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The Mottled Scorpionfish (Pontinus clemensi) is an ecologically and economically important species endemic to the
Eastern Tropical Pacific. Despite its importance, little is known about its life history traits. In order to close this
knowledge gap, we analyzed otoliths and gonads to describe age and reproduction, fit the von Bertalanffy, logistic, and
Gompertz growth models, and selected the most parsimonious model using Akaike Information Criterion. We collected
420 samples from fishing trips throughout the archipelago and fish landed at Pelican Bay dock in Santa Cruz Island from
2013–2015. Fork length of fish ranged from 19–67 cm, with males being significantly larger than females, age ranged
from 9 to 17 years (n¼ 203), with similar ranges for both genders, and the logistic model was the most parsimonious
growth model (k5¼0.46 in males, 0.28 in females, 0.31 for the species). Spawning-capable females were observed in all
months, suggesting fish can reproduce year round, with size at first maturity (L90) occurring at 33.6 cm or 11.8 years for
females, and 43.4 cm or 13.7 years for males. Our results suggest that, similarly to other species in this family, P. clemensi
is a slow-growing fish that begins reproducing later in life. Considering P. clemensi represents an important resource, a
management plan should be urgently introduced to ensure a sustainable fishery and the survival of the population.

T
HE Mottled Scorpionfish, Pontinus clemensi (Fitch,
1955), locally known as brujo (‘wizard’), is a marine
demersal species that inhabits rocky substrates at

depths of 90 to 250 m (Stein Grove and Lavenberg, 1997;
Salinas-de-León, pers. obs.). This species is distributed
throughout the Eastern Tropical Pacific (ETP) from Colombia
to northern Peru, including the islands of Cocos, Malpelo,
and the Galapagos (Mora et al., 2000). In Galapagos, the
species is of ecological and commercial importance, being a
main prey item for top predators such as the Galapagos Sea
Lion (Zalophus wollebaeki) and a top ten target species of the
artisanal fin-fish fishery (Páez-Rosas and Aurioles-Gamboa,
2014; Velasco Plaza et al., 2014; Schiller et al., 2015). Despite
this importance, nothing is yet known about the life history
of P. clemensi.

The genus Pontinus encompasses at least 29 species, mostly
demersal, and includes several species of commercial impor-
tance. They can be found in Pacific, Atlantic, and Mediter-
ranean waters (Moser et al., 1977; Heessen et al., 1996; Stein
Grove and Lavenberg, 1997; Poss, 1999; Mora et al., 2000;
Barros Paiva et al., 2013). Species of Pontinus in general tend
to exhibit size dimorphism, slow growth, long life (more
than 15 years), and reproductive periodicity (Stein Grove and
Lavenberg, 1997; Estácio et al., 2001; López Abellán et al.,
2001; Barros Paiva et al., 2013). Most of the research in this
genus to date has been conducted on P. kuhlii, a fishery
species, in the eastern Atlantic (Monteiro et al., 1991; Estácio
et al., 2001; López Abellán et al., 2001; Barros Paiva et al.,
2013), with little research on species distributed in the ETP,
including P. clemensi.

Small-scale fisheries play a critical social and economic role
in developing countries as sources of income and protein
(McClanahan et al., 2009). Since the establishment of the
Galapagos Marine Reserve (GMR) in 1998, commercial
fishing has been banned but artisanal fishing has been

permitted in areas delimited by the zonation scheme
approved in 2001 (Heylings et al., 2002; Castrejón et al.,
2014). In the GMR, there are ~1200 registered fishers, of
which only around 400 actively fish. The lobster (Panulirus
gracillis, P. penicillatus, and Scyllarides astori) and fin-fish
fisheries are the most important sources of income (Castrejón
et al., 2014; Zimmerhackel et al., 2015). The fin-fish fishery
targets benthic/demersal predatory fish, including the re-
gional endemic P. clemensi, the Sailfin Grouper or bacalao
(Mycteroperca olfax), or the Galapagos endemic Whitespotted
Sandbass or camotillo (Paralabrax albomaculatus; Schiller et al.,
2015; Zimmerhackel et al., 2015). This small-scale artisanal
fishery targets reef fish spawning aggregations and shows
clear signs of over-exploitation, low levels of selectivity, and
high levels of by-catch, which severely impact slow-growing
bottom fish populations such as groupers and snappers
(Salinas-de-León et al., 2015; Schiller et al., 2015; Usseglio et
al., 2015, 2016; Zimmerhackel et al., 2015).

Describing the life history of P. clemensi is of paramount
importance for its management and conservation. This
information is essential for studies of population dynamics
and demography (Campana and Thorrold, 2001), which are
necessary to manage this important demersal fish. The aim of
this study was therefore to study the relationship between
length, weight, and condition factor, and determine the
longevity, growth rate, size and age at maturity, and
reproductive periods of male and female P. clemensi within
the GMR.

MATERIALS AND METHODS

Sampling area and methodology

Sample collections were conducted during fishing trips or
from fisher catch landings at Pelican Bay dock in Puerto
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Ayora, Santa Cruz island, Galapagos. Fishing trips were
conducted in eight areas most visited by fishers from Santa
Cruz (Fig. 1). These areas are characterized for having mostly
species of Panamic origin (Edgar et al., 2004). Fishing was
conducted using the traditional hook and line method, called
‘‘empate,’’ and used by most Galapagos fishers (Usseglio et
al., 2015; Zimmerhackel et al., 2015). Dock collections and
trips were conducted from 2013–2015; no fish were available
in March 2015 (Table 1). Fish were not sexed in 2013 and
were therefore not available for this analysis.

Laboratory analysis

Otoliths.—Samples or whole individuals were processed or
dissected the same day as collection at the Charles Darwin
Research Station Marine Sciences Department laboratory. In
the laboratory, we measured individuals to the nearest mm
(fork length, FL), weighed them to the nearest 100 grams (g),
and extracted sagittal otoliths and gonads. We used left
sagittal otoliths, unless unavailable, in which case we used
the right otolith. Otoliths were then encapsulated with Epo-
fixTM Cold-setting embedding resin, following manufacturer
protocols. The encapsulated otoliths were observed with a
dissecting scope (Zeiss Stemi 305) to identify core location,
which was marked with a scalpel. We then made two cuts on
each side of the otolith’s core to obtain a 0.3–0.8 mm
transversal section using a Buehlert IsoMetTM precision saw.
These sections were polished until growth bands were visible
using wet-or-dry paper and 3M� diamond lapping film (C-99
grade 180/A-99 grade 500/30lm/15lm/6lm/1lm). Sections
were immersed in water and viewed using a dissecting
microscope with transmitted light. Otoliths showed alter-
nating clear and opaque bands. Age was estimated by
counting otolith growth bands observed adjacent to the
sulcal groove twice by a single person. Readings were made at
least one week apart. If the readings did not match, a third
was conducted. Otoliths in which two of the three readings
did not match were discarded. Coefficient of variation
among readings was on average 4.364.5% (6standard
deviation) and was not related to age (r2 ¼ 0.003) while
average percent error (Beamish and Fournier, 1981) was
2.4%, suggesting our readings had low variation and bias. We
assumed P. clemensi lays otolith growth bands (i.e., one
hyaline and one opaque ring) because previous studies have
confirmed this for another species of Pontinus using marginal
increment analysis and daily ring counts (Ordines et al.,
2009; Barros Paiva et al., 2013). The presence of otolith
growth bands has also been confirmed in other fish in the
Galapagos Marine Reserve (Meekan et al., 1999; Usseglio et
al., 2015) and many other tropical areas (Fowler, 1990).

Gonads.—Gonads were weighed (g, 0.1 g precision) and
visually inspected to determine sex, which in females was
later confirmed through histological techniques. Gonads
were then cut in three parts (anterior, medium, and posterior)
to identify gonad developmental stage (females only) and to
explore the possibility of hermaphroditism using histological
standard protocols (McMillan, 2007), which are briefly
described here. The sub-samples were placed in cassettes,
fixed with 10% formalin, dehydrated, and soaked in paraffin
blocks. These blocks were cut with a microtome into 6 lm
sections, which were placed in slides and stained with
hematoxylin and eosine for later observation. We used the
criteria provided in Brown-Peterson et al. (2011) to differen-
tiate mature and immature individuals and to identify stages

of female maturity. To identify hermaphroditism, we evalu-
ated gonad structure, presence of atretic follicles, oocytes,
and individuals in transition phase using histological
analysis and microscopy (Sadovy and Shapiro, 1987).

Data analysis

Length, weight, and condition.—To determine if the relation
between length and weight in the species was isometric or
allometric, we used a power regression separately for each
gender. The length-weight relationship was estimated using
the equation:

W ¼ a � FLb

where W ¼ total weight (g), FL ¼ fork length (cm), a ¼
regression constant, and b ¼ regression growth coefficient.
We determined if b was equal to 3 using a one-sample t-test.
If b ¼ 3, growth is isometric, this indicates that the smallest
size fish have the same form and condition as the largest size
individuals in the population, if b . 3, then growth is
allometric and the largest size individuals increase more in
width than size, and if b , 3, then growth is also allometric,
indicating that the largest individuals grow more in length
than weight (Froese, 2006).

We also estimated Fulton’s condition index using the
equation:

K ¼ 100ðW=FL3Þ

where K ¼ condition index, W ¼ total weight (g), and FL ¼
fork length (Froese, 2006). We explored these data by sex,
month, and FL to analyze potential variability between
genders throughout the year and length ranges. We only
included months with at least three individuals, a rule
followed in all other analyses as well.

Fig. 1. Sampling locations for adult Pontinus clemensi collected from
2013–2015 in the Galapagos Marine Reserve.
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Age and growth.—To estimate growth, we fitted the von
Bertalanffy, Gompertz, and logistic growth models (Gom-
pertz, 1825; von Bertalanffy, 1938; Ricker, 1975) to age and
length data from all fish collected, then selected the most
parsimonious using Akaike Information Criterion (AIC)
scores for small sample sizes (Cailliet et al., 2006; Katsane-
vakis, 2006; Anderson, 2008). We compared all possible
models based on WAICc and AICc weights. Analyses were
performed using the R Core software (R Core Team, 2013)
and the FSA, dplyr, nlstools, and AICcmodavg packages as
detailed in fishR Vignette (Ogle, 2013). We then calculated
the parameters from the most parsimonious growth curve for
males and females separately.

Reproduction.—Adult sex ratio was estimated and compared
statistically using a chi-square test. We compared length
frequency distribution of both genders to determine poten-
tial size differences (2014–2015) using a two-sample Kolmo-
gorov-Smirnov (K-S) test. Using reproductive stage (mature
and immature) data, age and length data, and logistic
regressions, we estimated the length and age at first sexual
maturity as L90 (sexual maturity of 90% population) with the
formula:

P ¼ 100

1þ eðaþbÞFL

where P¼ percentage of females/males mature sexually, FL¼
fork length (cm) or age (years), and a and b ¼ constants. We
calculated L90 to provide a more conservative value than L50

that is more commonly used because this is a regionally
endemic species. We used fishR Vignette (Ogle, 2013) with
the FSA and car R libraries.

Finally, the reproductive calendar of the species was
studied by calculating the gonadosomatic index (GSI ¼
relation between gonad and fish total weight, g; Garcı́a-Dı́as,
2003) using the formula:

GSI ¼ ðGw=FwÞ3 100

where GSI ¼ gonadosomatic index, Gw ¼ gonad weight (g),
and Fw¼ fish total weight (g). Similar to the Fulton Index, we
explored these data per sex, month, and FL to analyze
potential variability between genders among months and
length ranges.

RESULTS

We collected data from 420 individuals of which 344 were
sexed (52% females, 48% males). Otolith and gonad samples
were not available from all individuals recorded (Table 1).
Fork lengths for females ranged from 24 to 63 cm with an
average of 38.2567.61 cm (Table 1, Fig. 2), and 18.5 to 67 cm
for males with a mean value of 41.2268.73 cm. Female

weights ranged from 217.4 to 2505.7 g with a mean value of

891.16436.7 g, while in males, weight ranged from 82.0 to
3504.5 g with a mean value of 1216.16611.1 g.

Length, weight, and condition factor.—Length frequency

distribution of males and females was significantly different

(n¼ 344, D¼ 0.36, P , 0.0001, Fig. 2), with males exhibiting
larger sizes and presenting a wider range of lengths than

females. Seventy-two percent of males were between 33.6 to
48.5 cm FL, while 73% of females were between 28.6 and

43.5 cm. When studying the weight-length regression

(females: W ¼ 0.02 60.004*FL^3.02 60.075, males:
0.0560.015*FL^2.6860.073), we found that in females the

b coefficient was not significantly different than 3 (t¼0.22, P

. 0.05, r2 ¼ 0.89, n ¼ 161) but was significantly different in
males (t¼ -4.35; P , 0.0005; r2¼ 0.95, n¼ 160). These results

suggest females exhibit isometric growth while males have

allometric growth. Fulton’s condition factor (K) varied from
0.7 to 4.1 (1.761.6 in females, 0.861.7 in males), with no

particular pattern when related to length or month (P .

0.05). However, values presented a bimodal distribution in
both males and females with an increase during August 2014

(30% on average) and November/December 2014 (7% on

average).

Age and growth.—We were able to age 52 females, 61 males,
and 109 fish of indeterminate sex. Fish age range was 9 to 17

years, with similar ages for males and females. Ages were

strongly related to FL in females and males (r2 ¼ 0.67 and

Table 1. Months and number of samples of adult Pontinus clemensi collected in the Galapagos Marine Reserve during 2013–2015 and used for age,
growth, and reproduction analyses.

Samples collected Year

Months

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Gonads 2014 41 11 27 42 30 22 35
2015 32 24 24 32 35 11 25

Otoliths 2013 16 42 7 60 22 20 22
2014 43 13 36 48 40 22 66
2015 34 24 26 7 5 3

Fig. 2. Relative frequency distribution of female and male adult
Pontinus clemensi collected from May 2014 to August 2015 in the
Galapagos Marine Reserve. Size classes (fork length) represent 5 cm bin
sizes.
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0.76, respectively, data not shown). The logistic model was
the most parsimonious growth model when compared to the
von Bertalanffy and Gompertz models (Table 2, Fig. 3).
Estimated growth curve parameters for the logistic model for
the species were L‘¼ 62.7 cm FL (95% CI¼ 54.2 to 88.2 cm),
k5 ¼ 0.31 (0.21 to 0.42), and t4 ¼ 11.4 years (10.5 to 11.4
years, Fig. 3); for males L‘¼55.2 cm FL (49.0 to 74.6 cm), k5¼
0.46 (0.28 to 0.67), t4¼ 10.5 years (9.9 to 12.3 years); and for
females L‘¼56.9 cm FL (45.9 to 133.3 cm), k5¼0.28 (0.13 to
0.49), and t4 ¼ 10.4 years (9.2 to 19.9 years).

Reproduction.—We observed a small female-biased sex ratio
(F:M¼ 1:0.94, v2¼ 137.49, P , 0.0001). Gonads were clearly
differentiated between male and female individuals through-
out the range of lengths collected, and no hermaphrodites
were observed. We also did not observe zygotes, indicating
that fertilization for this species is external. Maturity stages in
66% of females were identified, of which 50.4% (n¼59) were
spawning capable, 31.6% were in the developing phase, and
the rest were immature (11%), regressing (2%), or regenerat-
ing (2%; Fig. 4, Table 3). Spawning-capable females were
observed in all months where at least three samples were
available (August 2014 to June 2015, Fig. 5), with highest
numbers from August through November 2014. In males,
27.5% (n ¼ 25) were immature; the rest were mature. When
analyzing GSI, mean value for females was 1.7861.61 (n ¼
168) and 0.7861.71 for males (n ¼ 147). GSI in males and
females peaked in August and September 2014 (2.961.0, Fig.
6), decreased in October, and remained stable throughout the
rest of the study (0.760.7). The peak reported in 2014 was
not observed in 2015. When analyzing the relation between
GSI and length by gender, we found a positive relation in
females (n ¼ 166, r2 ¼ 0.14, P , 0.05) but no relation with
males (n¼ 150, r2 ¼ 0.03, P . 0.05).

Size at first maturity for females (L90) was 33.6 cm FL (95%
CI¼29.9 to 36.9 cm FL; Fig. 7), which corresponded to an age
of 11.8 years (95% CI ¼ 9.7 to 12.7 years). In males, size at
which 90% of the population reached sexual maturity (L90)
was 43.4 cm FL (95% CI ¼ 38.7 to 49.3 cm FL), equivalent
to13.7 years of age (95% CI ¼ 12.2 to 16.9).

DISCUSSION

Here we provide the first available information on the life
history of brujo, one of the most socio-economically
important reef fish species in the Galapagos Islands and a
species endemic to the ETP. Although there is no accurate
information on total landings, estimates suggests that brujo
catches may be as high as ~10% of present-day fin-fish
fishery landings (Velasco Plaza et al., 2014; Zimmerhackel et
al., 2015). This demersal species is also a top-ten prey item for
endemic top-predators in the archipelago such as the
Galapagos sea lion (Zalophus wollebaeki), highlighting its

ecological importance (Páez-Rosas and Aurioles-Gamboa,
2014).

Length, weight, and condition.—Pontinus clemensi exhibits
sexual dimorphism, with males attaining larger lengths than
females, and therefore higher weights. This difference
matches the growth pattern differences observed in the
length–weight relation in males and females, respectively.
Larger sizes in males than females and differences in growth
types have been observed in P. kuhlii in the northeast Atlantic
(Estácio et al., 2001; López Abellán et al., 2001; Barros Paiva
et al., 2013), suggesting this might be a common feature in
the genus.

Age and growth.—Our results suggest P. clemensi live at least
17 years, with males and females exhibiting similar age
ranges. This age expectancy is similar to that observed for P.
kuhlii by López Abellán et al. (2001; up to 18 years) and
Barros Paiva et al. (2013; up to 30 years) in the Eastern
Atlantic Ocean. In addition, similarly to P. kuhlii, growth
rates were higher in males than in females (López Abellán et
al., 2001). Our growth and size frequency analysis confirms
that, despite the fact that both genders have similar age
ranges, males exhibit higher growth rates that lead them to
attain larger sizes as was also observed in P. kuhlii (Isidro,
1996 and Krug et al., 1998 in Barros Paiva et al., 2013; López
Abellán et al., 2001).

Age and growth are key parameters for fisheries manage-
ment and allow for the calculation of mortality rates (Pauly,
1980; Sparre and Venema, 1998). Several examples can be
found in the literature on the dangers of poor growth
estimation that result in fishery collapses (e.g., Campana et
al., 1995; Andrews et al., 2009; Goicochea et al., 2010). In the
present study, we did not have individuals less than nine
years old and few individuals 14–17, which might influence
our growth estimates. Furthermore, the fact that our analysis
suggests P. clemensi start to reproduce at 12–14 years of age
but we have only collected animals up to 17 suggests there
are older ages that have not been collected. Therefore,
caution should be taken when employing these parameters.
Future studies should focus on searching where younger and

Table 2. Results of comparison of three growth models developed for
adult Pontinus clemensi collected in the Galapagos Marine Reserve
during 2013–2015. Number of parameters (K). Comparisons were
conducted using Akaike information criterion values (AICc, DAICc,
WAICc).

K AICc DAICc WAICc

Logistic 4 1368.63 0 0.58
Gompertz 4 1369.99 1.36 0.29
von Bertalanffy 4 1371.69 3.06 0.13

Fig. 3. Relation between length and age for adult Pontinus clemensi
collected from May 2014 to August 2015 in the Galapagos Marine
Reserve. Three growth model curves are also presented.
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older P. clemensi inhabit in order to strengthen growth

estimates.

Reproduction.—Our results suggests P. clemensi in Galapagos

are gonochoristic and their reproduction is external. Exhib-

iting dioecy appears to be common for this genus, as the

same characteristic was observed in the three other species

that have been studied, P. castor, P. kuhlii, and P. sierra (Moser,

1996; Estácio et al., 2001). In Galapagos, P. clemensi appears

to reproduce year-round. This is different to M. olfax and P.

albomaculatus, which do exhibit a reproductive period in

Galapagos during the wet season (Usseglio et al., 2015;

Salinas-de-León et al., 2017). However, brujo reproduction

may be influenced by environmental variability, as we

observed an increase in the proportion of spawning-capable

females and in GSI in August and September 2014, but not in

Fig. 4. Photomicrographs (40 and 100X) of gonad cross sections of female Pontinus clemensi collected in the Galapagos Marine Reserve from May
2014 to August 2015. (A) Immature 27 cm fork length (FL) individual collected in December 2014. (B) Developing 36 cm FL individual collected in
September 2014. (C) Spawning-capable 42 cm FL individual collected in December 2014. (D) Regressing 40 cm FL individual collected in August
2014. (E) Regenerating 31 cm FL individual collected in September 2014. A¼Atresia; CA¼Cortical alveolar; MB¼Muscle band; PG¼Primary growth;
POF¼Postovulatory follicles; Vtg1,2,3¼Vitellogenic stage 1,2,3. Scale bar¼0.1 mm (A, B, and D, 40X) and 0.01 mm (C and E, 100X). See description
of stages in Table 3.

Table 3. Description of female reproductive phases (modified from Brown-Peterson et al., 2011). CA¼Cortical alveolar; PG¼Primary growth; POF¼
Postovulatory follicles; Vtg1,2,3¼ Vitellogenic stage 1,2,3.

Phase Description

Immature Small ovaries, often clear, indistinct blood vessels. Only oogonia and primary growth oocytes in PG
present. No atresia or muscle bundles. Thin ovarian wall and little space between oocytes.

Developing Increase in the size of ovaries, blood vessels are more visible and distinct. Presence of CA, Vtg1 and
Vtg2, and oocytes in PG. No evidence of oocytes in POFs or Vtg3, some atresia can be present.

Spawning capable Large ovaries, prominent blood vessels. Individual oocytes macroscopically visible. Vtg3 oocytes and
POFs present. Atresia or early vitellogenic oocytes might be present. First stages of oocyte
maturation may be present.

Regression Flaccid ovaries, prominent blood vessels. Atresia (any stage) and POFs present. Some CA and/or
vitellogenic oocytes present (Vtg1, Vtg2).

Regenerating (inactive) Small ovaries, reduced blood vessels but present. Only oogonia and PG oocytes present. Muscle
bundles, enlarged blood vessels, thick ovarian wall and presence of atresia, degenerating POFs
may be present.
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2015. Variation in reproductive characteristics, such as

timing of spawning, has been extensively reported in the

literature (Schemmel and Friedlander, 2017). This variability

has not been reported in P. kuhlii, which reproduces between

June and November in the Eastern Atlantic and is the only

other congener of P. clemensi in which this has been

investigated (Estácio et al., 2001). In Galapagos, it is unclear

what could have produced the spike in percentage of

spawning-capable females and GSI. A potential reason for

this spike is that sea surface temperatures increased in July

and August 2014, as was represented by the Oceanic El Niño

Index, which shifted from negative to positive values during

those months and then remained positive throughout the

rest of our study period (National Oceanic and Atmospheric

Administration, National Weather Service, Climate Predic-

tion Center website, http://www.cpc.ncep.noaa.gov/

products/analysis_monitoring/ensostuff/ensoyears.shtml).

This change in ocean conditions could therefore have

influenced habitat conditions for adult P. clemensi, causing

them to expend more energy in reproduction during these

months and then to normalize this effort as positive ENSO
conditions remained.

Female GSI also varied with length, with higher values
observed in larger fish. Similar to what has been observed in
many other fish species, this relationship could be due to the
influence of female fish size and age on fecundity (e.g.,
Berkeley et al., 2004; Macchi et al., 2013; Hixon et al., 2014;
Schemmel and Friedlander, 2017). However, to determine if
this relationship is in fact due to higher reproductive output
in larger females, future research should provide more precise
estimates of fecundity such as the number and size of eggs
per female, and probability of spawning (Berkeley et al.,
2004; Hixon et al., 2014).

We determined that P. clemensi starts to reproduce late in
life, with females beginning at smaller sizes and younger ages
than males. Sizes and ages of Pontinus kuhlii at first
reproduction are lower than P. clemensi, but the females of
the Atlantic species also reproduced at smaller sizes and
earlier ages than males (22.6 cm total length [TL] and 5 years
vs. 29.9 cm TL and 9 years; Estácio et al., 2001). These
differences between species may be correct as P. clemensi
reaches larger sizes than P. kuhlii (67 cm FL vs. 52 cm TL,
respectively; Eschmeyer and Dempster, 1990); however,
because values for P. kuhlii were calculated using L50, as
opposed to L90 used in the present study, there is a potential
that both species can start to reproduce at more similar sizes
and ages than appear from this comparison.

In our database, 29% of individuals were below 33.6 cm FL,
the size at first reproduction for females, which begin
reproducing at a smaller size than males (43.4 cm FL). This
means that at least one third of the fish that are entering the
fishery have most likely not reproduced. These values are
higher than those observed in another unpublished study of
P. clemensi that collected data from the docks only (,15% of
1,280 fish; Marin Jarrin and Salinas-de-León, unpubl. data).
Zimmerhackel et al. (2015) conducted a by-catch study of the
Galapagos artisanal fin-fish fishery and found that fishermen
considered P. clemensi under 38.2 cm TL to be below
marketable size. This means that fishermen may not be
actively targeting fish below size at first reproduction;
however, because these are deep-water fish and they are
thought to not survive after being pulled up, fishermen use
these small fish as bait (Zimmerhackel et al., 2015). This use
of small P. clemensi as bait may explain the difference in

Fig. 5. Proportion of developmental
stages of female Pontinus clemensi
by month. Individuals (n ¼ 117)
were collected in the Galapagos
Marine Reserve between August
2014 and June 2015. Only two
individuals were collected in July
2015, one in August 2015, and none
in February and March 2015, and
were therefore not presented.

Fig. 6. Monthly average Gonadosomatic Index values (6SD) for female
and male Pontinus clemensi collected in the Galapagos Marine Reserve
from July 2014 to August 2015.
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proportion of fish below first reproduction that we observed
in the present study and in our unpublished data, as these
small fish would have not arrived at the dock and
consequently would have not been included in our dock
data set. Therefore, future work should focus on studying
modifications to the fishing art that could reduce the
proportion of small size P. clemensi caught in the fishery.

Our results demonstrate that like many other deep-water
demersal fish, this economically important species is slow
growing and reproduces later in life (Moser, 1996). These
results are particularly important as we are witnessing a shift
in target species in the Galapagos artisanal fin-fish fishery
from demersal coastal groupers to pelagic and demersal deep-
water fish such as Yellowfin Tuna, Thunnus albacares, and P.
clemensi (Schiller et al., 2015; Zimmerhackel et al., 2015;
Usseglio et al., 2016). In order to maintain a sustainable
fishery, we suggest management declares a minimum size at
catch of 34 cm FL, when females become reproductive and a
fishery closure during August and September, in case the
increase in GSI observed in 2014 reoccurs. Future research
should focus on discovering the habitats of larval and
juvenile P. clemensi, exploring the potential for spatial and
temporal variability in adult life history characteristics, and
modifying fishing methods in order to reduce the proportion
of fish caught that are below size at first reproduction.
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para la determinación de parámetros reproductores en tres
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Bulletin of Marine Science 64:383–390.

Monteiro, L. R., E. J. Isidro, and H. D. Lopes. 1991. Mercury
content in relation to sex, size, age and growth in two
scorpionfish (Helicolenus dactylopterus and Pontinus kuhlii)
from Azorean waters. Water, Air, & Soil Pollution 56:359–
367.

Mora, C., J. M. Jimenez, and F. A. Zapata. 2000. Pontinus
clemensi (Pisces: Scorpaenidae) at Malpelo Island, Colom-
bia: new specimen and geographic range extension.
Boletin de Investigaciones Marinas Costeras 29:85–88.

Moser, H. G. 1996. Scorpaenidae: scorpionfishes and rock-
fishes, p. 733–795. In: The Early Stages of Fishes in the
California Current Region. H. G. Moser (ed.). California
Cooperative Oceanic Fisheries Investigations (CalCOFI).

Moser, H. G., E. H. Ahlstrom, and E. M. Sandknop. 1977.
Guide to the Identification of Scorpionfish Larvae (Family
Scorpaenidae) in the Eastern Pacific with Comparative
Notes on Species of Sebastes and Helicolenus from Other
Oceans. Department of Commerce, National Oceanic and
Atmospheric Administration, National Marine Fisheries
Service.

Ogle, D. 2013. fishR Vignette—Maturity Schedules.
derekogle.com/fishR/examples/oldFishRVignettes/
Maturity.pdf

Ordines, F., A. Quetglas, E. Massutı́, and J. Moranta. 2009.
Habitat preferences and life history of the red scorpion
fish, Scorpaena notata, in the Mediterranean. Estuarine,
Coastal and Shelf Science 85:537–546.
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