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Abstract: Although sharks have a fundamental role in maintaining the balance of aquatic ecosys-
tems, exerting a great influence at lower levels, their populations are declining worldwide due, to a
large extent, to overfishing. Of the 64 species registered in Ecuador, from January to December 2019,
19 species were recorded in Manta from 15455 captured individuals, with the family Carcharhinidae
being the family most present in the catches (69.4%), and the most abundant species was Prionace
glauca (57.9%). In the case of threatened species, such as Carcharhinus longimanus, Sphyrna lewini and
Sphyrna zygaena, a greater presence of immature specimens was observed in landings, suggesting a
possible existence of nursery areas. However, information on the composition and biological aspects
of shark species in the Ecuadorian Pacific is very scarce. Therefore, research on the characteristics of
life history (age, growth and maturity) are of utmost importance for the analysis evolution of the
populations that are being exploited, especially in developing countries, where this information is
very scarce, causing inadequate management of fishery resources.
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1. Introduction

Sharks have a fundamental role in maintaining the balance of aquatic ecosystems
since, being at higher trophic levels, they can exert a great influence on lower levels [1].
However, they are currently declining worldwide due, to a large extent, to overfishing
[2,3]. This decrease is intensified by its biological characteristics, such as slow growth, late
maturity and few offspring [4]. Regional information on shark catches is essential to be
able to know the patterns of catches at a global level [5]. Likewise, research on life history
characteristics (age, growth and maturity) is very importance for the analysis of the ex-
ploited populations evolution [6]. However, in developing countries this information is
very scarce [7,8]. This lack of information can lead to the use of information from other
regions, which can lead to inadequate management of fishery resources [9,10].

According to the FAO [11], in South America from 1950 to 2020, 4 133 991 tons-live
weight of cartilaginous fish were reported. In Peru, Gonzalez-Pestana et al. [12] reported
that 6 099 tons (t) of sharks were landed per year from 1950 to 2010. The most abundant
species in Peruvian waters were: Prionace glauca, Isurus oxyrinchus and Sphyrna zygaena.
In the Ecuadorian Pacific, Jacquet ef al. [13] estimated that 7 000 t of sharks were landed
per year from 1979 to 2004. About 119 species of cartilaginous fish have been recorded in
Ecuador, of which 64 correspond to sharks [14]. The most frequently landed shark species
in the Ecuadorian Pacific are: Alopias pelagicus, Prionace glauca and Carcharhinus falciformis
[15]. The main ports where sharks are landed in Ecuador are: Manta, Santa Rosa, Esmeral-
das, Antoncito, Puerto Lépez and Puerto Bolivar, with Manta being the port with the high-
est number of shark landings [16]. In addition, the dry season (April-November) presents
the highest number of shark catches [15]. The information that exists on the composition
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of species and some biological aspects in the Ecuadorian Pacific is very scarce and dates
back more than 10 years [15-19]. Therefore, the objective of this study is to update the
information on the species composition, seasonality, size structures, sexual proportion,
morphometric relationships and sexual maturity size.

2. Materials and Methods

From January to December of 2019, field trips were made to the "Playita mia" pier in
Manta (0°56'59"S, 80°42'34"W), the visits were daily throughout the year with the objective
of having a good sampling effort. The sharks came out whole and were accurately identi-
fied at a species level using the guide of Martinez-Ortiz and Garcia-Dominguez [20]. The
landed organisms were sexed and measured with a measuring tape graduated in centi-
meters (cm). The measurements taken were total length (TL), precaudal length (PCL) and
interdorsal length (IL). In males, the clasper length (CL) was recorded in centimeters (cm),
as well as clasper characteristics such as rotation, non-calcification, partial calcification,
total calcification, riphiodon aperture, and absence or presence of sperm [21,22].

Like other studies [23-25], weight was estimated from TL using the following poten-
tial equation:

W = aTLP, (1)

Where W is the weight, a is the intercept and b the slope. The values of these param-
eters for each of the shark species recorded in this present study were obtained from pre-
vious studies as shown in Table 1.

For the adjustment of a logistic model to the binomial maturity data (0, immature; 1,
mature), categories 0, non-calcified; 1, semi-calcified, were grouped as immature and cat-
egory 2, calcified, as mature. Maturity size for males was estimated using the following
equation [26]:

_ 1-159 \\ 1
P g

Where Pmax is the maximum proportion of mature specimens, 1so and los correspond
to the length when the 50 and 95% of individuals have reached sexual maturity, respec-
tively.

The inflexion point is estimated using the following equation [27]:

LC; = LCmin + (LCmax — LCmin) [1 + €2@ D], 3)

Where a is the inflexion point, LCmin and LCmax are the maximum and minimum
clasper lengths, respectively. The inflexion point was only estimated when the data were
adjusted to the logistic function [28,29].

The lengths of the most abundant species (n = 20) were plotted in frequency histo-
grams. If the data met the normality and homoscedasticity assumptions, the student's t
test was performed, otherwise, the Mann-Whitney U test was performed, in order to know
whether or not there are differences between the lengths of the sexes. The chi-square test
(x*) was also performed to determine whether the sexual ratio is significant with respect
to the expected 1:1 ratio [30].
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All analyses and graphs were performed in the statistical environment R [31] using
the AquaticLifeHistory [32,33], cowplot [34] and tidyverse [35].

3. Results
3.1. Composition of catches

A total of 15 455 sharks (5 508 males, 7 788 females and 2 159 non-sexed) were rec-
orded during 2019 in Manta (Table 2). Of the total number of sharks recorded, 3 690 indi-
viduals (1 739 males, 1 934 females and 17 unsexed) were measured, with an estimated
biomass of 197.9 t (Table 3). The landed specimens were composed of 9 families and 19
species. The most abundant families in number were Carcharhinidae (69.4%), Alopiidae
(23%) and Sphyrnidae (4.9%). The most abundant species recorded during the sampling
were Prionace glauca (57.9%), Alopias pelagicus (20.3%) and Carcharhinus falciformis (10.7%)
(Figure 1). During the 12 months of sampling, the most abundant season was the dry sea-
son, representing the 60.8% of the total caught sharks (Figure 2).
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Figure 1. Composition of landed shark species in Manta during the year 2019.

3.2. Composition of sizes, sexual proportion, morphometric relations and maturity size
3.2.1. Carcharhinus falciformis

A total of 1 656 Carcharhinus falciformis were recorded, of which 887 were females
(54%), 693 males (42%) and 76 unsexed (5%). Females were significantly more abundant
than males (y* = 23.82, p < 1.058 x -6), but in the months of February, May, June, July,
September, November and December they were not significantly different from parity
(Table 4a). The sizes of the females fluctuated between 61 and 246 cm TL (mean + S.E. =
180.35 £ 1.99), while the males had lengths between 66 and 272 cm TL (mean + S.E. =176.46
+ 1.83) (Figure 3a). Females were significantly larger than males (Mann—Whitney U-test,
U =68223.5, p=0.015). A strong correlation was found between TL and PCL for combined
sexes (TL = 1.3135PCL + 4.9085, n =734, R2=0.99, p <2.2 x -16), females (TL = 1.3185PCL +
4.2645, n =350, R2=0.99, p <2.2 x -1¢) and males (TL = 1.3082PCL + 5.5774, n = 384, R2=0.99,
p <2.2 x-16),

The claspers of 376 Carcharhinus falciformis were measured, of which 158 were not
calcified (66-214 cm TL and 1-19 cm CL), 24 semi-calcified (129-195 cm TL and 5-21 cm
LC) and 194 calcified (164-272 cm TL and 10-33 cm CL) (Figure 4a). The estimates of Lso
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and Les for males were 182.10 cm TL + 1.20 S.E. and 200.82 cm TL + 2.32 S.E., respectively
(Figure 5a). The inflexion point was estimated at 188.5 cm TL.

3.2.2. Carcharhinus longimanus

A total of 67 Carcharhinus longimanus were reported, which were composed of 37 fe-
males (55%), 29 males (43%) and 1 non-sexed individual (1%). There were no differences
in the sexual proportion (y? = 0. 96, p = 0. 32). This parity pattern was maintained during
all months (Table 4b). Females had a size range of 117-215 cm TL (mean + S.E. =154.10 +
5.43), males 112-185 cm TL (mean + S.E. = 159.36 + 4.10) and the unsexed individual meas-
ured 130 cm TL (Figure 3b). No significant differences were found in mean lengths be-
tween sexes (t-test, t =-0.78, p = 0.43). A significant correlation was observed between TL
and PCL for combined sexes (TL = 1.3602PCL + 4.6311, n =29, R2=0.99, p <2.2 x -16),

A total of 17 Carcharhinus longimanus claspers were examined, of which 14 were not
calcified (82%), 2 semicalcified (12%) and 1 calcified (6%). Specimens with non-calcified
claspers had a size range of 128-177 cm TL and 3-7 cm CL, semicalcified 174-185 cm TL
and 9-12 cm TL, while the single calcified individual measured 175 cm TL and 12 cm CL
(Figure 4b).

3.2.3. Prionace glauca

A total of 8 956 Prionace glauca were reported, which were composed of 4 786 females
(53%), 2 798 males (31%) and 1 372 unsexed (15%). Females were significantly more abun-
dant than males, with a sexual ratio of 1IM:1.7F (y* =52 1.7, p < 2.2 x -16), however, in the
months of February, May, June, July and August there was no difference found in the
sexual proportion (Table 4c). The lengths of the females ranged between 130 and 314 cm
TL (mean + S.E. =207.93 + 1.35), the males were between 94 and 299 cm TL (mean + S.E. =
214.36 + 1.82), while the unknown 177-233 cm TL (mean + S.E. = 205.40 + 28) (Figure 3c).
Significant differences were observed between the lengths of females and males (Mann-
Whitney U-test, U = 82685.5, p = 0.00037). The relationship between TL and PCL for com-
bined sexes was significant (TL = 1.2759 PCL + 8.2472, n = 762, R?= 0.90, p < 2.2 x -19),
females (TL =1.2532PCL +10.933, n =417, R?=0.88, p <2.2 x 1¢) and males (TL = 1.2883PCL
+7.3407, n = 345, R2=0.93, p < 2.2 x -16),

Fourty (11.80%) of the 339 Prionace glauca claspers analyzed were not calcified, 48
semicalcified (14.16%) and 251 fully calcified (74.04%). Individuals with non-calcified
classpers had sizes of 94 to 203 cm TL and 4 to 15 cm CL, semicalcified had lengths of 132
to 209 em TL and 9 to 22 cm CL, while calcified had a size range of 180-299 cm TL and 8-
29 ecm CL (Figure 4c). The Lso and Los for males were 191.44 cm TL + 1.55 S.E. and 210.93
cm TL + 2.75 S.E., respectively (Figure 5b). The inflexion point was not estimated as the
data did not fit the logistics function.

3.2.4. Isurus oxyrinchus

A total of 203 Isurus oxyrinchus were sampled, being 94 females (46.3%), 93 males
(45.8%) and 16 unsexed (7.9%). The sexual ratio was not significant with respect to the
expected ratio 1:1 (y* = 0. 005, p = 0. 94), as well as all sampling months (Table 4d). The
sizes of the females ranged from 83 to 341 cm TL (mean + S.E. = 187.74 + 5.56), the males
from 119 to 251 cm TL (mean + S.E. = 178.14 + 3.45) and the unsexed measured 230 cm TL
(Figure 3d). There were no significant differences between male and female sizes of Isurus
oxyrinchus (Mann—Whitney U-test, U = 1757.5, p = 0.17). A significant correlation was
found for combined sexes between TL and PCL (TL = 1.2432PCL +2.3802, n = 49, R2=0.98,
p <2.2x-16),
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Figure 2. Catches of sharks by the artisanal fishing fleet in Manta from January to December 2019.

Fifty-nine Isurus oxyrinchus claspers were examined, of which 29 were not calcified
(49.2%), 14 semicalcified (23.7%) and 16 were fully calcified (27.1%). Individuals who did
not have calcified claspers had a length range of 119-197 cm TL and 3-19 cm CL, semical-
cified had lengths of 154-195 cm TL and 6-19 cm CL, while calcified showed sizes of 194-
251 cm TL and 19-25 cm CL (Figure 4d). The estimations of Lso and Lo for males were
194.52 cm TL +1.85S.E. and 200.67 cm TL £ 3.76 S.E., respectively (Figure 5c). The inflexion
point was estimated at 178.82 cm TL.

3.2.5. Pseudocarcharias kamoharai

A total of 40 Pseudocarcharias kamoharai were recorded, of which 17 were females
(42.5%) and 23 males (57.5%). The sexual ratio was not significantly different from the
expected 1:1 ratio (y* = 0.9, p = 0.34). Females had sizes of 73-114 cm TL (mean + S.E. =
100.35 + 2.98), while males 69-102 cm TL (mean + S.E. = 88.61 + 1.91) (Figure 3e). The aver-
age length of females was significantly longer than the males (t-test, t = 3.46, p = 0.0013).
The relationship between TL and PCL was significant for combined sexes (TL = 1.2835PCL
+1.5187, n =38, R2=0.98, p < 2.2 x -16), females (TL = 1.2736PCL + 2.8587, n = 16, R2= 0.99,
p < 1.1 x-15) and males (TL = 1.2232PCL + 5.2416, n = 22, R2=0.98, p <2.2 x -16),

A total of 23 Pseudocarcharias kamoharai claspers were examined, which were com-
posed of 2 non-calcified (73-77 cm TL and 4-6 cm CL), 3 semicalcified (69-76 cm TL and 6-
9 cm CL) and 18 calcified (84-102 cm TL and 7-10 cm CL) (Figure 4e). The Lso was estimated
at 80.52 cm TL (Figure 5d).
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Figure 3. Composition of sizes of shark species (n > 20) landed in Manta

3.2.6. Sphyrna lewini

A total of 174 Sphyrna lewini were sampled, composed of 45 females (26%), 27 males
(16%) and 102 unsexed (59%). Females were more abundant than males (y* = 4.5, p =0.
03). As for the months, only March was significantly different from the expected 1:1 ratio
(Table 4e). Females had lengths ranging from 117 to 276 cm TL (mean + S.E. = 156.12 +
16.06), males from 122 to 177 cm TL (mean + S.E. = 147.05 + 7.41) and unidentified males
from 92 to 150 cm TL (mean + S.E. = 124.30 + 13.35) (Figure 3f). There were no differences
between sex sizes (Mann—-Whitney U-test, U = 31.5, p = 0.95). The relationship between TL
and PCL for combined sexes was significant (TL = 1.4335PCL - 1.1776, n=9, R?=0.98, p <
8.2 x -8),

Six immature males were recorded, of which 3 were not calcified and 3 were semi-
calcified. The non-calcified measured between 122 and 140 cm TL and 5-9 ecm CL, while
the semicalcified 145-177 cm TL and 12-13 cm CL (Figure 4f).

3.2.7. Sphyrna zygaena

During field trips, 179 (31%) of the 577 individuals of Sphyrna zygaena were females,
181 males (31.4%) and 217 unsexed (37.6%). No differences in sexual proportion were ob-
served (y? =0.01, p=0.91), with the exception of the months of January, March and May,
where the sexual proportion was different from parity (Table 4f). Females had a size range
of 82-251 cm TL (mean = S.E. = 130.63 + 4.22), males 85-272 cm TL (mean + S.E. = 130.66 +
4.82) and unknown males 83-287 cm TL (mean * S.E. = 196.90 + 26.92) (Figure 3g). There
were no differences between the lengths of females and males (Mann-Whitney U-test, U
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=3953.0.5, p = 0.46). A significant relationship was found between TL and PCL for com-
bined sexes (TL = 1.3654PCL + 2.3627, n = 180, R?=0.99, p <2.2 x -16).

A total of 82 Sphyrna zygaena claspers were measured, of which 77 were not calcified
(93.9%), 5 calcified (6.1%) and none were semicalcified. Organisms with non-calcified
claspers measured between 85-184 cm TL and 1-10 cm CL, while calcified 218-271 cm TL
and 17-29 cm CL (Figure 4g). Consequently, the average maturity size was estimated at
200.81 cm TL (Figure 5e).

Table 1. Parameters used to estimate the weight from the length of the sharks landed in the Ecua-
dorian Pacific.

Species Source
Alopias pelagicus 4.61 x 10° 2.494 [37]
Alopias superciliosus 1.02 x 10 2.78 [38]
Carcharhinus falciformis 2.92 x 106 3.15 [39]
Carcharhinu longimanus 1.66 x 105 2.891 [40]
Carcharhinus leuca 2.71 x 10® 3.20 [41]
Carcharhinus limbatus 2512 x 10 3.1253 [42]
Carcharhinus obscurus 1.2334 x 105 2.855 [43]
Carcharhinus galapagensis 5.7 x10° 3.0283 [44]
Isurus oxyrinchus 1.1x10°% 2.95 [45]
Sphyrna zygaena 1.6 x 10-¢ 3.20 [46]
Sphyrna lewini 3.99 x 10 3.03 [47]
Prionace glauca 3.1841 x 10-¢ 3.13 [48]
Mustelus lunulatus 2x 106 3.1538 Briones-Mendoza unpubl. Data
Galeocerdo cuvier 1. 41 x 10° 3.24 [49]
Triaenodon obesus 1.8x10° 3.344 [50]
Squatina californica 7.81 x* 3.02 [51]
Ginglymostoma cirratum 9.006 x 10-¢ 2911 [52]
Pseudocarcharias kamoharai 9.0843 x 103 1.3455 [53]

3.2.8. Mustelus lunulatus

A total of 140 Mustelus lunulatus were recorded, composed of 88 females (63%) and
52 males (37%). The sexual proportion was significantly different from parity (y* =9.3, p
= 0. 002), while it was not in the months of February, March, April, May, August, Septem-
ber, October and November (Table 4g). The size range of the females was 49-123 cm TL
(mean + S.E. = 85.03 + 2.66), the males 52-102 cm TL (mean + S.E. = 84.42 + 2.42) and the
non-sexed individual measured 75 cm TL (Figure 3h). No significant differences were ob-
served between the mean lengths of females and males (t-test, t =0.16, p = 0.86). The rela-
tionship between TL and PCL was significant for combined sexes (TL = 1.2313PCL +
0.4659, n=73, R2=0.98, p <2.2 x -16),

A total of 32 Mustelus lunulatus claspers were analyzed, of which 15 were not calcified
(46.9%), 9 semicalcified (28.1%) and 8 were fully calcified (25%). Individuals with non-
calcified claspers had a size of 52-94 cm TL and 2-9 cm CL, semicalcified 78-98 cm TL and
6-9 cm CL, while calcified 93-102 cm TL and 9-11 cm CL (Figure 4h). The average maturity
size was 95.83 cm TL (Figure 5f).
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3.2.9. Family Alopiidae

The biological aspects of Alopias pelagicus and Alopias superciliosus were previously
published by Briones-Mendoza et al. (see[36]).
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Figure 4. Relationship between the total length and the clasper length of the most abundant species.

4. Discussion
4.1. Composition of catches

Approximately 64 shark species have been reported in Ecuador [14]. Between 2003
and 2006, Martinez- Ortiz et al. [15] documented 34 species of sharks in Manta. However,
only 19 species were recorded in this study. This could be possible due to the fact that the
sampling in this study was only one year, while that of Martinez-Ortiz et al. was 3 years,
although a possible loss of diversity as a result of increased fishing effort should not be
discarded [5,54,55]. Sixteen years ago, Martinez-Ortiz et al. reported that the dominant
species in landings in Manta was Alopias pelagicus, representing the 36% of the total species
landed. However, in this study a decrease of 15.7% has been observed, while Prionace
glauca has become the dominant species in landings in Manta, with an increase of 33.9%
(Figure 6). It is possible that these changes are due to overfishing and differences in the
life history characteristics of both species. For example, Prionace glauca has an average of
30 offspring per litter [56], while Alopias pelagicus has only 2 offspring per litter [37].
Carcharhinus falciformis remains in third place. However, it has suffered a decrease of 4.8%.
In the case of vulnerable species, such as Sphyrna zygaena [57], and a critically endangered
species, such as Sphyrna lewini [58], a decrease in landings [15] (Figure 6). It is possible that
this is related to the implementation of Ministerial Agreement 116, which allows
Ecuadorian artisanal vessels the bycatch of a maximum of five hammerhead sharks
(juveniles up to 150 cm LT), which must have their fins attached to the body [59]. The
season of greatest shark landings was during the dry season (April-November). This
could be due to 2 reasons, according to Martinez-Ortiz et al. [15] : firstly, the type of
material and the depth at which the hooks operate during the dry and rainy season
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(December-March). Secondly, directed fishing at sharks due to the low abundance of
target species during the dry season.

Figure 5. Average maturity length of male individuals of the main shark species landed in Manta.

4.2. Composition of sizes, sexual proportion, morphometric relations and maturity size
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4.2.1. Carcharhinus falciformis

The size range (61-272 cm TL) reported in this study was lower than that recorded in
Manta, between 2003 and 2006 (61-309 cm TL) [15], and in Campeche Bank, between 1985
and 1989 (65-314 cm TL) [60]. However, the size range of this study closely resembles to
what was reported in the Central-Western Pacific in 2014 (65-271 cm TL) [9]. The sexual
proportion was skewed towards females, which coincides with what was reported by
Hoyos-Padilla et al. [61] and Varghese et al. [62]. However, it differs from other studies
[15,63,64], where they found no difference in abundance between females and males.
The maturity size for males was 182.10 cm TL, which was very similar to that recorded in
the Central-Western Pacific (183 cm TL) [9], in the Mexican South Pacific (180 cm TL) [63]
and on the West Coast of Baja California Sur (182 cm TL) [61]. However, the maturity size
seems to be bigger in the Eastern Indian Ocean (207.6 cm TL) [64], in the Eastern Arabian
Sea (218.98 cm TL)[62] and in Campeche Bank (225 cm TL) [60]. These results suggest that
males of Carcharhinus falciformis reach sexual maturity at a smaller size in the Pacific. The
estimated inflexion point in the Eastern Indian Ocean was at 196.9 cm TL [64], which ap-
pears to be above than the one that reported by this study for the Ecuadorian Pacific (188.5
cm LT).
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Figure 5. Comparison of changes in landings of the shark species most frequently landed in Manta.

4.2.2. Carcharhinus longimanus

The maximum length recorded in this work for Carcharhinus longimanus was lower
than other lengths reported by other studies [65-68]. Like other studies [40,68], no
significant differences in sexual proportion were found in this study. In the Western
Central Pacific Ocean, D'Alberto et al. [69] reported that the smallest mature male of
Carcharhinus longimanus averages 190 cm TL, while the larger immature one 195 cm TL. In
the Western North Pacific Ocean, Joung et al. [40] found that the smallest mature male
averaged 172 cm TL, while the larger immature averaged 202 cm TL. In this study only
one mature individual was found, which averages 175 cm TL and the largest immature
male measured 185 cm TL. 94% of the males of Carcharhinus longimanus examined had not
reached sexual maturity, while all females were immature, taking as a reference the
maturity length estimated by D'Alberto et al. (224 cm TL) [69]. Due to this fact, it is possible
that the females of Carcharhinus longimanus approach coastal areas to give birth to their
young [70], which would facilitate the capture of juvenile specimens [71]. Therefore, these
results suggest possible breeding areas for Carcharhinus longimanus in Ecuadorian waters.

4.2.3. Prionace glauca

The maximum size of Prionace glauca is similar to what is reported by other
studies[72-75]. However, the minimum size was larger than that documented in Mexican
waters [71,76]. This is likely due to the breeding areas found in the Mexican Pacific [77].
The sexual proportion was skewed towards females in this study, which is consistent with
what Cruz-Ramirez et al reported [76]. However, Carrera-Fernandez et al. [71] found a
biased proportion toward males, while other studies found no difference in abundance
between females and males [72,78]. The average maturity size was 191.44 cm TL, which is
similar to that recorded in the southeastern Pacific Ocean (190.3 cm TL) [78], in the
Ecuadorian Pacific (187.1 cm TL) [72], although compared to northeastern Brazil much
higher values have been reported compared to this study (225 cm TL) [75]. However, da
Silva et al. [79], in one review, found no difference in the mean maturity sizes of the
different studies between oceans.
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4.2.4. Isurus oxyrinchus

This present study reported a greater size range (83-341 cm TL) than the ones in
eastern Indonesia (130.8-310 cm TL) [80], in the Eastern Arabian Sea (97-269 cm TL) [62]
and in the southeastern Pacific Ocean (75.5-240 cm TL) [78]. However, it was lower than
the Northwest Pacific (80-375 cm TL) [45]. No differences in sexual proportion were found,
which is consistent with other studies [62,78,81,82], although other ones have shown bias
toward males [83] and females [84]. The maturity size for males was estimated at 194.52
cm TL, which is similar to that reported in New South Wales, Australia (195 cm TL) [81]
and South Africa (194 —206 cm TL) [85]. However, in the Northwest Pacific a larger
maturity length (210.2 cm LT) was recorded [45], while in eastern Indonesia (185.7 cm TL)
[80], on the southwest coast of Baja California (180 cm TL) [82] and in the southeastern
Pacific Ocean (180.2 cm TL) the maturity sizes were smaller than those reported in this
present study for the Ecuadorian Pacific. The estimated inflexion point in this study
(178.82 cm TL) was higher than that of eastern Indonesia (164.8 cm TL) [80].

4.2.5. Pseudocarcharias kamoharai

In the Ecuadorian Pacific, between 2003 and 2009, a maximum length of 113 cm TL
[86], which coincides with what is reported in this present study (114 cm TL). However,
it was lower than the recorded length in the southwest Atlantic Ocean (122 cm TL) [87].
In this study the sex ratio was not significantly different from the expected 1:1, which
differs from some studies that found a sex ratio skewed towards females [80,86,87] and
males [88,89]. The sexual maturity size recorded in this study for the Ecuadorian Pacific
was 80.52 cm TL, which is quite similar to the ones recorded in the same area, between
2003 and 2009 (78.9 cm TL) [86] and in the southwest Atlantic Ocean, between 2005 and
2007 (80 cm TL) [87]. However, the maturity size of this study was higher than reported
in eastern Indonesia (72.5 cm TL) [80] and lower than that recorded in the eastern tropical
Atlantic (89.4 cm TL) [90].

4.2.6. Sphyrna lewini

The maximum length recorded in this study (276 cm TL) was smaller than that
observed in the Ecuadorian Pacific, between 2003 and 2009 (310 cm TL) [91], in the Gulf
of California (363 cm TL) [92], in Indonesian waters (316.8 cm TL) [93] and in northeastern
Brazil (321 cm TL) [94]. It is possible that this is due to the fact that in Ecuador only the
incidental capture of a maximum of 5 individuals with a size less than 150 cm TL is
allowed, according to Ministerial Agreement 116 [59]. However, in this present study 5
specimens of Sphyrna lewini exceeding 150 cm TL were reported. The sexual proportion
was significantly different from parity, which coincides with that reported in Ecuadorian
Pacific, where a sex ratio biased towards females was recorded [91], but differs from that
reported in Indonesian waters [93], where they found no differences in sexual proportion.
All males reported in this study were immature, as they did not have fully calcified
claspers. Taking as a reference the maturity size for females reported by Estupinan-
Montano et al. in the Ecuadorian Pacific (219.4 cm TL) [91], 88.9% (n = 8) of the females
reported in this study were immature, while only 11.1% (n = 1) were mature. These results
coincide with those documented by Estupifdn-Montafio ef al. [91], who also found a
greater presence of immature specimens in landings, suggesting possible breeding areas.

4.2.7. Sphyrna zygaena

As mentioned before, it is forbidden to catch specimens of hammerhead sharks
greater than 150 cm T1in Ecuador. However, this study recorded 38 specimens of Sphyrna
zygaena with sizes exceeding 150 cm T1. Therefore, a greater vigilance and the application
of stricter laws are needed [95,96]. Regarding the sexual proportion, no significant
differences were found, disagreeing with what was reported in the Ecuadorian Pacific,
between 2003 and 2006, where the sexual proportion was biased towards males [15], while
another study carried out between 2007 and 2012 in the same region registered bias
towards females [97]. The maturity size for males in this study (200.81 cm T1) was higher
than that reported in the Gulf of California, between 1995 and 2000 (193.7 cm TL) [46], but
lower than reported in the Ecuadorian Pacific, between 2003 and 2006 (215 cm TL) [98],
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and between 2007 and 2012 (263.7 cm TL) [97]. According to the maturity size of this study,
89.80% of the landed male individuals were immature, while 97.67% of the females had
not reached sexual maturity, taking as a reference the maturity size estimated by Lépez-
Martinez et al. (239.3 cm TL) [97]. These results are consistent with other studies conducted
in the Ecuadorian Pacific [16,19], where most of the individuals landed were immature.
The concordances in the results of these studies seem to be associated with the fact that S.
zygaena remains in coastal areas during the first years of life [70,99] and, therefore, are
more susceptible to be captured.

4.2.8. Mustelus lunulatus

The size range of this work (49-123 cm TL) was very similar to that documented in

the Colombian Pacific in 2001 (50-125 cm TL) [100], but in the Ecuadorian Pacific the size
range was wider in 2013 (41.4-135 cm TL) [101]. Females were significantly more abundant
than males, disagreeing with what was documented in the Colombian [100] and
Ecuadorian [101], where the sexual proportion was no different from parity. The length at
maturity for males of this work (95.93 cm TL) was similar to that reported in the Gulf of
California (91.5 cm TL) [102] and in the Ecuadorian Pacific (97.2 cm TL) [101]. 75% of the
males examined were immature. As for females, 82% had not reached sexual maturity,
according to the maturity size estimated by Pérez-Jiménez and Sosa-nishizaki (103.2 cm
TL) [102]. These results coincide with those reported by other studies [100-102], which also
recorded a greater number of immature individuals.
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Table 2. Sharks registered monthly in number during the year 2019 in Manta.

Species Month Total
January  February March April May June July August September October November December

Alopiidae

Alopias pelagicus 190 213 622 522 354 456 124 209 160 102 70 109 3131

Alopias superciliosus 31 33 71 30 65 41 31 13 29 35 27 24 430

Carcharhinidae

Carcharhinus falciformis 45 70 428 215 222 213 95 118 36 98 57 59 1656

Carcharhinus galapagensis 0 0 0 0 0 11 0 0 0 0 0 0 11

Carcharhinus leucas 0 6 5 0 0 1 0 0 0 0 1 0 13

Carcharhinus limbatus 0 1 8 2 2 1 0 0 0 0 0 0 14

Carcharhinus longimanus 1 1 9 9 14 7 1 3 7 7 6 2 67

Carcharhinus obscurus 0 0 0 1 0 0 0 0 0 0 0 0 1

Prionace glauca 1464 295 817 651 381 211 98 595 982 886 1355 1221 8956

Triaenodon obesus 0 0 1 0 0 0 0 0 0 0 0 0 1

Galeocerdidae

Galeocerdo cuvier 0 0 1 9 1 1 2 1 2 0 1 2 20

Ginglymostomatidae

Ginglymostoma unami 0 0 1 0 0 0 0 0 0 0 0 0 1

Lamnidae

Isurus oxyrinchus 29 11 13 18 23 13 24 14 12 20 12 14 203

Isurus paucus 0 0 3 0 3 3 1 0 0 0 0 0 10

Pseudocarchariidae

Pseudocarcharias kamoharai 0 0 0 40 0 0 0 0 0 0 0 0 40

Sphyrnidae

Sphyrna lewini 20 24 19 23 27 9 9 8 8 9 6 12 174

Sphyrna zygaena 24 9 68 115 146 63 32 37 13 31 24 15 577

Squatinidae

Squatina californica 0 0 4 1 3 0 2 0 0 0 0 0 10

Triakidae

Mustelus lunulatus 14 4 33 15 16 2 15 12 12 3 6 8 140

Total 1818 667 2103 1651 1257 1032 434 1010 1261 1191 1565 1466 15 455
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Table 3. Descriptive statistics of shark species measured during the year 2019 in Manta. Meaning of the abbreviations of the categories of the Red
List of Threatened Species of the International Union for the Conservation of Nature (IUCN): Least Concern (LC), Near Threatened (NT), Vulnerable
(VU), Endangered (EN) and Critically Endangered (CR).

Species IUCN n Biomass (ton) Interval TL (tm) Mean TL + S.E. Interval Weight (kg) Mean weight + S.E.
Alopiidae

Alopias pelagicus vu 1236 70.7 132-357 273 +1.19 9-108 57.2+0.52
Alopias superciliosus vu 354 28.9 153-381 300 +2.03 12-153 81.6+1.40
Carcharhinidae

Carcharhinus falciformis vu 779 32.0 61-272 178 +1.35 1-136 41.1+0.74
Carcharhinus galapagensis LC 11 0.5 155-220 182 +5.81 24-71 41.3+4.15
Carcharhinus leuca VU 7 1.3 252-301 282 +5.95 131-232 189.7 +12.20
Carcharhinus limbatus vu 10 0.5 177-210 197 +3.25 35-61 50.2+2.55
Carcharhinus longimanus CR 40 1.5 112-215 156 +3.35 14-92 38.8+2.40
Carcharhinus obscurus IN 1 0.0 223-223 - 63-63 -
Prionace glauca NT 764 49.0 94-314 211+1.11 5-208 64.1+1.07
Triaenodon obesus vu 1 0.0 138-138 - 26-26 -
Galeocerdidae

Galeocerdo cuvier NT 10 1.0 119-398 248 +23.03 7-373 104.4 +31.94
Ginglymostomatidae

Ginglymostoma unami IN 1 0.1 212-212 - 53-53 -
Lamnidae

Isurus oxyrinchus IN 129 7.5 83-341 183 £3.20 5-327 58.1+3.47
Isurus paucus IN 8 0.4 157-221 181 +8.19 33-91 522+7.34
Pseudocarchariidae

Pseudocarcharias kamoharai LC 40 0.2 69-114 94 +1.89 3-5 41+0.11
Sphyrnidae

Sphyrna lewini CR 20 0.4 92-276 147 +8.23 4-99 17.8 £ 4.46
Sphyrna zygaena VU 193 3.1 82-287 134 £3.45 2-117 15.8 +1.66
Squatinidae

Squatina californica NT 7 0.5 79-106 89+3.71 4-11 6.5+0.89
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Triakidae

Mustelus lunulatus LC 79 0.3 49-123 85+1.82 0.4-8 2.7+£2.70

Total 3690 197.92

Table 2. Monthly sexual proportions of the main species landed in the Ecuadorian Pacific.

(a) C. falciformis (b) C. longimanus
Month Female Male Sex ratio x° p-value Month Female Male Sexratio x° p-value
January 32 12 2.7F:1M 9.1 0.003 January 0 1 - - -
February 33 36 0.9F:1M 0.13 0.72 February 1 0 - - -
March 227 182 1.2F:1M 4.9 0.03 March 4 5 0.8F:1M 0.11 0.73
April 120 79 1.5F:1M 8.4 0.004 April 4 5 0.8F:1M 0.11 0.73
May 99 116 0.9F: 1M 1.34 0.24 May 7 6 1.2F:1M 0.07 0.78
June 117 90 1.3F:1M 35 0.06 June 4 3 1.3F:1M 0.14 0.7
July 48 47 1.0F:1M 0.01 0.91 July 0 1 - - -
August 76 34 2.2F:1M 16.03 <6.214x5 August 2 1 2F: 1M 0.3 0.56
September 21 12 1.8F: 1M 2.5 0.11 September 6 1 6F:1M 3.57 0.06
October 56 36 1.6F:1M 4.34 0.03 October 5 2 2.5F:1M 1.28 0.25
November 26 28 0.9F: 1M 0.07 0.78 November 3 3 1F:1M 0 1
December 32 21 1.5F:1M 2.28 0.13 December 1 1 1F:1M 0 1
Total 887 693 1.3F:1M 23.82 <1.058x6 Total 37 29 1.3F:1M 0.96 0.32
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(c) P. glauca (d) I oxyrinchus

Month Female Male Sex ratio X p-value Month Female Male Sex ratio x? p-value
January 992 366 2.7F: 1M 288.57 <2.2x-16 January 14 15 0.9F:1M 0.03 0.85
February 171 119 1.4F:1M 0.01 0.89 February 6 5 1.2F:1M 0.09 0.76
March 420 230 1.8F:1M 55.53 9.165x14 March 5 6 0.8F:1M 0.09 0.76
April 341 193 1.8F:1M 41.01 1.508x-10 April 10 8 1.3F:1M 0.22 0.63
May 159 155 1F: 1M 0.05 0.82 May 8 14 0.6F:1M 1.63 0.2
June 87 95 0.9F:1IM 0.35 0.55 June 8 5 1.6F:1M 0.69 0.4
July 58 39 1.5F:1M 3.72 0.053 July 9 15 0.6F:1M 1.5 0.2
August 267 227 1.2F:1M 3.23 0.071 August 7 5 1.4F:1M 0.33 0.56
September 478 301 1.6F:1M 40.21 2.273x:10 September 6 2 3F:1M 2 0.15
October 411 297 1.4F:1M 18.35 1.832x5 October 7 8 0.9F:1M 0.06 0.79
November 701 467 1.5F:1M 46.88 7.546x12 November 6 5 1.2F: 1M 0.09 0.76
December 701 309 2.3F:1M 152.14 <2.2x16 December 8 5 1.6F: 1M 0.69 0.4
Total 4786 2798 1.7F:1M 521.71 <2.2x716 Total 94 93 1F: 1M 0.005 0.94
(e) S. lewini (f) S. zygaena

Month Female Male Sex ratio x p-value Month Female Male Sex ratio X2 p-value
January 6 2 SE:IM 2 0.15 January 12 1 12F:1M 9.3 0.002
February 2 1 2F: 1M 0.33 0.56 February 4 4 1F:1M 0 1
March 7 1 7E:IM 4.5 0.03 March 45 19 2.4F1M 10.56 0.001
April 5 2 2.5F:1IM 1.28 0.25 April 42 55 0.8F:1M 1.74 0.18
May 9 6 1.5F: 1M 0.6 0.43 May 30 50 0.6F:1M 5 0.025
June 3 4 0.8F:1M 0.14 0.70 June 24 34 0.7F:1M 1.72 0.18
July 4 2 2FIM 0.6 0.41 July 12 10 1.2F:1M 0.18 0.66
August 3 1 3F:IM 1 0.31 August 2 3 0.7F:1M 0.2 0.65
September 3 2 1.5F:1M 0.2 0.65 September 1 1 11F:1M 0 1
October 1 2 0.5F:1M 0.33 0.56 October 3 1 3F:1M 1 0.31
November 1 2 0.5F: 1M 0.33 0.56 November 2 1 2F: 1M 0.33 0.56
December 1 2 0.5F: 1M 0.33 0.56 December 2 2 1F:1M 0 1
Total 45 27 1.7F:1IM 4.5 0.033 Total 179 181 1F:1M 0.011 091
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(g) M. lunulatus

Month Female Male Sex ratio x2 p-value
January 12 2 6F:1M 7.14 0.007
February 3 1 3F:1M 1 0.31
March 17 16 1.1F:1M 0.03 0.86
April 10 5 2F: 1M 1.6 0.19
May 7 13F:1M 0.25 0.61
June 2 0 - - -
July 12 3 4F: 1M 5.4 0.02
August 7 5 1.4F:1M 0.33 0.56
September 6 6 1F:1M 0 1
October 1 2 0.5F:1M 0.33 0.56
November 2 4 0.5F:1M 0.66 0.41
December 7 1 7F:1IM 4.5 0.033
Total 88 52 1.7F:1M 9.25 0.0021
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