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Rhabdosargus holubi is a small (maximum weight = 2.4 kg) yet important fishery species in the estuaries of the
south-east coast of South Africa. Little is known of its biology and specifically its growth rate, which is essential
for sustainable management of the fishery. We examined and counted the opaque zones in the sectioned
otoliths of 134 R. holubi to determine its age and growth parameters. The otoliths from two recaptured fish
marked with oxytetracycline confirmed that one opaque zone was deposited annually. The species reached a
maximum age of 18 years and growth was adequately described by a von Bertalanffy growth function of the form:
L,=358.1 (1 — e%24¢077) mm fork length. There were no significant differences between any of the male and female
growth parameters (likelihood ratio test: p = 0.3). The growth was slow (omega index: ® = 86.56); however, despite
this, the unique life history of R. holubi may provide a degree of resilience to heavy fishing pressure in estuaries.
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Introduction

Rhabdosargus holubi (Steindachner, 1881) is a small (max-
imum size = 450 mm total length; Heemstra and Heemstra
2004) sparid that is distributed along the south-east coast
of Africa from St Helena Bay, South Africa, to Maputo,
Mozambique (Gétz and Cowley 2013). Spawning occurs in
the nearshore marine environment primarily during winter,
specifically May—August in KwaZulu-Natal (KZN) (Wallace
1975) and July—February in the South-Eastern Cape
(Whitfield 1998). Individuals reach 50% sexual maturity at
approximately 150 mm standard length (SL) in the Eastern
Cape (Whitfield 1998). The early life stages are transported
by the south-westward-flowing Agulhas Current, and recruit
as post-flexion larvae and early juveniles into estuaries
during late winter and early summer (Blaber 1974). The
warm temperatures and high nutrient levels in estuaries
favour fast growth (Blaber 1973a), and fish spend their first
year of life in these environments, migrating back out to sea
after reaching approximately 120 mm SL. Some individuals
remain trapped in closed estuaries, where they may reach
sizes greater than 200 mm SL (James et al. 2007a).
Rhabdosargus holubi is the dominant estuarine-dependent
marine teleost species recorded in permanently open and
temporarily open/closed estuaries in the warm-temperate
region, which spans the south, south-east and east coast
of South Africa (Harrison 2005). The species is also an
important component of the linefishery in many South
African estuaries (10-15.6% by number) (Pradervand and
Baird 2002), particularly in Eastern Cape estuaries (Cowley
et al. 2003). These figures underestimate the presence of
R. holubi, as most individuals making use of estuaries are

young, feeding predominately on filamentous macroalgae
and diatom flora, and are generally too small to be caught
with hook and line (De Wet and Marais 1990). James et
al. (2007b) showed that R. holubi made up 34-92% of the
annual seine-net catch in the East Kleinemonde Estuary.
Rhabdosargus holubi is also important in the KZN shore-
based linefishery, representing 4.6% of the total landed
catch (Dunlop and Mann 2012).

On account of their importance to recreational and
subsistence fisheries, Sparidae have been the focus of
many age and growth studies (e.g. Smale and Punt 1991;
Chale-Matsau et al. 2001; Brouwer and Griffiths 2004).
Understanding the age and growth of a species, as well
as the factors influencing this relationship, is of principal
importance in fisheries management. It is thought that
the slow growth, long life and high residency commonly
exhibited by sparids increase their susceptibility to overex-
ploitation (e.g. Buxton and Clarke 1991). Consistent with this,
R. holubi is estuarine-dependent, long-lived and relatively
slow-growing, suggesting that it may be vulnerable to exploi-
tation. This is especially concerning given the continued
degradation of estuaries along the eastern seaboard of
South Africa (Goétz and Cowley 2013) and the high fishing
pressure in estuaries (Cowley et al. 2013). Little informa-
tion has been published on the age and growth of R. holubi.
Cohort analysis conducted in the East Kleinemonde Estuary
by Cowley (1998) showed growth of c. 10 cm SL during the
first year. However, cohort analysis in slow-growing species
with a protracted spawning season and variable recruitment
(into a temporary open/closed estuary) may give imprecise
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estimates of growth (Campana et al. 2001). Blaber (1973b)
used otoliths to age R. holubi in the West Kleinemonde
Estuary, but only juveniles were aged and the difficulty in
distinguishing opaque zones limited the study’s success.
Within the genus Rhabdosargus, Griffiths et al. (2002)
investigated the age and growth of R. globiceps using
sectioned otoliths, with a good level of success. Radebe
et al. (2002) aged R. sarba using sectioned otoliths and
validated the age estimates using oxytetracycline (OTC)
marking. Our study used similar methods to determine the
age and growth of R. holubi in the Eastern Cape, with a
view to developing a preliminary understanding of an
increasingly important fishery species sampled in the
epicentre of its distribution.

Material and methods

Rhabdosargus holubi individuals were collected opportun-
istically, using hook and line, seine-nets and spearfishing,
from the permanently open Kowie and Kariega estuaries,
from the inshore coastal zone around Port Alfred, and
from the enclosed Marina Martinique system, located
near Jeffreys Bay, in the Eastern Cape, South Africa
(Figure 1; Table 1). The following data were recorded for
each fish: total weight (g), fork length (FL, mm) and sex,
where possible. The sagittal otoliths were removed and
later were processed as described by Secor et al. (1991)
and sectioned transversely. The number of opaque zones
between the nucleus and otolith edge were enumerated by
three independent readers using a dissecting microscope at
between 10x and 40x magnification. In cases where only two
of the three readers agreed, the modal count was accepted.
If all three readers disagreed, the otolith was rejected.

In addition, 30 individuals (285-345 mm FL) were
captured using a seine-net (75 m x 2 m) for validation of
growth ring periodicity. These fish were tagged and injected
intramuscularly with High-Tet 12™ oxytetracycline at
c. 0.1 ml OTC kg, according to the methods of Potts and

Africa

Algoa Bay

INDIAN OCEAN

0 50 km

25°E 26°E 27°E

Figure 1: Map showing sampling locations (stars) within the
Eastern Cape, South Africa

Cowley (2005), and released into the Marina Martinique
system during March and June in 2012. Marina Martinique
is an artificial saltwater impoundment, isolated from the
ocean except for water that is pumped from the inshore surf
zone into the system. During May 2013, two tagged individ-
uals were recaptured using the same gear.

The otoliths from these recaptured specimens were
processed in dark conditions illuminated only by a red light-
source to avoid degradation of the OTC. Sections were
then examined under fluorescent light using a compound
microscope at 40x magnification. The opaque zones
between the highlighted OTC band and the edge of the
otolith were enumerated. Once photographed, the same
sections were then exposed to normal light conditions for
the purpose of ageing.

A general, three-parameter von Bertalanffy growth
function (VBGF) was fitted to the observed length-at-age
data for R. holubi using an iterative least squares procedure
with Microsoft Excel Solver™:

L=L,(1- ekt

where L is the theoretical asymptotic length at age t, K is
the growth coefficient and {, is the theoretical age at zero
length. Models were fitted to the observed length-at-age
data for each sex, and then to the pooled sample, which
included juvenile and unsexed fish (Table 1). A parametric
residual resampling procedure (PRRP, n = 250 resamples),
or ‘bootstrap’ (Efron 1981), was employed to estimate
the error in the model parameters. A likelihood ratio test
(LRT) (Kimura 1980), was performed to test for differences
between the model parameters for each sex. Comparing
two K parameters without context of L_ is poor practice, as
they are inversely correlated (Knight 1968). To avoid this,
Gallucci and Quinn (1979) developed the omega () growth
index, which describes growth as a function of K and L.
Age estimate reproducibility was described using the index
average percentage error (IAPE) as described by Beamish
and Fournier (1981):

1 1& X -X|
100[,72[,?2’)( JJ

=1 i=1 j

where n is the number of fish aged, R is the number of times
each fish was read, X; the average age calculated for the jth
fish from all readings and X; is the ith reading for the jth fish.

Table 1: Number of Rhabdosargus holubi sampled according to
sex and location

Location
Sex Kowie Kariega Marina Surf zone, n
Martinique  Port Alfred
Males 22 28 10 1 61
Females 15 24 11 2 52
Unsexed 12 — — 1 13
Juveniles 2 6 - - 8
n 51 58 21 4 134




African Journal of Marine Science 2016, 38(1): 65-71

67

Results

The majority of individuals caught in the study ranged
between 100 and 149 mm FL, with only one individual
<50 mm FL (Figure 2). The number of individuals between
250 and 299 mm was relatively low compared with the
number of individuals collected in the 300-349 and
350-399 mm size classes (Figure 2).

Sectioned otoliths from R. holubi showed clear, discern-
ible growth rings, which comprised broad hyaline zones and
narrow opaque zones. Growth rings were clearly visible,
particularly in older fish (Figure 3). Of the 134 sectioned
otoliths, agreement was reached by all three readers
for 53%, while two of the three agreed for the remaining
47%. Despite this, the reproducibility of age estimates for
R. holubi was relatively low (IAPE = 12.6%), particularly in
the younger age classes (0-2 years: IAPE = 16.7%). There
was a positive correlation between reproducibility and age,
with reproducibility increasing with age (3—12 years: IAPE =
5.3%; 13-18 years: IAPE = 1.2%).

n=134
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Figure 2: Fork length percentage frequency of Rhabdosargus
holubi sampled

Figure 3: Photomicrographs of sectioned otoliths removed from recaptured Rhabdosargus holubi specimens: 285 mm FL individual viewed
under (a) fluorescent and (b) normal light, and 345 mm FL individual viewed under (c) fluorescent and (d) normal light
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Table 2: Mean, standard error (SE), coefficient of variation (CV), lower (LCI) and upper confidence interval (UCI) obtained from parametric
residual resampling procedures performed on the von Bertalanffy growth function (VBGF) generated for male, female and pooled samples of

Rhabdosargus holubi

Model Parameter VBGF Mean SE CV (%) LCI (95%) UCI (95%)

Females L, (mm) 3925 386.77 12.47 3.22 365.12 411.71
K(y™") 0.17 0.19 0.02 12.58 0.15 0.24
t, (years) -1.24 -1.20 0.30 24.75 -1.80 -0.69

Males L, (mm) 343.94 344.40 12.26 3.56 323.09 368.44
K(y™") 0.26 0.28 0.05 18.18 0.19 0.39
t, (years) -0.83 -0.84 0.39 46.36 -1.76 -0.27

Pooled L, (mm) 358.1 346.86 10.87 3.13 328.38 369.06
K(y™") 0.24 0.26 0.04 16.21 0.18 0.34
ty (years) -0.77 -0.90 0.37 41.32 -1.71 -0.31

Clear fluorescent bands appeared in the sectioned otoliths Discussion

from both of the specimens recaptured after approximately
one year at liberty (Figure 3). One individual (285 mm FL)
was recaptured after 312 days at liberty. Two OTC bands
were visible from an initial (21 March 2012) and second
tagging event (26 June 2012) (Figure 3a). The second
OTC band appeared shortly after an opaque zone, with one
opaque zone visible between the fluorescent band and the
otolith edge (Figure 3a, b). The other individual (345 mm FL)
was at liberty for 405 days, after being marked during the
first tagging event only (21 March 2012). In both individuals
there was a single opaque zone visible between the fluores-
cent OTC band(s) and the otolith edge, with hyaline zones
present before and after (Figure 3). Therefore, because a
single opaque zone was deposited over a period of 312 or
405 days, this validates the annual periodicity of growth ring
deposition.

The fitted VBGF used to describe the observed length-
at-age data for both males (L, = 343.9 (1 — e7026(t:083))
and females (L, = 392.5(1 — e%1"®124))) provided biologic-
ally realistic L, values based on the maximum size of
specimens examined (Table 2, Figure 4). Despite the
apparent difference in L, (Table 2), an LRT showed that the
L, of females was higher, but not significantly (p = 0.06),
than that of males, which relates well to the maximum size
of fish collected from each sex (females = 372 mm FL;
males = 310 mm FL). The 250 PRRP iterations for each sex
overlapped when the estimated L was plotted as a function
of its respective K, when t, was plotted as a function of its
respective L , and when K was plotted as a function of its
respective t,, which suggests similarity. These findings
were supported by the results of the LRT, which showed
no significant differences between the VBGF for each sex
(p=0.3).

The pooled model (L, = 358.1(1 — e 024®#0.7M)), which
included juveniles and unsexed fish, provides a descrip-
tion of the growth of R. holubi (Table 2, Figure 4). Growth
was relatively rapid for the first five years and then slowed,
with one fish of 372 mm FL attaining an age of 18 years
(Figure 4). The high coefficients of variation (CV), estimated
by the PRRP, for all three models (pooled, male and female)
suggested that there was relatively high variability among
the model parameters (Table 2, Figure 4). The highest CV
values were observed for the t, parameter (Table 2).

Otoliths of R. holubi were relatively easy to read when
compared to those of other sparids (e.g. Polysteganus
undulosus; Chale-Matsau et al. 2001), and did not require
complex preparation such as burning, baking or polishing.
The relatively high IAPE (12.6%) could probably be attrib-
uted to the high proportion of 0- and 1-year-old fish under
study. Age estimation in younger fish has been shown to
have a lower reproducibility (e.g. Richardson 2010), and
in our study the IAPE for 0- to 2-year-old fish was high
(16.7%) compared with 1.2% for 13- to 18-year-old fish. This
pattern is due to the rapid early growth of younger fish that
generally promotes broad and less-defined growth rings
(Campana and Thorrold 2001). Older fish in our study were
consequently much easier to age, as the progression of
narrowing growth rings could be tracked from the nucleus to
the edge of the otolith, and back to the nucleus. Richardson
(2010) found the same trend, with reproducibility increasing
with the size and age of D. capensis. Similarly, Blaber
(1973b), who studied young R. holubi only, experienced
difficulty interpreting the growth zones in the otoliths.

This study is the first to use OTC-marking validation for
R. holubi. OTC validation is considered the most robust
form of age validation, but is often undermined by the low
probability of recapture (Potts and Cowley 2005). The
unique opportunity for recapture provided by the enclosed
Marina Martinique system allowed the annuli to be
validated, and the results confirmed that one opaque and
one hyaline zone were deposited per annum. Although it
is acknowledged that the environmental conditions in
the marina do not necessarily mimic those of the coastal
ocean, the conditions are very similar to those found in the
temporarily open/closed estuarine environments that R.
holubi inhabits. Our results are in support of the assumption
of Blaber (1973b) that opaque zone deposition in R. holubi
is annual, which is similar to other sparids from the region
(e.g. Smale and Punt 1991; Chale-Matsau et al. 2001;
Brouwer and Griffiths 2004; Potts and Cowley 2005).

Marina Martinique provided the opportunity to study
several large and old specimens trapped in the system,
which was beneficial because age and growth studies are
often hampered by poor representation of the largest and
oldest individuals. However, this may also contribute heavily
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Figure 4: VVon Bertalanffy length—-age relationship for the pooled sample of Rhabosargus holubi, which included juvenile and unsexed

individuals, with 95% confidence intervals

to the abnormality of residual distribution during the PRRP,
with young fish having low residuals and older fish large
residuals, without graduation in between. This is highlighted
by the estimated standard error of the 250 theoretical fits
of the male and female models obtained from the PRRP.
The SEs were high (Table 2) compared to those for other
sparids such as Sarpa salpa (van der Walt and Beckley
1997) and variation was better explained using the coeffi-
cient of variation (CV), which assesses variation in the
context of the mean. The CVs ranged between 3.2% and
46.4% in our study, which exceeds the range of 1-5%
estimated in studies of other sparids (e.g. van der Walt
and Beckley 1997; Kallianiotis et al. 2005). However, it
should be noted that the highest CV values were observed
for the t, parameter, which may be due to the high propor-
tion of O-year-old fish sampled, which would contribute
to the variability in the earliest stage of the VBGF growth
curve. This is supported by the wide confidence interval
in the 0-year-old age class (Figure 4). This variation is
compounded by the relatively fast growth of R. holubi in its
first year, with the 0-year-old fish included in this sample
ranging from 49 to 120 mm FL. Therefore, although the
parameters were more variable than those of the closely
related S. salpa (van der Walt and Beckley 1997), particu-
larly in the case of ¢, the L and K parameters for all models
exhibited low to moderate levels of variation (Table 2).
Differences in age and growth between sexes is common
in sparids (Pajuelo and Lorenzo 2001), whereby females
reach a larger body size than males in order to maximise
egg production, and thereby invest heavily in gonadal growth
(Sadovy 2001). However, in group-spawning, rudimen-
tary hermaphrodites, males often exhibit similar investment
in reproduction, with little difference in the gonadosomatic
index between sexes (Buxton and Garratt 1990; Sadovy

1996; Richardson 2010). Although the reproductive style
of R. holubi is unknown, both R. globiceps (Griffiths et al.
2002) and R. sarba (Hughes et al. 2008) exhibit rudimen-
tary hermaphroditism, so it is therefore likely that R. holubi is
also a rudimentary hermaphrodite. The similar growth rates
for males and females in our study supports this assump-
tion, because the growth of group-spawning, rudimen-
tary hermaphroditic sparid species is not normally sexually
dimorphic (Buxton and Garratt 1990).

The pooled length—age model showed that R. holubi is
slow-growing and long-lived, reaching a maximum age of
18 years. Initial growth was fairly rapid compared to that of
other sparids (e.g. Diplodus capensis and Diplodus hotten-
totus [Mann 1992]; Rhabdosargus globiceps [Griffiths et
al. 2002]), with fish attaining 124 mm FL in their first year,
concurring with growth estimates by Blaber (1973b) and
Cowley (1998) for the species. Growth continues relatively
rapidly for the first five years and then slows, with individ-
uals attaining 315 mm FL by year 8 and 354 mm FL by year
18 (Figure 4). Despite its slow growth, R. holubi appears
to grow more rapidly than a similar-sized, warm-temperate
sparid such as Diplodus capensis (Mann 1992) (Table 3).
Within the genus Rhabdosargus, the growth and longevity
(18 years) of R. holubi are comparable to the predominately
cool-temperate R. globiceps (Griffiths et al. 2002) and the
mainly subtropical R. sarba (Radebe et al. 2002) (Table 3).
Owing to the poikilothermic nature of fishes, environmental
temperature has a significant effect on their body tempera-
ture, and thereby affects metabolic activity (Bullock 1955).
Pauly (1980) showed that temperature greatly affects all
three VBGF parameters of 175 fish stocks worldwide.
Bourliére (1957), cited by Liu and Walford (1966), presented
evidence that decreasing temperature correlated with long
life and slow growth of various poikilothermic vertebrates.
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Table 3: Von Bertalanffy growth function parameters, maximum age and omega index for Rhabdosargus holubi and several other similar

sparids

Species L, (mm) K(y") t, (years) Max. age (years) ®
Rhabdosargus holubi 358.06 0.24 -0.77 18 86.56
Rhabdosargus globiceps’ 342 0.24 -0.55 21 82.08
Rhabdosargus sarba? 715 0.16 0.99 16 114.4
Diplodus capensis® 309.44 0.25 1.05 21 77.36

1 Griffiths et al. (2002)
2 Radebe et al. (2002)
3 Mann (1992)

The distribution of R. holubi overlaps with both R. globiceps
and R. sarba, and as such the growth of R. holubi may vary
across its distribution.

The slow growth, long life and estuarine dependence
exhibited by R. holubi suggest it may be vulnerable to
exploitation in the estuaries of eastern South Africa due
to high fishing pressure (Cowley et al. 2013) coupled with
habitat degradation (Gotz and Cowley 2013). However, as
adult R. holubi are seldom captured in the surf zone of the
Eastern Cape, and the herbivorous (De Wet and Marais
1990) and small juveniles are mostly inaccessible to anglers
before they recruit into the estuarine fishery, it is likely that
this species is fairly resilient to exploitation. Although R.
holubi is susceptible to fishing in estuaries after recruit-
ment into the fishery (at around 75 mm FL), its rapid growth
at this time ensures that this phase is short, given that it
leaves the estuary at a size of about 124 mm FL, at an age
of 1 year. Therefore, the impacts of the heavy subsistence
and recreational angling effort in estuaries are reduced by
this life-history strategy. Growth continues fairly rapidly in the
surf-zone habitat, where this species reaches 50% maturity
at 150 mm SL in the Eastern Cape (Whitfield 1998). This
equates to a size of 176 mm FL (Marais and Baird 1980) and
represents 2 years of age, using the growth rates estimated
here. Early adult fishes continue growing rapidly until they
are approximately 5 years old (Figure 4), at 268 mm FL,
after which the primary energy investment of the large fish
is dedicated to gonadal growth (Buxton and Garratt 1990).
These larger individuals that occupy the surf zone have
essentially escaped the major fishing effort and, although
targeted particularly in KZN (Dunlop and Mann 2012),
are able to contribute to reproductive output. Despite the
apparent resilience of R. holubi to exploitation, conservation
of important estuarine habitats is still critical for the success
of this and many other estuarine-dependant species, such as
Lithognathus lithognathus Cuvier, which are targeted heavily
by recreational shore anglers (Bennett 1993; Whitfield 1998).

In summary, this study is the first to validate the
periodicity of ring deposition in the otoliths of R. holubi,
and it has provided the first age and growth information
of the species beyond their first year of life. Our results
concur with those of other work on this species, and show
R. holubi to be a slow-growing, long-lived sparid, which
attains a maximum age of 18 years. Despite these charac-
teristics, the unique life history of R. holubi may provide a
degree of resilience to heavy fishing pressure in estuaries.
Based on the similar growth of males and females, it is
possible that R. holubi, like others in the genus, is a group-
spawning, rudimentary hermaphrodite. However, this can

only be confirmed using an appropriate multimethod study
(Richardson et al. 2011; Winkler et al. 2014). Future
studies should aim to (i) ensure better representation in the
200-299 mm FL length class, (ii) sample across the distri-
bution of R. holubi, and (iii) incorporate a range of estuary
types (i.e. temporarily open/closed estuaries) to obtain a
comprehensive understanding of age and growth.
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