
indiecates, a fair proportion of fish may spawn during this month.

It iz unfortunate from the standpoint of checking the length

of one gpawning season ageinst snother that it was not possible
to commsnce the investigation befors June 1954. As only half
the season of that year was covered it cannct be proved that the
tendency of the 1955 curve to be bimodal is characterisiiec of
each year. The bimodality of the 1955 curve raises the strong
possibility that two spawning concentrations exist end which account
for the two classes of ova found in the mature ovary. It has
been shown that fellowing the extrusion of ripe eggs numerous
ova 390 - .4,95 mm remein which show no sign of breaking down
and which are destined 4o be relsased ripe at a later stage.
The theory that the first siage of spawning takes place about
Maxech followed by a second and final stage in the extrusion of
eggs in September as suggested by the curve must be considered
in the light of the pr@béble relationship of gpawning snd

temperature,
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In fishes the stimulus to spawn may be provided by a number
of factors other then temperature. For a number of freshwater
species the importance of such agents as the presence of certain
types of vegetation, the nature of the bottom and changing levels
of water has been shown by Fabricius (1950). However, as these
conditions in the habitat of the present species are relatively
astable compared with laken snd rivers subjected to a continental
climate and the eggs of flounders are pelagic, it is assumed
such influence would be extremely small, The importance of
temperature and length of day as controlling spewning of the

mimmow (Phoxinus laevizs) has been outlined by Pullough (1939),

vho found that whilst verdiations in light influenced gonad
development temperature was the more critical to the extent
that spawning could not take place until the {emperature of the
water had risen above 17°C. Furthermore, the change from
potential meturity to functional maturity wes induced by the
rise in temperature and it wé.s the rise itself and not the
hedght of temperature reached that wee congidersd the important
Pactor.

Fow the greenback flounder in common with most other
Heterosomate spawns during the winter months and conseguently
the development of ovarian ova can be correlated with falling
temperature. During the months of 1954-1955 in which spawning
tock place in Pittwater the temperature was lesa than 13°C, and

a general rise in temperature sbove this resding was concomitant
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with a decresse in mean ova diameter, resulting from the
cegsation of ova development. In fact, as Figure 2i shows,
the close inverse correlation between temperature and ova
dismeter during the whole period of the investigation is worthy
of attention.

Whether any significance can be attached to the close
agreement of the points at vwhich the two curves intersect
between October and November in both years is problematical
at it is clear that the relatively rapid rise in tempersiture
in 195k and the somewhst slower rise in 1985 is reflected in
the egg diameter curve.

If indeed egg developwent is induced by a fall in
temperature en earlier or sharper decline at the end of summer
would bring ebout a wore rapid maturing of ova than would a
slow or late fall which would have & direet influence on the
length of the spawning season. That the rate of fall in
sutmmn temperature is subject to variation in successive seasons
is indieated by a temperature curve of Pittwater for 1950 and
1954, (Bee Fig. 25) In 1950 the April temperature of
10 6°C wos 3.9° higher then in the same month of 1951, and did
not fall to below 11° until e month later. In 1955 an even
sharper fall cccurred and the temperature was such that it
permitted spawning to commence in April, Thas the 1955
spaming season may have been abnormally long snd the ccourrence

of large ova from April to June simply the direct result of
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sudden temperature drop and consequent esrly maturation of
ovae. The drop in mean value for July 1955 mey be due to a small
rise of one degree in May which had the effect of halting or
glowing down maturing procsss and for thisz reason a shadow of
doubt is throw op the interpretation of the two modss represent-
ing two spawning concentrations. Whethsr or not there is a
eritical tempersture that must be reached before the maturing
process commences, or that this iz induced by a fall in temperature
could be made conclusive by laboratory experiment only. DBut
there is a strong suggestion from the appearance of the curves
that temperature is an important factor in the development and
spavning of eggs in the species.

The implications ; of temperature effects open up the question
of the possibllity of varying lengths of each year's spawning
season, For instence the mean temperature @f Pittwater over
twelve months in 1954-1955 was 13.5°C and the months during
which the water remainod below this temperature extended from
April to October, a period of seven months. | For a corxresponding
period during 19501951 the water was colder than the mean of
13.2°C for only six months, and during the winter of 195C for
anly five months, Thus from these records alone the posSibility
of a varistion of +two months in the limits of any two spavning
seasons must be allowed if gonad development is induced primerily
by falling temperature as seems highly probable.

The present regulation which prohibits the taking of
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flounders from July 1 to Qoctober 4k, was designed to give
provection %o the fish during the spawning season. This aim
has been achieved as far as the spawning pesk in September is
concerned but in 1955, for instence, would have covered only
half the period in which the ovaries were in s high state of
maturdty and during which running ripe fish were encountered.
The position holding in 1954 is of course not clear as sanpling
4314 not begin wntil June but the similority between the
temperature curve for that year and that Tor 1951 suggests
that o seven months' period of weter tempersture below 13°C

with & correspondingly lengthened spavning is fairly common

Pitbmber. Thus if it were deemed necessary to protect the
flounder for the whole of the spawing season every yeaxr this
could only be ensured by a closure from April to October inclusive.
However, recommendations of this nature cen only be mads after
a thorough wnderstanding of the composition and condition of the
stocks has been reached. This involves intensive investigation
of catch and fishing effort based on reliable records over a
large mumber of years snd was therefore qulte beyond the scope
of this investigation.
¥X. IENGTH AND AGE AT FIRST MATURITY

The number of mature or nearly mature male fish teken in the
collections during the spawning season was small encugh to be
considered insdequate for purposes of determining ege at maturity

and the study was therefore confined to females. However, it
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wos observed that males 17 om in length frequently displayed
sipgns of meturity snd during the spawning season fish of 19 onm
and greater, possessed tesies in & ripe or approaching ripe
condition.

The length end age of female fish at maturity was obtained
from the study of the dlemeters of ova present in cach centimsitre
group of fish length from a ssmple of 862 flounders teken during
the spawning season of 1955, The lengths of the {lounders used
for this purpese varied from 12 to 36 am.

The presence of ova falling in the 0,350 = 0,800 mm diamster
range was used as the criterdon of maturity es it wes assumed
that fish with eggs developed to this extent would spewn in
the auwrent season. The consideration of ova greater than

0.350 mn was prompted by the doubt that eggs smaller than this

woald reach full maturity by the end of the sesson as evidenced
by the br@akfiﬂwn' and resorption of the 0.180 ~ 0,330 mm clsss
mentioned earlier in the paper. This group of eggs remaining
in adult fish following spawning is certainly resorbed as the
histograms of Figure 23 show, It is also evident that the eggs
of adolescent flounders may develop to the 0,330 mm stage a year
before spawning tekes place but axre resorbed without farther
development, This conditlon was illustrated by the increasing
percentage of this group of eggs found in fish from 17 to 20 em
without the single oecurrence of larger ova., In addition
frequent breskdown of these eggs was noticed in fish of this

glze renga,



- 68 =

The number of fish of sach length class examined together
with the percentage which had become mature iz presented in
Toble 15, These date are plotted in Figure 26, where the trend
iz indicated by an eye-drawn curve, The curve shows that the
greenback flounder begins to mature et 20 om with 60 per cent.
maturity reached at a length of 24 any,  That the percentage
mature values for lengths at which all fish are obviously fully
mature does not reach the 100 per cent. level iz due to the
spread of the spawning season over a considerghble period.
The@retie&liy if maturity were gsuged on the possession of
fully ripe egge the curve could be expected to reach 100 per
cent. only if all fish spawned simultaneously. Arora ('i95‘i)
in uging the diameters of largest ova present in the ovary %o
satablish the maturity of the 3@11& dsb confined hie chaservations
to one month during the height of the spawaing season and
attributed 100 per cent. maturity 0 all fish grester then
250 wm. In view of the proportien of spent fish containing
anly small ove that must have surely been present in the sample
at that time of the spawning pericd cne can only conclude that
a forthsr critericn of maturity was spplied althouph this i=
not staged. Spent flounders were readily recognizable from
the appesrence of the ovary and on this basis it was found that
all fish greater than 29 cn were invarisbly adult eitber in a
spawning or spent condition.

Howevar, using ove diameter alone it csn be stated that



TABIE 15

THE LENGTH FREQUENCY DISTRIBUTION OF MATURE FEMALE

FLOUNDERS., THE FIGURES IN THE RIGHT-HAND COLUMN
REPRESENT THE PERCENTAGE MATURE IN EACH CENTIMETRE
GROUP
FISH IBNGTH NO. EXAMINED PER CENT MATURE

(cm, groups)
16 6 -
17 3
18 9 -
19 17 -
20 62 7
21 121 12
22 154 21
25 107 ki
2k, 95 55
25 78 75
26 62 6l
27 37 67
28 30 80
29 26 61
30 72
b3 13 76
32 9 71
33 9 100
3 3 60
35 - -
36 1 100
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Pig. 26 The maturity of the female greenback flounder. The eye
drawn curve indicates the percentage of fish in each
centimetre group possessing ova within the 0.390-0.800 mm
size range. Ova in this group ere elither ripe or will
become so during the current spawning season.
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& mean value of approximately 75 per cent. of total mature fish
chserved at any one time possessing 0.350 - 0,800 mm eggs
indicates 100 per cent. maturity. Thie is to say at any one
time during the spewning season sbout one quarter of the mature
female population are spent fish,

Length at matority may be converted to age by reference to
the growth curve in Figure 15. The fange in total lengths of
fish arriving at maturity is seen to be from 20 - 27 an with the
nejority becoming mature at approximstely 24 em. This falls
largely in the third year of life although as Table 8 indicates
naturity mey be achieved by larger second year fish whilst a
small percentage probably do not become mature before entering
their fourth year. However, it may be safely sald that 70 per
cent, of flounders reach adulthood and have spawned at the
completion of the third year of life,

The present legal length of the greenmback flounder is 23 am
(9 ins.) which from Figure 26 protects approximately 40 per cent.
of the spawming population, Should additional conservational
neasures be deemed necessary further protection of immsture fish
could be brought about by raising the minimum length to 255 mm
(10 ins.). An increase of one inch would result in the

reduction in the percentage of immature fish likely to be taken

by more than 10 per cent.
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XIT. HANDEDNESS REVERSAL AND AMBICOLOURATICN

It is well known that during the metaworphosis of flatfishes
one of the eyes migrates to the sgide of the head upon which the
other eye is situsted. Whether it is the right or left eye that
takes pert in this transformation iz thought to be determined
genmetlically end usually within a specles it is the aye of the
same side that makes the migration. Hencs some agpeeies normelly
have their eyes on the right side snd are s2id to be dextral
wirilst others have them on the left side snd designated sinistral,
The word normally is used a3 in certain cosss some members of the
sgme species may be either dextral or sinistrel in verxying proportion
according to geographicsl location or other cavses although one
copdition generally predominates. Thazs apecies are regarded
a3 being elther normelly sinistral or neormelly dextral and any
right handed fish belonging to what is predominately a left handed
species and vice versa is ssid to be reversed and such ars termed
reversals.

Seme ides of the number of ainistral snd dexlrsal species
has been given by Cudger (1935) who estimated that of the
approximate 289 known speeies of Heterosomate 87 were normelly
dextral and 202 normally sinistral. TIn Aretic and cold water
gpecies dextrality tends to predominate in the ratio of 60 to L7
whereas in tropical and warm temperste gpecies the ratio is ”555
sinistral to 27 dextral.

The problemz associated with bandedness have bsen considered
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by many authors and have been conveniently suwmmarized by Hubbs and
Hubbs (1945)s  These authors conclude that all Plewronectidae
with the exception of two species of the gemis Platichthys and
possibly Rhombosolea were normally dextral snd any ccourrence
of sinistrality is =m0 rare as to appear teratological.  They
qualified this statement by remarking that ad@qu;a,te data on the
number of rights and lefts in the genus Rhombosoles were not
available.

Little more thsn casual observations heve been made cn
instances of reversal in this genus bui it appears from Hutton
(1876) that in R. plebeia such forms ave not wneomuon and

indeed gave yige to the description of Apsetts thomsoni by Kyle

(1900) which was subsequently regarded as merely a sinisiral
form of R. plebeia itself.

According to Nommesn (1926) there has been but a single
recorded instance of reversal in R, tapirina although Gudpger
(1935) drew attention to two reversals of the species reported
by Hutton (1874 and 1876) who in the latter paper reported
finding in a collection from Dunedin, New Zesland, as many lefts
ag rights but did not give the size of his collection.

The rarity of reversal in R, tapirine was also confirmed
by the author in the present investigation to the extent that
only one reversed greenback flounder was encountered throughout
the study in which over three thousand specimens were cobserved.
Furthermore, no fishewmen questioned, remembered having seen

such a fish,
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A further abmormality common to flatfishes is the condition
known as ambicolourstion. This phenomenon, characterized by
the fish possessing varying degrees of pigmentation on the
normslly unpipmented blind side, is well known in the turbot
and Buropesn dab and is often associated with the failure of the
appropriate eye to complete its migration, Usually correlated
with the arrested migration of the eye is the failure of the
dorsal fin to complete its development with the result that the
structure terminates in a fleshy hook-like process and is not
carried forward to the snout as in the normal fish. The
incidence of ambicolouration in Rhombosolea is thought to be
rare although Haast in 1873, discussing R. plebeia and leporina
quoted fishermen as saying that such examples were far from
uncommon.  The suthor was able to £find but & single record of
an amblcolourate greenback flounder, This fish was teken at
Coorong, South Australia, and forwarded to the British Museum
where it was described by Normen (1926), In consideration of
the apparent rerity of ambicolourate greenback flounders the
description of a specimen 221 mm long taken by the anthor in
1953 is given.

This specimen differs from the normal R. tepirins in the
formation of the head, the position of the left eye, the
possession of a left pelvic fin, and the extensive pigmentation
of the blind side. Certain peculiarities of the lateral line

in the region of the head are also evident,
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The {leshy hook formed by the incomplete development of

the dorsal surface is more pronounced than that of the smbi-
oolourate halibut described by Gudger and Firth (1935) and

the similar four spotted flounder (Parslichthys oblongstus)

by the seme suthors in 1936, In both of these cases, however,
the eyes are almost normal in position which may explain the
relative smallness of the hook, As can be seen in Figure 27
the extremits of the process in R. tapirine is level with the
snterior wargin of the left eye which iz situated almost on

top of the head being slightly towards the right side, The
prominent snout, typicael of the species, is lacking which gives
& pig-like expressien to the mouth region. Two equal pelvic
fing lie side hy side and avre joined posteriorly by & common
membrane but are unconnected with the anal,

Pigmentation and scsle formation on the blind zide isg
similar in intensity to that of the right side;, except for a
gmall part of the head which retnine the normal whiteneas of
the blind side. The extent of the unpigmented portion of the
head is shown by the unstippled area in Figure 28,

The srrangement of the anterior portion of the latersl line
differs markedly fron the normal fish, Instead of the line
branching slightly forwerd of the operculum with cne fork
gontiming on between the eyes and the other bearing away
towards the dprsal it bends almost at right angles towards the

dorsal before branching, after which both forks diverge in that



Fige 27 Dextral view of the ambicolourate specimen of
Rhombosoles tapirina.




Fig. 28 Sinistral view of the ambicolourate specimen of
Rhombosolea tapirina.
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direction at an sngle of about 30° %o each other.

Meristic and morphometric characteristics of the ambi-
colourate specimen are compared with those for the species in
Table 16.

All characters of the smbicolourale specimen are seen to
be commensurate with the nomnal flounder with the exception of
those pertaining to the head and eyss., The head length of the
former is properticnately shorter then is usual and alihough the
loss of ths smout would be contributory to this it does not
emtirely account for the difference. Thia appesys to be due
o a general compression of the anterder part of the hesd and
all relationships inecorporating the head lenpgith sre consequantly
affected,

The relatively wide interorbital space is of course due to
the syrested migration of ithe eoye.

The hindered development of the dorsal fin apparently does
not invarisbly lead to a reduction in the mwber of £in rays.
The specimen in question possesses 59 rays which comes well
within the renge for the species. Although the specific range
for the species is given as 56-69 the mesn number of dorgal rays
for the population to whi@h the ambicolowrate exsople belongs
is 61 so that it is highly probable if reduction in fin rays is
associated with the condition it is only slight.

From time to time speculation has arisen regarding the

swirmming and feeding habits of smbloolourate flatfish. It



TABLE 16

MORPHOMBTRICS OF THE AMBICOLOURATE SPECIMEN OF
R. TAPTRINA COMPARED WITH THE RANGE IN CHARACTERS
OF NORMAL SPECIMENS. (& = sinistral; 4 = dextral)

CHARACTER ANBICOLOURATE RANGE IN SPECIES
SPECIMEN
Body depth in length | 2.0 1e7 = 241
Head length in total length 3.9 3.1 = 3.7
Iower jew in head 209 3.0 = 3.7
Bye diam, in head bLelp he8 = 6,0
Orbital width in eye diam. 2.4 heQ = 5,0
Number of dorsal fin-rays 59 56 « 69
u " anal " L2 LO - 50
" * caudal # 18 16 = 24
t % palvie (s)¥ 6 absent
" " " (ayw 6 )
"o pegt, (8)" 11 40 - 13
# " " (a)" 14 10 - 13
Total length 224 mm
Standard length 181 mm
Depth of body | 110 mm

Sax Pemale
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has been sugpested that markedly ambicolourate forms with a
high placed eye may swim in the verticsl plane as is normal
with other fish and in Heterosomata prior to metamorphosis.
In view of this it may be well o record that the specimen
desaribed above was taken by spesr whilst swimming in the
horizontal position nommally asssumed by flatfishes.
XIIT. PARASITES

The greenbeck flounder was found to be fairly free of both
endo- and ecto- parasites. A small percentage of livers were
infested by encysted nematodes and lervel acenthocephalids
cecasionally occurrad: in the gat wall,

The only ectoparasite encountered was a previcusly un-

described pisciecolid leech belonging to the genus Ausirobdells

which has been named Austrobdells bilobais by Ingram (1957).

Approximately 12 per cent. of the flounder population was
found to cexrry at lesst one leech slthough az many as seven
were found on the one fish. Leeches were found throughout
the yesr, there being no indication of seasonal fluctuation in
infestation.

From o collection of 296 greenback flounders from Pittwater
51 leeches were counted and the mawbsr of specimens per fish is
given in Table 17.

With one exception all leeches were found atiached to the
righ’t gide of the body in the regiocn of the mouth and gills

vhere they produced ulcerated patches and extensive scars. The



TABLE 17

THE INFESTATION COF GREENBACK FLOUNDERS BY
AUSTROBDELLA BILOBATA

Number of Fish Bxsmined Number of lLeeches Present
261 O
25 1
8
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single individuel cbserved on the left side was thought to be
a recent infection which was probably meking its wey to the
normal peéi‘timn on the right or uppermost side. In no instences
were leseches found on the fins.
XIV.  RACIATION

Attention has already been drevn to differences in weight/
length ratio snd termination of spawning season found to coour
in the samples of greenback flounders from Pitiwater and Port
Sorell, Now it is proposed to congider further veriations found
in certain meristic characters and use them to prove the existence
of two distinet populations with a limited east-west geographical
diztribution. It will also be sulmitted that there is justifiable
evidence that the two populations constitute sub-species on the
grounds of significant meristic and geographical distinetivensss,

Differences spparent in the mesn number md rsmge of dorsal
and znal Tinreys of Plttwater and Port Sorell flownders first
sroused the suspicion that some signifiecsnt degres of variation
might occur within the species, Accordingly efforts were made
to collect ssmples from as weny places as possible with a view
to applying statistical tesis to eny verintions in meristic or
morphometrical characters so found. However, it proved very
Wl ficult o meke larpge oollections in many plac@g dus both o
the expense and time involved in fishing for a species
characterized by great {luctuations in aveilsbility, Furthermore,
the locslities in which they are teken commerecially ave relatively

Fevw, Thus the deata were Limited to collesetions of aboubt a hmdred
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fish from Pittwater, Port Arthur, St. Helens and Port Sorell
with emaller samples from Stenley, Port Welshpool and Macquarie
Harbowr. The location of these points of collection are shown
in the chart in Figure 1. A considersble number of morpho-
metric meassurements was made which gave random results only
and the study of wvariation was therefore limited to dorsal and
anal finreys, glllrakers and vertebrae all of which showed
conparsble agreement in the separation of the twe populations,

The data sre summerized in Pigure 29 after the mamer of
Hubbs and Perlmutiter (1942) in which the significance of the
differences between the means may be visually estimated.

In the figure the means are represented by the vertical
lines, the horizontal lines indicete the range, the heavy
rortion of the horizontal one standsard deviation on each side
of the mesn and the hollow rectangle twice the standavd ervor
of the mean on each side of the msan.

It is readily seen thet the ssmples from Pittwater, Poert
Arthur and St, Helens fall into a group whilst the remaining
ones, Poxt Sorell, Stanley, Port Welshpool end Macquarie Harbour
constitute another with a ﬁmrlced uniformity of samples within
the groups.

Reference to Figure 30 will show that these two groups
lie in two geographically distinet areas east and west of the
147 th meridian. Later the sepsration of these two p@pulafions

will be Adiscussed in some detadl ut 1t is necessary to glve
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them descriptive namnes at this stage to facilitate reference
to tables. Thus the terms Bastern population (B) and Western
population (W) will be used in the following sectionz to
distinguiah the two groups.
(a) Test of Significence

The degree of apparent wniformity of cheracters within
each populetion indicated in Pigure 29 along with the relation-
ship of sesmples with all others waé tested statisticelly by
the use of a variation of the well known "&" tests The process
propounded by Simpson snd Roe (1939) tests the significance of
the difference between two semples In terms of the stendard
error of difference between thely mesns. The standsrd error
of difference betwsen the mesns of the two samples is expressed
by 4/ sigmay where d equals the difference between the two
means and sigmag is the egtimate of the standard error of
difference betwesen them, The last mentioned velus may be

calaulated from several expressions the wost comonly used being

2

sigmay = siw;; + ai%
where signeyq and sigmeys are the standard errors of the means
of the two populations being considersds However, the authors
elaim that the sbove formmla is correetly used enly when it is
required to see whether two separate species differ significantly
in the mean for some variate., In order to adeguately test
whether two samples could be drawn from the one population the

formila
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N{ sigma 4 N2 sﬁ.gmag

sigmag = N2 M1 i M2
should be used. N end N2 are the number of specimens in the
two samples. As a large number of caloulations in the
comparison of the different samples had been made using the
firat fomuls before the author was aware of the exiatence of
the second both were applied to several selectsd pairs of samples
end in no cese did the difference in the final values of §/sigmay
worrant the application of the more lengthy expression. This
wos the ecose even when N was up o aix times as great as N2,

The criteria of significance usging the d/sigmay test is as
followss

3/ migme.y 3.0  almoot alweys significant
" 2.5  usually significent
" 2,0 sometimes significent
# 2,0 not significent

These criteria are obteined from the transference of crdtaris
of significence of P (probebility) inte corresponding values of
da/sigmag.

ALl semples in the comparison calaulations were regavded as
statistically Ylarge". Although the specimens collscted from
Stanley numbered only 11 it was found that this sample could be
safely tested using the sams formula as for the other samples.

Velues of ﬁ/ai@n&a obtained in the comperiscn of each of

the six samples with the rewsining five are listed in Teble 18,



EXPRESSED BY THE 4/¢'d TEST OF SIGNIFICANCE.

TABLE 18

THE COMPARISON OF SAMPIES FROM EACH LOCALITY WITH THOSE FROM AIL OTHER AREAS AS

(S.= significent,NS.= not significant)

E = sastern subspecies
W = western subspecies
D. = dorsal rays
A. = ansl rays
G.Re = gill rakers
V. = vertebrae
 CHARACTER =~ PCRT ARTHUR (E) PITTWATER (B} PCRT WELSHEPOCL (W) ST, EEIENS (E)  STANIEY (W)
k D. 10,920 - 13.580 0.401 12,640 - 0.306
Pt. Sorell (W) L. 10.950 (8) - 14.18C (8) 0.609 (N.S.) 13.480 (8)  0.651 (N.8.)
G.R. 25.800 - 8.630 2.160 10,110 0,000
V. S. 361 9. 365 0.272 8. 360 - 0.630
D. 6.081 (&) - 7.386 @) 0.536 ( ) L. 645 )
+ - A. 6.122 (8 - 7.598 (8 C.6L9 (W.S. 7.478 (S
Stanley (W) G.R. 8.507 4230 1.291 5,060
V. 5.845 5.793 0.325 6.250
Do 1 5858 0.582 8951@
Ao 1.980 (N.S. . 0,056 (N.S. .890 (8
St. Helens (8) G.E. 63;?@ (.5.) ; 15629 (1-5-) 5 gJ%? )
7. 0.832 0.59% 6.738
D. 7.278 (&) i 8.750 (s)
P+, Wel 1 (W A, 8.330 (8 - 10.360 (8
slshpeo ()a G.R. 10.250 L.160
v. 8. 340 6.250
D. 2,300
Pittwater (E) 4. 2,630 (W.S.)
GeRe 7940
Y. C.199
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Where samples from within one populstion have been compared with
those from the other it will be noticed that for all chavscters exsmined
the d/signaﬂ relationship is strongly significant with values lying
between 1,160 snd 25,800, On the other hend where samples have
been compared with others belonging to the same population; net
slgnificant values result for all characters with the sxeeption
that comparisons involving Port Arthur spproack the level of
significance with regard to finreys. For gill-rakers the rosulis
sre etrongly sipnificant. However, this doas not justify the
suspicion that a third population may be pressut becauss the
difference in the means of the finrays spproach significence with
respect 1 Port Arthur snd Pittwater only and in sany case it is
slight oompared with the differences betwsen the means of the two
populations. Some fachors contributing to quantitative differencss
in meristic characters of fishes snd the possibility of their
operative effect on greenbadk flounders will be discussed later
when the subject of population boundaries and the cast-west
separation of the two groups will be considered.

It iz therefore clear that flouwnders from the eix localities
may be Aivided into two well defined groups and in order to
calaulate the parameters of each group the date from Pittwater,

Port Arthur, and S5t. Helens were combined and likewise those for
Port Sorell, Stanely, snd Port Welshpool, The resulting frequency
distributions are shown in Figure 31 and relevant statistiecs in

Table 19. The separation is most merked in the case of the finrays
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Frequency distribution curves of four meristic characters
of fleounders from the eastern and western subspeciss.

The data from Port Arthur, Pittwster;, end 5t. Helens, is
summed in the eastern curve and that from Port Welshpeol,
Port Sorell, and Stanley, similarly trestsd in the western
curve, Statistics are given in Table 19, and the results
of the testa of significance in Table 20,



STATISTICS OF THE SUMMED MERTISTIC DATA FROM SAMPLES

TADIE 19

WITHIN EACH SUBSPECIFIC AREA

CHARACTER RANGE AH, S.D. S.E. n
3 Dorsel Rays 6069 64.207 2 4.775 + 0,147k 115
[ 4] H
& g Anal Rays 42-50 £5.836 | * 1.4 + 0.1193 146
[ - :
3 9 Gi1l Rekers 11-47 13.903 % 1.063 + 0.0886 154

=
g § Vertstrae 31=33 32.373 £ 0.563 + 0,033 169
4; 13
o
=
3 Dorsel Rays 57-66 - 61.033 & 2.017 + 0.1055 365
Q@ : :
& 5 Anal Rays 3-8 43.126 £ 1.426 + 0.0746 365
S X s
CR Gill Rakers 12-19  45.425 4+ 1,222 + 0.0640 565
g B
g & Vertebrae 30-3 3.6 £ 0.556 + 0.0295 356
2 |

é;
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and o a lesser degres for gill-rakers and vertebras, but as
Takle 20 indicates the differences are all highly significant
with d/sigmag verying from spprosimately 13 to 17.

In‘additi@n to ths six samples mentioned dorsal and ansl
ray counts were avallable from a sample of 25 specimens from
Macquarie Herbour on the west cosst of Tasmanis. As data on
gill-rekers and vertebrae were not teken from these specimens
the vesulis were not incorporated in the calenlations in which
each sample was compared with all others in turn but wes gimply
tegted against the parameters for the twe populations.  There
is no doubt that Macquarie Harbour flounders belong to the
Western population as is cleer from Table 21. The d/signag
values 1,176 and 1.007 for dorsal snd snal rays respectively
when compared with the Western population indicate that the
sample could have been drawn from any of the other samples in
this populaticne On the other hand when compared with the means
of the Fastern population d/sigmad values of 5.961 and 6.082 for
the same charscters are significent and the cheances that the
gamples could have been drawn from a homogeneous population are
extremely small.

(b) Status of the Populations

Onee it has been eslablished that a speciss hog within i%
two or more digtinctly recognizeble populations their renk should
be deoided and if necessary subspecific nsmes allotted. The

question of the constitution of suitable subspecifie, racial and



TABLE 20

RESULTS OF TESTING THE SIGNIFICANT DIFFERENCE OF MERISTIC
CHARACTERS BETWEEN THE TWO SUBSPECIES. (8. = significent)

CHARACTER d/sigmag
Dorsals 17.510 8
Anals 19,265 S
Gill Rokers 13.920 8
Vertebrae 13.132 S




TABIE 21

THE COMPARTSON CF THE MBEAN DCRSAL AND ANAL FIN-RAY
COUNTS OF THE MACGUARTE HARBOUR S4MPIE WITH THE MEANS
(I THE BEASTERN AND WESTERN SUBSPECIES.

(8. = significont; We8. = not significent)

EASTERN  WESTEEN
SUB-SPECIES SUB-SPECIES
a/cd A/
Macquarie Harbour:
Dorsals 5,961 (8) 1.176 (N.S.)
Anals , 6.082 (8) 1,007 (N.8.)
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varietal criteris is controversial and is the subject of an
extensive literature. However, a practical delinition wae
advanced by Ginsburg in 1938 which has wuch to commend it and
seems particularly applicable to the fishes where speciation
is based on quantitative characters such as finreys, vertebrae,
ete.

Briefly Ginsburg's method involves the measure of the
degree of intergradation of the degree of divergence of ons or
more specific charecters between twn related populations and
uging these messures in an arithmetical definition of the
relationship of the populations., Other things being equal a
given population is considered a race with respect to another
closely related population when the average intergradation of
the character showing the greatest divergence is between 30 per
cente and L0 per cent; a subspecies constitutes a population
intergrading between 15 per cent. and 25 per cent; it is consider-
ed to be a full species when the degwee of intergredation is not
more than 10 per cent, The measure of divergence is arrived at
by subtracting the meas;u:a*e of intergradation from 100 per cents
hence the divergence betwsen races is 75 per cent. to 85 per cent.
betwsen subspecies 60 per cent. to 70 per cent. and full spscies
diverge to extent of 90 per cent. or morve,

The measure of intergradation is equal to the area enclosed
by the two overlapping histogrsms repfesant:‘mg the two popula-

tions constructed on a percentages basis expressed as a perceniage
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of the sum of their totsl areas., The dividing line that forms
the basis of the determination of the measure of intergradation
is taken as the peeition of intersection of the two polygons.
In Pigure 31, for instance, the intersection of the dorssl-ray
polygons lies between 62 and 63 rvays and by arranging the
frequencies as percentages (Table 22) the percentage inter-
gradation of one population with the other can be calculated.
The mesn of these dwo percentages is the measure of interpgradation.

The percentage meazure of intergradstion for all characters

investigated for Rbhomboscolea tapirine is given with the percentage

divergencs in Teble 23,

The spplication of Ginsburg's criteria to this species
shows that the percentage divergence for both dorsal snd anal
rays sre well within subspecific limits snd for gill reakers and
vertebrae it closely spproaches the lower I1dmit, Whilst a
definition of the renk of tw populations within s spescies based
on quantitative characters is perheps the most desirabls it
cammot be regarded as comprehensive as the observed differences
may be due to inadequate semplinge It is well known that ths
environmenial factors of temperature and selinity play an
importent role in the numerical determination of meristic
characters and the examination of smell semples from hebitats
within the population ares with a great variation in these
factors may result in the acoumulation of spurious dates

Furthermore, gradusl changes in envirenment producs character-



TABIE 22

THE PERCENTAGE FREQUENCY DISTRIBUTICN OF DORSAL AND ANAL RAYS GILL RAKERS
AND VERTEERAE IN FLOUNDERS EEIONGING TO THE EASTERN AND WESTERN SUBSPECIES

RUMBER F DORSAL RAYS

SUBSPECIES - 57 58 59 &0 61 &2 £3 6l £5 56 &7 68 69

Eastern 3.0 8.5 42,3 47.8  16.h  1%.2 9.3 9.0 3.6 0.8 )
} % No. of fish
2.1}

Western (b) 0.7 kel 1.7 19.3 23k 20.0 9.7 6.8 2.1

NUMBER CF ANAL RAYS
39 I L1 42 43 Lh LD 56 i 48 L3 0

HRastern G5 201 S0 22.2 Z7.4 20.8 11.2 .9 Q.3 0.8
% Ho. of fish

R S

Western 99? l}.sa 996 289‘5 2583 @895 1190 007 192@-

NUMBER (OF GILL RAKERS
i1 12 13 14, 15 16 17 18 12

Eastern | 1.5 5.5 45.3  32.1  26.3 13,2 LS itk )
, } % No. of fish
Western (B) ©.7 6.9 28.5 36.1 22,2 k.7 fok )

30 54 32 33

Bestsm 0.2 34.8 80.4 55
, ) % No. of fish
Western 5.1 53.8 }2.0 )




TABIE 23

IRTERGRADATICN OF THE EZASTERN AND WESTERN SUB-SFECIES
WITH RESPECT TO FOUR MERISTIIC CHARACTERS

% INTERGRADATION CF | % INTERGRADATICN (F

J

CHARMCTER | EySTERN WITH WESTHRN ~WESTERN WITH EASTERN Iﬁ?ﬁgggigiiiom . DIVERGENGE
Dorsal Rays 22.7 1£€.5 19.6 80,4
fnsl Rays 17.2 | 15,1 16,2 83.8
Gill Rakers 22,2 28.3 25.3 4.7
Vertebtrae | k.5 58.9 3.7 68,3
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gradionts or clines which, as Huxley (1939) peints out, whem
exte_.ncl:mg through the area of one or more populations or sub-
species may be morked by a very gradual slope within the sub-
species area but steep soress the interbreeding zones, The
demarcation of interbreeding sones or population boundsyies and
the understanding of conditions contributing to their formation
and maintensnce must be ascertained befors the true relationship
between the populations cen be fully understood. The imporitancs
of geoprepbleal distribution in the problem of specistion was
also emphasized by Huxley (1939) in his statement " ..., a sube
species is a natural or real taxonomic unit in the sense that it
is a gself-reproducing group with a characteristic geegrephieal
distribution distinguished from other similer groups by messurable
character differences which can be determined on sny ressconably
psized series®.

However, the nunber of specimens examined and the wniformity
of gemples within the two populations of Re tapirvins removes
without reagonsble doubt the question of sempling error and
therefore the subspecific separation of the two populations ig
justified in sc much as 1t fulfils the requirements of Huxley's
( ‘3939) statement with regerd to meristic characters, The
ensuing section will show that the geographbicel distribution of
the two populaticns is also in agreement with his concept of
subspeciation,

(¢) Intra-specific Variation

Intra-gspecific variation of merdstic characters in fishes
iy
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was first recorded by Gill (1863) who found, smongst certain
labroid fishes of the western coast of North America, the
tendency of a cold water envirvomment to bring sbout the laying
down of more vertebrae than occurred in fishes inhabiting waimer
waters. However, Cox (1903) discovered that three species of

flatfishes (Pleuronectes americenus Walbaum, Limande ferrugines

Storer and Pleuronectes glauvber Gill) from northern New Brunswick

on the Atlentic seaboard hed reduced finrsy counts compared with
specimens from more southern habitals. In his paper Cox did not
agsume this to be normal for the species he dealt with ut drew
attention to the greater range in temperature occurring in New
Brunswick weters than much farther south as a probable explanation
of snomelous variation. Confirmation of this effect was pro-
vided by T8ning (1951) who subjected developing eggs of Salmo
trutta to verious temperatures and was able to demonstrate that
the highest number of rays were laid down at intermediate
temperatures whilst at extremely high or low temperatures a
fewer number of ssgments resulted. Cox had put forwsrd the
idea that the very young larval fish is plastic enough to be
modified by chenges of the environment and Tning found that
although this is true the nunber of segnents were actually
determined shortly before the "eyed egg" stage is reached.

A study of the variation in finrays and vertebrae of the

starry flounder (Platichthys stellatus) from three pointa on the

western North American coast from Alaska to Puget Sound was
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undertalken by Townsend in 1937 who recorded differences in the
means of these characters between the three places. A further
study of the same species carried out by Orcutt (1950) was
extended to Monterey Bay, Colifornia, where fish showed no
significant difference from Puget Scound specimens. However,
when Californian fish were compared with those from Alaska a
value approaching significance was noted. The starry flounder
belongs to the family Pleuronectidee and possesses approximstely
the same number of finvays and vertsbras as the greenback
flounder. Tt is interesting therefore to compare the meristic
counts of the two gpecies with respect to their latitudinal
renge and the corresponding sea temperature differences during
the winter months when development tekes place. This is
presented in Table 2.

Although any two samples within each sub-species could
have been used in the comparison in the teble, $t. Helens and
Port Sorell have been selected as records of seasonal veriation
of temperature was available for them and in this aspect the
enviromments may be regavded as similar,

In the absence of experimental evidence on the behaviour
of the developing enbryo of Re tapirina under extremes of
temperature and salinity the suggestion that observed differencas
in meristic characters are not the result of phenotypical
influences cammot be fully substantiated. But assuming the

variation found in P. stellstus is fairly representative of




T4BLE 23

THE DIFFERENCE IN MEAN NUMBER OF DORSAL RAYS, ANAL RAYS; AND VERTEBRAE (¥ STARRY
AND GREENBACK FLOUNDERS SHOWING GECGRAPHICAL SEPARATION INVOLVED

- IATITUDINAL = DIFFERENCE IN DIFFERENCE IN MEAN NO. &F = K.
SFECIES LOGALITIES CQMPARED SEPARATION  WINIER TEMP, | DORSAIS  ANAIS =~ VERT, EXAMINED

Starry Flounder Puget Sound - Alaska 1,000 miles e 2.08 O34 €.05 313
Greenback Flounder = St, Helens - Port Screll Sl 1° c 3.38  2.69  0.72 | 221

Greenback Flounder St, Helens - Pitiwater iop 3* ¢ 0.07  0.43  0.07 2
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the extent which the formation of the nuiber of segments is
controlled by temperstuvre it appears very doubtful whether the
differences between the eastern and western sub-species of
R._tapirins could be attributed to 1t alone. The disparity
in mean temperaturs between the most northerly snd southerly
area sanples is not geeater than 3°C and the actual monthly
fluctuation over a period of 21 months for three representative
sawpling localities is vevesled by Figure 25. Port Sorell and
8%, Helens closgely agreed in both the exireme range snd ssasonal
change of water temperature during at least two winters and
presuming that the normal spawning sesscns of both populations
are comparable all iweloping enbryvos would be subjected to
somewhat similay conditions ilrrespective of their location.

The inverse correlation between temperature and spawning
hos been mentioned previously snd in the section on weight/
length attention has been drawn to the more abrupt termination
of the spawning season at Port Sorell in August 1955 which was
two months earlier than in Pittwater. It should be remembersd
that o three months' observation of gonads in 2 single year does
not Justify the conclusion that the Port SBorell spawming sessmm
Aiffers from Pittwater as in the particular period when the deta
were collected (July to September) the possibility of abnoxmal
conditions of flooding from an early thaw and its effect on
spawing flounders cannct be overlooked, However, if the

gpawning sesson in Port Serell is normally conourrent with that
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in Pittwater the case for sub-specifiec separstion is strenpthened
and the considerstion of differences in finrsy counts ete. belng
a result of wmequal tempersture during development becomes
secondary,

Further evidence contrary toc the possibility of tenmperature-
induced meristic varistions is provid@& by the abaence of a
definite graﬁient‘fram south to north and the wnsual faet that
the fish from habitats bordering Bess Sitraitl which have a warmer
environment possess more sogments than those from the southern
portion of Tasmenia for instance, where the winters are
comsiderably colder. If the effect of great temperature renge
noted by Cox (1903) in Miremichi Bay and Bay des Chaleurs were
1o be involved amongst eny of the areas under consgideration
Pittwater should show it because of its somewhat greater range
of temperature. Bult ag Table 23 indicates although there iz a
greater difference between St. Helens and Pittwater in distonce
and temperature than there 1ls between St. Helens and Port Screll
the meristic divergence 1is much greater between the two latter
localities, The difference between these two places which ig
greater than the divergence of the most widely geographically
geparated samples from Port Arthur and Port Welshpool draws
attention to the longiitudinsl naturs of the division belwean
the two populations. This dn twm leads to the consideration
of poasivle genctypical Tectors which may be responsible for

the exdsting varistion.
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(4) Ceogrephical Isclation of the
two Sub-species

It is now gensrslly accepted by conpetent evoluiionlots
(Carter 1951, Huxley 1940 and Mayr 1942) that infra-specific
variation is the product of the isclation of twoe or more paris
of a monotypic species, Although four types of isclation are
recognized, namely geographicsl, scolegicsl, biolegicel and genstic,
the first of these almost always coours in assocdation with the
remaining three, Huxley (1942) points out that it is impossible
for this resson 4o separate them into mwituelly exclusive
categories so that when any one of these four terms arve employed
to desoribe an isclation the one used muet be the primsry
iselating mechenism,

Thus in the cese of the greenback flounder for which it was
not possible to underiake a study of the scological and genetic
factors affecting the two pepulations it is proposed o consider
geographical isolation as the primary isclating principle snd
regard the remsining factors a3 econssquent to it.

Refervence to the chart im Figure 30 shows the dislribution
of the twe sub-species to lle on elther side of & line approximately
147°8, At present no aspparent geographical barrier exists between
the two axeas sepsrated by this line which would prevent the free
mt@rglm,ge of flounders except on the most southern portion of the
Tesmenien coast. There it could be expected that the replscement

of shallow sandy beschss by a scmewhat rugged cosstline with fairly
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deep water close inshore would discourage eny tendency of the
species to venture inte these waters, This waz borne ocut by
the observed dearth of the speecies in Port Davey in the southwest
corner of the island,

Attention should then be turned to the northern Loundaxry
of ench sub-speciss which must lie zomevhers betwsen St. Helens
and Port Sorell, Notwithstanding the absence of a present-day
physicsel barrier between these two places today there is abundant
svidence that such 414 exist wntil fairly recently in geclogic
time. To undersitand the implications of such a statement it is
neceszary to consider the geologieal evidence available on the
history of Dass Strait snd its spplication to the fi&h population
during the latter part of the Cenozoic sra. The most compreshensive
account of the geclogical evolulion of the Australian continent
available appesrs to be that of David (1932) eand this work will
be used in the spplication of geological espects to the folleowing
discussion.

During the Dligocene period the grester part of the scouthern
portion of scuthern Australis was submerged and remsined se until
the late Plioceene. 4= comparatively modern forms of heterosomata
are known to have emsted in the Middle Hocene of Egypt (Woodward
1910) and the Miccene of Celifornis (Jordan and Gilbert 1919)
it iz reasonable to suppose that an ancestral form of the penus
Rhombosolea was present in southern Australian seas during that

period, In the paper referred to Jordan end Gilbert draw
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attention to the siwilarity of the characteristic fish fauma
of Miocene California and the present-day forms found there.
With the comencement of the Pleistocene Period and its
accompanying ice ages the sea level of most parts of the
world including the Australian region was lowered considersbly
and frem one half to one~third of Tasmania became covered by
a thick mantle of ice. If, as David (1932) has suggested,
the sea level during the Pleistocene was no less then 200 feet
lower than it is at present the approximate area enclosed by
the 40 Cathom econtour line in Figure 30 would have been sbove
sea level, thus effectively separating the watsrs of western
Bagss Strait from the Tasmen 3es., The 30 and 40 fathom conbour
lines in the figure which show well the pattern of the
connexion of the two land masses were obtained from depths
given on the current Adwiralty chart of the ares.

Thus the flatfish population could have become divided
by the formetion of the so-ecalled Pass Land Bridge and
the differentiation of the chsryacters of each population
initiated. It is conceivable that during the peried of
isolation, which later will be shown to have persisted until
the Late Pleistocene, the environments of the eastern and
western sides of the Bass Bridges differed considerably for
the following reasons. Firstly geologiecal evidence shows
that the Pleistocene ice capping and subsequent glaciation of
Tasmanisa was confined to from one~third to cne-half the total area

of the island, mainly on the north-wesiern and western portion.
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It has been estimated that ice from 1,000 to 1,500 feet in
thickness covered the Mecquarie Harbour region which descendsd
almost if not actually to sea level. With the sea level
lowered as shown in the chart Bass Strait would have talken
the shape of a8 large bay or gulf into which poured the cold
glacier«fed rivers of the north coast with the result that

st the temperature and salinity of the ssa would have bsen
lowered. The wastern population would therefore be subjected
W an environment greatly changed from that which existed prior
to isolation,

Becondly, the ecastern seabosrd with the land relatively
free of ice and glaciaiion wes probably under the influsnce of
& waym northern current from the tropieal regions., During
this period the southern part of the Australisn continent
itsell was ioe~-free spart from a culotte on the Kosciuske
Platean which did not come down below 5,000 feet above sesn
level, so that its influence cn the sea of the eastern
continental coast would have been small. It is thought that
the greater part of the run-off from the Koseciusko Plateau
flowed west into the Murrey besin tc be discharged into the
eastern end of the Great Australian Bight. If the warm current
flowed south along the east coast as it does at the present
time, and the lack of ice on the east Tasmanian coast appesrs
to suggest this, the enviromment of the sastern popuwlation of

fishes could be expescted to be markedly different in beth
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temperature and salinity from that of the western population.
Today the southerly limit of the Coral Bes current from October
to April is thought o be affected by the flow through Bass
Strait of the South-West Tasman wabter mass (Rochf@rd ﬂ957) ut
with the Strait closed this warm curvent could he expected to
extend much further south along the east coast of Tesmania.
Rochford (personsl commmication) considers thet a lowering of
sen level Yo the extent described would still have permitted
uninterrupted flow of tropical water from the Coral Sea.

It would be expected that the two isolated populations of
the species living in these hypothetically different snvironments
would underge differentiation. Carter (1951) is of +the opinion
that differentiation of this type is slow, even to the sub-
specific stage talding wany thousands of years, and it will now
be shown that in this case an interval of not less than about
800,000 years elapsed between the time of isclation and the
removal of the barrier separating the populations,

The final drowning of the Bass Bridge is thought Yo have
been concurrent with the end of the Pleistocene Period and the
rise in sea level following the melting of the great ice caps.
It was certainly after the arrival of the Tesmanisn sborigines
who possessed no sea-going cralt but before the coming of the
Australisns and the dingo judging by the complete absence of
fossil evidence of the latter in Tasmania. A= the antiguity

of the aboriginal in Tasmenis indicated by the presence of bones
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and artefacts in glacial deposits is set between 20,000 and

100,000 years ago it may be teken that Bass Strailt assumed its

%

present form about this time.

The majority of workers in the evolubionary field sgree
that differentiation will always occur between populations that
are sufficiently isolated and much of it will be adaptive to
conditions of the habitat. This iz followed by the formation
of a polytypic species through a procsss of microevolution the
greater part of which is caused by micromutation. With regard
to the significence of microevolution in pf@blems characteristic
of the present one in R, tapirina, Dobzhansky (1937) points out
that quantitative infraspecific d:‘a,ﬁ;’famnc% are charscteristics
of micro-mitation. The supposed differing envivowmnent of the
two populations referred to earlier in which the western group
would have been subjected to colder temperaiures and lower
salinity than the esstern group may have caused merigstic character
differentiation to follow the patiern observed in natural
populations of flatfish whereby colder waters of low salinity
favour increased segmentation then do warmer waters of highexr
salinity, XIf this was so and through a process of micro-mutation
the number of segmenis in the populstions became genetically
controlled the higher mean meristic counts of flounders which
at present live in the warmer environment may be accounted for.
That is that genetic differences evolved during the period of

cisolation persist even although the barrier no longer exists.
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Mayr {1942} suggested thet once o species haz become
polytypic due o the action of geographicel barriers two
alternate processes may Lollow. (1) Greater differentiation
follows and isolating mechanisms bring sbout a new species
that does not interbreed with the parent species.

(ii) The removal of the barrier permits interbreeding
end the formaetion of bybrids betwsen the two populstions,

Tt ie thought that (ii) possibly describes the present condition

S

of the twe flowder populations because the differences found
between them are not of a specific degree and nothing is lmown
of the extent to which hybridization ccours. Of course, the

view that the sub-gpecies are still in process of differentis-

tion and will eventually become full spescies might be supported
by the absence of clines and the strongly significent difference

between the means of Port Sorell and 5t, Helens. During the
investigation the author was awere of the importance of examining
specimens from the boundary asrea around Plinders I. to find
evidence of population interchange but was wnable to mske any
collections, This was due primerily to uwnsuceesaful fishing
which may indicate that the species, with its naturel tendency
towards yemaining in the estuary of birth as demonstrated by
tegging returng, has not yet become fully esteblished in the
regions where the barrier once existed,
The hypothesis thus far edvanced may be briefly summarized

as follows.

Due to the lowering of the sea level during early Pleistocsne
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a single species of Rhombosolea beceme isolated into two parts
by the Bass Land Bridge. The two populations thus formed
remained isolated for about 800,000 years during which time
there took place a differentiation of meristic characters
selected by differences in envivomment with regerd to temperaturs
and salinity., The isolating barrier was removed by a rise in
sesa level about 20,000 to 100,000 years age but due to the
differentiation becoming genotypic through a process of micro-
evolution guentitative dif'ferences in meristic counte persist
to the present day.

The subspecific name tasmani is proposed for the Bastern

subspecies and for the Western subspecies R. tapirina tepirinsa.

The writer presents the hypothesis aware that much more
light could be thrown on the problem by more extensive sampling
particularly in the houndery areas as well as in the South
Island of New Zealand where the apecies also eccurs but where

it bas not been possible to make collections.
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¥V,  SUBMMARY

ekt

The distribution and habits of the greemback flounder

(Rhombosolea tepirina Gunther) are recorded with reference

to the commercial fishery in Victoria and Tasmania.
Bome of the more Pfundamental aspects of the biology of the
species are presented with particular reference to growth,

maturity and speciation. The sssessment of growth and age hy
otolith interpretation is compared with relevant data frcmi
length measurements and merking experiments. Age at maturity
and seasonal spawning cyole is related 0o messurement of
ovarian Ova.

The variation in the number of finrays, gill-rakers, and
vertebrae is used to separete the gresnback flounder stocks of
southern Australis into two populations for which subspecific
rank is propesed.

Posgible factors contributing to the existence aof the
two subspecies are examined and a theory contingent on past

geological history of the Dass Biraitl area iz presented.
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