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SUMMARY: Age, growth and mortality of the toadfish, Halobatrachus didactylus, were determined by examination of the 
whole sagittal otoliths of fish sampled in the Bay of Cádiz (southwestern Spain) from March 1999 to March 2000. A total 
of 844 specimens (425 males, 416 females, and 3 of indeterminate sex), ranging from 95 to 470 mm in total length were ex-
amined. Eighty-nine percent of the otoliths could be read allowing an age estimation. The opaque zone was formed between 
April and May coincident with the maximum reproductive peak, while the translucent zone formed mainly in summer-fall 
(June to December). Maximum ages for males and females were 12 and 10 years, respectively. The samples were dominated 
by 2- to 6-year-old specimens. Males matured at an age of approximately 2 years and females at 3 years. Fish total length and 
otolith radius were closely related (r2>0.80). The von Bertalanffy growth curve was used to describe growth. The parameters 
were derived from back-calculated length-at-age. Significant differences in the growth parameters were found between sexes 
(in males L∞ = 477.06 mm, K = 0.15 and t0 = -0.59; in females L∞ = 363.69 mm, K = 0.20 and t0 = -0.75). Although the growth 
analysis revealed that this species is slow-growing, males reached larger sizes than females. Females appeared to experience 
higher natural mortality rates than males. 
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RESUMEN: Edad, crecimiento y mortalidad del pez sapo, Halobatrachus didactylus (Schneider, 1801) (Pisces: 
Batrachoididae), en la bahía de Cádiz (suroeste de España). – Se determinó la edad y se estimaron los parámetros 
de crecimiento y la tasa de mortalidad natural de H. didactylus con base en el análisis de los otolitos sagita de ejemplares 
capturados mensualmente en la Bahía de Cádiz (suroeste de España) entre marzo de 1999 y marzo de 2000. Se examinó un 
total de 844 ejemplares (425 machos, 416 hembras, y 3 con sexo indeterminado), con tallas que oscilaron entre 95 y 470 mm 
de longitud total. El 89% de los otolitos analizados resultó legible y permitió asignar un número de anillos. El crecimiento 
anual estuvo representado por una zona opaca y una translúcida. La zona opaca se forma entre abril y mayo, coincidiendo con 
el máximo pico reproductivo, mientras que la zona translúcida se forma principalmente en verano-otoño, (junio-diciembre). 
El recuento de zonas anuales en los otolitos permitió establecer hasta 12 grupos de edad en los machos y 10 en las hembras. 
En ambos casos predominaron los ejemplares con 2–6 años. Los machos alcanzan la madurez sexual, aproximadamente, a 
los 2 años de edad y las hembras a los 3 años. La longitud total del pez y el radio de los otolitos estuvieron fuertemente rela-
cionados r2>0.80. El crecimiento individual fue determinado mediante ajuste al modelo de von Bertalanffy. Los parámetros 
de crecimiento estimados para machos y hembras a partir de las longitudes a edad pretérita para cada edad fueron significa-
tivamente diferentes (machos: L∞= 477.06 mm; k= 0.15 y t0= -0.59; hembras: L∞= 363.69 mm; k= 0.20 y t0= -0.75). Aunque 
puede considerarse como una especie de crecimiento lento, los machos alcanzan mayores longitudes que las hembras. Las 
tasas de mortalidad natural estimadas fueron ligeramente superiores en las hembras.
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INTRODUCTION

The toadfish, Halobatrachus didactylus (Sch-
neider), is a benthic, sedentary species occurring 
in the eastern Atlantic Ocean from the Bay of 
Biscay to Ghana and in the western Mediterranean 
Sea (Roux, 1986). It inhabits shallow water—tidal 
channels and creeks, inlets, beaches—to a depth 
of 50 m, over soft sand, mud, seagrasses and weed 
beds or concealed in rock crevices (Roux, 1986; 
Fischer et al., 1987). Owing to its euryhaline ability 
it is capable of colonising diverse biotopes, from 
brackish waters of river estuaries to hypersaline 
waters of salt ponds (Arias and Drake, 1990; Lopes 
da Cunha, 1994; Costa et al., 2000; Fernández-
Delgado et al., 2000). It is a common fish species 
in the Bay of Cádiz, and although it has a relatively 
low commercial value, its ecological importance is 
quite significant, and it is considered an important 
component of the fish communities (Arias, 1976). 
In the Bay of Cádiz this species is caught by ar-
tisanal and recreational fishermen. It shows great 
resilience, being able to survive for hours out of 
water (personal observations). Though this species 
has been used extensively as a laboratory animal 
for cardiological, physiological and toxicological 
studies for more than three decades (see references 
in Palazón-Fernández et al., 2001), biological in-
formation on it is scarce. In previous papers the 
reproductive biology and cytogenetics of the spe-
cies were reported (Palazón-Fernández et al., 2001; 
Palazón et al., 2003).

Age and growth in the Batrachoididae family 
have been studied using various methods, including 
length-frequency analysis (Serafy et al., 1997) and 
inferences from observed marks on hard parts such 
as vertebrae (Schwartz and Dutcher, 1963) and 
otoliths (Wilson et al., 1982; Radtke et al., 1985). 
Otoliths have been used extensively to age fish, 
and have been suggested to be the most accurate 
ageing structures (Six and Horton, 1977; Cassel-
man, 1983; Campana et al., 1995; Campana, 2001) 
because they are not susceptible to resorption, un-
dergo no chemical alteration once formed, and are 
available in species which lack or have tiny scales 
(Mugiya and Watabe, 1977; Six and Horton, 1977; 
Campana, 1983). 

No previous information on age, growth and mor-
tality of H. didactylus exists. The objective of the 
present study was to estimate age, growth and mor-
tality of toadfish by examining the sagittal otoliths. 

MATERIALS AND METHODS

Samples of H. didactylus were collected monthly 
from artisanal fishermen´s captures in Cádiz Bay 
(southwestern Spain) between March 1999 and 
March 2000. These fish were caught primarily 
with gillnets. Meristic measurements were taken on 
each fish, including total length (LT) measured to 
the nearest mm, and whole weight (WT) and gutted 
weight (WG) measured to the nearest gram. Length 
and weight frequency distributions were compared 
by sex using the Kolmogorov-Smirnov two-sample 
test (Zar, 1984). Sex was established by macroscopic 
examination of the gonads.

Both sagittal otoliths were removed, rinsed and 
stored dry for later age determination. Otoliths were 
viewed with a dissection microscope under reflected 
light. Opaque zones and translucent zones exhibited 
an alternating pattern. The total number of opaque 
zones was recorded in order to assign an estimated 
age to each toadfish. Length-at-age included any 
growth that occurred after the last opaque zone was 
formed. Otoliths were read without reference to 
other data.

As a comparison between whole and sectioned 
otoliths, 179 otoliths from the full size range of the 
samples were sectioned. Three transverse (dorsov-
entral) sections from the left otolith of each fish were 
taken using a low-speed saw. One section was made 
on either side of the core, and the other encompassed 
the core. The sections were mounted on glass slides 
with thermal cement and examined through a micro-
scope under reflected light. Immersion oil was ap-
plied to each section to enhance the legibility of the 
growth zones on the section.

A zone count was assigned to 83% of the sections 
(148 of 179). Of the 148 samples, 73% (108) agreed 
in zone count with the whole otoliths and 88% 
(130) agreed within ± 1. Agreement was reached 
over the full range of ages though the majority of 
the samples that disagreed by 2 or more zones was 
primarily from fish with more than 6 zones. The 
Wilcoxon signed-rank test was applied to the pairs 
of whole and sectioned otolith ages for each fish. No 
significant difference was found between ages from 
both methods (Wilcoxon signed-rank test, n = 148; 
P>0.05). Both whole and sectioned otoliths were 
considered reliable methods for aging toadfish for 
the age range of our study, so it was decided to use 
the whole otoliths because this method is less costly 
and time-consuming.
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Otoliths that were completely translucent, bro-
ken, or with structural irregularities, such as unusual 
calcification, deterioration, and poorly defined an-
nual growth increments, were considered unreadable 
and were excluded from further analysis.

Radial measurements on the distal side of the 
whole otoliths were taken from the core to the outer 
edge of each successive opaque zone and to the oto-
lith margin when possible using an image analysis 
system. It was possible to measure 87% of the aged 
samples (658 of 754). However, samples with 11 
and 12 opaque zones could not be measured because 
those zones were more closely formed together, 
making accurate measures more difficult.

The relationship of fish total length-at-capture 
(LC) and otolith radius-at-capture (RC) was described 
by regressing the observed total length on otolith 
radius. The linear equation was LC = a + bRC

The periodicity of opaque zone formation was 
examined by edge-type analysis (Rocha-Olivares 
and Gómez-Muñoz, 1993; Newman and Dunk, 
2003). The marginal edge on each otolith was exam-
ined and classified as opaque or translucent. Percent-
ages of otoliths with opaque and translucent margins 
were plotted by month of capture for all months in 
order to locate periodical trends in zone formation. 
Moreover, the marginal increment ratio (MIR) was 
estimated for each specimen by the following for-
mula (Araújo and Martins, 2007):

MRI = (RT - RL)/( RL – RL-1)

where RT is the total radius of otolith, RL is the ra-
dius to the last annulus formed and RL-1 is the radius 
to the penultimate annulus formed.

The mean MIR and the standard deviation were 
computed for each month by sex for all ages com-
bined and also for each age separately. An analysis 
of variance (ANOVA) was used to detect signifi-
cant differences by sex, age group and month of 
capture. The Student-Newman-Keuls (SNK) mul-
tiple range test was used to contrast means when 
treatment differences were significant (Zar, 1984). 
Means (± S.D.) were plotted against month of cap-
ture, the minima indicating the month of annulus 
formation. 

Once the periodicity and timing of zone formation 
were verified, the age of each fish was determined 
from the number of annuli, the assumed birthday, and 
the sampling date. Because the peak spawning period 
of H. didactylus occurs in May (Palazón-Fernández 

et al., 2001), all fishes were assigned a birth date of 1 
May to ensure proper year-class identification.

The back-calculated total lengths at each age 
were determined from the body proportional equa-
tion (Francis, 1990): 

LA = [(a+bRA)/( a+bRC)] LC
 
where LA = back-calculated total length to annulus 
A; RA= otolith radius to annulus A; RC = total otolith 
radius at time of capture; LC = total length at time of 
capture; a = intercept from the linear total length–
otolith radius regression; and b = slope from the 
linear total length–otolith radius regression. 

The von Bertalanffy growth model, 
 

Lt = L∞ [1 – exp(-K (t – t0))], 

was fitted to back-calculated lengths-at-ages for the 
most recently formed annuli (Vaughan and Burton, 
1994; Potts and Manooch, 2002). Growth param-
eters were estimated by non-linear regression with 
Marquart’s algorithm (Draper and Smith, 1981). 

Growth models were developed separately for 
males and females to account for possible sex-specif-
ic growth rates. Differences in growth curves for the 
sexes were tested using the F test (Chen et al., 1992). 
Individuals whose sex could not be determined be-
cause their gonads were undifferentiated, but which 
were determined to have one annulus, were included 
in the back-calculations for each sex in order to in-
crease sample size and give more weight to the few 
one-year-old fish.

Longevity was calculated from Taylor’s equation 
(Taylor 1958): 

A t
K0 95 0
2 996

.
.

= +

where A0.95 is the lifespan or age required to reach 
95% of the final length (L∞), and t0 and K are von 
Bertalanffy growth parameters.

Estimates of natural mortality rates (M) were ob-
tained using two methods. The first estimate of M 
was based on Taylor’s formulae (Taylor, 1958) 

M K
Kt

=
+

2 996
2 996 0

.
.

where K and t0 are parameters of the von Bertalanffy 
growth equation. 

Natural mortality was also computed by the 
method of Pauly (1980), assuming a mean annual 
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water temperature (T) for the Bay of Cádiz of 18.4ºC 
(Forja, 1990): 

log M = -0.0066 – 0.279 log L∞ +  
+ 0.6543 log K + 0.4634 log T

In order to compare growth performance of fish 
within the Batrachoididae, the parameter Φ´ (Pauly 
and Munro, 1984) was calculated: 

Φ´ = log K + 2 log L∞

where K is the growth constant and L∞ is the asymp-
totic length derived from the von Bertalanffy growth 
curve.

RESULTS

A total of 844 toadfishes (425 males, 416 females 
and 3 individuals of indeterminate sex) ranging in size 
from 95 to 470 mm total length were examined. 

Male and female total length ranged from 137 
to 470 mm LT and from 95 to 366 mm LT, respec-
tively (Fig. 1). A higher proportion of females were 
smaller than males. Males dominated in the >300 
mm size classes, whereas females were more abun-
dant in the 220 – 260 mm size classes. The Kol-
mogorov-Smirnov test (n1 = 425, n2 = 416; P<0.01) 
showed significant differences between male and 
female frequency distributions. The mean length of 
males (264.78 ± 2.96 mm) was significantly greater 
than that of females (238.20 ± 1.87 mm) (t test, df 
= 839, P<0.01). 

Male and female total weight ranged from 50 to 
2105 g and from 30 to 1075 g, respectively. A Kol-
mogorov-Smirnov test (n1 = 425, n2 = 416; P<0.01) 
indicated significant differences between sexes. The 
mean weight of males (362.44 ± 13.98 g) was sig-
nificantly greater than that of females (238.68 ± 6.31 
g) (t test, df = 839; P<0.01).

Otoliths displayed well-defined alternating thin 
opaque zones and wide translucent zones under 
reflected light (Fig. 2). An opaque zone combined 
with a translucent zone was interpreted as one year’s 
growth. Enumerating the opaque zones on the oto-
liths of the toadfish was relatively easy. Whole oto-
liths were read with little difficulty, and of the 844 
otoliths sampled 754 (89%) were read successfully. 
As a result of the decreased growth as the fish grows 
older, successive annuli are progressively closer so it 

was fairly difficult to observe and measure accretion 
of newly formed material at the margin of the otolith 
in older fish. 

Formation of growth increments followed a 
seasonal pattern (Fig. 3). The opaque zones begin 

Fig. 1. – Length-frequency distributions (20-mm length classes) of 
male and female toadfish sampled for age determination in the Bay 

of Cádiz between March 1999 and March 2000. 

Fig. 2. – Sagittal otolith of a 7-year-old toadfish. Opaque margin, 
May 1999, 235 mm LT.

Fig. 3. – Monthly frequency of opaque and translucent margins of 
otoliths of H. didactylus sampled between March 1999 and March 

2000 in the Bay of Cádiz. 
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to develop in late autumn, though they are not com-
pletely formed until the next spring (April-May), co-
incident with peak spawning (Palazón-Fernández et 
al., 2001). In these months, the proportion of otoliths 
with opaque margins was highest (>80%). A marked 
decline in June and July, followed by an absence of 
opaque margins from August to October indicates 
cessation of opaque annulus formation and the onset 
of translucent annulus formation beginning in late 
spring. The translucent zones were laid down mainly 
in summer-autumn (June-December) when growth 
is faster. The data suggest that only one opaque and 
one translucent zone are laid down per year and rep-
resent valid annual growth increments. 

The monthly mean MIR (sexes and all ages com-
bined) showed a single minimum in April-May (Fig. 
4). This pattern indicated the formation of one an-
nulus per year in April-May. This same trend was 
exhibited by monthly means of MRI when plotted by 
sex, and for the different ages, respectively. ANOVA 
detected significant differences during the year (df 

= 11,626; P<0.01). The S.N.K. test showed that the 
MIR in April-May was significantly lower than in 
the rest of the year, providing further evidence that 
annulus formation occurred yearly in April-May. The 
maximum values occurred in October-December 
and January. The ANOVA did not show significant 
differences for the sexes (df = 1,646; P>0.05) and/or 
age group (df = 8,626; P>0.05). 

Age distributions for the sexes are exhibited in 
Figure 5. The maximum age of the sampled toadfish 
was 12 years for males and 10 years for females. 
Age distribution was similar for both sexes and was 
skewed to the left. The population was dominated by 
2- to 6- year-old fish, which represented 85% to 88% 
of the fish sampled. Fish younger than 2 years and 
older than 9 years were poorly represented. After 
age 7, males dominated the older age classes.

Somatic growth (LC-mm) and otolith growth (RC-
mm) were strongly linearly related in both males (r2 
= 0.88) and females (r2 = 0.81). ANCOVA revealed 
significant differences in the relationship between 
males and females (df = 1,721; P<0.001), so separate 
models were fitted for each sex. Figure 6 shows the 
sex-specific relationship between total length and 
otolith radius. In both cases, an ANOVA revealed a 

Fig. 4. – Monthly means of marginal increment ratio (MIR) of oto-
liths of H. didactylus sampled between March 1999 and March 2000 
in the Bay of Cádiz. Vertical bars are ± 1 SE; numbers on the top of 

vertical bars are sample sizes.

Fig. 5. – Age distribution for male and female toadfish sampled in 
the Bay of Cádiz between March 1999 and March 2000. 

Fig. 6. – Relationship between total length at capture and otolith 
radius for male and female toadfish sampled in the Bay of Cádiz 

between March 1999 and March 2000.
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highly significant relationship (in males df = 1,350 
and P<0.001; in females df = 1,371 and P<0.001). 
Moreover, the lack-of-fit test revealed that the linear 
model describes the relationship satisfactorily for 
both males (df = 161,189; P>0.05), and females (df 
= 149,222; P>0.05), and explained 87.8% (males) 
and 81.1% (females) of the observed variation; 
therefore, a direct proportional method can be used 
for back-calculation of total lengths at each age. 

Of the otoliths aged, 87% (658 of 754) were 
considered legible to record measurements from the 

core to each successive opaque zone and the otolith 
margin. The mean back-calculated lengths-at-age 
for 1- to 9-year-old specimens are listed in Table 1. 
Growth increments were higher during the first year 
of life (mean 74.1 mm and 64.3 mm LT for males and 
females, respectively). After that, the growth rates of 
both sexes slowed appreciably. Males and females 
showed similar mean lengths until age 3; afterwards, 
males grew faster and consequently reached larger 
sizes than females. The differences become more 
pronounced with increasing age (Table 1; Fig. 7).

The von Bertalanffy growth curves for males 
and females are shown in Figure 7, and the cor-
responding parameter estimates are listed in Table 
2. Growth curves fitted very closely to the back-
calculated lengths. Predicted lengths fitted well 
with the back-calculated length-at-age data for both 
males (r2 = 0.82, n = 325) and females (r2 = 0.74, n 

Table 1. – Mean observed and back-calculated lengths-at-ages for male and female H. didactylus sampled in the Bay of Cádiz between March 
1999 and March 2000.

Age class		O  bserved					A     nnulus
(years)	N	  Mean LT	 I	II	III	I   V	 V	 VI	 VII	 VIII	I X

Males											         
1	 5	 145.6	 78.3								      
2	 66	 199.7	 73.8	 159.1							     
3	 63	 214.4	 58.4	 132.2	 190.4						    
4	 73	 248.5	 61.1	 130.1	 187.9	 234.1					   
5	 56	 291.6	 65.4	 138.5	 198.3	 245.2	 282.1				  
6	 29	 295.5	 59.7	 128.7	 182.8	 226.2	 261.2	 288.5			 
7	 8	 323.8	 59.7	 128.3	 185.7	 228.6	 264.3	 292.0	 313.1		
8	 6	 343.9	 67.0	 142.1	 202.6	 241.7	 274.0	 302.2	 325.0	 342.3	
9	 4	 361.8	 53.8	 121.9	 173.4	 216.6	 256.7	 291.2	 318.7	 339.9	 356.8

Mean			   64.2	 138.3	 190.4	 235.9	 273.4	 291.1	 318.3	 341.3	 356.8
Increment				    74.1	 52.1	 45.4	 37.3	 17.7	 26.0	 21.4	

Females											         
1	 3	 138.9	 85.1								      
2	 65	 193.4	 84.7	 158.7							     
3	 83	 216.5	 71.4	 137.6	 190.5						    
4	 79	 234.4	 73.0	 134.4	 182.4	 220.8					   
5	 62	 257.2	 76.5	 135.1	 182.9	 222.0	 252.5				  
6	 30	 278.2	 79.5	 140.4	 189.9	 228.1	 256.0	 276.6			 
7	 16	 283.5	 70.6	 131.7	 174.0	 206.7	 234.9	 261.0	 282.8		
8	 3	 289.6	 82.8	 136.8	 187.6	 215.7	 243.1	 263.3	 282.0	 297.7	

Mean			   76.1	 140.4	 185.3	 221.0	 250.6	 270.5	 282.7	 297.7	
Increment				    64.3	 44.9	 35.7	 29.6	 19.9	 12.1	 15.0	

Fig. 7. – von Bertalanffy growth curves derived from back-calculat-
ed age-at-lengths for male and female H. didactylus sampled in the 

Bay of Cádiz between March 1999 and March 2000.

Table 2. – Growth parameters (± SE) derived from the von Ber-
talanffy growth function for H. didactylus sampled in the Bay of 

Cádiz between March 1999 and March 2000.

Parameter	 Males	 Females

L∞	 477.06±29.28	 363.69±24.21
K	   0.15±0.02	   0.20±0.04
t0	   -0.59±0.21	   -0.75±0.28
n	 326	 345
r2	 81.41	 74.78
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= 345). Growth models for males and females were 
significantly different from one another (F test; df = 
3,663; P<0.001). After age 3, males were growing 
at a faster rate and reached larger sizes and weights 
than females (Fig. 7). 

The estimated life span of the toadfish was 19.4 
years for males and 14.2 years for females. The 
growth performances of this Batrachoid were 4.53 
and 4.42 for males and females, respectively. 

Observed lengths-at-age were consistently higher 
than those back-calculated and/or predicted by the 
growth curves (Table 3); the differences were higher 
at lower ages and were interpreted as a consequence 
of growth that occurred between annuli deposition 
and time of capture. 

Estimates for natural mortality (M) are shown in 
Table 4. These estimates varied slightly depending 
on the method used, but both methods indicate a 
slightly greater mortality in females.

DISCUSSION

In the present study, sagittal otoliths were de-
termined to be valid structures for age and growth 
studies in H. didactylus. They satisfy the criteria 
stressed by van Oosten (1929) and Williams and 
Bedford (1974): a) otoliths can readily be located 

and removed, and are relatively easy to prepare, 
store and read; b) a recognizable pattern can be seen 
in the otoliths; c) growth of the otoliths was propor-
tional to the overall growth of the fish; d) the number 
of growth zones increased with an increase in fish 
size and the marking pattern was similar for fishes of 
different ages; e) growth checkmarks formed once 
a year and at approximately the same time; and f) 
back-calculated lengths-at-age agree with observed 
lengths-at-capture.

Otoliths were also successfully used by Wilson 
et al. (1982) and Radtke et al. (1985) to assess age 
structure in the oyster toadfish O. tau. Radtke consid-
ered otoliths as useful structures for age and mortal-
ity estimations in this species. Similar to the results 
found in O. tau, H. didactylus otoliths exhibited a 
well-defined and consistent mark pattern consisting 
of one thinner opaque zone deposited during slow 
growth in winter and one thicker translucent zone 
formed during fast growth in summer.

Validation of the periodicity of ring formation is 
a critical step for using hard parts for age and growth 
studies in fish (Beamish and McFarlane, 1983; 
Zaboukas and Megalofonou, 2007). The marginal 
increment analysis used in this study indicated the 
time of opaque zone formation and clearly showed 
that annual growth increments are formed once per 
year. Translucent zones are formed during summer, 
whereas opaque zone formation begins in late au-
tumn (November) and is completed in April-May, 
coincident with peak spawning. Opaque zone forma-
tion in winter-spring has been reported for sagittae 
of several other teleosts in the northeastern Atlantic 
and Mediterranean (Landa and Piñeiro, 2000; Za-
boukas and Megalofonou, 2007).

The periodicity of opaque zone formation, and 
its relation with reproductive activity observed in 
H. didactylus, have also been reported in other fish 
species such as the red snapper Lutjanus purpureus 
(Poey) (Lima, 1965), the swordfish, Xiphias gladius 
Linnaeus (Tserpes and Tsimenides, 1995), the big-
eye tuna, Thunnus obesus (Lowe) (Sun et al., 2001), 
and the Indo-Pacific sailfish, Istiophorus platypterus 
(Shaw) (Chiang et al., 2004). A possible explana-
tion for this would be that, during the spawning 
season, energy may be allocated primarily for gam-
ete production instead of somatic growth, causing 
a slowdown in growth rates. Furthermore, during 
the spawning season male toadfishes may decrease 
their feeding activity while they guard nests and take 
care of their eggs and fry. This hypothesis, although 

Table 3. – Mean observed, back-calculated (B-C) and theoretical 
total lengths for male and female H. didactylus sampled in the Bay 

of Cádiz between March 1999 and March 2000. 

		  Males			   Females
Age	O bserved	 B-C	T heoretical	O bserved	 B-C	T heoretical

1	 145.6	 64.2	 101.2	 138.9	 76.1	 107.4
2	 199.7	 138.3	 153.6	 193.4	 140.4	 153.9
3	 214.4	 190.4	 198.6	 216.5	 185.3	 191.9
4	 248.5	 235.9	 237.4	 234.4	 221.0	 223.0
5	 291.6	 273.4	 270.8	 257.2	 250.6	 248.5
6	 295.5	 291.1	 299.5	 278.2	 270.5	 269.4
7	 323.8	 318.3	 324.3	 283.5	 282.7	 286.5
8	 343.9	 341.3	 345.5	 289.6	 297.7	 300.5
9	 361.8	 356.8	 363.9	 286.7	 285.4	 312.0
10	 350.5	 345.7	 379.6	 366.0	 360.9	 321.3
11	 413.0	 413.0	 393.2			 
12	 405.0	 405.0	 404.9			 

Table 4. – Estimated natural mortality rates for male and female H. 
didactylus sampled in the Bay of Cádiz between March 1999 and 

March 2000.

Method	 Males	 Females

Taylor	 0.15	 0.21
Pauly	 0.20	 0.26
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plausible for adult fish, cannot explain the forma-
tion of annuli in young immature fish so annulus 
formation is not necessarily a direct consequence of 
the reproductive activity, and must also be related 
to seasonal patterns of growth rather than reproduc-
tion. Many factors other than spawning can affect 
growth rates of fish, including seasonal changes in 
environmental factors, mainly water temperatures, 
feeding regime and related effects on metabolism, 
as observed in other fish species (Casselman, 1983; 
Morales-Nin and Ralston, 1990; Newman and Dunk, 
2003; Kingsford and Hughes, 2005), although the 
determining factor is unknown. 

Overall, the numbers of sampled males and fe-
males were nearly equal, but males were predomi-
nant in samples greater than 7 years old. The data 
also suggest a difference in maximum length and age 
attained by the sexes. The oldest male collected was 
12 years old, whereas the oldest female was 10 years 
old. A similar pattern was observed in the oyster 
toadfish, O. tau, by Radtke et al. (1985), who con-
cluded that the differences in sex-specific numbers 
by age for O. tau resulted from females experiencing 
a higher mortality rate as a result of the increased 
energy investment for gametes in females. Schwartz 
and Dutcher (1963) and Radtke et al. (1985) reported 
similar maximum ages for O. tau (males, 12 years; 
females, 9 years) to that observed in H. didactylus. 

Female toadfish matured at a larger size and at a 
greater age (191 mm, age 3) than males (160 mm, 
age 2). Similar to the observations of Armstrong et 
al. (1992) for the goosefish, Lophius americanus 
Valenciennes, female toadfish may require a larger 
body size to accommodate the large eggs. GSI in 
toadfish females can be as high as 40% gutted 
weight (Palazón-Fernández et al., 2001). The slow-
ing of growth coincides with age at first maturity and 
support the argument of Day and Taylor (1997) and 
Kritzer (2004) that maturation represents a pivotal 
physiological transformation. Consequently, a fun-
damental shift in the growth trajectory occurs and 
reproductive development is at the expense of so-
matic growth.

Toadfish are medium-lived fish, and the maxi-
mum ages for each sex must be near the maximum 
age for the species owing to the low fishing pressure 
on the population. Toadfish reach sexual maturity at 
160 mm LT for males and 191 mm LT for females 
(Palazón-Fernández et al., 2001), which correspond 
to 2.1 and 3.0 years of age for males and females, 
respectively. As we can see in Figure 5, 99% of the 

males and 82% of the females had reached sexual 
maturity at time of capture, so the fishery is mainly 
based on adults. 

In this study the male lifespan was greater than 
that of females, and the males attained a larger size 
than females. During the reproductive station, males 
stay in the nesting sites guarding the eggs and fry. 
This behaviour could render the males less vulner-
able to predation or fishing. The presence of larger 
males in the population may have a selective ad-
vantage during the reproductive season if they must 
defend a spawning pit or brood against potential 
predators. Because sperm production requires less 
energy than egg production (Bateman, 1948; Jala-
bert and Zohar, 1982), the slowed growth observed 
in females compared with males is likely due to 
differences in energy budgets during the reproduc-
tive season. Moyle and Cech (1988) indicated that 
the differences in length between the sexes are the 
most common form of sexual dimorphism among 
fishes. Schwartz and Dutcher (1963) and Radtke 
et al. (1985) found similar differences between the 
sexes for O. tau caught in Maryland and York River, 
respectively, with females growing at a lower rate 
and attaining younger ages than males. Wilson et al. 
(1982) noted no sex related differences in growth for 
a population of O. tau in South Carolina, although 
they found differences in maximum age attained by 
the sexes, which were lower for females.

The strong association between the size of the fish 
and otolith radius found in H. didactylus indicates 
that otoliths grow proportionally to toadfish length. 
This is an important assumption in growth studies 
using hard parts and allows for back-calculation. 
This relationship also indicates that otoliths are use-
ful structures for age estimation and as indicators of 
the past growth history of the species. Similar results 
were reported for O. tau by Radtke et al. (1985), who 
found a strong association between otolith dimension 
and body growth and stated that otolith length could 
be chosen as the best parameter for estimation of fish 
total length. The strong relationship between otolith 
and fish growth found in most fish is an essential 
step for back-calculation and one of the criteria why 
otoliths have been suggested to be one of the most 
accurate ageing structures (Manooch, 1987; Woot-
ton, 1990).

Upon reviewing the back-calculated data (Table 
1), we found some evidence of Lee`s phenomenon 
(Lee, 1912) in the collection of fish. The linear re-
gression of the radius to the first opaque zone on the 
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number of opaque zones on the otolith did produce a 
slope significantly different from 0 (P<0.01) but the 
model explained very little of the variation (2.3%). 
There was such a spread in the data at each count, 
and small sample sizes on the two tales that the dif-
ference is very slight and probably of limited bio-
logical significance. 

Growth parameters obtained in the present work 
represent the first estimations of toadfish growth. 
The von Bertalanffy growth equations fit the back-
calculated lengths very well. Table 5 shows the pop-
ulation parameters from the von Bertalanffy growth 
curves compared with those of other batrachoididae. 
The growth rates of toadfish in our study were within 
the range of those estimated for other members of the 
family in temperate waters. Even though differences 
can be observed between the population parameters, 
the similarity of the øʹ values indicates the existence 
of a similar growth pattern. This result supports the 
statement of Sparre et al. (1989) that the øʹ values 
must be similar in members of the same family.

Our estimate of M is similar to the figures esti-
mated for other batrachoid species (Table 5) except 
for O. tau females, which have a higher mortality 
(M = 0.41) than males of the same species, and to 
the estimations made for the rest of the batrachoids. 
Similar to our observations in H. didactylys, O. tau 
females show a heavier mortality than males (Radtke 
et al., 1985). This may be caused by increased pre-
dation due to their smaller size, to behavioural or 
distributional differences that make them more sus-
ceptible to predation or fishing effort, or to the ex-
istence of higher environmental pressures acting on 
the females. Another possibility is that they simply 
reach senescence before males. 

Many factors can affect growth rates of fish, in-
cluding differences in the seasonality of spawning, 
environmental factors, amount and size of food, and 
genetics (Weatherly and Gill, 1987; Moyle and Cech, 
1988). Differences in reproductive traits (Palazón-

Fernández et al., 2001; Modesto and Canario, 2003), 
as well as genetic and morphological differentiation 
(Marques et al., 2006) between geographical regions 
in the range of distribution of the toadfish, may in-
dicate that growth rates of the species also differ. 
Future research is needed to compare growth and 
mortality of toadfishes from different areas in their 
range of distribution.
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