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ABSTRACT
Otoliths
juveniles of
whiting,
Otoliths were examined
examined from
from late-stage
late-stage larvae
larvae and
and juveniles
of King
King George
George whiting,
Sillaginodes punctata,
punctata, collected
Sillaginodes
collected from
from Swan
Swan Bay in spring
spring 1989. Increments
Increments in otoliths
otoliths of
of
larval
punctata are known
transition in the
microstructure of
larval S. punctata
known to be formed
formed daily.
daily. A transition
the microstructure
of otoliths
otoliths
from
related to environmental
with entry
from late-stage
late-stage larvae
larvae was apparently
apparently related
environmental changes
changes associated
associated with
entry
pattern of
post-larvae of
punctata in fortnightly
to Port
Port Phillip
Phillip Bay. The
The pattern
of abundance
abundance of
of post-larvae
of S. punctata
fortnightly
samples
the contention
that the
the transition
transition was formed
prior to "setsamples supported
supported the
contention that
formed immediately
immediately prior
"settlement" in seagrass
habitats. Backcalculation
the otolith
transition suggested
that five
tlement"
seagrass habitats.
Backcalculation to the
otolith transition
suggested that
cohorts
had entered
cohorts had
entered Swan
Swan Bay, each
each approximately
approximately 10 days
days apart,
apart, from late September
September to
early November.
Stability of
of this
sequential samples
samples indicated
indicated that
that
early
November. Stability
this pattern
pattern for juveniles
juveniles from sequential
otolith
the juvenile
juvenile stage. The
pattern of
otolith increments
increments continued
continued to be formed
formed daily
daily in the
The pattern
of settlement
settlement
within Swan Bay. The
phase of
whiting settling
was consistent
consistent for two sites within
The larval
larval phase
of King
King George
George whiting
settling
variable, ranging
ranging from
in Port
Port Phillip
Phillip Bay was extremely
extremely long and
and variable,
from approximately
approximately 100 to 170
days. Age at settlement
settlement was more
than length,
length, and
and growth
growth rate
settlement was
days.
more variable
variable than
rate at settlement
Backcalculated hatching
dates ranged
extremely slow, approximately
approximately 0.06
0.06 mm
·d-I•I • Backcalculated
extremely
mm ·dhatching dates
ranged from
April
July. Increment
Increment widths
the larval
larval stage suggest that
growth slows after
after approxiapproxiwidths in the
that growth
April to JUly.
mately 45 to 75 days;
days; beyond
individuals are in a slow growth,
growth, competent
competent stage of
of 40
beyond which
which individuals
mately
to 100 days.
days. Variable
Variable larval
larval duration
duration and
and settlement
settlement is discussed
discussed in terms
of early-life-history
early-life-history
terms of
strategies and
and hydrodynamic
strategies
hydrodynamic processes.
processes.

There is increasing
increasing evidence
evidence that
that some
some fishes have
larval stage divided
divided
There
have a variable
variable larval
into pre-competent
and competent
competent phases
(Victor, 1986a;
1986a; Cowen,
Cowen, 1991). "Pre"Prephases (Victor,
into
pre-competent and
competent" refers
developmental phase
the point
competent"
refers to the developmental
phase up to the
point where
where metamormetamorphosis
and settlement
settlement is possible.
"Competent" refers
possible. "Competent"
refers to a phase
phase where
where planktonic
planktonic
phosis and
continues although
although metamorphosis
given suitable
suitable cues
cues
life continues
metamorphosis would
would be possible
possible given
(Victor, 1986a).
1986a). The
The competent
competent phase
often associated
associated with
slowed growth
growth
(Victor,
phase is often
with slowed
(Victor, 1986a;
1986a; Cowen,
Cowen, 1991). Delayed
Delayed settlement
settlement and
and metamorphosis
(Victor,
metamorphosis is well
known
invertebrates in the
laboratory, however,
evidence is much
known for invertebrates
the laboratory,
however, field evidence
much more
more
limited (Pechenik,
(Pechenik, 1990). Among
larvae a slow growth,
growth, competent
competent
limited
Among planktotrophic
planktotrophic larvae
phase
apparently occurs
occurs in teleplanic
larvae of
of some
some tropical
tropical gastropods
gastropods (Pechenik
(Pechenik
phase apparently
teleplanic larvae
al., 1984; Scheltema,
Scheltema, 1986).
et aI.,
Species that
that have
the potential
delayed metamorphosis
expected to
have the
potential for delayed
metamorphosis may
may be expected
Species
be those
those that
that have
specific habitat
metamorphosis and
and
have relatively
relatively specific
habitat requirements
requirements for metamorphosis
settlement (Pechenik,
(Pechenik, 1990; Cowen,
Cowen, 1991). Furthermore,
Furthermore, delivery
delivery of
of larvae
larvae to
settlement
these habitats
dependent on specific transport
transport and
and retention
retention mechanisms
mechanisms
these
habitats may
may be dependent
(Norcross and
and Shaw,
Shaw, 1984; Cowen,
Cowen, 1991; Miller
Miller et aI.,
al., 1985). An extended
extended larval
larval
(Norcross
and dependence
dependence on transport
transport and
and retention
mechanisms to deliver
deliver larvae
larvae to
retention mechanisms
life and
expected to lead
lead to positive
covariation between
specific juvenile
juvenile habitats
habitats may
may be expected
positive covariation
between
settlement and
and oceanographic
oceanographic processes.
Such variation
variation could
could have
important
processes. Such
have important
settlement
consequences for fisheries
fisheries if
if recruitment
determined by settlement.
settlement.
consequences
recruitment is determined
Daily increments
increments in otoliths
otoliths oflarval
oflarval and
and juvenile
greatly facilitate
facilitate the
the study
study
juvenile fish greatly
Daily
of larval
larval duration
duration and
and settlement.
settlement. A transition
transition in the
the morphology
of increments
increments
of
morphology of
the time
time of
of metamorphosis
and settlement
settlement can
can be used
determine the
the duration
duration
at the
metamorphosis and
used to determine
of the
the larval
larval phase
temporal and
and spatial
spatial patterns
of settlement
settlement (Victor,
(Victor,
of
phase as well as temporal
patterns of
Pitcher, 1988; Fowler,
Fowler, 1989; Cowen,
Cowen, 1991; May
May and
and Jenkins,
Jenkins, 1992). In
1982; Pitcher,
general, although
although the high
correlation usually
observed between
and
general,
high correlation
usually observed
between fish size and
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otolith
related to increment
width
otolith size indicates
indicates that
that growth
growth will be strongly
strongly related
increment width
Neilson, 1985), uncoupling
uncoupling can occur
rate
(Campana
(Campana and
and Neilson,
occur through
through somatic
somatic growth
growth rate
(Reznick
(Reznick et aI.,
a1., 1989; Secor
Secor and
and Dean,
Dean, 1989) and
and temperature
temperature (Mosegaard
(Mosegaard et al.,
though not
constant, relationnot necessarily
necessarily constant,
relation1986) effects. Nevertheless,
Nevertheless, a positive,
positive, though
ship
between otolith
reasonably be assumed
ship between
otolith growth
growth and
and somatic
somatic growth
growth can
can reasonably
assumed
(Cowen,
widths in the
(Cowen, 1991). This
This allows
allows increment
increment widths
the larval
larval stage to be interpreted
interpreted
rate (Victor,
in terms
terms of
of growth
growth rate
(Victor, 1986a;
1986a; Cowen,
Cowen, 1991).
The
whiting, Sillaginodes
Sillaginodes punctata
punctata (Sillaginidae),
The King
King George
George whiting,
(Sillaginidae), is an important
important
commercial
commercial species
species in southern
southern Australian
Australian waters
waters (Fig. 1).
1). Post-larvae,
Post-larvae, defined
defined
press), and
juveniles
as newly
newly settled
prior to scale formation
settled specimens
specimens prior
formation (Bruce,
(Bruce, in press),
and juveniles
years of
with seagrass
habitats
up to approximately
approximately 3 years
of age, are generally
generally associated
associated with
seagrass habitats
in sheltered
bays and
sheltered bays
and inlets
inlets (Jones,
(Jones, 1980; Hutchins
Hutchins and
and Swainston,
Swainston, 1986). With
With
reproductive maturity
years, individuals
the
the onset
onset of
of reproductive
maturity at the
the age of
of 3 to 4 years,
individuals generally
generally
bays into
waters (Jones,
postmove
move out
out of
of bays
into coastal
coastal waters
(Jones, 1980). In South
South Australia,
Australia, postnear the
mouth
larvae
however small
larvae were collected
collected in sheltered
sheltered gulfs, however
small larvae
larvae were near
the mouth
of
nearshore coastal
waters, confirming
of Spencer
Spencer Gulf
Gulf and
and in nearshore
coastal waters,
confirming offshore
offshore spawning
spawning
(Bruce,
pers. comm.).
(Bruce, 1989; B. D. Bruce,
Bruce, pers.
comm.). Post-larvae
Post-larvae of
of approximately
approximately 20 mm
mm
length
were collected
length were
collected in Western
Western Port
Port Bay in September
September (Robertson,
(Robertson, 1977). PostPostlarvae of
of a similar
similar size were collected
collected in Port
Port Phillip
Phillip Bay in September
September and
and Swan
Swan
larvae
October (Jessop
(Jessop et aI.,
al., 1986). However,
However, no larvae
larvae of
of S. punctata
punctata were
were
Bay in October
collected in Port
Port Phillip
Phillip Bay over
over a 3-year
3-year period
(Jenkins, 1986a,
1986a, 1986b)
1986b) sugperiod (Jenkins,
collected
gesting that
that spawning
spawning did
did not
take place
the bay. It
It may
not take
place in the
may be hypothesized,
hypothesized,
gesting
therefore, that
that in Victoria,
Victoria, like South
South Australia,
Australia, spawning
spawning occurs
occurs offshore
offshore and
and
therefore,
post-larvae
enter bays
and inlets
inlets at a relatively
advanced-stage. This
This strategy
strategy of
of
post-larvae enter
bays and
relatively advanced-stage.
offshore spawning
spawning followed
followed by transport
transport of
of larvae
larvae to coastal/estuarine
coastal/estuarine nursery
offshore
nursery
areas is common
common to a number
of fish groups
groups (Miller
(Miller et al., 1984; van
der Veer,
number of
van der
areas
Checkley et aI.,
a1., 1988). Herein
Herein we use microstructure
from otoliths
otoliths of
of postpost1986; Checkley
microstructure from
larval S. punctata
from Swan Bay, Victoria,
Victoria, to examine
examine variability
variability in settlement
settlement
punctata from
larval
and larval
larval duration
duration in this
this species.
species.
and
METHODS AND MATERIALS
METHODS
Sampling
-Swan Bay is a sheltered,
sheltered, shallow
shallow (2-3 m), marine
embayment adjacent
adjacent to Port
Port Phillip
Phillip
Sampling Area. -Swan
marine embayment
Victoria (Fig. I). Swan
Swan Bay has significant
significant meadows
of seagrasses;
seagrasses; Zostera
muelleri on intertidal
intertidal
Bay, Victoria
meadows of
Zostera muelleri
mudbanks
and Heterozostera
tasmanica subtidally.
subtidally. There
There are also considerable
considerable areas
areas of
of detached
detached
Heterozostera tasmanica
mudbanks and
macroalgae (much
(much of
of which
growing "in
"in situ")
situ") in deeper
deeper parts
of the
the bay. The
The adjacent
adjacent area
area of
of Port
Port
macroalgae
which is growing
parts of
Phillip Bay is characterized
characterized by strong
strong currents
currents associated
associated with
tidal exchange
exchange through
through the narrow
Phillip
with tidal
narrow
entrance between
Port Phillip
Phillip Bay and
and Bass Strait
Strait (Fig. I).
entrance
between Port
Field
Post-larval and
and juvenile
collected from
from two sites within
Swan Bay;
Field Methods.
Methods. -- Post-larval
juvenile S. punctata
punctata were collected
within Swan
Tincan and
and North
Jetty (Fig. I). North
Jetty was sampled
sampled on 17 September,
September, 3 and
and 16 October,
October, 2, 14,
Tincan
North Jetty
North Jetty
and 28 November
and again
again on 2 January
January 1990. Samples
Samples were also collected
collected at Tincan
Tincan on 3
and
November 1989 and
October, 2 November
and 29 November
seine net
mm mesh)
mesh) was deployed
deployed
October,
November and
November 1989. A seine
net (10 m x 3 m x I mm
over unvegetated
among seagrass
seagrass beds
depth of
of approximately
approximately I1 m MLWS.
MLWS.
from a boat
boat over
unvegetated patches
patches among
beds at a depth
The net
hauled over
over a distance
distance of
of IS
IS m. Three
Three replicate
and nonThe
net was hauled
replicate hauls,
hauls, haphazardly
haphazardly placed
placed and
nonoverlapping, were made
Post-larvae and
and juveniles
sorted from
from the
anesthetized
overlapping,
made at each site. Post-larvae
juveniles were
were sorted
the net,
net, anesthetized
and preserved
ethanol.
in benzocaine,
benzocaine, and
preserved in 95% ethanol.
Laboratory
For samples
samples with
more than
than approximately
approximately 20 post-larvae,
subsample
Laboratory Methods.
Methods. -- For
with more
post-larvae, a random
random subsample
of IS
IS to 20 individuals
individuals was examined.
examined. The
The standard
standard length
length (SL; tip
of the
snout to the
of the
of
tip of
the snout
the tip
tip of
the
caudal peduncle)
of specimens
specimens was measured
measured under
dissecting microscope
microscope fitted
fitted with
ocular
caudal
peduncle) of
under a dissecting
with an ocular
micrometer. Specimens
Specimens were
drop of
of water
microscope slide
slide and
and the
the otoliths
otoliths were
micrometer.
were placed
placed in a drop
water on a microscope
were
dissected out
out using
electrolytically-sharpened tungsten
tungsten needles.
Contrast between
otoliths and
and
dissected
using electrolytically-sharpened
needles. Contrast
between the otoliths
surrounding tissue
tissue was maximized
maximized by using
light source
source fitted to the stereo
stereo microscope.
microscope.
surrounding
using a polarizing
polarizing light
The otoliths,
otoliths, which
which were hemispherical
hemispherical in shape,
shape, were
and then
then placed
The
were left to dry, flat side up, and
placed in
immersion oil on glass microscope
slides. No
further preparation
of otoliths
otoliths or
or image
image enhancement
enhancement
immersion
microscope slides.
No further
preparation of
was necessary
distinguish clear
clear increments.
increments.
necessary to distinguish
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Bass Strait

N

Swan Bay

o

Port Phillip Bay

Queenscliff

o

1

2

Kilometres

144 0 40' E
Figure I. Location of sampling sites in Swan Bay, Victoria, from which post-larval and juvenile
King George whiting were collected. Insets: Location of Swan Bay in Port Phillip Bay and location of
Port Phillip Bay on the Victorian coast. S.A. = South Australia, Vic. = Victoria.
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Otolith
measurements were made
with a compound
Otolith increment
increment counts
counts and
and measurements
made with
compound microscope.
microscope. A video
video
camera
produced an image
camera connected
connected to the microscope
microscope produced
image which
which was displayed
displayed and
and digitized
digitized on a
randomly and
blindly with
with respect
respect to SL.
Commodore
Commodore "Amiga"
"Amiga" computer.
computer. Specimens
Specimens were examined
examined randomly
and blindly
Counts
measurements were made
the longest
the antirostrum.
were
Counts and
and measurements
made along
along the
longest axis
axis of
of the
antirostrum. Replicate
Replicate counts
counts were
made
made on each otolith.
otolith.
Daily
periodicity of
punctata has
has been
been confimed
Daily periodicity
of increment
increment formation
formation in larval
larval S. punctata
confimed using laboratory
laboratory
unpubl. manuscript).
post-larvae generally
rearing experiments
rearing
experiments (B. D. Bruce, unpubl.
manuscript). Sagittae
Sagittae of
of post-larvae
generally contained
contained
clear
the promordium
promordium (Fig. 2A) to near
near the
the otolith
where increments
rapidly
clear increments
increments from the
otolith edge, where
increments rapidly
increased
width and
became confused
near the
the primordium
primordium in the
the lapilli
increased in width
and became
confused in structure.
structure. Increments
Increments near
lapilli
were extremely
narrow and
not be counted
with the
the light
microscope, however,
however,
were
extremely narrow
and could
could not
counted confidently
confidently with
light microscope,
prepost-transition increments
therefore used
used sagittae
post-transition
increments were discernible
discernible (Fig. 2B). We therefore
sagittae for analysis
analysis of
of pretransition
post-transition increments.
transition increments
increments and
and lapilli
lapilli for analysis
analysis of
of post-transition
increments. Pre-transition
Pre-transition increments
increments
were counted
both sagittae,
post-transition counts
both lapilli,
were
counted on both
sagittae, and
and post-transition
counts were counted
counted on both
lapilli, for subsamples
subsamples
of
post-larvae of
punctata. Pre-transition
of post-larvae
of S. punctata.
Pre-transition increments
increments on sagittae
sagittae (N == 20, Paired
Paired t == 0.50
0.50 I, P >
0.5)
post-transition increments
0.5) and
and post-transition
increments on lapillae
lapillae (N = 89, Paired
Paired t = 0.528,
0.528, P > 0.5) showed
showed no significant
significant
difference
therefore subsequent
made on one
randomly selected
difference and
and therefore
subsequent counts
counts were made
one randomly
selected otolith
otolith from
from each
each
pair. Where
Where the
the error
between repeat
repeat counts
than ±
rejected. Pre-transition
pair.
error between
counts was greater
greater than
± 2 the
the otolith
otolith was rejected.
Pre-transition
increments
recently settled
increments on sagittae
sagittae were only
only clear
clear enough
enough to count
count from recently
settled individuals.
individuals. Post-transition
Post-transition
increments
not clear
increments were not
clear enough
enough to count
count on approximately
approximately 15% of
of lapilli.
lapilli.
RESULTS
RESULTS

Post-larval
punctata were
were first collected
Post-larval S.
S. punctata
collected in early
early October
October ranging
ranging from
from 18 to
Post-larvae less than
than 20 mm
length were collected
collected up until
until
23 mm
mm SL (Fig. 3). Post-larvae
mm in length
mid-November (Fig. 3). Inspection
Inspection of
of length-frequency
length-frequency distributions
distributions suggests
suggests a
mid-November
cohort of
of post-larvae
28/29 November
cohorts were apsingle cohort
post-larvae until
until 28/29
November when
when two cohorts
parent
implying settlement
settlement variability
variability or
or differential
differential growth.
growth. Juveniles
Juveniles
parent (Fig. 3), implying
collected in January
January showed
showed a wide
wide range
range of
of standard
standard lengths
lengths (Fig. 3).
collected
The date
date of
of formation
formation of
of the
the otolith
otolith transition
transition was calculated
calculated under
the asThe
under the
sumption of
of daily-increment
daily-increment periodicity
the post-larval
Dates of
of otolith
otolith
periodicity in the
post-larval stage. Dates
sumption
transition fell into
into distinct
distinct groups
groups or cohorts
cohorts which
consistent for the
two
transition
which were consistent
the two
sites and
and stable
stable over
over time
This stability
stability over
over time
time indicates
indicates that
that the
the
sites
time (Fig. 4). This
number
of increments
increments laid
laid down
down was equal
equal to the
the number
number of
of days
days between
sambetween samnumber of
pling
dates, and
and suggests that
that increments
increments formed
formed in the
the post-larval/juvenile
pling dates,
post-larval/juvenile phase,
phase,
the larval
larval phase,
had a daily
daily periodicity.
like the
phase, had
periodicity.
The increment
increment transition
transition in otoliths
otoliths from
from the
the smallest
smallest post-larvae
collected was
The
post-larvae collected
close to the
the otolith
otolith edge, suggesting
suggesting that
that the
formed at about
about the
close
the transition
transition formed
the time
time
that
individuals arrived
arrived in Swan
Swan Bay. This
This contention
contention was supported
supported by the
that individuals
the fact
that
date of
of transition
transition formation
formation corresponded
corresponded well with
that the
the backcalculated
backcalculated date
with the
time-course of
of post-larval
abundances (Fig. 5). No
collected in
post-larval abundances
No post-larvae
post-larvae were
were collected
time-course
mid-September
agreement with
with the fact that
that otolith
otolith transitions
transitions did
did
mid-September which
which is in agreement
not
after this
this date
date (Fig. 5). A large group
group of
of post-larvae
otolith
not begin
begin until
until after
post-larvae with
with otolith
transitions in late September
September were reflected
the collection
collection of
of approximately
approximately 15
transitions
reflected in the
post-larvae
haul on 3 October.
October. Many
Many fewer post-larvae
with otolith
otolith transitions
transitions
post-larvae per
per haul
post-larvae with
early October
October were reflected
reflected by the collection
collection of
of slightly
slightly fewer post-larvae
post-larvae on
in early
October. Two
Two major
major pulses
of post-larvae
with otolith
otolith transitions
transitions in mid
mid to
16 October.
pulses of
post-larvae with
October were reflected
abundance of
of post-larvae
collected on 2
late October
reflected in a high abundance
post-larvae collected
November.
otolith transitions
after this
this date,
date, and
and this
this was
November. Few post-larvae
post-larvae had
had otolith
transitions after
reflected in an exponential
exponential decline
decline in post-larval
and juvenile
abundances. From
From
reflected
post-larval and
juvenile abundances.
this evidence
evidence we can
can assume
assume that
that the
the otolith
otolith transition
transition is associated
associated with
with ingress
ingress
this
of post-larvae
It therefore
therefore appears
appears that
that ingress
ingress occurred
occurred in five pulses
of
post-larvae to Swan Bay. It
pulses
over a 2-month
2-month period
from mid-September
These
over
period from
mid-September to mid-November
mid-November (Fig. 5). These
cohorts were separated
separated by a period
of approximately
approximately 10 to 14 d.
five cohorts
period of
The growth
growth rate
of post-larvae
and juveniles
assessed from
from the
The
rate of
post-larvae and
juveniles was assessed
the relationship
relationship
between
and the number
of post-transition
increments (Fig. 6). A significant
significant
number of
post-transition increments
between size and
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Figure 2. Light micrographs of otoliths from post-larval King George whiting. (A) Sagitta, central
region including promordium. (B) Lapillus, arrow indicates transition in increment width. Scale bars
= 20J,Lm.

linear relationship for the first 50 d indicated a growth rate of 0.11 mm' d - I (N
= 261, F = 284.5, P < 0.001). There was a rapid increase in growth rate after 50
d, with a significant linear relationship indicating a growth rate of 0.5 mm' d - I
(N = 24, F = 177.34, P < 0.001).
Pre-transition increments could be counted without grinding or polishing on
sagittae of individuals with approximately 13 or less post-transition increments
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Figure 3. Length frequency distributions of post-larval and juvenile King George whiting collected
at two sites in Swan Bay from October 1989 to January 1990.
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Figure 4. The relationship between mean abundance and date of otolith transition for post-larval
and juvenile King George whiting collected at two sites in Swan Bay from October 1989 to January
1990.
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Figure 5. The relationship between mean abundance and, (A) date of otolith transition (data in Fig.
4 overlaid), (B) sampling date, for post-larval and juvenile King George whiting collected at two sites
in Swan Bay from October 1989 to January 1990.

(Fig. 7). Number of pre-transition increments ranged from 106 to 167. The mean
number of pre-transition increments was 127.4 (SD = 12.0).
Standard length was regressed against total (pre + post-settlement) increment
number for post-larvae with 13 or less post-settlement increments (Fig. 8). The
regression was significant (N = 48, F = 21.3, P < 0.001) and suggested an average
growth rate in the late-larval stage of0.06 mm ·d- I (Fig. 8). The mean total number
of increments was 136.7 (SD = 11.1) while the mean length was 20.1 mm (SD =
1.2). The bias-corrected coefficient of variation (Haldane, 1955) for total number
of increments (CY = 0.081) was higher than that for length (CY = 0.058). Coefficients of variation were compared statistically (Chambers and Leggett, 1987)
using the method of Sokal and Braumann (1980) and age was found to be significantly more variable (df = 94, Paired t = 2.65, P < 0.001).
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Total increment number (pre + post-settlement) was also used to hindcast the
date of first increment formation for post-larvae (Fig. 9). The first increment is
formed at about the time of first feeding, approximately 4-6 d after hatching (B.
D. Bruce, unpubl. manuscript). Spawning therefore occurred from approximately
mid-April to mid-July, the majority from the beginning of May to the end ofJune
(Fig. 9). The date of formation of the first-increment was also examined for
individual cohorts of post-larvae (Fig. 10). Most data were available for the first
cohort, where the date of formation of the first-increment ranged over approxi5
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mately 50 d, compared with a range of settlement dates of approximately 10 d
(Fig. 4). Fewer data were available for later cohorts, however, there was a trend
for the first increment to be formed later in cohorts which settled later (Fig. 10).
Pre-transition increment widths showed a gradual increase before decreasing
to a lower constant level until the post-larval stage. This trend is shown for sagittae
from five randomly selected post-larvae in Figure 11. The mean number of increments to the point where increment width began to decrease was 59.4 (SD =
7.0, range 45-74). The mean number of increments from this point to the otolith
transition was 68.8 (SD = 14.6, range 41-101). The coefficient of variation for
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the duration of the initial phase (CV = 0.119) was significantly less than for the
second phase (CV = 0.212) (df= 64, Paired t = 2.978, P < 0.005). The duration
of the two phases was not correlated (N = 33, r = 0.011, P > 0.5).
DISCUSSION

Post-larvae of S. punctata do not undergo distinct metamorphosis and settlement where morphology and ecology change rapidly upon arrival at the juvenile
habitat. There is little morphological change in post-larvae once they have arrived
at the juvenile habitat (B. D. Bruce, in press). In terms of ecology, the diet retains
a component of planktonic prey, together with seagrass-associated invertebrates
(G. Jenkins, unpubl. data). It is apparent then that the increase in increment width
in the post-larval phase is not associated with a distinct metamorphosis (Victor,
1982; May and Jenkins, 1992). The increase in increment width would also not
appear to be associated with a particular developmental stage, as it occurred over
a wide range of sizes and ages. Somatic growth and otolith growth are known to
be primarily influenced by temperature and food ration (Campana and Neilson,
1985). It seems likely then that arrival of post-larvae in shallow, coastal habitats
is associated with an increase in water temperature andlor food ration which in
turn leads to an increase in somatic and otolith growth, the latter translating into
increased increment width. The approximate doubling of growth rate for individuals with few post-transition increments compared with older juveniles is
evidence for an increase in somatic growth upon arrival at the juvenile habitat,
for which a concomitant increase in otolith growth would be expected. We hypothesize that the transition to increased increment widths is associated with entry
of post-larvae to more productive andlor warmer waters of Port Phillip Bay. A
similar pattern of otolith microstructure for post-larvae of S. punctata in South
Australia sometimes, but not always, occurs (B. Bruce, pers. comm.). Further
work is required to isolate the causes of increment width transition in post-larvae.
Inspection of length-frequency distributions suggested a single major cohort
appeared in October with a possible second cohort apparent by November. This
result concurs with length-frequency analysis for Westernport Bay where a single
cohort of approximately 20 mm appeared in September (Robertson, 1977) and
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