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AGE AND GROWTH OF THE BLACKTAIL COMBER, SERRANUS
ATRICAUDA (SERRANIDAE), OFF THE CANARY ISLANDS
(CENTRAL-EASTERN ATLANTIC)
Víctor M. Tuset, José A. González, Ignacio J. Lozano
and M. Mercedes García-Díaz
ABSTRACT
This study provides information about the age and growth of the blacktail comber
Serranus atricauda Günther, 1874 from the Canary Islands, eastern-central Atlantic. The
length-weight relationship was described by the following parameters: a = 0.0056 and b
= 3.25, being positively allometric. Age was determined from annuli in whole otoliths
(sagittae) stained with ninhydrin, which highlighted the alternating opaque and translucent zones of each annulus. The high percentage of otoliths with translucent zones during
the annual cycle indicated that this species has continuous growth year-round. Age range
was 2–16 yrs for fish measuring 16.2–43.2 cm TL, and weighing 55–1104 g TW. This
species is slow-growing and long-lived. The growth parameters obtained were L• = 49.52
cm TL, K = 0.11 yrs-1, and to = -0.76 yrs. Otolith length was the best predictor of fish
length, while the otolith weight was the best predictor of age.

The family Serranidae contains many bottom-dwelling predators of high commercial
interest as fish food (Froese and Pauly, 2000). Genus Serranus is composed of 29 valid
species (Froese and Pauly, 2000), which are usually synchronous hermaphrodites, a reproductive pattern considered to be the most primitive within the Serranidae (Smith, 1965).
This special characteristic has been taken into consideration in detailed studies of the
species: sexuality and reproduction (Reinboth, 1962,1970; Atz, 1965; Fishelson, 1970;
Febvre et al., 1975; Zanuy, 1977; Bruslé, 1983; Abd-el-Aziz and Ramadan, 1990; GarcíaDíaz et al., 1997, 1999, 2001, 2002), feeding habits (Bell and Harmelin-Vivien, 1983;
Benmouna et al., 1986; Arcuelo et al., 1993; Morato, 2000; Tuset et al., 1996, 1997;
Moreno-López et al., in press), population differentiation (Dufossé, 1956; Oliver 1970,
1980; Tuset et al., 2002), and fisheries (Smith, 1981; Bauchot, 1987; Pérez-Barroso et al.,
1993). However, studies on age and growth are scarce (Bouain, 1981; Abel-Aziz, 1991;
Labropoulou et al., 1998; Tserpes and Tsimenides, 2001).
The blacktail comber Serranus atricauda Günther, 1874 is a littoral (3–150 m) benthic
species, occurring from the eastern Atlantic (Bay of Biscay to Mauritania, the Azores,
Madeira and the Canary Islands) and the western Mediterranean, with commercial interest in many regions (Smith, 1981, 1990; Bauchot, 1987). In the Canary Islands, it is an
economically important species for small-scale inshore fisheries, although they are not
reported in official fisheries statistics (Pérez-Barroso et al., 1993; Franquet and Brito,
1995). While details of its reproduction are known (García-Díaz et al., 1999, 2002), nothing is known about the age and growth of this serranid. The purpose of this study was to
validate age estimates using the sagittal otolith, to derive fish growth rates, and to investigate the relationships among otolith, fish length, and age to assess the applicability of
otolith dimensions in predicting the age of this species.
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MATERIAL AND METHODS
Blacktail combers (n = 510) from the Canary Islands (central-eastern Atlantic) were sampled
from October 1992 to April 1995. Samples were taken by a random stratified method from commercial catches of the local, artisanal, multispecific fisheries with fish traps, gillnets, longlines and
handlines near the islands of Gran Canaria and Fuerteventura (Fig. 1).
Total length (TL, cm), total weight (TW, g), and gutted weight (GW, g) were measured for each
fish. Relationships between total length-total weight and total length-gutted weight were calculated
using a power function to fit the data (TW or GW = aTLb). A t-test was used to determine if the
slopes of both relationships were significantly different from three (Pauly, 1984).
Sagittal otoliths were used to obtain age and growth information. They were washed, dried, and
stored in plastic vials. Otoliths were measured along two axes (length, OL, and width, OH, through
the central nucleus) to the nearest 0.01 mm, with a digital counter and a data processor connected to
a profile projector. To avoid mistakes in otolith weight (OW) due to water content, sagittae were
oven dried, desiccated to a constant weight (Pawson, 1990), and weighed to 0.01 mg.
The methodology used for otolith reading is according to Tserpes and Tsimenides (2001), who
used whole otoliths in S. cabrilla. Nevertheless, to find the best method for age determination, a
random subsample of 20 individuals was studied, interpreting growth rings from whole otoliths
and otolith sections. The results did not indicate differences between the reading methods, so age
was estimated from whole otoliths. To increase contrast between bands, otoliths were stained with
ninhydrin (Schneppenheim and Freytag, 1980). Otoliths were placed on a watch glass with a black-

Figure 1. Location of sampling areas ( ) in the Canary Islands.
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ened bottom and examined under a compound microscope with reflected light. Two readers independently counted opaque zones in each otolith, and only coincidental readings were accepted. The
symmetry test was applied to determine if there were systematic age-related differences among
readers, or if differences were simple random error (Hoening et al., 1995). Ageing was validated
indirectly by examining monthly changes in the appearance of the otolith margin (Morales-Nin,
1992). The first of June (peak spawning; García-Díaz, 2003) was considered the birth date. All fish
were assigned an equal age or their annuli count, excluding fish collected prior to the first of June,
which were assigned one year less than their number of annuli.
Because fish < 16 cm TL are usually not vulnerable to the fishing methods (see results), the mean
length corresponding to earlier ages was determined by backcalculation (Francis, 1995). To carry
out this technique, the relationship between otolith radius (OR) and total length (TL) was calculated using a power function, TL = aORb. Standardized residuals of the regression were analyzed to
identify the type of estimate to use (biological or mathematical). Individuals were grouped in 4-cm
TL classes and the homogeneity of residual variances was compared using the Levene’s test (Zar,
1996); if residuals increased with fish length (heteroscedasticity), we could assume that the family
of trajectories of individual growth was copunctual (Francis, 1995). In addition, to determine if
otolith growth is proportional to somatic growth during the life cycle (Leeuwen and Rijnsdorp,
1986), the relationship between standardized residuals and age classes was also analyzed (Levene’s
test). According to these preliminary analyses, geometric mean regression was used to calculate
total lengths at lower ages (Ricker, 1992). Mean sizes of each age class obtained by backcalculation
and otolith readings were compared using the t-test (Francis, 1990; Zar, 1996).
Nonlinear regression among all available age-length data was used to estimate parameters of the
von Bertalanffy growth equation,

[

L = L• 1 - e

- K ( t - t0 )

]

where L is total length (cm), L• asymptotic length, K the growth coefficient, t the age (years) and t0
the hypothetical age at which length is zero. To evaluate the effects of the age determination method
used on growth parameter estimation, the von Bertalanffy growth equation was fitted to data collected by three methods: otolith readings, backcalculation, and a mixture of both. The last method
is a combination of a representative sample of otolith reading (between three and 16 yrs) with data
obtained by back-calculation (individuals aged 1–2 yrs). The Hotelling’s T2 test was used to compare the growth parameters obtained with each method (Cerrato, 1990; Gordo, 1996).
The relationships between otolith dimensions (length, width, and weight) and length or age of
fish were determined by means of the lineal (Y = a + bX) or power function (Y = aXb) depending on
the best fitting; Y being the length or age and X as the otolith dimensions. No statistical differences
(t-test, P > 0.05) were found between the dimensions (length, width, and weight) of right and left
otoliths. Despite these similarities, right otoliths were used throughout to obtain these equations.
However, when the right otolith was lost or broken during dissection, the left otolith was substituted. Each analysis was carried out for all individuals, since this species is a simultaneous hermaphrodite (García-Díaz et al., 2002).

RESULTS
LENGTH AND WEIGHT RELATIONSHIPS.—Individuals ranged between 16.2–43.2 cm TL,
55.3–1104.2 g TW, as well as 52.5–1043.6 g GW. The relationships between total and
gutted weight and total length were (Fig. 2):
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Figure 2. Somatic total weight-total length (upper) and gutted weight-total length (lower) relationships
for Serranus atricauda from Canary Islands.

TW = 0.0056 * TL3.247 , r 2 = 0.986,
GW = 0.0062 * TL3.199 , r 2 = 0.988.

The slope (b = 3.247, SE = 0.017 for TW-TL regression; b = 3.199, SE = 0.016 for GWTL regression) was significantly different from 3 (t-test, t = 14.87 and t = 12.80 respectively, P < 0.05) indicating positive allometric growth.
AGEING.—The annuli were clearly distinguishable and easy to count in whole otoliths,
with the first annulus notably wider and more well-defined than subsequent annuli. Of
the otoliths examined, 466 (91.4%) were readable with an 87.2% agreement between the
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Figure 3. Mean monthly percentage of otoliths with opaque (ï) and translucent (ó) edges for Serranus
atricauda from Canary Islands.

two independent readers. The symmetry test did not indicate a systematic disagreement
between readers (X2 = 7.01, P < 0.001). Marginal zone analysis showed a pattern of alternating, narrow translucent zones, and wide opaque zones, forming one annulus per year
(Fig. 3). Otoliths with an opaque edge (faster growth) were more abundant (54.1–64.9%)
from October to December, while otoliths with a translucent edge (slower growth) were
more common during the remaining months.
Fish ranged from 2–16 yrs (Table 1). Individuals < two yrs old were absent or poorly
represented in the sample due to bias of the fishing method.
BACKCALCULATION.—The relationship between fish length (TL) and otolith radius (OR)
was:
TL = 1.991 * OR1.243 , r 2 = 0.895 (Fig. 4).

No significant differences were found in the standardized residual variance with fish size
(Levene’s test, F = 1.54, P > 0.05), but differences did occur with fish age (F = 1.18, P <
0.05). The homoscedas8…city of data points around the regression line (Fig. 5) suggests
that the regression equation is more appropriate than a proportional method, since there
was no evidence for a common origin of individual growth trajectories. Otolith growth
was allometric by the 10-yr age class (Fig. 5), so the backcalculation technique was only
applied until the 9-yr age class.
The mean lengths by age class obtained by geometric mean regression are given in
Table 2. Comparison between the mean lengths obtained by backcalculation and otolith
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Table 1. Age-length key from the interpretation of growth rings on whole otoliths for Serranus
atricauda from the Canary Islands. n - number of specimens; SD - standard deviation.
Length (cm)
0
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
Mean TL, cm
SD
n

1

2
1
1

Age (years)
3
4 5 6
7
8 9
3
2
5 3
8 13 1
20 4
23 8
8 17 3
3 18
3 6 4
1 10
1 8 2
1 11 4
5 4
10 13 8
6 10 6 1
3 7 3 1
2 11 8 4
6 10 3
5 7 4
3 3
1 2
2 1
1

10 11 12

2
5
1
4
3
4
4
1

1
1
4
2
2
3
2

3
2
2
3
1
1

13 14

15 16

1
1

1

1

1
-

-

16.5 17.40 19.5 21.6 26.2 29.4 31.2 32.8 33.4 34.9 35.4 38.0
0.7 0.9 1.4 1.9 2.4 2.1 2.2 2.0 2.1 2.3 2.1 1.4
2
13 75 68 62 62 48 20 24 15 13 2

-

43.0 39.0
1
1

reading in each age class revealed significant differences between both methods up to the
8-yr age class (Table 3).
FISH GROWTH MODEL.—To determine the best growth model, parameters obtained by
otolith reading, backcalculation, and the mixture method were compared. In otolith reading, only fish aged > 2 yrs were considered. Backcalculation was carried out using the
mean length until the 8-yr age class and the age-length key for the older ones. The mixture method included the reading data of age classes > 2 and data from backcalculation
length for age classes < 3. The growth parameters of von Bertalanffy equation are presented in Table 4.
The comparison of the three methods pointed out significant differences in the growth
parameters between otolith reading and the other methods (Hotelling’s T2-test readingmixture T2 = 17.93, P > 0.05; reading-backcalculation T2 = 11.80, P > 0.05), while
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Figure 4. Relations between size fish (TL) and otolith radius (OR) for Serranus atricauda from
Canary Islands.

backcalculation and mixture methods provided similar values (Hotelling’s T2-test = 1.68,
P < 0.05). Nevertheless, the mixture method produced the lowest standard error of the
three. The resulting growth model was:

[

]

TL = 49.518 * 1 - e -0.111*(t + 0.762 ) , r 2 = 0.935 (Fig. 6).
OTOLITH GROWTH.—In all cases the power function was the best mathematical model
describing the relationships between length/age and otolith dimensions, with the exception of the relationship between age and otolith weight. Otolith length was the best predictor of fish length (r2 = 0.895) and otolith weight was the best predictor of age, alone
accounting for 88% of the variability. All variables were good predictors of length or age,
each explaining over 80% of the variability. The slope of the relationship between fish
size and otolith length and width was > 1, while the slope of fish size and otolith weight
was < 1. Variability in the data increased significantly for all variables beyond 30 cm TL
or eight yrs (Table 5, Fig. 7).
DISCUSSION
Biological studies and dynamic population models used in the management of fishery
resources require age data to determine the composition by age for catch and growth rates
(Ricker, 1973). Some authors have indicated that reading whole otoliths underestimates
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Figure 5. Residual plots of size fish (TL) versus otolith radius (OR) (upper) and age fish versus
otolith radius (OR) (lower) relationships for Serranus atricauda from Canary Islands.

true age, as it is better to determine it in sectioned otoliths (Boehlert, 1985; Ferreira and
Russ, 1994). However, there are alternative techniques such as staining (Albrechtsen,
1968; Liew, 1974; Bouain and Siau, 1988; Richter and McDermott, 1990) that enable the
determination of age in some species using whole otoliths. The sagittal characteristics in
Serranus spp. (Tuset et al., 2003) allows readings from whole otoliths as in S. cabrilla
(Tserpes and Tsimenides, 2001). In our study, the symmetry test did not reveal differences among readers, suggesting both the ageing method and interpretation were correct
and not age-dependent.
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Table 2. Backcalculated length at age for Serranus atricauda from the Canary Islands. N - number
of individuals; SD - standard deviation; Ri - mean length (TL, cm) for each age and annuli.
Annulus
Age

R1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
Mean TL, cm
SD

9.85
9.92
9.48
9.40
9.71
8.63
8.85
8.06
9.52
9.51
9.63
8.05
8.71
8.82
9.31
9.4

R2
13.50
13.55
13.16
12.99
13.00
12.27
12.70
11.52
12.99
12.37
13.62
10.79
12.99
12.78
12.86
10.3

R3
16.49
16.27
16.31
16.27
15.66
16.74
14.77
16.09
15.56
16.09
14.51
16.89
16.42
16.08
1.10

R4

19.15
19.22
19.56
18.67
19.38
17.71
18.94
18.12
19.37
18.53
17.70
17.25
18.97
1.23

R5

R6

21.89
22.22
21.69
22.29
21.07
22.37
21.20
22.37
22.80
21.93
21.15
22.02
1.17

R7

23.56
24.46
24.94
24.58
25.04
23.39
24.43
25.48
24.58
23.45
24.57
1.26

27.05
27.13
26.70
27.48
25.94
26.86
28.24
27.31
26.52
26.88
1.31

R8

29.65
29.49
30.28
28.61
29.34
31.07
31.08
29.47
29.67
1.38

n

R9

32.15
33.36
31.08
31.88
33.99
33.01
32.52
32.36
1.72

2
13
75
68
62
62
48
20
24
15
13
2
1
1
406

The blacktail comber is a relatively long-lived (maximum age 16 yrs) and slow-growing species. The high percentage of otoliths with translucent zones during the annual
cycle indicates that this species exhibits continuous growth throughout the year. Environmental and biological variables such as temperature, photoperiod, feeding frequency and
reproduction, as well as hydrological factors, may affect the annuli formation (Casselman,
1983; Campana and Neilson, 1985; Morales-Nin, 1992). This species does not exhibit
variation in feeding over the year (Morato et al., 2000). Greater metabolic activity is
observed when water temperatures are lower (fall–winter, Llinás et al., 1993), and the
formation of the translucent zone coincides with the species’ reported spawning period
(January–September, García-Díaz, 2003). Nevertheless, the presence of annuli in immature individuals is empirically evident and suggests that the formation of annual rings is
not dependent solely on the spawning season. Therefore, the stimulus for annuli formaTable 3. Comparison between mean sizes (TL, cm) obtained by otolith reading and
backcalculation for Serranus atricauda from the Canary Islands. (a = 0.05, * = P < 0.05).
Age
2
3
4
5
6
7
8
9

Mean TL
(by otolith reading)
16.5
17.4
19.5
21.5
26.2
29.4
31.2
32.8

Mean TL
(by backcalculation)
12.9
16.1
19.0
22.0
24.6
26.9
29.7
32.4

Difference t-Student Significance
3.6
1.3
0.5
-0.5
1.6
2.5
1.5
0.4

7.32
5.17
3.23
2.15
5.13
8.71
4.38
0.97

*
*
*
*
*
*
*
NS
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Table 4. Von Bertalanffy growth parameters and respective standard errors (SE), and correlation
coefficients (r2) for the curve fitted to backcalculation, mixture and otolith reading method for
Serranus atricauda from Canary Islands.
Method
Backcalculation
Mixture
Reading

L• (SE)

K (SE)

to (SE)

r2

n

52.257 (4.038)
49.518 (1.650)
43.875 (1.531)

0.092 (0.016)
0.111 (0.007)
0.160 (0.016)

-1.053 (0.372)
-0.762 (0.105)
0.158 (0.231)

0.989
0.935
0.871

15
490
406

tion may be correlated with those external factors, which also initiate spawning cycles in
mature individuals.
It has been widely described that the morphology (especially weight) of the otolith, is
related to changes in fish metabolism and is sensitive to variations in growth rates (Boehlert,
1985; Reznik et al., 1989; Secor and Dean, 1989; Pawson, 1990; Fletcher, 1991). In many
fish species, otolith growth occurs primarily as increases in otolith thickness and weight,
and to a lesser degree, in length and width (Blacker, 1974; Beamish, 1979; Janusz, 1990;
Newman et al., 1996; present study). For example, in this study, otolith length and width
were not as high as predicted for the largest fish (> 30 cm TL), while otolith weight was
greater than predicted. The equation relating age to otolith weight and fish size revealed
these differences in otolith length and width. Harkönen (1986) suggested that such a
change might be due to a metabolic difference associated with sexual maturity. However,
in this species the size of the metabolic change (30 cm TL) is higher than the maturity
size (19 cm TL; García-Díaz, 2003). Ublein et al. (1998) concluded that these differences
in size might be related to the fact that this species inhabits the shelf and uppermost parts

Figure 6. Von Bertalanffy growth curve fitted to length-at-age data of mixture method for Serranus
atricauda from Canary Islands.
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Table 5. Comparison between otolith dimensions and sizes and ages for Serranus atricauda from
Canary Islands.
Equation
TL = 1.991 * OL1.243
TL = 5.802 * OH1.267
TL = 18.583 * OW0.406
Age = 0.127 * OL1.871
Age = 0.640 * OH1.901
Age = 2.362 + 1.552 * OW

r2
0.895
0.876
0.873
0.871
0.812
0.886

n
510
510
510
406
406
406

of the upper slope. Individuals > 30 cm TL moving to deeper waters may undergo an
important metabolic change. In conclusion, the data suggest that sagittal otolith growth is
asymmetric and somatic growth and otolith size are not coupled. Xiao (1996) considered
it inappropriate to use terms as uncoupling, scaling, and time lag to describe the dependence of otolith size on somatic growth, and proposed the term relationship. Independently of the terminology applied, the strong correlation between otolith weight and age
could indicate that this variable may provide a quick method for assessing age. The relationship between otolith weight and fish age has been verified for other fish species and
appears to be a powerful, simple method to estimate the age of fish (Boehlert, 1985;
Pawson, 1990; Cardinale et al., 2000; Labropoulou and Papaconstantinou, 2000). However, in some studies (including the present) both the increase of variability in otolith
weight in older fish and frequent data points located off of the regression line from a
determined age indicate that this variable may underestimate the age in older fish (Beckman
et al., 1991; Wilson et al., 1991; Ferreira and Russ, 1994;Worthington et al., 1995; Newman
et al., 1996).
A representative model of the growth of the average fish should be based on as wide as
range possible of length-age values. The first years of life (juvenile phase) represent the
period of fastest growth, after which the growth pattern changes considerably (Caddy,
1988; Morales-Nin, 1991; Labropopulou et al., 1998). However, in some studies, the
growth curve represents only a portion of the population because sampling is truncated
by fishing methods (e.g., Ferreira and Russ, 1994; Lorenzo and Pajuelo, 1999). It seems
logical to apply all techniques available to complete the growth curve (Morales-Nin,
1984). The backcalculation technique is the usual method for increasing the number of
length-at-age data used in fitting growth curves (Francis, 1990). To apply this technique,
it is necessary to analyze the relationship between otolith length and fish size to identify
the most applicable model (Esteves et al., 1997). Two factors have an influence in such a
relationship: the allometric growth between both variables and the presence of slowgrowing fish (with heavier otoliths) and fast-growing individuals (with lighter otoliths;
Francis et al., 1993). The first factor reflects heteroscedasticity from a determined age
while the second one leads to the assumption that individual growth trajectories are
‘copunctual’ (Eknath and Doyle, 1985; Heidinger and Clodfelter, 1987; Francis, 1995).
When both factors are present, it is more appropriate to use a geometric mean regression
than a proportional method (Ricker, 1992), as in this work. The results obtained in this
study showed that the introduction of the backcalculation technique provided significant
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Figure 7. Relationship between total length/age and otolith dimensions (length, width and weight)
for Serranus atricauda from Canary Islands.

variations in growth parameters. The growth parameters obtained by the mixture method
were similar to those obtained by means of backcalculation; whereas, values from otolith
reading were significantly different from the previous methods. Nevertheless, in the estimation of growth parameters, the mixture method provided values of standard error lower
than those obtained by backcalculation. Consequently, the mixture model discussed here
describes the fish growth better.
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