Abstract—Growth of roosterfish
(Nematistius pectoralis) was estimat-
ed by analyzing daily growth incre-
ments of sagittal otoliths collected
from individuals captured in El Golfo
Dulce, Costa Rica during 2013-2014
and in southern Baja California Sur,
Mexico during 2010-2015. Isometric
growth was observed for all individ-
uals and no significant differences
were observed in the length—weight
relationships between sexes or loca-
tions. Age estimates ranged from 18
d (0.05 years) to 545 d (1.5 years),
although 26% of otoliths (57-133
cm) were not legible because narrow
daily growth increments were diffi-
cult to differentiate in older fish. In-
dividual growth parameters indicate
that roosterfish grow at a rapid rate
during the first year of life, reach-
ing sizes of around 60-70 cm in fork
length. Although future field valida-
tion is necessary, the results of our
study provide insight into the life
history of this valuable resource of
the eastern Pacific Ocean.
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A game fish that inhabits the neritic
waters of the subtropical and tropical
eastern Pacific Ocean (Eschmeyer et
al., 1983), the roosterfish (Nematis-
tius pectoralis) is the only species
in the genus Nematistius (family
Nematistiidae). The most notable ex-
ternal feature of this species is the
presence of 7 elongated dorsal spines,
which give rise to its common name
(Rosenblatt and Bell, 1976) and al-
lows it to be easily distinguished
from other species (Niem, 1995).
The roosterfish is a coastal species
that has been found to occur in the
Pacific Ocean from San Clemente,
Southern California to San Lorenzo
Island, Peru, including the Gulf of
California and the Galapagos Islands
(Love et al., 2005). Results from work
to date indicate that roosterfish re-
side primarily in warm (23-31°C),
shallow waters where they may
spend up to 90% of their time be-
tween the sea surface and a depth
of 12 m (Sepulveda et al., 2015). All
age classes are considered neritic;
juveniles are often found along the
shoreline and larger individuals are

commonly associated with both the
surf line and complex near shore
habitats (i.e., reefs and sand bars)
(Niem, 1995; Sepulveda et al., 2015).

Roosterfish can attain sizes up to
191 cm in total length and more than
51.7 kg (Robertson and Allen, 2015).
They are active predators that have
been reported to feed in shallow wa-
ters (i.e., depths of 3—4 m) on school-
ing fish species, such as species of
mojarra (i.e., Pacific spotfin mojarra
[Eucinostomus dowii] and graceful
mojarra [E. gracilis]), and species
of anchovy (i.e., sharpnose anchovy
[Anchoa ischanal and Anchoa spp.)
(Hobson, 1968; Rodriguez-Romero et
al., 2009).

The roosterfish is a very impor-
tant resource for sportfishing indus-
tries, especially for those that oper-
ate at destinations favored by eco-
tourists, such as Baja California Sur,
mainland Mexico, and the coast of
Central America. Roosterfish contrib-
ute significantly to the local economy
because it is a common target of in-
shore anglers; in fact, this species is
sought out among anglers around the
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world (Eschmeyer et al., 1983). To a lesser degree, the
roosterfish also supports small-scale artisanal fisher-
ies along the coast of Baja California Sur and Central
America; however, because of its limited market value,
it is not typically the primary target of such fishing
operations (Lindner, 1947; Niem, 1995).

Despite the ecological and economic importance of
roosterfish, very few scientific studies have focused on
this species and basic biological parameters remain
largely unknown. In particular, questions pertaining
to age and growth, natural mortality, longevity, and
reproductive biology remain unanswered. These para-
meters are essential for fisheries management and
form the basis for most stock assessment models (Gold-
man, 2005). This information is also essential for un-
derstanding other biological and population traits such
as productivity, yield per recruit, predator and prey dy-
namics, and habitat requirements (DeVries and Frie,
1996; Campana, 2001; Robinson and Motta, 2002).

Given the importance of this species to regional fish-
eries off the coast of Baja California Sur and Central
America, we estimated age and growth in our study
by counting presumed daily growth increments (DGIs)
within the sagittal otolith. The results of our study pro-
vide the first estimates of growth for this species and
allow intraspecific comparisons of growth between 2
geographically distinct locations along the range of the
roosterfish in the eastern Pacific Ocean.

Materials and methods
Collection details

From 2010 through 2015, roosterfish specimens were
obtained from the sportfishing fleet in Cabo San Lu-
cas and La Paz, Baja California Sur, Mexico. Similarly,
from 2013 through 2014, specimens were collected from
commercial and recreational fleets that operated out of
the Golfo Dulce, Costa Rica. Each specimen was mea-
sured to determine fork length (FL) to the nearest 0.1
cm and weighed to the nearest 0.01 kg. Sex was deter-
mined by visual inspection of the gonads, and, when
possible, sagittal otolith pairs were removed, cleaned,
and stored dry.

Length—-weight relationships
Length—weight relationships (LWRs) were estimated by
using the allometric equation:

W = oFLP,

the weight; and
the intercept and the slope of the regression
line, respectively (Ricker, 1975).

where W
a and b

As with previous works, we assumed that, when b
was equal to 3, the relationship was considered to be
isometric (Sangun et al., 2007). Similarly, & values #3
were associated with allometric growth (Froese, 2006).
Estimates of LWRs were calculated independently for

both sex (males and females) and location (Baja Cali-
fornia Sur and Golfo Dulce) and compared by using a
Student’s ¢-test (Zar, 2010). A Student’s ¢-test was also
used to evaluate whether b values were significantly
different from the null hypothesis for isometric growth
(Hy: b=3) (Sangun et al., 2007; Zar, 2010).

Preparation and analysis of otoliths

Preparation of otoliths followed closely the protocol de-
scribed by Secor et al., 1992. Briefly, the right otolith of
each specimen was embedded in crystal polyester resin
and allowed to harden and dry for a 24-h period. We
created transverse sections (0.6 mm) through each oto-
lith that included the core (Fig. 1) by using an IsoMet
Low Speed Saw! (model 11-1280-160; Buehler, Lake
Bluff, IL) equipped with a diamond wafering blade (se-
ries 15HC, Buehler). Because otolith increments (e.g.,
daily or annual) of many perciform fish species are not
deposited in the sagittal plane, the transverse or the
frontal planes typically are used for assessing DGIs
(Secor et al., 1992).

Most otoliths need some form of preparation before
their microstructure can be accurately determined;
therefore, a polishing procedure was used to remove
material, expose the core region, and reveal the pre-
sumed DGIs (Secor et al., 1992). To clearly define
DGIs and facilitate readings, transversal sections were
mounted on histological slides with Cytoseal mounting
medium (Thermo Fisher Scientific, Waltham, MA) and
hand polished with a series of micrometric sandpaper
of decreasing grit size (15-3 pm, Diamond Lapping
Film disc; Buehler). For finishing, sections were pol-
ished with 0.3-pum MicroPolish alumina (Buehler) and
0.3-pm MicroCloth micrometric sandpaper (Buehler).

Two readers independently counted presumed DGIs
of prepared otolith sections without prior knowledge
of fish length and weight. Readers counted DGIs on
transverse sections by using a microscope with trans-
mitted light (40-100x). Daily growth increments were
counted from the core toward the dorsal edge of the
otolith along the same transect (Fig. 1).

The consistency or concordance of counts between
readers was estimated by using a coefficient of varia-
tion (CV) (Chang, 1982):

X.—X.)?
VIR T 1)

X;

CV; =100% x

where CV; = the age precision estimate for the jth fish;
X;; = the ith age determination of the jth fish;
X; = the mean age estimate of the jth fish; and
R = the number of times each fish was aged.

Lengths at age derived from otolith readings were
used to estimate the 3 parameters of the standard von
Bertalanffy growth model:

1 Mention of trade names or commercial companies is for iden-
tification purposes only and does not imply endorsement by
the National Marine Fisheries Service, NOAA.
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Figure 1

fornia Sur in 2014.

(A) Right sagitta of a 63.5-cm-FL roosterfish (Nematistius pectoralis) cap-
tured in Baja California Sur, Mexico, in 2014. Dotted white lines represent
a transverse section through the core, which is indicated by the black circle.
(B) Sagitta showing daily growth increments (that consists of two rings: gray
and white) from a 5.2-cm-FL roosterfish (18 d in age) captured in Baja Cali-

for both study areas (Baja California
Sur and Costa Rica), and an analysis
of the residual sum of squares was
used to evaluate the possible differ-
ences in parameters between the 2
locations (Ratkowsky, 1983).

Parameters for both the LWR
and von Bertalanffy growth model
were estimated by using nonlinear
least squares by means of an itera-
tive process with the Gauss-Newton
algorithm (Bates and Watts, 1988),
which allows estimation of nonlin-
ear model parameters without need-
ing to transform the data into a
linear function. Statistical analyses
were performed with R statistical
software, vers. 3.2.3 (R Core Team,
2015). Significance was determined
by using a ¢-test with an alpha level
of 0.05.

Results

During the sampling period, 290
roosterfish (190 specimens from
Baja California Sur and 100 speci-
mens from Costa Rica) were mea-
sured and weighed. Specimens from
Baja California Sur (66 males, 74
females, and 50 fish of unknown
sex) ranged from 5.2 to 133.0 cm
FL and from 0.01 to 25.87 kg in
weight. Specimens from Costa Rica
(47 males, 18 females, and 35 fish
of unknown sex) ranged from 8.3 to
116.0 cm FL and 0.01 to 17.80 kg
(Fig. 2).

The estimated parameters of the
LWR by area and sex are provided
in Table 1. Comparisons of growth

L =L [1—e "], 2)

where L; =length (FL in centimeters) at age ¢;
L. =average maximum length;
k =the individual growth coefficient;
to=the hypothetical age when the length is
equal to 0; and
t =age.

A power function was also tested; however, because our
results were similar to those of the von Bertalanffy
growth model, only results from the von Bertalanffy
growth model were included for consistency and com-
parison with other growth studies.

Growth parameters were estimated independently

parameters (values of the exponent
b) revealed that all LWRs were not
significantly different from a value
of 3 (Student’s ¢-test: P>0.05) and indicated that roost-
erfish growth is isometric (Table 1). Given the find-
ing of isometric growth for both location and sex, the
length and weight data were pooled into one represen-
tative LWR for this study (Fig. 3, Table 1).

For age estimation, 182 pairs of sagittal otoliths
were collected and processed, 103 pairs from fish col-
lected in Baja California Sur (5.2-120.0 cm FL) and 79
pairs from fish collected in Costa Rica (13.5-116.0 cm
FL). Of these pairs, 130 pairs or 71.5% (Baja California
Sur=68 and Costa Rica=62) were readable and used in
the age estimation analyses. The remaining 52 otolith
pairs (Baja California Sur=35 and Costa Rica=17) were
discarded for one or more of the following reasons: the
otoliths were broken, crosscuts did not include the core,
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Dulce, Costa Rica (CR), 2013-2014.

Figure 2

Size distribution (measured in fork length) of roosterfish (Nematistius pectoralis)
captured in Baja California Sur (BCS), Mexico, during 2010-2015 and in Golfo

Table 1

Parameters (e and &) of the length—weight relationship of roosterfish (Nematistius
pectoralis) captured from 2 locations, Baja California Sur (BCS), Mexico, during
2010-2015 and Costa Rica (CR) during 2013-2014, by area and sex, and Student’s
t-test results for the testing of isometric growth.

Area Sex a b t P

BCS Males 2.4x10-5 2.84 -0.18 0.85
BCS Females 2.8x10°° 2.81 -0.25 0.80
BCS Sexes combined 2.7x1075 2.82 -0.25 0.79
CR Males 2.7x10-5 2.81 -0.48 0.62
CR Females 2.8x10°° 2.81 -0.50 0.62
CR Sexes combined 2.7x1075 2.81 -0.60 0.54
Combined Sexes combined 2.6x10°5 2.82 -0.29 0.76

sections were overpolished, and otolith sections were
illegible because of increasingly narrow widths of DGIs
in older fish.

The estimated ages of the fish assessed from Baja
California Sur ranged from 18 d (0.05 years, 5.2 cm
FL) to 548 d (1.49 years, 86 cm FL). The range of age
estimates from Costa Rica was 32 d (0.08 years, 13.5
cm FL) to 448 d (1.22 years, 78.7 cm FL).

In most cases, it was possible to count DGIs from
sagittal otoliths of fish <57 cm FL (the size reached
at an age of approximately 1 year). The agreement be-
tween the estimated ages assigned independently by
the 2 readers revealed a CV of 9.02%, indicating a high
consistency. The average CV for different size classes
increased from 5.9 for fish with 18-100 DGIs to 6.8
for fish with 101-199 DGIs and 9.5 for fish with 200-
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Weight (kg)

Fork length (cm)
Figure 3

2013-2014.

Collective length—weight relationship of all roosterfish (Nematistius
pectoralis) examined in this study. Specimens were captured in Baja
California Sur, Mexico, in 2010-2015 and in Golfo Dulce, Costa Rica,

that they may reach up to 60-70 cm FL
(40% of L.,) during the first year of life.
Accelerated growth in the first year of
life has been reported for other warm-
water pelagic species, such as the cobia
(Rachycentron canadum; Franks et al.,
1999), dolphinfish (Coryphaena hippu-
rus; Schwenke and Buckel, 2008), blue
marlin (Makaira nigricans; Prince et al.,
1991), and sailfish (Istiophorus platyp-
terus; Alvarado-Castillo and Félix-Uraga,
1996). As hypothesized previously, rapid
early growth is likely advantageous for
survival because it is linked to swimming
speed, foraging success, and predation
(Prince et al., 1991). Although field vali-
dation is necessary, our work provides an
initial hypothesis regarding the growth
of this valuable eastern Pacific Ocean
species and increases scientific knowl-
edge of this poorly known species.
Samples of roosterfish were obtained
primarily from recreational fisheries that
operate seasonally throughout Baja Cali-
fornia Sur and Central America. Because
roosterfish are typically released in most
of these recreational fisheries, acquisition
of samples was challenging; specimens
from smaller size classes (<50 cm FL)
proved to be especially difficult to obtain.

549 DGIs. Reader confidence was reduced for samples
from fish that ranged from 57 to 86 cm FL, primarily
because of the narrowing and softening of DGI edges.
Similarly, for roosterfish >86 ¢cm FL, DGIs were not
easily differentiated and, therefore, these fish were not
included in the age-estimation portion of our study. An-
nual growth marks were not observed in sagittal oto-
liths or in cross sections.

The estimated parameters of the von Bertalanffy
growth model are given by area in Table 2. The analy-
sis of residual sums of squares did not reveal signifi-
cant differences in growth parameters between Baja
California Sur and Costa Rica (P>0.05). Therefore,
the data for both locations was combined into a single
growth model (Fig. 4). Estimates of growth parameters
indicate that roosterfish grow rapidly during the first
year of life, attaining a size of approximately 60—70 cm
FL within the first year (40% of L..).

Discussion

Our study provides the first estimates of age and
growth for the roosterfish, a species that supports a
substantial recreational fishery throughout the east-
ern Pacific Ocean. The growth estimates presented
here indicate that roosterfish grow at a rapid rate and

In addition, because larger individuals
are particularly prized in the catch-and-
release fisheries, guides and captains
rarely harvest specimens >100 cm FL, a tendency that
further inhibited the collection of larger individuals for
our study.

Length—-weight relationships
The estimated b values (Table 1) were within the nor-

mal, expected range for fish (6=2.5-3.5) (Froese, 2006).
Bagenal and Tesch (1978) suggested that when the

Table 2

Parameter values from the von Bertalanffy growth
model for roosterfish (Nematistius pectoralis) captured
in Baja California Sur (BCS), Mexico, and Golfo Dulce,
Costa Rica (CR), during 2010-2015: average maximum
length (L..), measured as fork length in centimeters, in-
dividual growth coefficient (k), and the hypothetical age
when the length is equal to 0 (¢y), measured in years.

Area L., k to

BCS 166.90 0.48 -0.02
CR 171.72 0.47 -0.08
Areas combined 163.77 0.47 -0.08
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value of b is between 2.8 and 3.2, growth
is considered to be isometric (i.e., growth
of all body parts is consistent and pro-
portional throughout development). Based
on #-test results, estimated b values were
not significantly different from 3 (Table 1),
indicating that isometric growth for roost-
erfish is independent of location and sex.

Because we did not identify differ-
ences in the LWR, samples were pooled
and collectively presented (see Froese,
2006). A similar b value was reported by
Gonzélez-Sansén et al. (2014) for rooster-
fish caught in a coastal lagoon off Barra
de Navidad, Jalisco, Mexico. However, the
Gonzélez-Sansén et al. (2014) study was
based on a limited sample size and size
range of fish (6=2.92, n=8; 7.5-29.3 cm
in total length). Values of the exponent
b can be influenced by statistical proce-
dure and sample size (Bolger and Con-
nolly, 1989), as well as by variations as-
sociated with size range, maturation, sex,
and time of year (Cone, 1989). Because
the spawning dynamics of this species
(i.e., season and time of year) remain
unknown and we were unable to obtain
samples from exceptionally large indi-
viduals, it is possible that differences in
LWR exist for larger, mature roosterfish.

Fork length (cm)

The combined (sex and location) von Bertalanffy growth model (VBGM)
of roosterfish (Nematistius pectoralis) captured in Baja California Sur,
Mexico, in 2010-2015 and in Golfo Dulce, Costa Rica, 2013-2014.

Number of presumed daily growth increments

Figure 4

Age and growth

The sagittal otolith is the preferred hard structure for
estimating age in fish because deposition occurs con-
tinuously throughout life, a scenario that enhances age
estimation when compared with the use of other hard
structures (Campana and Thorrold, 2001). Otoliths are
also preferred for age estimation because the struc-
tures are not lost or shed (as they are with scales) or
reabsorbed (as with bones and spines) (Ramirez-Peréz
et al., 2011). Sectioned and polished otoliths from in-
dividuals <57 ecm FL provided visible DGIs that were
readily distinguishable. However, in otoliths from
larger individuals (>57 em FL), it was difficult to dif-
ferentiate between recent outer edge DGIs, thus caus-
ing increased uncertainty in age estimates. Campana
(1999) reported that calcium, oxygen, and carbon domi-
nate the elemental composition of the otolith and that
these elements form the calcium carbonate matrix of
the otolith. An excess of calcium carbonate in sagittal
otoliths may hinder ridge quantification to varying de-
grees (Hill et al., 1989).

In cross sections, DGIs were counted from the core to
the dorsal edge of the otolith. The path of visual counts
were not always in a straight line from the core to the
outer edge of a sagitta. The optimal reading path that
provided the best visual clarity of DGIs typically fol-
lowed a somewhat circuitous route that shifted from one
area of the sagitta to another (Uchiyama et al., 1986).

The precision of age estimates for the 2 readers of
this study was high (CV=9.02%) and aligns with CV
values from other studies in which counts of annual
marks were used (Prince et al., 1991; DeMartini et al.,
2007). Campana (2001) proposed that there is no a pri-
ori value of CV that can be assigned as a target level
for studies of age because it is highly influenced by
the species and the nature of the hard structure itself.
In addition, the consistency between readings often de-
creases as fish age increases because growth marks are
closer together in older fish (Steward et al., 2009).

We found that the precision of DGI counts decreased
with increasing age (18-548 d) and FL (5.2-86.0 cm).
Prince et al. (1991) suggested that estimating the age
of large or old fish by using DGI counts may result in
an underestimation of age and an overestimation of the
growth rate. Because it was not possible to count DGIs
precisely in roosterfish >86 cm FL (1.5 years old), it is
recommended that otolith DGIs be used only for indi-
viduals of ages less than 1 year (the age reached at a
size of approximately 66 cm FL).

Although it was not possible to detect annual marks
on the otoliths of roosterfish in our study, a previous
study had focused on assessing the potential use of
dorsal spines for aging this species (Chavez-Arellano,
2016). Chavez-Arellano (2016) analyzed roosterfish be-
tween 14 and 133 ¢cm FL and found a similar average
length (70.61 cm FL) for year-1 individuals. However,
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robust comparisons between these studies are not pos-
sible because the work of Chavez-Arellano (2016) was
not focused on age determination; he assessed only dor-
sal spine suitability for aging purposes. Despite differ-
ences in our study and that of Chavez-Arellano (2016),
both works support the hypothesis of rapid growth in
this species, especially in the first year of life. As has
been reported for others species like the dolphinfish,
additional structures (e.g., scales) may prove useful in
future age assessments of the roosterfish (Schwenke
and Buckel, 2008).

Although field validation is necessary to confirm the
proposed growth hypothesis for roosterfish, the inclu-
sion of small size classes (5 cm FL) and a large size
range provides support for the use of DGIs for age esti-
mation. Oxenford and Hunte (1983) assumed DGIs for
dolphinfish, and Uchiyama et al. (1986) subsequently
validated those values with both hatchery-reared and
fish caught in the wild. For some species, DGIs have
been validated by experiments with fish reared in cap-
tivity, otolith marking, radiochemical dating, or various
other techniques (Prince et al., 1991; Campana, 2001).
Ideally, validation experiments should include the pe-
riod during which the initial growth ring is formed and
should evaluate the regularity of growth-ring forma-
tion during all life stages (e.g., spawning, migration,
and periods of starvation) because all of these factors
may influence the regularity of deposition rates (Uchi-
yama et al., 1986).

Values of L., estimated from the von Bertalanffy
growth equation were greater than the length of the
largest roosterfish sampled in our study (133 ¢cm FL)
and slightly lower than the maximum length recorded
by Robertson and Allen (2015). This difference likely
occurred because the estimated parameters were based
only on the initial phases of growth for roosterfish (up
to 1.49 years).

The relatively rapid growth rate that we report here
is similar for both regions (Baja California Sur and
Costa Rica), despite differences in oceanographic condi-
tions (e.g., annual sea-surface temperature) or potential
prey sources and availability. These similarities may be
due to the lack of larger individuals in this study (e.g.,
readability of fish >86 c¢cm FL), a scenario that may
have masked potential ontogenetic differences. It may
also be that roosterfish from the 2 regions have deposi-
tion rates that differ from each other. If ring formation
occurs at a rate that is less than one ring per day, it
may be that this study underestimates the actual age
of the fish surveyed. Regardless, this work presents the
first data supporting a growth hypothesis for this spe-
cies, and future investigations should focus on the use
of field validation techniques.

Acknowledgments
We wish to thank the Pfleger Institute of Environmen-

tal Research and the Instituto Politécnico Nacional for
the research grant SIP20150861. We also are grateful to

C. McCue and M. Gutiérrez for their help during sam-
pling and to the sportfishing fleet at Cabo San Lucas,
Baja California Sur, Mexico. The senior author and R.
Rodriguez-Sanchez received a Comision de Operacion
y Fomento de Actividades Academicas fellowship. We
thank the anonymous reviewers for their constructive
comments, which helped us to improve the manuscript.

Literature cited

Alvarado-Castillo, R. M., and R. Félix-Uraga.

1996. Determinacion de la edad de Istiophorus platypter-
us (Pisces: Istiophoridae) al sur del Golfo de California,
Meéxico. Rev. Biol. Trop. 44(1):233-239.

Bagenal, T. B., and F. W. Tesch.

1978. Age and growth. In Methods for assessment of
fish production in freshwater (T. B. Bagenal, ed.), p.
101-136. Blackwell Scientific Publications, Oxford, UK.

Bates, D. M., and D. G. Watts.

1988. Nonlinear regression analysis and its applications,

365 p. John Wiley and Sons Inc., New York.
Bolger, T., and P. L. Connolly.

1989. The selection of suitable indices for the measure-

ment and analysis of fish condition. J. Fish Biol. Article
Campana, S. E.

1999. Chemistry and composition of fish otoliths: path-
ways, mechanisms and applications. Mar. Ecol. Prog.
Ser. 188: 263-297. Article

2001. Accuracy, precision and quality control in age deter-
mination, including a review of the use and abuse of age
validation methods. J. Fish Biol. 59:197-242. Article

Campana, S. E., and S. R. Thorrold.

2001. Otoliths, increments, and elements: keys to a com-
prehensive understanding of fish population. Can. J.
Fish. Aquat. Sci. 58:30-38. Article

Chang, W. Y. B.

1982. A statistical method for evaluating the reproduc-
ibility of age determination. Can. J. Fish. Aquat. Sci.
39:1208-1210. Article

Chavez-Arellano, R.

2016. Uso potencial de las espinas de la aleta dorsal del
pez gallo, Nematistius pectoralis Gill, 1862, para la de-
terminacion de edad. Bachelor’s thesis, 48 p. Universi-
dad Autonoma de Baja California Sur, La Paz, Baja Cali-
fornia Sur, Mexico.

Cone, R. S.

1989. The need to reconsider the use of condition indices
in fisheries science. Trans. Am. Fish. Soc. 118:510-514.
Article

DeMartini, E. E., J. H. Uchiyama, R. L. Humphreys Jr., J. D.
Sampaga, and H. A. Williams.

2007. Age and growth of swordfish (Xiphias gladius)
caught by the Hawaii-based pelagic longline fish-
ery. Fish. Bull. 105:356-367.

DeVries, D. R., and R. V. Frie.

1996. Determination of age and growth. In Fisheries
techniques, 214 ed. (B. R. Murphy and D. W. Willis, eds.),
p- 483-512. Am. Fish. Soc., Bethesda, MD.

Eschmeyer, W. N., E. S. Herald, and H. Hammann.

1983. A field guide to Pacific coast fishes of North Ameri-

ca, 336 p. Houghton Mifflin Co., Boston, MA.
Franks, J. S, J. R. Warren, and M. V. Buchanan.
1999. Age and growth of cobia, Rachycentron canadum,


https://doi.org/10.1111/j.1095-8649.1989.tb03300.x
https://doi.org/10.3354/meps188263
https://doi.org/10.1111/j.1095-8649.2001.tb00127.x
https://doi.org/10.1139/f00-177
https://doi.org/10.1139/f82-158
https://doi.org/10.1577/1548-8659(1989)118%3c0511:TNTRTU%3e2.3.CO;2

124

Fishery Bulletin 115(1)

from the northeastern Gulf of Mexico. Fish. Bull.
97:459-471.

Froese, R.

2006. Cube law, condition factor and weight-length re-
lationships: history, meta-analysis and recommenda-
tions. J. Appl. Ichthyol. 22:241-253. Article

Goldman, K. J.

2005. Age and growth of elasmobranch fishes. In Man-
agement techniques for elasmobranch fisheries (J. A.
Musick and R. Bonfil, eds.), p. 76—-102. FAO Fish. Tech.
Pap. 474, Rome.

Gonzédlez-Sansén, G., C. Aguilar-Betancourt, D. Kosonoy-Acev-
es, G. Lucano-Ramirez, S. Ruiz-Ramirez, J. R. Flores-Ortega,
and F. Silva-Batiz.

2014. Weight-length relationships for 38 fish species of
Barra de Navidad coastal lagoon, Jalisco, Mexico. d.
Appl. Ichthyol. 30:428-430. Article

Hill, K. T., G. M. Cailliet and R. L. Radtke.

1989. A comparative analysis of growth zones in four cal-
cified structures of Pacific blue marlin, Makaira nigri-
cans. Fish. Bull. 87: 829-843.

Hobson, E. S.

1968. Predatory behavior of some shore fishes in the Gulf
of California. U.S. Fish Wildl. Serv., Res. Rep. 73, 92 p.

Lindner, M. J.

1947. The commercial marine fishes, crustaceans and mol-
luscs of the west coast of Mexico. Trans. Am. Fish. Soc.
74:71-80. Article

Love, M. S., C. W. Mecklenburg, T. A. Mecklenburg, and L. K.
Thorsteinson.

2005. Resource inventory of marine and estuarine fishes
of the West Coast and Alaska: a checklist of North Pa-
cific and Arctic Ocean species from Baja California to
the Alaska—Yukon border, 276 p. U.S. Dep. Interior, U.S.
Geol. Surv., Biol. Res. Div., Seattle, WA.

Niem, V. H.

1995. Nematistiidae. In Pacifico centro-oriental. Volu-
men III. Vertebrados—Parte 2 (W. Fischer, F. Krupp, W.
Schneider, C. Sommer, K. E. Carpenter, and V. H. Niem,
eds.), p. 1322. Guia FAO para la identificacién de espe-
cies para los fines de la pesca. FAO, Rome.

Oxenford, H. A., and W. Hunte.

1983. Age and growth of dolphin, Coryphaena hippurus,
as determined by growth rings in otoliths. Fish. Bull.
81:906-909.

Prince, E. D., D. W. Lee, and J. R. Zwelfel.

1991. Estimating age and growth of young Atlantic blue
marlin, Makaira nigricans from otolith microstructure.
Fish. Bull. 89:441-459.

R Core Team.

2015. R: a language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vien-
na, Austria. [Available from website, accessed Decem-
ber 2015.]

Ramirez-Peréz, J. S., F. N. Melo-Barrera, and L. E.
Ayala-Bobadilla.

2011. Age and growth of Pacific golden-eye tilefish (Cau-

lolatilus affinis) in the central region of the Gulf of Cali-
fornia. Cienc. Mar. 37:71-85.
Ratkowsky, D. A.

1983. Nonlinear regression modeling: a unified practical

approach, 288 p. Marcel Dekker Inc., New York.
Ricker, W. E.

1975. Computation and interpretation of biological sta-
tistics of fish populations. Bull. Fish. Res. Board Can.
191, 382 p.

Robertson, D. R., and G. R. Allen.

2015. Shorefishes of the tropical eastern Pacific: online
information system: online information system. Version
2.0. Smithsonian Tropical Research Institute, Balboa,
Panama.

Robinson, M. P., and P. J Motta.

2002. Patterns of growth and the effects of scale on the
feeding kinematics of the nurse shark (Ginglymostoma
cirratum). J. Zool. 256:449-462. Article

Rodriguez-Romero, J., X. G. Moreno-Sanchez, L. A. Abitia-

Cardenas, and D. S. Palacios-Salgado.

2009. Trophic spectrum of the juvenile roosterfish,
Nematistius pectoralis Gill, 1862 (Perciformes: Nematisti-
idae), in Almejas Bay, Baja California Sur, Mexico. Rev.
Biol. Mar. Oceanogr. 44:803-807. Article

Rosenblatt, R. H. and M. A. Bell.

1976. Osteology and relationships of the roosterfish,
Nematistius pectoralis Gill. Nat. Hist. Mus. Los Ang.
Cty., Contrib. Sci. 279, 23 p.

Sangun, L., E. Akamca, and M. Akar.

2007. Weight-length relationships for 39 fish species from
the north-eastern Mediterranean coast of Turkey. Turk-
ish J. Fish. Aquat. Sci. 7:37—40.

Schwenke, K. L., and J. A. Buckel.

2008. Age, growth, and reproduction of dolphinfish (Co-
ryphaena hippurus) caught off the coast of North Caro-
lina. Fish. Bull. 106:82-92.

Secor, D. H., J. M. Dean, and E. H. Laban.

1992. Otolith removal and preparation for microstructur-
al examination. In Otolith microstructure examination
and analysis (D. K. Stevenson and S. E. Campana, eds.),
p- 19-57. Can. Spec. Publ. Fish. Aquat. Sci. 117.

Sepulveda, C. A., S. A. Aalbers, and D. Bernal.

2015. Post-release survival and movements patterns
of roosterfish (Nematistius pectoralis) off the Central
American coastline. Lat. Am. J. Aquat. Res. 43:162-175.
Article

Steward, C. A., K. D. DeMaria, and J. M. Shenker.

2009. Using otolith morphometrics to quickly and inex-
pensively predict age in the gray angelfish (Pomacanthus
arcuatus). Fish. Res. 99:123-129. Article

Uchiyama, J. H., R. K. Burch, and S. A. Kraul Jr.

1986. Growth of dolphins, Coryphaena hippurus and C.
equiselis, in Hawaiian waters as determined by daily in-
crements on otoliths. Fish. Bull. 84:186-191.

Zar, J. H.

2010. Biostatistical analysis, 5% ed., 944 p. Prentice

Hall, Upper Saddle River, NJ.


https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.1111/jai.12327
https://doi.org/10.1577/1548-8659(1944)74%5b71:TCMFCA%5d2.0.CO;2
https://www.r-project.org/
https://doi.org/10.1017/S0952836902000493
https://doi.org/10.4067/S0718-19572009000300026
https://doi.org/10.3856/vol43-issue1-fulltext-14
https://doi.org/10.1016/j.fishres.2009.05.011



