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Abstract: To estimate the weight-length relationship, determine age, and de-
scribe growth of the finescale triggerfish, Balistes polylepis Steindachner, 1876,
552 specimens were measured and weighed, and 318 first dorsal spines were col-
lected from the artisanal catch in Mazatldn, Sinaloa, Mexico, between October
2000 and October 2001. Fish ranged between 16 and 53 cm in total length
(TL), and distribution was biased toward small sizes. Age was assigned accord-
ing to the number of opaque-hyaline bands in spines, identifying seven age
groups (1-7), with age groups 2, 3, and 4 jointly representing over 80% of the
collection. The von Bertalanffy model was adequately fitted to the age-TL data
and accounted for 91% of the variation in TL. Parameters were estimated as
TL, =558 cm; K=10.17 yr!, and t, = —1.7 yr. The total weight (TW) of
the finescale triggerfish ranged between 75 and 2,200 g, and the TW-TL rela-
tonship showed a negative allometric growth (b = 2.7). These results are the

first reported for age and growth of this species.

"T'HE FINESCALE TRIGGERFISH, Balistes polyle-
pis Steindachner, 1876 (Balistidae) is distrib-
uted across the eastern Pacific Ocean from
San Francisco (37° 47’ N), California, to San
Antonio (33° 35’ S), Chile (Brito 2003), in-
cluding the Gulf of California, Hawai‘i, and
the Galdpagos Islands (Berry and Baldwin
1966). This species is the most abundant of
the genus and lives in rocky habitats. Repro-
duction occurs during July and August, when
eggs are laid in nests and tended by females
(De la Cruz Agiiero et al. 1997). The fine-
scale triggerfish is caught by artisanal fish-
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eries, which use small motorboats and a
variety of fishing gear, including nets and
lines. These fisheries exploit a great variety
of species, and no systematic follow-up of
catch records is made by federal fisheries
agencies. In Mexico’s Statistics Yearbook for
Fisheries, the catch of the finescale triggerfish
is included under “other species.” For the
Mexican Pacific coast states, the group named
“other species” accounted for 13% of the ar-
rival artisanal catch between 2000 and 2003
(AEP 2000-2003). Saucedo and Ramirez
(1994) pointed out that the finescale trigger-
fish is captured all year round, peaking in the
summer and representing 2% of the artisanal
catch in southern Sinaloa during 1987-1988.
This catch pattern matches the one reported
by Ramirez (1997) for Bahia de La Paz, Baja
California Sur, during 1987-1993.

In general, much remains unknown about
the biology of species within the Balistidae
(Abitia-Cardenas et al. 1990, Garcia et al.
1998, Letourneur et al. 1998), and reports
about age and growth are scarce (Manooch
and Drennon 1987). For Balistes polylepis, just
one report is available for Mexico’s north-
western region, and it focuses on the gut con-
tent of fish collected in Bahia Concepcidn,
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Baja California Sur (Abitia-Cardenas et al.
1990).

In this work our aim was to determine the
age and describe individual growth and the
length-weight relationship of the finescale
triggerfish, Balistes polylepis, caught along the
coast at Mazatlin (23° 12’ N, 106° 25’ W),
Sinaloa, Mexico.

MATERIALS AND METHODS

Specimens were sampled on a weekly basis
from artisanal fisheries at Playa Norte, Ma-
zatlin, Sinaloa (Figure 1), during the period
from October 2000 to October 2001. The
fishing area extends from Isla Pajaros (23°
15" N, 106° 28’ W) to Cerro del Crestén
(23° 10’ N, 106° 25" W). Sampling consisted
of measuring fork length (FL) and total
length (TL) in centimeters and measuring to-
tal weight in grams for all finescale triggerfish
specimens caught from up to five fishing
boats chosen at random. Size structure was
determined by grouping TL into 2-cm inter-
vals, and the first dorsal spine was collected
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Ficure 1. Study area, including an enlargement of the
fishing area. Note the references (I. Pdjaros and Faro) de-
limiting the fishing area of the artisanal catch that dis-
charges in Playa Norte.

PACIFIC SCIENCE - January 2007

from up to three specimens per size class to
determine age.

For age determinations, two cross sections
(cuts) were obtained per spine following
the methodology of Prince et al. (1984). To
ensure consistent location of the cuts, the
widest portion of the condyl base was mea-
sured and one-fourth of this distance was
marked on the spine shank above the condyl
base. These sections (0.5-mm-thick slices)
were immersed in isopropyl alcohol for 24 hr
to remove skin or fat residues and were then
mounted on slides using synthetic resin (Al-
varado-Castillo and Félix-Uraga 1995).

The spine sections were examined by
three readers independently using a stereo-
microscope with transmitted light. Under
these conditions, sections showed opaque
and hyaline zones (Figure 2); the type of
zone at the margin of the section (opaque or
hyaline) was also recorded. A growth mark
consisted of an opaque zone and an adjoining
hyaline zone. When counts of these marks by
the three readers failed to match, the section
was read again by the three readers until
agreement was reached.

An image of each section was obtained
using an image analysis system, and the sec-
tion’s radius and diameter were recorded us-
ing the SigmaScan Pro program (ver. 4.0,
1987-1996, Jandel Scientific).

To validate the use of the spine for deter-
mining age and describing the somatic growth
of the finescale triggerfish, the relationship
between spine diameter and length of fish
(TL) was assessed through a linear regres-
sion. The deposition time of growth marks
was established analyzing the monthly per-
centage of opaque-margin spines.

Age-TL data were used to calculate
the von Bertalanffy equation parameters:
TL, = TL,[1 — e Xt=)] where TL, is total
length at age #, TL,, is the asymptotic total
length, K is the growth constant, # is age
in years, and ¢, is the theoretical age when
length is zero. Because of the great variation
in length within an age group, the overlap in
lengths of adjacent age groups, and the trend
toward increasing mean size with older age
groups, TL,, was estimated using the rela-
tionship proposed by Pauly and Munro
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Ficure 2. Image of a cross section of a dorsal spine of the finescale triggerfish showing growth zones (hyaline and

opaque) and four growth marks.

(1984) [TL. = maximum observed total
length/0.95].

To examine the catch age structure of B.
polylepis, an age-TL key was constructed for
each month, thus assigning the ages of all
individuals for which the spine was not
extracted.

The relatonship between length and
weight was described through the equation
TW = #*TL', where TW is total weight in
grams and TL is total length in centimeters.
Coefficients # and b of the equation were es-
timated using the least squares method, after
transforming length and weight data to base-
10 logarithms.

RESULTS

During the study period, 552 specimens of
B. polylepis were measured and weighed, and
the dorsal spine was removed from 318 fish
(subsample) (Table 1). In many months, this
subsample was a large fracton of the total
sample; in three months it exceeded 80%,
and averaged 58% overall. However, during
five months the numbers of samples were
very small or absent due to the lack of avail-
ability of fish.

When the size structure of B. polylepis was
analyzed, a great variation was detected in
fork length, which did not correspond to the
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TABLE 1

Monthly Sample Size (1) of the Finescale Triggerfish from the Artisanal Catch in Mazatldn, Sinaloa, during October
2000 to October 2001; Percentage of the Sample Used for Dorsal Spine Age Analysis; and Minimum, Maximum, and
Mean Total Fish Length (TL)

Month/yr n % Minimum Maximum Mean
October 2000 54 13 20.2 42.6 29.7
November 2000 82 18 16 41.4 27.8
December 2000 1 — 53 53 53
January 2001 2 — 23.5 36.4 30
February 2001 — — — — —
March 2001 1 — 28 28 28
April 2001 32 44 26.6 40 32.5
May 2001 125 70 19.8 50.5 32.4
June 2001 72 85 16 46.7 32.4
July 2001 60 37 24.5 42.5 32.6
August 2001 43 86 19.2 38.5 25.3
September 2001 77 91 16.8 415 27.5
October 2001 3 67 39.4 44.1 41.6
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Ficure 3. Total length—frequency distribution for the
finescale triggerfish caught in Mazatlin, Sinaloa, during
October 2000 to October 2001.

variation in total length. Given this inconsis-
tency in the fork length records and because
of the impossibility of correcting this sam-
pling problem, it was decided to use only total
length in the data analyses. Fish ranged from
16 to 53 cm in TL (Figure 3), with the mode
at 25 cm TL and a mean TL of 31 cm; size
was not normally distributed (Shapiro-Wilk
W test, P < .001), showing a bias toward
small TL. Over 85% of all specimens mea-
sured were between 24 and 38 cm TL. Table
1 shows the minimum, maximum, and mean
TL for each monthly size distribution.
Significant relationships (P < .01) were

Spine diameter (mm)

Ficure 4. Relationship between spine diameter (SD)
(mm) and total fish length (TL) (cm) for the finescale
triggerfish caught in Mazatlin, Sinaloa. The best-fit re-
gression line and its equation are shown.

found for spine diameter (SD) and spine ra-
dius (SR) with total length (TL), but SD
showed a higher R? than SR (0.84 and 0.74,
respectively). Figure 4 shows the dispersion
for SD and TL around the best-fitted regres-
sion line, indicating the proportional relation-
ship in the growth of the two variables, which
supports the use of the spine for describing
somatic growth in B. polylepis.

The trend in the monthly percentage of
opaque-margin spines suggests an annual pat-
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Frcure 5. Monthly percentage of opaque-margin spines
of the finescale triggerfish caught in Mazatldn, Sinaloa,
during October 2000 to October 2001.
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Ficure 6. Age-frequency distribution for the finescale
triggerfish caught in Mazatlin, Sinaloa, during October
2000 to October 2001, based on monthly age-TL data.

tern (Figure 5), with the opaque zone proba-
bly being deposited during the fall-winter
and the hyaline zone during the spring-
summer. It was not possible to define the
end and beginning of the formaton of each
growth form because of the lack of samples
from December to March. Nevertheless, it
seems plausible that the temporal cycle of
formation of a single growth mark (one opa-
que plus one hyaline zone) would be during
1 yr, and consequently that age of finescale
triggerfish specimens can be estimated in
years corresponding to the number of growth
marks in the spine.

Based on these criteria, up to seven age
groups were defined, from 1 to 7 yr, and
the age-frequency distribution shows that the
dominant age groups were 2, 3, and 4 yr, re-
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Ficure 7. Relationship between age and total length for
the finescale triggerfish caught in Mazatlin, Sinaloa. The
best-fit von Bertalanffy model line is shown.

spectively (Figure 6). These age groups ac-
counted for more than 80% of all specimens.
Two-year-old fishes were dominant from
April to July 2001, whereas 3- and 4-yr-old
specimens dominated from August to Octo-
ber 2001, and this matches with dominant
ages in October and November 2000.

The von Bertalanffy model fits adequately
(R* = 0.90) with the age-TL data (Figure 7).
The length data show considerable scatter at
all ages, resulting in overlapping between age
groups, such that up to three different ages
can be assigned to any given size. The asymp-
totic TL was 55.8 cm, Kwas 0.17 yr~!, and #,
was —1.7 yr. Of course the von Bertalanffy
model does not represent growth accurately
for the first year or more, based on the lim-
ited range of fish sizes in the sample. Much
more rapid growth occurs in the first year,
and by age 2, fish reach more than 40% of
the asymptotic length. Afterward the absolute
growth rate is much less, on the order of 3 cm
per year.

Total weight of B. polylepis specimens
ranged from 75 to 2,200 g, and over 70%
of sampled fish weighed between 225 and
675 g. The fit of the TW-TL data to the
power function model was highly significant
(P < .001) (Figure 8). The value of b= 2.7
indicates a negative allometric growth (b # 3,
t test, P < .05).
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Ficure 8. Relationship between total length and total
weight for the finescale triggerfish caught in Mazatlin,
Sinaloa. The best-fit power function model line is shown.

DISCUSSION

More than 85% of specimens measured be-
tween 24 and 38 cm TL, and the full range
was 16-53 cm. This indicates that fishermen
are catching mainly small fish, based on the
maximum length reported for the species, 80
cm TL (De la Cruz Agiiero et al. 1997). The
lack of samples during December to March is
due to the fact that fishermen focus their
activity on catching Pacific sierra (Scombero-
morus sierra) during that period, because that
species has a higher commercial value. Scom-
beromorus sierra leaves the area in May, and
fishermen shift their efforts toward catching
other species.

The proportionality in the growth of the
first dorsal spine and the fish TL validated
the use of the former to estimate the age
and to describe the growth of the fish. The
age groups found in this study (1-7 yr) are
similar to those reported for Balistes vetula
(Manooch and Drennon 1987). The trend in
the monthly pattern of opaque-margin spines
suggested an annual periodicity in the forma-
tion of growth marks. This same method,
combined with the marginal increment analy-
sis, was used by Manooch and Drennon
(1987) for B. vetula in the Virgin Islands and
Puerto Rico; those authors concluded that
deposition of growth marks was completed
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in February or March, but our results suggest
that this occurs in July and August. The dif-
ference in the formation of a growth mark
between species probably lies in different re-
productive timing, being December—January
for B. vetula (Aiken 1983) and July—August
for B. polylepis (De la Cruz Agiiero et al. 1997).

The asymptotic length (TL,) was esti-
mated using the equation proposed by Pauly
and Munro (1984) due to the great variation
in size at each age. This occurs commonly
in species from tropical environments and
may also be due to the selective pressure of
fishing (Pauly and Munro 1984). Studies
about age and growth for this fish family
are scarce. Ferreira (1985) estimated values
of TL, =54 cm and K=0.15 yr', and
Manooch and Drennon (1987) calculated
values of FL, =41 cm, K =0.3 yr™!, and
to = —0.6 yr for B. verula. In the investigation
reported here the total length of B. polylepis
was used, and the growth parameters so ob-
tained (TL,, =56, K =0.17 yr!, r, = —1.7
yr) are very similar to those estimated by Fer-
reira (1985).

The estimate of a negative allometric
growth (b =2.7) agrees with estimates for
species of the same family. Garcia et al
(1998) reported a value of b = 2.81 for B. ve-
tula from the Gulf of Salamanca, Colombia;
Letourneur et al. (1998) reported a value of
b= 2.5 for Pseudobalistes fuscus on the coasts
of New Caledonia. These values are probably
influenced by the laterally compressed shape
of these species.

In the study reported here, we provide ba-
sic information on the life history of the fine-
scale triggerfish, B. polylepis, an important
species exploited by the artisanal fishery.
"This biological information is useful for de-
veloping management plans for the rational
exploitation of the resource.
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