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Background. The king angelfi sh, Holacanthus passer Valenciennes, 1846, is one of the principal species captured 
in the Gulf of California, Mexico, for the purpose of the aquarium trade. Although the species has been exploited 
for more than 40 years, studies have not yet been undertaken to understand the population parameters required 
for adequate management of the fi shery. The objective of this work was to describe for the fi rst time the growth 
and mortality of this species. The information provided in this study contributes to the generation of knowledge 
necessary to establish sustainable management practices. 
Materials and methods. The growth curve of the species was determined by applying a modal progression 
analysis of the sample length frequency distribution to determine the number of cohorts present through the 
multinomial statistic based on a probability function. Once the cohorts were identifi ed, the von Bertalanffy growth 
model was adjusted using a maximum likelihood function. To estimate the natural mortality rate and natural 
mortality-at-age, empirical methods were used. Were also estimated the size and age at fi rst maturity (Lm, tm), the 
maximum age (tmax), the fi shing mortality (F), the total mortality (Z), and the exploitation rate (E). 
Results. In total, 794 king angelfi sh were measured and weighed, including 659 juveniles and 135 adults. The 
total length of the fi sh ranged from 3 to 29 cm, and the weight was within 2–797 g. The potential weight–length 
relation was signifi cant (r2 = 0.94; P > 0.01), showing a negative allometric curve with the parameters: a = 0.108 
and b = 2.618. The parameters of the von Bertalanffy growth equation were: L∞ = 37.894 cm, k = 0.127 year–1, t0 
= – 0.658 years. The natural mortality rate was estimated to be 0.315 year–1. The following values were estimated 
for: Lm = 21.835 cm, tm = 6.10 years, tmax = 20.01 years, Z = 1.19 year–1, F = 0.88 year–1, and E = 0.74.
Conclusion. Estimates of natural mortality could be linked to management measures such as catch quotas. 
Keywords: von Bertalanffy, natural mortality, fi sheries management, weight–length, aquarium fi sh 
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INTRODUCTION
Ornamental fi sheries are becoming an important 

option to sustain the economies of coastal communities in 
developing countries (Wabnitz et al. 2003). It is estimated 
that in Mexico there are more than 200 species targeted 
by the commercial fi sheries for aquarium purposes. Those 
species constitute 36% of the reef fi sh species of the Gulf of 
California and the Mexican Pacifi c (Piña-Espallargas et al. 
2000). Buyers are especially interested in colourful species 

such as angelfi sh, belonging to the family Pomacanthidae. 
This family includes 88 species in nine genera (Eschmeyer 
and Fricke 2015) that are found in every tropical ocean: 
eight in the Atlantic, 77 in the Indo-Pacifi c, and three in 
the Eastern Tropical Pacifi c. All Pacifi c species represent 
the genus Holacanthus: Holacanthus clarionensis Gilbert, 
1890; Holacanthus limbaughi Baldwin, 1963; and king 
angelfi sh, Holacanthus passer Valenciennes, 1846, (see 
Robertson and Allen 2015). 
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The king angelfi sh, Holacanthus passer (thereafter 
angelfi sh), inhabits the intertidal zone and depths down to 
80 m, although it is most commonly found between 0 and 
30 m of depth (Thompson et al. 2000) with a distribution 
ranging from Cabo Tepoca and Bahía de Los Ángeles in 
the northern Gulf of California (29°N), to the coasts of 
Peru (5°S), including the oceanic islands, Revillagigedo, 
Galápagos, Malpelo, and Cocos (Robertson and Allen 
2015). This pomacanthid fi sh can grow up to 36 cm 
in total length, it is predominantly found in rocky and 
coralline reefs, or in specialized habitats such as black 
coral gardens (Robertson and Allen 2015). This species is 
of great economic importance as there is already a broad 
market for it in the aquarium trade; one fi sh can sell for up 
to USD 200 near the beach (Sánchez-Alcántara et al. 2006) 
as a result of its notable beauty in the juvenile phase. The 
ornamental value of the species has motivated its capture 
since the 1970s, especially in rocky reefs within the Gulf 
of California (Reyes-Bonilla et al. 2009), but with minimal 
precaution and without reliable biological information. 
Due to the possibility that the unmanaged exploitation 
of juveniles could affect populations, the king angelfi sh 
was declared a “species under special protection” by the 
Mexican government (Anonymous 2010). The category 
is imposed on those species or populations that might be 
threatened by factors that affects its long-term viability, and 
therefore are in need for conservation. Under this scenario, 
there are restrictions on the utilization of the king angelfi sh, 
as well as regulations on its capture (Anonymous 2012). 
Among them is a fi shery conducted under sustainability 
criteria including annual monitoring of the populations 
and analyses of sizes, and from that information follows 
the calculation of exploitation rates and fi shing gear, all 
conducted inside specifi c polygons awarded to groups of 
organized fi shermen. Currently, the king angelfi sh is not 
listed by the Conservation of International of Trade in 
Endangered Species of Wild Fauna and Flora (CITES), and 
is considered in the category of Least Concern by the Red 
List of the International Union for Conservation of Nature 
(UICN) (Pyle et al. 2010).

Regarding Holacanthus passer in the Eastern Pacifi c, 
the only data available are related to the abundance (Pérez-
España et al. 1996, Villáreal-Cavazos et al. 2000, Aburto-
Oropeza and Balart 2001, Arreola and Elorduy-Garay 2002, 
Alvarez-Filip et al. 2006, Viesca et al. 2008), reproduction 
(Arellano-Martínez et al. 1999), and trophic ecology (Aburto 
et al. 2000). To this day information does not exist regarding 
individual growth patterns or mortality. Consequently, 
in order to contribute to the existing knowledge base and 
improve the marine resource management of ornamental 
fi sheries, the objective of this project was to estimate the 
parameters of the von Bertalanffy growth equation for 
H. passer, as well as its natural mortality rate, making it 
the fi rst study of this type for a pomacanthid species in the 
Eastern Pacifi c. To perform the study we relied only on 
analyses of sizes because as H. passer is under protection by 
federal law in Mexico and the specimens are sold alive, the 
use of hard structures such as otoliths cannot be considered.

MATERIALS AND METHODS 
Study area. The research study was carried out within 
Bahia de Loreto National Park (PNBL), located between the 
coordinates 25°35′18.41′′ and 26°07′48.72′′N; 110°45′00′′ 
and 111°21′08.67′′W, in the Eastern-central portion of 
the state of Baja California Sur (Fig. 1). The PNBL is 
one of the largest protected water bodies in the Gulf of 
California. Three sampling sites were established in the 
southern portion of the park: El Submarino, Galeras, and 
Luna de Miel. In the study region the mean annual surface 
temperature was 22.6°C (Locarnini et al. 2010).
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Fig. 1. Study area in Bahía de Loreto National Park, central 
Gulf of California

Field work. During the month of May 2009, individuals 
of the angelfi sh were collected using hand nets (juveniles) 
or seine nets measuring 6 m in length by 1 m in height 
with 0.5 cm mesh (adults). Following the capture, the 
total length (TL) of each organism was measured with a 
fi sh ruler of ±1 mm precision, and weighed using a digital 
scale with ±0.01g precision. 
Weight–length relation. The relation between the weight 
and total length data were calculated by way of a power 
regression model (Haddon 2001): 

y = axb

of which the constants were determined with nonlinear 
least squares (Sokal and Rohlf 1975) using the Gauss–
Newton algorithm. The hypothesis of isometric growth 
(Ricker 1975) was tested using a Student’s t-test (Zar 
2010). 
Modal progression analysis. The length frequency 
distribution was analysed using the process described by 
Velázquez-Abunader et al. (2016). The length frequency 
histogram was created with class size intervals of 1 cm, 
as the maximum recorded length during this study did not 
exceed 30 cm. 
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The modal groups observed in the length frequency 
distribution were adjusted to the multinomial model 
described as follows:  

 

xi n,p1,p2,…,pk = n!
pi
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xi!

k

i = 1 

 

 where xi is the number of times an event of type i occurs 
in n samples, n is the sample size and pi are the separate 
probabilities of each of k possible events (Haddon 2001). 
To estimate the parameters of the model the above equation 
was transformed into a probability expression, resulting in 
the following equation:

 
L xi n p p pk xi pi

n

i

In    order to estimate the model parameters, the 
assumption must be met that the size distribution of each 
modal group is normally distributed, and that each mode 
present in the length frequency distribution represents 
one cohort of the population (Haddon 2001). Under this 
condition, estimations of expected relative proportions of 
each length interval were described using the following 
density function:

PL
n

L n

where μn and σn are the mean and standard deviation of 
length for each modal group. The expected frequencies 
were estimated using the logarithmic function of the 
multinomial distribution and the fi nal values of the model 
parameters were determined through the comparison of 
observed and expected frequencies (Haddon 2001). The 
objective function for parameter estimation was defi ned 
as follows: 
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The seed values for the estimation of the parameters 
(number of modes, mean length of each mode and its 
standard deviation) were obtained using the Bhattacharya 
(1967) method in the FiSAT II program (Gayanilo et al. 
2005). The parameters of the model were estimated when 
the negative log likelihood function was minimized, for 
which Newton’s adjusted nonlinear algorithm was used 
(Neter et al. 1996).

To determine the effective separation of modal groups, 
the Separation Index (SI) proposed by Sparre and Venema 
(1997) was utilized: 

 

Lj Li

Sj Si

where Lj and Li are the mean lengths of the modal j and i, 
S2

j and S2
i are the standard deviations of the modal groups 

j and i. When SI < 2 it was not feasible to separate the 
normal components of the observed frequencies (Sparre 
and Venema 1997).

To apply the model an age of 0.5 years was assigned 
to the cohort with the smallest mean total length; 
this choice was taken because the season of highest 
reproductive intensity of Holacanthus passer occurs in 
November (Arellano-Martínez et al. 1999), accordingly, 
the individuals pertaining to the cohort with the smallest 
mean length in the month of May when the study was 
carried out, would be aged approximately six months t1 
= 0.5 years. After the fi rst cohort, the following cohorts 
were annual (t + 1), except in the cases where growth rate 
(Lj – Li) · (tj – ti)

–1, a product of the increasing mean length 
between successive cohorts, did not fi t the assumption 
of the von Bertalanffy model, stating that the growth 
rate decreases as age increases. In those particular cases, 
the age assigned to the specifi c cohort was increased by 
one year, assuming an intermediate cohort that was not 
identifi able due to the overlap of modal groups (Sparre 
and Venema 1997). 
von Bertalanffy growth equation. The von Bertalanffy 
growth model (von Bertalanffy 1938) was fi tted to the 
data for mean length of each identifi ed cohort, defi ned by 
the equation:

Lt = L e k t – t  

where Lt is the mean total length for age t, L∞ is the 
asymptotic length, k is growth coeffi cient, t is age in years, 
and t0 is hypothetical age when Lt = 0.

Since in this study large sizes were poorly represented, 
the asymptotic length was estimated as L∞ = Lmax · 0.95–1 
(Pauly 1984). Where Lmax is the maximum reported length 
of the species, Lmax = 36 cm (Robertson and Allen 2015). 
The remaining model parameters, k and t0, were estimated 
by minimizing the negative value of the log-likelihood 
(Hilborn and Manguel 1997) through Newton’s algorithm: 

L
Lt Lt

t

where (θ) represents the parameters of the model. 
The value of the standard deviation was obtained 

using: 

 

n

t t
t

L L
n

 

where n is the number of observations (Hilborn and 
Walters 1992). The confi dence intervals (95%) were 
estimated for k and t0 using the likelihood profi les of each 
parameter (Haddon 2001).

The increase in weight was described by transforming 
L∞ to asymptotic weight through the length–weight 
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relation calculated in this study (Sparre and Venema 1997) 
and using the formula:

Wt= W   – e  – k  t – t0  b

where: W∞ is the mean asymptotic weight, and b is the 
power of the length–weight relation curve.

Once the VBGE were estimated, the next step was to 
calculate the maturity length (Lm) and age (tm), as well as 
the longevity (tmax) using the empirical equations proposed 
by Froese and Binohlan (2000).
Mortality This parameter is among the most diffi cult to 
estimate in a natural population (Vetter 1988), and in this 
paper we applied the method of Hoenig (1983), based on 
the expected maximum age of the individuals, tmax (Then 
et al. 2015). This procedure relates the maximum age with 
natural mortality according to the equation:

M = 4.899 tmax
–0.916

In addition, a second estimation of natural mortality 
was obtained due to the fact that as the fi shery comprises 
both juveniles and adults, and the former support an 
important part of the effort and catch. The evaluation of 
mortality depending on age was done with the method of 
Chen and Watanabe (1989). As mortality (M) and growth 
(k) of a species are inversely linked, M is dependent of the 
age of sexual maturity and follows the relation:

M t t t
e

k
M t a t t a t t t t

a
 

where: a e k t t  ; a ke k t t ; and 

a k e k t t
.

Total mortality (Z) was then estimated from the size-
converted catch curve (Pauly and Ingles 1981), and 
once with a value of Z and M (this one, according to the 
method of maximum age tmax; Then et al. 2015), the fi shing 
mortality was calculated as 

F = Z – M

and the exploitation rate (E) as 

E = F · Z–1.

RESULTS
A total of 794 individuals of king angelfi sh were 

captured at the National Park Loreto Bay, with total lengths 
ranging from 3 to 29 cm and weights varying between 2 
and 767 g. Considering a minimum adult size of 13 cm in 
length, there were 659 juveniles and 135 adults (Fig. 2). 

The juveniles were easily identifi ed as they exhibited an 
orange coloration of the anterior body, 5–6 narrow lateral 
blue bars, blue borders of the dorsal and anal fi ns, and an 
orange caudal fi n.
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Fig. 2. Histogram of length structure of king angelfi sh, 
Holacanthus passer; Dashed line on left separates 
juvenile from adult fi sh, according to colorations 
observed in the fi eld, whereas the double spotted line 
on the right indicates the length at fi rst maturity 

The weight–length relation (Fig. 3) was signifi cant (r2 

= 0.94; P > 0.01), the intercept was estimated as 0.108 ± 
0.009 and the exponent as 2.62 ± 0.03. It was determined 
that the king angelfi sh represents a negative allometric 
relation between length and weight, given that the value of 
the slope or growth coeffi cient (b = 2.62) was signifi cantly 
different than 3 (Student’s t = –12.95, P < 0.05). 

0
100
200
300
400
500
600
700
800
900

0 5 10 15 20 25 30 35

W
ei

gh
t [

g]

y = 0.10807x
R² = 0.94

2.618

Total length [cm]

Fig. 3. Length–weight relation of king angelfi sh, 
Holacanthus passer in the Gulf of California

Growth model. Six modal groups were identifi ed in the length 
frequency distribution using the method of Bhattacharya 
(1967). The mean lengths and standard deviations of each 
modal group were used as seed values to estimate the modal 
groups using the maximum likelihood method (Table 1). 
Four modal groups were clearly identifi ed (Fig. 4), although 
it was not possible to defi ne the fourth modal group with a 
mean total length of 14.39 cm, and the sixth modal group 
with a mean total length of 24.39 cm, as cohorts due to the 
separation indices lower than two (SI < 2) (Table 1).
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Table 1 
Length values for each modal group (cohort) 

distinguished in the length-frequency distribution of king 
angelfi sh, Holacanthus passer, in the Gulf of California, 

Mexico

 
Length [cm] 
(seed values)  

Length [cm] (estimated 
values)

Cohort Mean  SD Factor Mean  SD Factor  SI
1 5.24 0.85 50 4.95 0.78 50.76 n/a
2 8.93 1.30 550 8.96 1.28 540.19 3.57
3 11.36 0.70 70 12.34 0.38 37.56 3.80
4 16.50 1.07 50 14.39 1.99 98.62 0.99*
5 19.89 0.55 50 19.82 0.46 32.33 2.60
6 23.89 0.75 25 24.39 5.23 46.46 0.33*

SD = standard deviation, SI = separation index, Bold type values 
(≤2) indicate that defi nition as a modal group or cohort was not 
possible, n/a = not applicable.
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Fig. 4. Modal groups (cohorts) estimated in the length-
frequency distribution of king angelfi sh, Holacanthus 
passer, in the Gulf of California, Mexico. *Groups with 
a separation index SI < 2 were not considered cohorts

The fi t of the von Bertalanffy growth equation was 
established using the length data from cohorts 1, 2, 3, 
and 5, which presented separation indices greater than 2. 
As mentioned in the Materials and methods, an age of 0.5 
years was assigned to the fi rst modal group, having a mean 

total length of 4.95 cm. The following cohorts were annual 
(t + 1) (Table 2). The growth rate of cohort 5 (3.74 cm ⋅
year–1) was greater than that of cohort 4 (3.39 cm ⋅ year–1), 
therefore the age assigned to cohort 5 was increased by 
one year from 4.5 to 5.5 years. Thus, the growth rate of 
cohort 5 was estimated to be 2.49 cm ⋅ year–1 (Table 2).

The adjusted von Bertalanffy growth model based on 
length was (Fig. 5)
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Fig. 5. von Bertanlanffy growth model (continuous black 
line), fi t to the observed length values of each estimated 
cohort (gray circles) in the length-frequency distribution 
of king angelfi sh, Holacanthus passer, in the Gulf of 
California, Mexico; The grey crosses represent the 
lengths of possible modal groups (SI < 2) that were not 
considered in fi tting the model 

The corresponding model for growth in grams as a 
function of age was described by the equation:

Wt e t

The fi rst maturity length was estimated as Lm = 21.835 cm 
(standard error 16.29–29.25), age of maturity (tm) was 6.10 
years, and longevity tmax = 20.01 years.
Mortality. According to the Hoenig (1983) method the 
mortality (M) was 0.315 year–1, and the total mortality 
(Z) was 1.19 year–1 (0.97–1.41, 95% confi dence interval). 
The fi shing mortality F amounted to 0.88 year–1 (0.66–
1.10), and thus the exploitation rate (E) was 0.74 (0.68–
0.78).

Table 2
Assigned ages per cohort in the length-frequency distribution of king angelfi sh, Holacanthus passer, 

in the Gulf of California, Mexico

Cohort Assigned age 
[years] Mean  length [cm] Growth rate 

[cm  year –1]
New assigned age 

[years]
Growth rate

[cm  year –1]
1 0.50 4.95
2 1.50 8.96 4.01
3 2.50 12.34 3.39
4
5 4.50 19.82 3.74* 5.5 2.49
6

Note: the growth rate of the cohort was greater than that of the preceding cohort, thus a new age was assigned.
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The mortality rate for juveniles ages 0 through 6 
ranged from 0.222 to 0.668 year–1, and for adults (tm+1–
tmax) it was from 0.136 to 0.204 year–1 (Fig. 6). 
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Fig. 6. Natural mortality at age of king angelfi sh, 
Holacanthus passer, in the Gulf of California, Mexico

DISCUSSION
The presently reported study is the fi rst to address 

the growth and mortality rates of Holacanthus passer, 
although the information on other population parameters 
already exists. Studies on the length–weight relation in 
the family Pomacanthidae have been scarce. Chung and 
Woo (1999) and Feitosa et al. (unpublished*) reported that 
Pomacanthus imperator (Bloch, 1787) and Pomacanthus 
paru (Bloch, 1787) presented negative allometric type 
relation (b = 2.77 and 2.794, respectively). Regarding the 
genus Holacanthus—Marks and Klomp (2003) described 
b values lower than 3 in Holacanthus bermudensis
Goode, 1876 (2.89), Holacanthus ciliaris (Linnaeus, 
1758) (2.90), and Holacanthus tricolor (Bloch, 1795) 
(2.85). Finally, there is only one study in reference to the 
Eastern Tropical Pacifi c, performed on angelfi sh—Balart 
et al. (2006). Those authors found an allometric relation 
between weight and length, but it was positive, that is, a 
greater relative increase in weight with respect to length (b 
= 3.08). Our present estimate (b = 2.618) again indicates 
a negative allometric relation in the king angelfi sh, and 
coincides with the general pattern depicted by the family. 
It is possible that the results of Balart et al. (2006) are 
different from our results due to the small sample size 
examined by those authors (only 44 individuals, compared 
to the 794 in our sample).

The von Bertalanffy growth function represents part 
of the basic biological knowledge required to manage 
and conserve resources because they allow the defi nition 
of appropriate utilization schemes. The magnitudes of 
L∞ and k permit the estimation instantaneous rates of total 
mortality (Z) and natural mortality (M), which are key 
to establish sustainable rates of resource use (Ochavillo 
and Hodson 2006), in accordance with the precautionary 

principle implicit in article 7.5 International Code of 
Conduct for Responsible Fisheries (Anonymous 1995, 
Sparre and Venema 1997). 

Regarding the parameters of the von Bertalanffy 
model, Branstetter (1991) proposed a scale, based on 
the magnitude of the growth coeffi cient (k), by which a 
species can be classifi ed as exhibiting “slow growth” 
(0.05 ≤ k ≤ 0.1 year–1); “moderate growth” (k between 0.1 
and 0.2 year–1); or “rapid growth” (k = 0.2 and 0.5 year–1). 
Considering this classifi cation scheme, angelfi sh in the 
central region of the Gulf of California would be defi ned 
as a species of moderate growth. 

The moderate growth rate of Holacanthus passer, 
observed in the presently reported study, might result from 
the fact that the individuals fed on benthic communities 
(algae and sessile invertebrates) and in the water column 
(mainly faeces from scissortail damselfi sh, Chromis 
atrilobata Gill, 1862), although they have high metabolic 
rates, they usually feed during the greater part of the day 
by browsing (Aburto-Oropeza et al. 2000, Perez-España 
unpublished**), like other species of rocky and coralline
habitats including butterfl yfi shes (Chaetodontidae), 
surgeonfi shes (Acanthuridae), and damselfi shes 
(Pomacentridae).  

The observed length frequency indicates that the 
majority of individuals of the king angelfi sh at Loreto 
are below the size of fi rst maturity (17 cm) estimated by 
Arellano-Martínez et al. (1999) and in this study (from 
16 to 29 cm). The confi rmation of the minimum size is 
useful as a management guideline, in order to diminish as 
much as possible the number of juveniles included in the 
catches. However, a full prohibition is not possible as the 
market is looking for both small and large fi shes, and the 
current legislation in Mexico allows that.

The harvest of sexually immature specimens of 
Holacanthus passer, if they are exploited at high 
rates, could impede a large proportion of the stock 
from reproducing at least once, and that would lead to 
reductions in recruitment, and eventually bringing about 
deterioration of the population (Sparre and Venema 1997). 
For this reason our suggestion is that the management 
of this fi shery should authorize differentiated rates of 
exploitation among youth and adults. In addition to 
ensuring the population evaluation for each capture zone.

In relation to the natural mortality, although several 
methods exist for its calculation (Beverton and Holt 1959, 
Pauly 1980, Hoenig 1983, Jensen 1997), we applied a 
relatively new approach proposed by Then et al. (2015). 
These authors conducted a review of current methods to 
empirically assess mortality rate in over 200 fi sh species, 
and establish that according to the performance of the 
equations, the best option is to use estimators based on 
maximum age (tmax). For this reason it was considered that 
the equation recommended by Then et al. (2015) would 
be the one to use in this paper, as it is congruent with the 

* Feitosa C.V., Araújo M.E., Ferreira B.P. Estimates on age, growth and mortality of the French angelfi sh Pomacanthus paru (Bloch 1787) (Teleostei: Pomacanthidae) in 
the southwestern Atlantic. Journal of Applied Ichthyology [In press.]
** Pérez-España H. 2004. Hábitos alimentarios del ángel real Holacanthus passer Valenciannes, 1846 y del ángel de cortes Pomacanthus zonipectus Gill, 1863 
(Osteichthyes: Pomacanthidae) en la costa sur-occidental del Golfo de California. Doctoral dissertation, Centro Interdisciplinario de Ciencias Marinas, Instituto 
Politécnico Nacional, La Paz, B.C.S., Mexico.
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growth pattern presented here, and with the general life 
cycle of the species. The calculation of mortality rates is 
very complex, and thus the evaluation of this parameter in 
the king angelfi sh should be improved in the future, with 
more detailed fi eld studies.

There are no reports of mortality rate for Holacanthus 
passer in the literature, nor at genus or family level, with 
the exception of Pomacanthus maculosus (Forsskål, 
1775) (0.12 year–1) (Grandcourt et al. 2010), which as 
observed, it is lower than the one calculated for the king 
angelfi sh (0.136 to 0.204 year–1). The discrepancy between 
maximum sizes (less than 40 cm in angelfi sh for 50 cm in 
P. maculosus, according to Froese and Pauly 2016) and the 
consequent higher longevity of the latter fi sh, may explain 
its lower mortality rate. In this study a specifi c rate of 
mortality for juveniles was calculated, as this population 
segment is an essential part of the fi shery. 

The most relevant use of the estimation of mortality 
rate of a commercial species like angelfi sh is its use for the 
establishment of catch quotas as management measures for 
the fi shery, and also when used to evaluate total mortality 
(including natural and from the fi shery), and exploitation 
rate (Fernández-Rivera Melo et al. 2008). 

In presently reported study we demonstrated that 
exploitation rate in the area was apparently high (0.74), 
and this can be explained considering the fi shing pressure 
that the species receive in the Gulf of California (Reyes-
Bonilla et al. 2009). Under this scenario it may be useful 
to calculate mortality rates for specifi c stages of the life 
cycle, for a geographic region, and maybe even for a 
location. The reason to do so is because the gulf has a strong 
gradient in oceanographic conditions that also occurs in 
its faunas. This way, the differences in recruitment, food, 
refuge, temperature, and other aspects, must be affecting 
the natural mortality of the king angelfi sh, and therefore 
all estimations of the fi shing parameters.
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