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ABSTRACT: Patterns of abundance and size-frequency distri-
butions of Achoerodus viridis (Pisces: Labridae) in the Sydney
region (New South Wales, Australia) showed greater num-
bers of small fish (<200 mm standard length, SL) on estuarine
reefs than on open coastal reefs. In contrast, open coastal
reefs had greater densities of large fish (>200 mm SLj.
Growth of A. viridis was therefore investigated to determine
to what extent differences in size-frequency distributions
between estuarine and open coastal reefs could be explained
by slower growth at estuarine reefs compared to open coastal
reefs. No significant differences in growth of A. viridis were
found between estuarine and coastal reef sites. Spatial differ-
ences in size-frequency distributions are most likely due to
movement of fish from estuarine to coastal reefs, rather than
differences in growth of fish.
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Many studies on temperate reef fish have accumu-
lated information on patterns of abundance and size
structure of populations, but few of the mechanisms
underlying these patterns have been well established
(Jones 1988). Size-frequency distributions, as opposed
to age-frequency distributions, are usually presented
as a description of the structure of populations. Where
differences in size-frequency distributions are found
for different areas (e.g. depths) or times (e.g. seasons),
such information has been used to suggest movement
(e.g. Leum & Choat 1980, Choat & Ayling 1987, Jones
1988, McCormick 1989, Gillanders & Kingsford 1993).
Few studies that have shown differences in size-fre-
quency distributions have also determined the age of
the fish. This is unfortunate because information on
age may be used to test whether the observed patterns
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are due to differences in growth of fish or to other fac-
tors (e.g. movement, mortality).

Of the post-recruitment demographic variables,
growth is probably the most sensitive to environmental
conditions (Jones 1991). Growth may be highly vari-
able after settlement to the reef, and thus can have a
major influence on the size structure of adult popula-
tions between different areas (Jones 1991). Other indi-
rect effects of growth may also occur, since the result-
ing size of fish may be important in terms of mortality
rates, maturation times and systematic movements
(Hughes 1984, Kirkpatrick 1984, Jones 1988, 1991).

Spatial patterns in density and size structure of
Achoerodus viridis (Pisces: Labridae) in the Sydney
region (Australia) have previously been described
(Gillanders & Kingsford 1993, Gillanders in press). The
proportion of small fish (<200 mm standard length, SL)
decreased from estuarine sites to open coastal reefs
and between shallow and deep areas of reef within a
site. Large A. viridis (>200 mm SL) showed greater
numbers at both depths of open coastal reef sites than
at estuarine sites. This pattern was found in estuaries
separated by 20 km and at smaller spatial scales of
locations (each side of estuary) within an estuary (sep-
arated by 4 km; Gillanders in press). Size-frequency
distributions showed that the mean size of fish was
smaller on estuarine reefs (mean size + SE: 184 + 5 mm
SL) than on open coastal reefs (288 + 4 mm SL).
Possible explanations for these patterns include a
range of recruitment and post-recruitment demo-
graphic processes (i.e. mortality, growth, movement,
habitat choice).

Growth of fish was investigated to test whether the
observed differences in size-frequency distributions
between estuarine and open coastal reefs could to
some extent be explained by slower growth at estuar-
ine sites compared to sites at open coastal reefs. If
growth of fish on estuarine reefs was less than that of
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fish on open coastal reefs, then small fish on estuarine
reefs may be of comparable age to those of large fish
on open coastal reefs. The objective of this paper was
therefore to determine the extent that patterns of
growth could explain patterns of abundance and size
structure of Achoerodus viridis.

Materials and methods. Fish were collected by
spear-fishing from 4 estuarine sites (Middle Head,
Breakwall, Sutherland Point and Oak Park) and from 4
open coastal reef sites (North Head, Little Bay, Cape
Solander and Jibbon Bombora). Sites were located in 3
estuarles and their adjacent open coastal reefs (Port
Jackson, 33°50'S, 151° 17’ E; Botany Bay, 34° 00’ S,
151° 14" E; and Port Hacking, 34° 05’ §,151° 09' E}, all
of which are in the Sydney region on the east coast of
NSW, Australia. Approximately 15 fish between 180
and 350 mm SL were collected from each site. SL
(1 mm) for each fish was recorded. Sagittal otoliths
were removed, cleaned in water and stored dry in
glass vials for later age determination. A sagittal otolith
from each fish was embedded in a block of Spurr's
resin and ground using a series of sandpaper and lap-
ping film to within a few microns of the primordium on
one side. The polished surface of each block was glued
to a glass slide and the block was ground and polished
from the opposite side to the primordium to produce a
thin section. Thin sections of otoliths showed a concen-
tric pattern of light (translucent) and darker brown
(opaque) bands or increments when viewed under
transmitted light. Counts of the opaque increments
were used to estimate ages of fish. Otoliths were read
using a light microscope at 40 to 100x (transmitted
light). All otoliths were examined separately without
knowledge of fish size or locality. Marginal increment
analysis of otoliths has previously provided a partial
validation of the ageing technique for this species
(Gillanders 1995).

At each site linear regression lines were fitted between
age and SL; these regression lines were then compared.
The statistical significance of the effects [estuary vs open
coastal reef (= location), and site (nested within location)]
was estimated by a 2-way (location and site) nested
analysis of covariance (ANCOVA,; following Huitema
1980). Homogeneity of observed residual variances
around the regression line for each site was tested using
Cochran's C-test (Winer et al. 1991). Statistical indepen-
dence of the covariate (i.e. SL) was tested by performing
an ANOVA on SL. An additional assumption in this
analysis is that the data to be analysed have the same
slope for the regression equation. Slopes of the set of re-
gression equations were therefore compared before
analysis of the adjusted means was attempted. If the
slopes differed, there was no valid basis for a comparison
of the intercepts using ANCOVA (Huitema 1980, Un-
derwood 1981).

Heterogeneous slopes were found, therefore 2 addi-
tional types of analyses were performed. Although the
overall homogeneity of regression hypothesis was
rejected, this does not mean that all slopes differed
from each other. The overall homogeneity test was
therefore followed up with additional homogeneity
tests for groups of sites at each location and on all com-
binations of pairs of slopes (Huitema 1980). Groups of
sites with homogeneous slopes were then analysed
with ANCOVA, and the Johnson-Neyman procedure
was used for comparisons involving groups with het-
erogeneous slopes (Huitema 1980). The Johnson-Ney-
man procedure identifies values of SL that may be
associated with significant differences in ages of fish
between sites, and therefore allows statements to be
made regarding regions of non-significance and sig-
nificance (Huitema 1980).

Peterson & Black (1987%) also described an analysis
that may be used where heterogeneous slopes are
found. For each site, a regression equation was used to
calculate the age of fish at each of 3 lengths (220, 270,
and 320 mm SL). Separate ANOVAs were performed
on the expected age of fish for each SL. This alterna-
tive analysis avoids the unjustified use of a common
slope in making calculations and extends the general-
ity of the results through analysis of growth at a num-
ber of lengths. This analysis is, however, conservative
in that each site generates a single data point (Peterson
& Black 1987).

Results and discussion. Growth was similar, for a
limited size range (150 to 350 mm SL) of fish, among all
8 estuarine and open coastal reet sites, except the
Breakwall site (Fig. 1). The Breakwall site was the only
artificial habitat and only 10 fish were collected there
with few fish over 200 mm SL (n = 6). To have a
balanced analysis with equal numbers (n = 15) of fish
from each site, the Breakwall site and a randomly
selected open coastal reef site (Jibbon Bombora) were
not used in the nested ANCOVA. The ANCOVA re-
vealed heterogeneous slopes, suggesting that fish from
different sites experienced different growth rates
(Table 1). Although other studies have found large va-
riations in growth of fish among areas (e.g. Jones 1980,
1984, 1986, Thresher 1983, 1985, Gladstone & Westoby
1988), none have determined whether differences in
growth occur between estuarine and open coastal
reefs.

Growth was similar among estuarine sites; AN-
COVA found homogeneous slopes (F, 33 = 1.619, p >
0.2) and no significant differences among sites (F; 4; =
0.704, p > 0.5), therefore, fish at different sites on estu-
arine reefs showed similar growth rates. There were
heterogeneous slopes for open coastal reef sites (F 35 =
5.158, p < 0.01) and this was caused by differences in
slopes between Cape Solander and Little Bay. As a
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Fig. 1 Achoerodus viridis. Relationship between age and
standard length for adult fish from estuarine and open coastal
reef sites from Port Jackson, Botany Bay and Port Hacking
(n =15, except Breakwall where n = 10). Shown are regres-
sion lines through the data = 95% confidence intervals

consequence, the Johnson-Neyman procedure was
used for comparison of growth between Cape Solander
and Little Bay. This procedure showed no significant
difference in growth of fish between 258 and
303 mm SL, but fish less than 258 mm SL at Cape
Solander were older than fish from Little Bay. The
reverse was true for fish greater than 303 mm SL,
although few fish greater than this size were included
in the analysis. Homogeneous slopes were found for all
other comparisons between sites (p > 0.05). ANCOVA
showed that fish at North Head (open coastal reef site)
were older than fish at all other sites (Table 2), the
reverse pattern to that expected if growth was an
important model for explaining differences in size fre-

Table 1. ANCOVA table comparing growth of Achoerodus

viridis showing calculations for heterogeneity of slopes and

the model used for the analysis {only presented to illustrate

model; Cochran’'s C = 0.2803, not significant (ns) at 0.05, vari-

ances 6, df 14; ANOVA on standard length ns). Location

refers to estuarine or open coastal reefs. F vs = mean square
denominator *p < 0.05

df MS F-ratio Fvs

2.4298  2.474°

Source of variation

Heterogeneity of slopes 5

Individual residual 78 0.982

Within residual 83

1 Covariate (i.e. SL) 1 281.483 263.148 4
2 Location 1 9.167 1.453 3
3 Site{location} 4 6.307 5.896 4
4 Residual 83 1.07

quency distributions between estuarine and open
coastal reefs.

Although mean ages were consistently lower for
each size (220, 270, 320 mm SL) from estuarine reefs,
no significant difference in age of fish between loca-
tions on estuarine and open coastal reefs was detected
(Fig. 2, Table 3). Hence, there was no suggestion that
fish on estuarine reefs grew more slowly than those on
open coastal reefs.

Spatial or temporal differences in the size distribu-
tions of a population may reflect changes in recruitment
of young, mortality, growth or movement into or out of
the population. Estuarine reefs showed greater num-
bers of small fish and decreased numbers of large fish
compared to open coastal reefs (Gillanders in press).
Such patterns are not caused by spearfishing, as the
species 1s protected from spearfishing. Recreational
line fishers are known to remove Achoerodus viridis
from open coastal reefs (A. Steffe pers. comm.), but lit-
tle is known of the intensity of fishing at inner estuarine
sites. Small fish on estuarine reefs might be expected to
show slow growth compared to similarly sized fish on
open coastal reefs because small fish on estuarine reefs
occur at greater densities (e.g. Jones 1984). It has been
observed that in many organisms, including plants, the
first response to crowding is a decrease In mean size

Table 2. Adjusted mean and SE for ANCOVA between pairs
of sites where significant differences and homogeneous
slopes were found (i.e. North Head and all other sites)

Site Site North Head
Adjusted mean Adjusted mean SE

Sutherland Point 2.6 4.5 0.237

Middle Head 2.9 4.6 0.149
Oak Park 3.2 4.7 0.256
Cape Solander 2.9 4.5 0.167
Little Bay 3.4 5.1 0.260
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Table 3. ANOVA table for 3 standard lengths of Achoerodus viridis.
Cochran's C-test, variances 2, df 2: 220 mm SL, C = 0.999, significant at
0.05; 270 mm SL, C = 0.791, ns at 0.05; 320 mm SL, C = 0.578, ns at 0.05
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with increasing density (Forrester 1990). Fish have ex-
tremely plastic growth rates (Weatherley 1990) and
therefore a reduction in growth at increased densities
would be more likely than mortality (Forrester 1990).
Although fish on estuarine reefs were smaller on aver-
age than fish on open coastal reefs, fish of the same size
from the 2 types of reef were of a similar age. Growth of
A. viridis, therefore, did not explain differences in size-
frequency and abundance patterns of fish between es-
tuarine and open coastal reefs.

Although differences in size-frequency distributions
were found between estuarine and open coastal reefs,
these differences did not appear to be related to slow
growth of fish at estuarine reefs. At the smaller spatial
scale of sites, differences in growth were found. Other
demographic parameters, such as recruitment, mortal-
ity and movement, appear to be more likely explana-
tions of large scale differences in the size-frequency
distributions of Achoerodus viridis (see Gillanders &
Kingsford 1996).
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Fig. 2. Achoerodus viridis. Mean age (+SE) of fish at 3 stan-

dard lengths for estuarine and open coastal reef sites (n = 3).

Ages were calculated from the regression equations for fish at
each site
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