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INTRODUCTION

The toadfishes (Family Batrachoididae) include
12 genera and 40 species of shallow water bottom-
dwelling fishes that live in soft sand, rocky bottoms
and reefs (Cervigón, 1980). Some batrachoid
species have traditionally been used as laboratory
animals in the field of physiology (Hopkins et al.,
1997; Gilmour et al., 1998; Perry et al., 1998; Paert
et al., 1999), toxicology (Gutiérrez et al., 1978;
Sinovcic et al., 1980; Sarasquete et al., 1982), ethol-

ogy (Ament et al., 1997; Bass, 1998), neurobiology
(Rabbitt et al., 1995; Fine et al., 1996; Hirsch et al.,
1998), cardiology (Benítez et al., 1994a,b; Coucelo
et al., 1996), and endocrinology (Fine et al., 1996;
Knapp et al., 1999). Owing to this, their biology has
been extensively studied in most of species. Along
the Iberian Peninsula, the Batrachoidids are repre-
sented by only one species, Halobatrachus didacty-
lus. Its distribution extends from the Bay of Biscay
to Ghana and the west Mediterranean (Roux, 1986).
In the Bay of Cádiz, it is abundant and represents an
important component of the fish communities
(Arias, 1976).
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H. didactylus is generally found in shallow water
–tidal channels and creeks, inlets, beaches– down to
about 50 m. It is a sedentary and solitary species that
lives partly buried in soft sand and mud, hidden
between weeds and sea grasses or concealed in rock
crevices. It is an euryhaline species, capable of col-
onizing diverse biotopes, from brackish waters of
river estuaries such as those of the Guadalquivir
(Spain), Mira, Sado, and Tagus (Portugal) to hyper-
saline waters of the salt ponds (Arias and Drake,
1990; López de Cunha, 1994; Costa et al., 1995;
Fernández-Delgado et al., 2000). 

The biology of H. didactylus has received special
attention in recent years because of its use as a labora-
tory animal in toxicological and cardiological experi-
ments (Benítez et al., 1994 a,b; Coucelo et al., 1996).
Cárdenas (1977), and Costa et al. (1995) examined its
feeding habits; and Arias and Drake (1990) studied
juvenile distribution in Cádiz Bay. Abundance and
distribution in the Mira, Sado and Tagus Rivers estu-
aries was studied by Costa (1993), Costa et al. (1995)
and López de Cunha (1994), who considered this
species as one of the most important and abundant fish
in those habitats; biochemical and histochemical fea-
tures of different organs were assessed by Gutiérrez et
al. (1987), Establier et al. (1986), and González de
Canales et al. (1989, 1990); and haematology has been
studied by Gutiérrez and Sarasquete (1985), and
Sarasquete (1983, 1984). Published information on its
reproductive biology is scarce. There only exist
reports on the histological, histochemical, and bio-
chemical structure of the gonads (Blanco, 1991;
González de Canales et al., 1992; Rosety et al., 1992).

The objective of this study was to investigate
some reproductive traits (sex ratio, size at sexual
maturity, spawning period, fecundity, length-weight
relationship and condition factor) of H. didactylus. 

MATERIALS AND METHODS

Samples of fish were obtained monthly from arti-
sanal fishermen’s catches in Cádiz Bay (South-
Western Spain) from February 1999 to March 2000. 

All specimens were measured (total length, LT),
and weighed (body weight, WT; eviscerated weight,
WE; gonad weight, WG; and liver weight, WL). Sex
and maturity (I, undeveloped; II, ripening or recov-
ering; III ripe, gamete running; and IV, spent) were
also recorded. 

Sex was established by macroscopic examination
of the gonads. A Chi-square test (Steel and Torrie,

1985) with Yates correction for continuity was used
to compare sex ratios in each month, and at each 20-
mm length interval with a hypothetical 1:1 ratio. 

To estimate the mean total length at maturity
(L50) for males and females, the fraction of mature
fish in each 10 mm interval was fitted to a logistic
function (Gaertner and Laloé, 1986) by using the
Marquardt method (Draper and Smith, 1966). 

The spawning season was inferred from the
study of monthly variation in gonadosomatic index
and hepatosomatic index and the relative frequen-
cies of gonad maturity stages through the study peri-
od. Gonadosomatic index (GSI) and hepatosomatic
index (HSI) were calculated as: GSI = 100(WG.WE

-1);
HSI = 100(WL.WE

-1). 
Fecundity was estimated using 73 ripe ovaries

preserved in Gilson’s fluid. Relative fecundity
(RFLT: fecundity related to total length; RFWT:
fecundity related to total weight; RFWE: fecundity
related to eviscerated weight; RFWG: fecundity
related to gonad weight) for each fish was calculat-
ed as: RFLT = F. LT

-1, RFWT = F. WT
-1, RFWE = F.

WE
-1 and RFWG = F. WG

-1. Fecundity was regressed
on body length, on body weight and ovary weight by
linear regression on logarithms using model II
regression as suggested by Ricker (1973). The
oocyte diameter (mm) was estimated from 140 ran-
domly chosen ripe oocytes, measured by the ocular
micrometer of a binocular microscope.  

Length-weight relationship was modeled by lin-
ear model II regression analysis on the log-trans-
formed variables (Ricker, 1973). Relative condition
factor (Kr) for adult specimens was calculated as the
percentage ratio of the observed weight of a fish to
the weight expected from the calculated length-
weight relationship (Le Cren, 1951).      

Monthly changes in relative condition factor,
gonadosomatic index and hepatosomatic index were
assessed by using a one-way analysis of variance
(ANOVA). Significant ANOVAs (p≤ 0.05) were fol-
lowed by Duncan’s multiple range test (Steel and
Torrie, 1985). GSI data were log10 transformed to
satisfy the assumptions of the analysis.

RESULTS

In total, 901 specimens measuring 122-470 mm
LT were examined. Overall, 440 (48.8 %) speci-
mens were females (122-366 mm LT; 30-1075 g
WT) and 461 (51.2 %) were males (137-470 mm
LT; 50-2105 g WT).
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Males were found to be larger (t = 7.94; p <0.01)
and heavier (t = 7.52; p < 0.01) than females.

Sex ratio

Sex ratios did not differ (p >0.05) from 1:1
except in May 1999 when females were favored sig-
nificantly, and February 2000 when males predomi-
nated (Table 1). 

The number of males and females was equal at
lengths <220 mm LT, and between 260 and 300 mm
LT, but females outnumbered males at 220-260 mm
LT. Males dominated in specimens >300 mm and all
individuals with lengths over 380 mm were males
(Table 2).

Size at sexual maturity

The smallest mature fish were a 191 mm LT
female and a 160 mm LT male. Fifty percent maturi-
ty occurred at 262 mm LT for females and at 302 mm
LT for males (Fig. 1). 

According to these results, adults were defined as
those individuals at/or exceeding the minimum size
at sexual maturity and at least stage II.

Spawning season 

Gonadosomatic Index (GSI)

GSI increased with stage of development. GSI
for stage I and II females remained below 19.13. For
mature females, GSI was between 3.98 and 40.12.
Immature males had a GSI of 0.10-4.07, while for

mature fish it ranged from 0.59 to 11.37. GSI was
significantly higher in females and showed a high
variability throughout the year in both sexes.

GSI of adult females ranged between 0.33 and
40.12, and varied between months (F = 71.82; p
<0.01). Higher GSI values occurred in March-May
1999 and declined sharply thereafter, indicating that
oocytes were released. Low values occurred in July-
November. In December, the gonad cycle started
again (Fig. 2a).

Spawning periods for males were not as marked as
for females. However, male GSI values decreased in
June-July coincident with those of females. GSI val-
ues varied from 0.01 to 11.37, and showed significant
monthly differences (F = 15.00; p <0.01). Mean GSI
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TABLE 1. – Number of male and female H. didactylus by month and 
results of the Chi-square test for a 1:1 ratio.

Month Females Males Total χ2

February/99 10 14 24 0.38ns

March 4 11 15 2.40ns

April 38 58 96 3.76ns

May 84 36 120 18.41*

June 20 25 45 0.36ns

July 19 29 48 1.69ns

August 28 41 69 2.09ns

September 43 40 83 0.05ns

October 45 55 100 0.81ns

November 31 31 62 0ns

December 45 28 73 3.51ns

January/00 22 20 42 0.02ns

February 22 47 69 8.35*

March 29 26 55 0.07ns

Total 440 461 901

ns= p> 0.05; *= p ≤ 0.05

TABLE 2. – Number of male and female H. didactylus by length 
class and results of the Chi-square test for a 1:1 ratio

Length class Male Female Total χ2

120 – 140 1 2 3 —-
140 – 160 6 3 9 0.44ns

160 – 180 11 12 23 0 ns

180 – 200 56 62 118 0.21 ns

200 – 220 65 78 143 1.01 ns

220 – 240 51 87 138 8.88*

240 – 260 42 69 111 6.09*

260 – 280 58 60 118 0.01 ns

280 – 300 47 39 86 0.57 ns

300 – 320 41 18 59 8.20*

320 – 340 24 7 31 8.26*

340 – 360 12 2 14 5.79*

360 – 380 20 1 21 15.43*

380 – 400 13 0 13 11.08*

400 – 420 6 0 6 —-
420 – 440 5 0 5 —-
440 – 460 2 0 2 —-
460 – 480 1 0 1 —-

Total 461 440 901

ns= p> 0.05; *= p ≤ 0.05

FIG. 1. – Sexual maturity of male and female toadfish, H. didactylus
and corresponding size-at-maturity, L50.



for males remained high and variable in February-
May, and low in July-November (Fig. 2b).

Hepatosomatic index (HSI)

HSI showed strong variations during the sam-
pling period for both sexes (Fig. 2a,b). Differences
between months were statistically significant (F =
8.04; p < 0.01) in females. Mean HSI values were
significantly higher in December-March, and were
minimum in April-November. Males also showed
monthly differences in HSI (F = 6.01; p < 0.01).
Highest values were found in February-April 1999,
and lowest ones in June-July 1999.

The seasonal cycle of the HSI for females is not
related to that of GSI. (r = -0.03; p > 0.05). That of
males showed a slight correlation to GSI (r = -0.12;
p < 0.05).

Monthly variation in the proportion of different
maturity stages

Both ripe males and females were collected
between March and September 1999 and December
1999-March 2000 (Fig. 2).

The percentage of mature females was higher in
April (61%), and May (75%). The rest of the year,
almost all fishes were ripening or recovering. Spent
females were observed in low percentages between
April and August. The highest proportion (75%)
occurred in June 1999 (Fig. 2a).

The greatest proportions of ripe males were
found in April (45 %), and May (64 %). Maturing
males was found in high proportions throughout the
year, except in April and May when ripe individu-
als dominated. Spent males were collected in May
(Fig. 2b).
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FIG. 2. – Monthly changes in GSI, HSI and in the frequency of occurrence of the various maturity stages of gonads for female (A) and male 
(B) H. didactylus. 



Peaks in GSI, along with the changes in percent
frequency of ripe and spent individuals, indicates
that H. didactylus spawns in March-August and has
a reproductive peak in May-June.

Fecundity

Estimates of fecundity (F) are shown in Table 3.
Fecundity increased linearly with body length, total

weight, eviscerated weight and ovary weight (Figs.
3 and 4). The number of eggs was higher in the left
portion of the ovaries (t = 7.19; p <0.01). This por-
tion of the gonad was also larger (t = 13.57; p <0.01)
and heavier (t = 7.75; p <0.01). Fresh mature eggs
were 4.70-7.88 mm (x– = 6.38 ± 0.05) in diameter
and weighted 0.06-0.14 g (x– = 0.10 ± 0.001).

Length-weight relationship

Length-weight relationships were derived from
901 specimens ranging from 122 to 470 mm and 30
to 2105 g. 

Equations for the sexes differed (t = -2.70; p
<0.01), with relationships represented in Figure 5.
The exponents of the two regressions showed a pos-
itive allometry (t = 9.39, p <0.01 for males and t =
9.53; p <0.01 for females) 

Condition Factor (Kr)

Mean Kr for males and females showed a similar
seasonal pattern (Fig. 6). In adult males, Kr showed
monthly differences (F = 5.40; p < 0.01). Kr was
higher in February-April 1999, and decreased
sharply thereafter. Kr for adult females also varied
significantly between samples (F = 4.32, p <0.01).
Highest condition was attained in March-April. The
lowest values occurred in June.

Kr was correlated significantly with GSI in either
males (r = 0.18; p <0.01) or females (r = 0.42; p <0.01).
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TABLE 3. – Absolute and relative fecundity statistics in the toadfish 
H. didactylus

Characteristic Mean Standard error Range

Fecundity 490 20 227-1233
RF-LT 1.8 0.06 0.91-3.56
RF-WT 1.44 0.03 0.88-2.10
RF-WE 2.00 0.05 1.16-2. 91
RF-WG 9.05 0.32 5.86-19.37

RFLT: fecundity related to total length, RFWT: fecundity related to
weight, RFWE: fecundity related to eviscerated weight, RFWG:
fecundity related to gonad weight, N= 73.

FIG. 3. – Relationship between fecundity and body length in H. 
didactylus.

FIG. 4. – Relationship between fecundity and body weight, 
eviscerated weight and gonad weight in H. didactylus.

FIG. 5. – Length-weight relationship of male and female H. 
didactylus.



DISCUSSION

In fish, sex ratio varies considerably from species
to species but in the majority of species it is close to
1:1. It differs from one population to another of the
same species and may vary from year to year in the
same population (Nikolsky, 1963). Monthly varia-
tions in sex ratio of H. didactylus samples apart
from those of May 1999, and February 2000 showed
no significant differences from that of the expected
1:1 ratio. The greater number of females compared
to males in May, coincident with the reproductive
peak, could be attributed to the fact that, as in other
batrachoid species such as Opsanus beta, O. tau,
and Amphichthys cryptocentrus, males actively
guard the eggs, and maintain residence in the nests
until young attain the free-swimming stage (Breder,
1941; Gray and Winn, 1961; Hoffman and Robert-
son, 1983), making them less exposed to capture. 

Costa et al. (1995) obtained an overall 1:1 sex
ratio for H. didactylus in the Mira estuary, but these
authors did not test the presence of a monthly or
length related pattern. Granado and González (1988)
also reported a 1:1 sex ratio for A. cryptocentrus, in
tropical waters, during most of the year. 

Size related differences in sex ratios were
observed. Significant deviations from parity usually
occurred among the medium and largest sizes, with
females predominating the medium while the largest
sizes were disproportionately male. The differences
observed in the size-specific sex ratio of the toadfish
have been reported for other fish species (Turner et
al., 1983; Stergiou et al., 1996), and have been relat-
ed to sexual differences in growth, mortality and
energetic cost of reproduction.

Males and females of H. didactylus mature at dif-
ferent lengths. Males began maturing earlier than
females, a fact that has been attributed to gains in
fecundity with size (Stearns, 1992). L50 for males
was greater than for females, which may indicate
that after first maturation females reduce growth and
allocate energy mainly for the production of
gametes while males, with a smaller reproductive
effort, continue growing.

No previous estimates of size at maturity are
available for the species investigated here. In A.
cryptocentrus, a species that attains similar sizes to
H. didactylus, males also mature at a larger size than
females. Sizes at sexual maturity for both sexes of
this species (males, 270 mm, and females, 310 mm)
(Granado and González, 1988) are very similar to
those of H. didactylus.

Our estimate of the spawning season in H.
didactylus in Cádiz Bay is similar to that of Blan-
co (1991) who stated that this species spawns dur-
ing spring. However, his finding that the matura-
tion-spawning occurs in March-April in females
and earlier (February-March) in males differs
from the peak observed in the present study
(May-June). This may indicate that in H. didacty-
lus, as in other teleosts, the spawning season is
affected by year to year climatic changes (i.e. in
water temperature), that delay or advance maxi-
mum spawning. Gray and Winn (1961) indicated
that local differences in shallow water and deep-
water populations and yearly climatic differences
might be expected, particularly if temperature is
causative. 

The spawning season of H. didactylus is similar
to that reported by Gudger (1910) and Schwartz
(1974) for O. tau in North Carolina and Chesapeake
Bay. Gray and Winn (1961) observed that O. tau
spawning in South Carolina begins in May and
extends to early August. In the tropics, A. crypto-
centrus, can reproduce throughout the year (Grana-
do and González, 1988).

Although no significant correlation was
observed between gonadosomatic and hepatic
indices for females, the decrease in HSI in females
during April-May, may indicate the use of liver
reserves during gonad growth and maturation. It is
known that in non-mammalian vertebrates, the
principal events responsible for the enormous
growth of oocytes involve the storing and packag-
ing of a hepatically derived plasma precursor,
vitellogenin, into yolk protein (Wallace and Sel-
man, 1981). This suggests that liver reserves may
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FIG. 6. – Mean monthly variation in Condition Factor of male and 
female H. didactylus.



accumulate prior to reproduction, being then trans-
ferred through the blood stream to the ovaries dur-
ing oogenesis. Bustamante (1983) observed an
increase in weight of the liver in fishes prior to
reproduction, and pointed out that this was due to
an increase in the synthesis of lipids and proteins
necessary for gonad development. 

As for other batrachoid species, fecundity in H.
didactylus is very low. This must be compensated
for by a high survival of eggs and juvenile fish that
results from males guarding the nests until young
are free-swimming. The high amount of yolk, and
the great egg sizes may also be mechanisms to
assure a high survival rate in embryos and larvae
such as has been reported by Yáñez-Arancibia et al.
(1976) and Palazón et al. (1994) for the Ariidae,
Galeichthys caerulescens, and Bagre marinus,
respectively. The fecundity estimates of H. didacty-
lus and other Batrachoids show that these species
have a reproductive strategy common to other fish
families with parental care, i.e. they produce a low
number of large eggs. 

Even though the size of eggs in H. didactylus is
similar to that reported for other Batrachoids, the
fecundity of H. didactylus is higher than for S. bar-
batus (245-499; Hoffman and Robertson, 1983), and
A. cryptocentrus (45-467 eggs; Granado and
González, 1988). Relative fecundity in this later
species was estimated as 0.39-1.01 eggs/g, which is
considerably smaller than the values observed in H.
didactylus. 

The increase in fecundity with body length and
weight is consistent with the observations made in
other fish species (Granado and González, 1988;
Gartner, 1993; Barbin and McCleave, 1997).

Hepatosomatic index is a good indicator of
recent feeding activity (Tyler and Dunns, 1976);
the decrease in HSI during the spawning period
suggests that H. didactylus may decrease its feed-
ing activity during reproduction. The condition
factor also showed a minimum value in the spawn-
ing season, which as stated by Maddock and Bur-
ton (1999) can be the result of mobilization of
somatic energy reserves needed for reproductive
development, and/or the use of reserves stored in
the body as a source of energy in spawned fish,
influenced by reduced feeding during this period.
In a previous study, Cardenas (1977) observed that
4-5 % of stomachs were empty in summer-
autumn, with the value increasing to 10-17 % in
winter-spring, the higher values being registered
in spring. 

ACKNOWLEDGEMENTS

This study received financial support from the
Instituto de Ciencias Marinas de Andalucía - Conse-
jo Superior de Investigaciones Científicas, Spain.

REFERENCES

Ament, S., R. Bullis, R. Hanlon and A. Mensinger. – 1997. Right-
ing response and escape response in Opsanus tau are tempera-
ture dependent. Biol. Bull., Woods Hole, 193(2): 265-266.

Arias, A. – 1976. Contribución al conocimiento de la fauna ben-
tónica de la Bahía de Cádiz. Inv. Pesq., 40(2): 355-386.

Arias, A. and P. Drake. – 1990. Estados juveniles de la ictiofauna
en los caños de las salinas de la Bahía de Cádiz. Instituto de
Ciencias Marinas de Andalucía, Junta de Andalucía, Cádiz. 

Barbin, G. P. and D. J. McCleave. – 1997. Fecundity of the Amer-
ican eel Anguilla rostrata at 45º N in Maine, U.S.A. J. Fish
Biol., 51: 840-847.

Bass, A.H. – 1998. Behavioral and evolutionary neurobiology: A
pluralistic approach. Amer. Zool., 38(1): 97-107. 

Benítez, A., M. Gutiérrez-Rodríguez, Mª.C. Sarasquete, Mª.L.
González de Canales and J.M. Blanco. – 1994a. El corazón y la
estimulación medular espinal. Parte I. Nuevo modelo experi-
mental. Rev. Soc. Esp. Dolor, 3: 172 – 177.

Benítez, A., M. Gutiérrez-Rodríguez, Mª.C. Sarasquete, Mª.L.
González de Canales and J.M. Blanco. – 1994b. Estimulación
medular en hipoxia y necrosis miocárdica. Estudio experimen-
tal con un nuevo modelo animal. Parte II. Rev. Soc. Esp. Dolor,
3: 178-187.

Blanco, M.A. – 1991. Estudio histológico, histoquímico y bio-
químico durante la reproducción del pez sapo, Halobatrachus
didactylus, (Schneider, 1801) de la Bahía de Cádiz. Tésis Doc-
toral, Univ. de Cádiz.  

Breder, C.M. – 1941. On the reproduction of Opsanus beta Goode
and Bean. Zoologica, 21: 229 – 232.

Bustamante, G. – 1983. Variaciones estacionales de algunos índices
morfo-fisiológicos y bioquímicos del jallao, Haemulon album,
en la plataforma suroccidental de Cuba. Rep. Invest. Inst.
Oceanol., 10: 1-13.

Cárdenas, S. – 1977. Régimen alimenticio del sapo, Halobatrachus
didactylus (Schneider, 1801) (Pisces: Batrachoididae), en la
Bahía de Cádiz (España sudoccidental). Vie Milien, XXVIII
(1): 111-129.

Cervigón, F. – 1980. Ictiología Marina. Vol. I. Ediciones Arte,
Caracas. 

Costa, J.L. - 1993. Abundance and distribution of the toadfish Halo-
batrachus didactylus on the Mira estuary (Portugal): Seasonal
variations and ruling factors. J. Fish Biol., 43 (suppl. A): 330.

Costa, M.J., M.T. Lopes, I.M. Domingos, P. Raposo de Almeida
and J.L. Costa. – 1995. The effects of environmental changes
on European salt marshes: Structure, functioning and exchange
potentialities with marine coastal waters. Final Report, Por-
tuguese fauna working group - Tagus and Mira Sites. Environ-
mental Research Program, European Commission.

Coucelo, J., J. Coucelo, and J. Azevedo. – 1996. Ultrasonography
characterization of heart morphology and blood flow of lower
vertebrates. J. Exp. Zool, 275(2-3): 73-82. 

Draper, N.R. and H. Smith. – 1966. Applied Regression Analysis,
John Wiley and Sons, Inc., New York.

Establier, R., M. Gutiérrez, Mª.C. Sarasquete, J. Blasco and E.
Bravo. – 1986. Changes in phosphatase activity in various
organs of the toadfish, Halobatrachus didactylus (Schneider,
1801), during sexual maturation. Inv. Pesq., 50 (2): 271-278.

Fernández-Delgado, C., P. Drake, A.M. Arias and D. García-
González. – 2000. Peces del Parque Nacional de Doñana y su
Entorno. Serie Técnica del Ministerio de Medio Ambiente.
Madrid.

Fine, M.L., F. Chen, and D.A. Keefer. – 1996. Autoradiographic
localization of dihydrotestosterone and testosterone concentrat-
ing neurons in the brain of the oyster toadfish. Brain Res., Ams-
terdam, 709(1): 65 – 80. 

Gartner, J.V. Jr. – 1993. Patterns of reproduction in the dominant

REPRODUCTION OF H. DIDACTYLUS 137



lanternfish species (Pisces: Myctophidae) of the eastern Gulf of
Mexico, with a review of reproduction among tropical-subtrop-
ical Myctophidae. Bull. Mar. Sci., 52(2): 721-750. 

Gaertner, D. and F. Laloé. – 1986. Étude biométrique de la taille à
première maturité sexuelle de Geryon maritae Manning et
Holthuis, 1981 du Sénégal. Oceanol. Acta, 9(4): 479 - 487.

Gilmour, K.M., S.F. Perry, C.M. Wood, R.P. Henry, P. Laurent, P.
Part and P.J. Walsh. – 1998. Nitrogen excretion and the car-
diorespiratory physiology of the Gulf toadfish, Opsanus beta.
Physiol. Zool. (Chicago), 71(5): 491-505.

González de Canales, Mª.L., M. Blanco and Mª.C. Sarasquete. –
1992. Carbohydrate and protein histochemistry during oogene-
sis in Halobatrachus didactylus (Schneider, 1801) from the Bay
of Cadiz (Spain). Histochem. J., 24: 337-344.

González de Canales, Mª.L., Mª.C. Sarasquete, S. Gimeno and M.
Gutiérrez. – 1989. Características histoquímicas de la epidermis
de Halobatrachus didactylus (Schneider, 1801). Histol. Med.,
5: 31-32.

González de Canales, Mª.L., Mª.C. Sarasquete, M.A. Blanco, F.J.
Fernández-Trujillo and M. Rosety. – 1990. Enzimas en aparato
reproductor e hígado de Halobatrachus didactylus. Histol.
Med., VI: 37-41.

Granado, A.A. and L.W. González. – 1988. Aspectos biológicos del
sapo bocón, Amphichthys cryptocentrus (Valenciennes, 1837)
(Teleostei: Batrachoididae) de las islas Margarita y Cubagua,
Venezuela. Inv. Pesq., 52(2): 215-236. 

Gray, G.A. and H. Winn. – 1961. Reproductive ecology and
sound production of the toadfish, Opsanus tau. Ecology, 42
(2): 274-282.

Gudger, E.W. – 1910. Habits and life history of the toadfish
(Opsanus tau). Bull.U.S. Bureau Fish., 28: 1071-1099.

Gutiérrez, M. and Mª.C. Sarasquete. – 1985. Estudio citoquímico de
los eritrocitos maduros de Halobatrachus didactylus S. Inv.
Pesq., 49 (2): 231-237.

Gutiérrez, M., R. Establier and A. Arias. – 1978. Acumulación y
efectos histopatológicos del cadmio y el mercurio en el sapo
(Halobatrachus didactylus). Inv. Pesq., 42 (1): 141-154.

Gutiérrez, M., R. Establier, J. Blasco and Mª.C. Sarasquete. – 1987.
Phosphatases in the kidney of the aglomerular fish Halobatra-
chus didactylus (Schneider, 1801). Rev. Int. Oceanogr. Med.
LXXXVII-LXXXVIII: 161-169.

Hirsch, J.E., J.W. Bigbee and M.L. Fine. – 1998. Continuous adult
development of multiple innervation in toadfish sonic muscle.
J. Neurobiol., 36(3): 348-356.

Hoffman, S.G. and D.R. Robertson. – 1983. Foraging and repro-
duction of two caribbean reef toadfishes (Batrachoididae). Bull.
Mar. Sci., 33(4): 919-927.

Hopkins, T.E., J.E. Serafy, and P.J. Walsh. – 1997. Field studies on
the ureogenic gulf toadfish, in a subtropical bay. II. Nitrogen
excretion physiology. J. Fish Biol., 50(6): 1271-1284.

Knapp, R., J.C. Wingfield and A.H. Bass. – 1999. Steroid hormones
and paternal care in the plainfin midshipman fish (Porichthys
notatus). Horm. Behav., 35(1): 81-89.

Le Cren, E. – 1951. The length-weight relationship and seasonal
cycle in gonad weight and condition in the perch (Perca fluvi-
atilis). J. Anim. Ecol., 20 (2): 201-219.

Lopez da Cunha, P.G. – 1994. Estructura e dinâmica da ictiofauna
do estuário do Sado. PHD Thesis, Lisbon University, Portugal.

Maddock, D.M. and M.P.M. Burton. – 1999. Gross and histological
observations of ovarian development and related condition
changes in American plaice. J. Fish. Biol., 53: 928-944.

Nikolsky, G. – 1963. The ecology of fishes. T. F. H. Publications
Inc. New Yersey. 

Paert, P., C.M. Wood, K.M. Gilmour, S.F. Perry, P. Laurent, J.
Zadunaisky, and P.J. Walsh. – 1999. Urea and water perme-
ability in the ureotelic gulf toadfish (Opsanus tau). J. Exp.
Zool., 283: 1-12. 

Palazón, J.L., J.R. León, E. Gómez and J. Bolaños. – 1994. Repro-

ducción del bagre cacumo, Bagre marinus (Mitchill,
1815)(Pises: Ariidae) de la costa sur de la Isla de Margarita,
Venezuela. Bol. Inst. Oceanogr. Venezuela, Univ. Oriente,
33(1-2): 19-27. 

Perry, S.F., K.M. Gilmour, C.M. Wood, P. Paert, P. Laurent, and
P.J. Walsh. – 1998. The effects of arginine vasotocin and cate-
cholamines on nitrogen excretion and the cardio-respiratory
physiology of the gulf toadfish, Opsanus beta. J. Comp. 
Physiol., 168(6): 461-472.

Rabbitt, R.D., R. Boyle, and S.M. Highstein. – 1995. Mechanical
indentation of the vestibular labyrinth and its relationship to
head rotation in the toadfish, Opsanus tau. J. Neurophysiol,
73(6): 2237-2260. 

Ricker, W. – 1973. Linear regressions in fishery research. J. Fish.
Res. Bd. Canada, 30: 409-434.

Rosety, M., M. Blanco, Mª.L. González de Canales, A. Grau and
Mª.C. Sarasquete. – 1992. Biochemical parameters during
reproduction of the toadfish, Halobatrachus didactylus
(Schneider, 1801). Sci. Mar., 56(1): 87-94.

Roux, C. – 1986. Batrachoididae. In: P.J.P. Whitehead, M.L. Bau-
chot, J.C. Hureau, J. Nielsen and E. Tortonese (eds.), Fishes of
the North-eastern Atlantic and the Mediterranean, pp. 1360-
1361. UNESCO, París.

Sarasquete, Mª.C. – 1983. Estudio de las series eritrocítica, leu-
cocítica y trombocítica de la sangre periférica del pez sapo mari-
no, Halobatrachus didactylus S. Inv. Pesq., 47(3): 403-412.

Sarasquete, Mª.C. – 1984. Variación anual de parámetros hema-
tológicos del pez sapo marino, Halobatrachus didactylus S. Inv.
Pesq., 48(3): 399-417.

Sarasquete, Mª.C., M. Gutiérrez and R. Establier. – 1982. Efecto del
mercurio inorgánico (HgCl2) sobre la sangre y riñón del pez
sapo marino, Halobatrachus didactylus (Schneider, 1801). Inv.
Pesq., 46(2): 323 - 330.

Schwartz, F. J. – 1974. Movements of the oyster toadfish (Pisces:
Batrachoididae) about Solomons, Maryland. Chesapeake Sci.,
43: 155-159.

Sinovcic, G., M. Gutiérrez and R. Establier. – 1980. On the accu-
mulation of mercury in the blood, liver, spleen and kidney of
Halobatrachus didactylus Schneider and resulting haematolog-
ic, cytohaematologic and histopathologic alterations. Acta Adri-
at., 21(1): 219-225.

Stearns, S. C. – 1992. The evolution of Life Histories. Oxford Uni-
versity Press, Oxford.

Steel, R. and J. Torrie. – 1985. Bioestadística: Principios y proce-
dimientos. Segunda Edición. Mc. Graw-Hill, Latinoamericana
S.A.. Bogotá.

Stergiou, K.I., P. Economidis, and A. Sinis. – 1996. Sex ratio,
spawning season and size at maturity of red bandfish in the
western Aegean Sea. J. Fish. Biol., 49: 561-572.

Turner, S.C., C.B. Grimes, and K.W. Able. – 1983. Growth, mor-
tality, and age/size structure of the fisheries for tilefish, Lopho-
latilus chaemaelonticeps in the middle Atlantic- southern New
England region. Fish. Bull. U. S., 81: 751-763. 

Tyler A.V. and R.S. Dunn. – 1976. Ration, growth, and measures of
somatic and organ condition in relation to meal frequency in
winter flounder, Pseudopleuronectes americanus, with hypoth-
esis regarding population homeostasis. J. Fish. Res. Bd. Cana-
da, 33: 63-75.

Wallace, R. and K. Selman. – 1981. Cellular and dynamic aspects
of oocyte growth in teleosts. Amer. Zool., 21: 325-343.

Yáñez-Arancibia, L.A., A.J. Curiel and V. de Yáñez. – 1976.
Prospección biológica y ecológica del bagre marino Gale-
ichthys caerulescens en el sistema lagunar costero de Guerrero,
México. An. Cent. Cien. Mar y Limnol. Univ. Nal. Autón. 
México, 3(1): 125-180.

Scient. ed.: P. Abelló

138 J.L.PALAZÓN-FERNÁNDEZ et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /ESP <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


