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Abstract

Acapulco, Mexico has a coastline of 62 km where large areas of rocky substrate inhabited by or-
ganisms such as the GASTROPODA Class can be found. Conidae (Fleming, 1822) Family is among
the members of this Class, which has been poorly studied in the Mexican Pacific, despite their
biomedical potential. This research was carried out in the rocky intertidal of nine sites in Acapul-
co. The objectives were: 1) Prepare an inventory of species associated with rocky intertidal of
Conidae family, 2) examine the composition of the family based on two criteria: a) species richness
and b) abundance, 3) determine the geographical distribution and 4) analyze the size composition.
The unit sampled was 1 m? and the sampled area was 10 m2 persite. A total of 97 organisms were
analyzed, corresponding to two subfamilies, five genera and five species. The Puncticuliinae
(Tucker & Tenorio, 2009) subfamily had higher species richness, abundance and frequency of oc-
currence. The most abundant and most common species were Harmoniconus nux (Broderip, 1833)
and Gladioconus gladiator (Broderip, 1833) both showed regular distribution. The size structure
found for Conidae family is similar to what has been reported in other research. For the first time
G. gladiator is being reported for the state of Guerrero.
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1. Introduction

The rocky coastline has different microenvironmental conditions and is one of the most diverse habitats in the
marine environment. The substrate is stable and secure for many organisms, including mollusks [1]. The Ga-
stropoda Class, is well represented in the rocky intertidal. The Conidae family is part of the class Gastropoda. It
has been reported that around 500 species belong to this family which are exclusively marine [2]. For the eastern
Pacific 53 species have been reported [3].

Cone shells are nocturnal carnivores feeding mainly on mollusks, worms and fish. To capture their prey using
a disposable tooth like a harpoon, which injects a poison called conotoxin or conopeptides. The tooth comes
from the toxoglossan radula. Species that feed on fish can produce up to 1000 peptides. Cone shells have sepa-
rate sexes, but no obvious dimorphism between the shells [4]. The shell, a typical cone, is broad at the top of the
spiral of the body and tapers gradually to a narrow base at the front [5], the periostracum is generally thin and
translucent, but in some species of this family is thick and opaque [6]. The color pattern of the shell is variable,
even within a species [7].

The Conidae family is distributed mainly in the tropical zone of all oceans, most of this family is found in the
Indo-Pacific and Western Pacific [5]. Inhabiting different bottom types, including rocky areas, and are found
from the intertidal zone to depths greater than 1000 m [7].

An important feature of the family is its poison, because it is very powerful, even capable of causing death in
humans. This poison is a peptide neurotoxin used to neurophysiological studies, this toxin also has a high speci-
ficity and a high potential for being synthesized chemically. There are a number of potential pharmaceutical
products being derived from conotoxins. These products are being tested to attend diseases such as attention
deficit disorder, depression and schizophrenia [8].

Most of the Transitional Mexican Pacific mollusk reports analyze the taxonomic and ecological aspects. In
these reports the Cone shells as part of groups that are analyzed are included. Among these reports are those of
[9]-[13]. For the coasts of Guerrero there are reports as of [14]-[21].

In the Mexican Pacific Transitional only reports [22] [23], try exclusively in the family Conidae the ecologi-
cal aspect.

This research was carried out in the rocky intertidal of nine sites in Acapulco, Mexico. Objectives were: 1)
Make a list of the species of the Conidae family, associated with rocky intertidal zone, 2) know the composition
of the family based on two criteria: a) species richness and b) abundances, 3) determine the distribution sites and
4) analyze the size composition.

2. Methodology
2.1. Study Area

Acapulco is located in the southern state of Guerrero (latitude 16°41' and 17°13' and longitude 99°32' and 99°58")
and has a coastline of 62 km. The average annual temperature is 29°C and the weather is warm, sub-humid, with
rains from May to November (Gobiernodel Estado de Guerrero, 2005). Sampling was carried out at nine sites
which were: Pie de la Cuesta, La Angosta, Parque de la Reina, Muelle, Tlacopanocha, Manzanillo, Palmitas,
Enamorados y Majahua (Figure 1).

Each site was georeferenced and described according to the following criteria: approximate length of the
sampling area, substrate structure, rock type, wave exposure and substrate stability. Collecting sites were de-
scribed based on [24], geological maps of the National Institute of Statistics, Geography and Informatics INEGI
(Instituto Nacional de Estadistica, Geografica e Informatica, Acapulco E14-11, 1:50,000) and observations made
in the sampling sites.

The sites vary in type and substrate stability and wave intensity. Substrate types were classified as: a) Massif
rocks: fixed structures such as walls, cliffs, terraces, etc., b) Blocks: loose rock larger than 50 cm in diameter,
made of submerged and immovable rocks or that are difficult to move about by the impact of waves, ¢) Boulders:
loose rock of size less than 50 and greater than 8 cm in diameter, rocks that can be easily moved by the impact
of waves, d) Gravel: loose rock no more than 8 cm in diameter. The stability of the substrate was classified as: a)
High: when the substrate remains virtually unchanged by the impact of waves, b) Middle: when the impact of
the waves does not change the configuration of the substrate but there is rock movement, ¢) Low: when the site
configuration changes by the impact of waves, most of the rocks are moved. The wave exposure was classified
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Figure 1. Location of sampling sites in Acapulco.

as: a) High: when the wave hits the substrate in a free manner, usually the sites that have this type of waves are
outside from the protection of barriers such as bays or hooks, b) Middle: when the impact of the wave on the
substrate is hindered by barriers or smoothing, as can occur at sites that are in front of the entrance of bays or at
a distance from a wall of hooks, it also happens in places where subtidal rocky substrate merges or is shallow
and reduces the direct impact of the waves to the substrate, ¢) Low: when the wave does not directly hit the sub-
strate, since the sites are protected by different types of barriers [25] (Table 1).

2.2.Field Methodology and Data Analysis

In February and March 2009 to 2012, an annual sampling was conducted for each site. Sampling was performed
during the hours of low tide at new moon days. To carry on the quantification of organisms an area of 10 m? was
sampled per site. Sampling was systematic. The starting point was randomly selected and then a nylon rope 30
m long was placed parallel to the shore on the intertidal zone using a PVC pipe square frame 1 m per side to de-
limit the sampling unit. Once the starting point was established, the PVVC frame was placed at the selected point.
All Conidae specimens found alive, even those attached under rocks within the sampling unit, were collected
and placed into a plastic container filled with seawater and protected from direct sunlight. After completing the
collection, a 2 m intersection along the rope was measured then the frame was positioned again to define the
following sampling unit. This procedure was repeated ten times along the nylon rope.

The specimens were placed in bottles containing 96% ethyl alcohol and taken to the laboratory to be identi-
fied and quantified. The identification of specimens and the update of the nomenclature, required a confirmation
step in the laboratory, using literature such as [3] [5].

The collected specimens were measured in length and width (mm).

Species richness was assessed based on the number of species found in the samples. Relative abundance was
measured as the percentage of each species with respect to the total number of specimens. The type of geo-
graphic distribution was evaluated using on the frequency of occurrence of species per site as follows: wide
(frequency of 7 - 9 sites) regular (frequency of 4 - 6 sites) and irregular (frequency of 1 to 3 sites).
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Table 1. Geographical location of sampling sites and major characteristics of he rocky intertidal habitat in Acapulco,

Mexico.
Coordinates Substrate  Wave
Site Size of thesite. Type of Substrate Type of Rock
Latitude Longitude stability exposure
Massif rocks
1 PiedelaCuesta 16°52'25.64" 99°56'34.64" 66 m. Metamorphic High High

and blocks

Massif rocks
2 La Angosta  16°60'29.86" 99°54'55.70" 48.14 m. Metamorphic High High
and Boulders

Parque de Boulders and Artificial substrates
3 16°51'01.21" 99°54'02.04" 66.74 m. Low Middle
la Reina Gravel and igneous rocks
Blocks and Metamorphic and
4 Muelle 16°50'56.86" 99°54'02.39" 60 m. Middle Middle
Boulders artificial substrates
Blocks and Artificial substrates
5 Tlacopanocha 16°50'41.53" 99°54'25.02" 200 m. Middle Middle
Gravel and igneous rocks
Boulders Metamorphic and
6 Manzanillo  16°5027.90" 99°54'38.14" 22.87Tm Low Low
and Gravel igneousrocks
7  Enamorados  16°49'19.34" 99°54'07.63" 74.80 m. Massif rocks Igneousrocks High High
Massif rocks
8 Palmitas 16°49'26.93" 99°54'40.88" 128 m. Igneousrocks High Middle
and blocks
Blocks and
9 Majahua 16°47'39.46" 99°50'28.94" 600 m. Metamorphic High Low
Boulders

The size composition was examined by measuring the length and width (mm) of the specimens, for which a
digital caliper (accuracy 0.01 mm) was used and descriptive statistics were obtained (maximum, minimum, av-
erage and standard deviation.)

3. Results

A total of 97 specimens were tested. It was determined that the Conidae family, which is associated with the
rocky intertidal zone of Acapulco, Mexico, was composed of two subfamilies, five genera and five species.

The subfamily PUNCTICULIINAE showed higher species richness, abundance and frequency of occurrence.

This subfamily was composed of four genera and four species. The subfamily CONINAE Fleming, 1822 was
composed of one genus and one species. The species showed higher relative abundance was Harmoniconus nux,
followed by Gladioconus gladiator (Figure 2 and Table 2). This species had not been reported to the State of
Guerrero.

The sites with the highest species richness and abundance were Manzanillo and Majahua.

The species that appeared in most of the sampling sites was H. nux, which was found in six of the nine sites,
followed by G. gladiator, found at five sites. The other species were presented at a sampling site and were found
to be of irregular distribution (Table 2).

The maximum size in length and width were found in Chelyconuspurpurascens (G.B. Sowerby, 1833) (Table
3). The average size in length and width calculated for H. nux, was recorded as the lowest, comparing it with
other species of cone shells (Table 3).

4. Discussion

Reports of sites that have different substrate types and depths in the Mexican Pacific Coastand that contain lists



R. Flores-Garza et al.

CONIDAE

CONINAE Fleming, 1822

v

Chelyconus purpurascens

PUNCTICULIINAE Tucker & Tenorio, 2009

’.4-‘ >
{ xv~

Ductoconus princeps Gladioconus gladiator Harmoniconus nux  Stephanoconus brunneus

Photos collection of Marine Invertebrates, the Unidad Académica of Ecologia Marina of the Universidad
Auténoma de Guerrero. Authors: Garcia-Moctezuma Y.M, Galeana-Rebolledo L.y Torreblanca-Ramirez C.

Figure 2. Species richness of the family Conidae in the rocky intertidal of Acapulco, Mexico.

Table 2. Species richness, relative, abundance, abundance at sites and geographical distribution of Conidae family, asso-
ciated with rocky intertidal in Acapulco, Mexico.

SITES GD

Subfamilies/genus/species RA. (%)

CONINAE Fleming, 1822
Chelyconus Mérch,1852
Chelyconuspurpurascens (G.B. Sowerby, 1833) 1.03 1 |
PUNCTICULIINAE Tucker & Tenorio, 2009

Stephanoconus Morch,1852
Stephanoconus brunneus (Wood, 1828) 1.03 1 |

Ductoconusda Motta,1991
Ductoconus princeps (Linnaeus, 1758) 1.03 1 |

Gladioconus Tucker & Tenorio, 2009
Gladioconus gladiator (Broderip, 1833) 19.58 6 5 5 2 1 R
Harmoniconus da Motta, 1991

Harmoniconus nux (Broderip, 1833) 77.31 6 6 4 45 11 3 R

RA: Relative Abundance, 1: Majahua, 2: Parque de la Reina, 3: Muelle, 4: Tlacopanocha, 5: Manzanillo, 6: La Angosta, 7: Enamorados, 8:
Palmitas, 9: Pie de la Cuesta, GD: Geografical Distribution, A: amplia, R: regular and I: irregular.
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Table 3. Size structure of the species of the family Conidae associated with rocky intertidal of Acapulco, Mexico.

Length (mm) Wide (mm)
Species

Total Min. Max. Av. Sd. Min. Max. Av. Sd.

C. purpurascens 1 40.11 40.11 40.11 22.86 22.86 22.86

S. brunneus 1 31.4 314 314 18.8 18.8 18.8

D. princeps 1 31.54 31.54 31.54 15.43 15.43 15.43
G. gladiator 19 8.16 37.12 19.46 7.65 3.76 21.18 11.2 4.34
H. nux 75 9.23 24.93 16.26 4.24 5.33 14.14 9.78 2.64

Min: minimum, Méx: maximum, Av: average and Sd: Standard deviation.

of species of molluscs, which includes the Family Conidae as [9]-[13] reported greater species richness than that
found in this investigation. This research coincides with that of the authors of the above mentioned reports in
three species: H. nux, C. purpurascens and D. princeps.

In reports from different sites in the state of Guerrero, which contain lists of species including the conus
[14]-[21], a maximum of four species is reported (H. nux, S. brunneus, C. purpurascensy, D. princeps), which
are the same as those found in this investigation. In this study higher species richness was reported, since G.
gladiator was found, and this species is reported for the first time in Acapulco and the state of Guerrero.

Reference [23], in research where samples from intertidal and subtidal zone were collected and was exclusive
to the Conidae family, reported to Tecanatita, Jalisco, the same species that are reported in this study and was in
the subtidal zone where they found the highest species richness.

In this research H. nux was determined as the most abundant species. The same was reported for different
sites of the rocky coast of State of Guerrero and Jalisco by [14]-[21] [23]. In the rocky intertidal zone of Aca-
pulco, G. gladiator was the species ranked second in abundance. This is contrary to what [3] [23] reported, as
they say G. gladiator is an occasional or rare species.

Reference [20] reported H. nux as a kind of irregular distribution for the state of Guerrero. They found it in
two of the nine sites sampled. This study found that H. nux is the species with the widest geographic distribution,
followed by G. gladiator. The other species were presented at a sampling site.

In the report [11], they mentions that the H. nux is the species that had the highest dominance, the above coin-
cides with the results obtained in this investigation. Regarding sizes, [19] [21] found an average size in length
for H. nux similar to what was estimated in this study.

To the coast of Jalisco, [22] reports the H. nux as the smallest species in length. The minimum size found was
10 mm and the maximum size of 22 mm. This research also determined this species as the smaller in size and
the minimum and maximum length found are similar. The author cited above also reported that the size structure
of G. gladiator, is made up of smaller size than C. purpurascens, S. brunneus and D. princeps but greater than
those found in H. nux. Thesize range of this species found it is 24 to 36 mm in length and size range of this spe-
cies found is 24 to 36 mm in length.

This research coincides with that reported by [22], with respect to the position of G. gladiator in the size
structure of Conidae family, but there are differences in the report, the minimum size found for this species, be-
cause of that were registered in the rocky intertidal zone, several organisms considerably smaller than reported
by [22] as minimum size.

We could not compare the size composition of C. purpurascens, S. brunneus and D. princeps with other re-
ports, because only one specimen we examined, but we agree with [22], in that the larger size was found in C.
purpurascens.

5. Conclusions

Species richness is similar to that reported by exclusive Conidae family studies, carried out at other sites in the
transitional Mexican Pacific.
Given the intensive effort and sampling methods, there is a low probability of finding other species Conidae

family at rocky intertidal zone of Acapulco.



R. Flores-Garza et al.

Considering that the Conidae family is characterized by low population densities, the abundance of specimens
in rocky intertidal Acapulco corresponds to expectations.

The subfamily PUNCTICULIINAE is best represented in species richness and abundance.

H. nux and G. gladiator, are the most abundant species and those that had a higher frequency of occurrence,
so that they are considered as representative of the family Conidae in the rocky intertidal zone of Acapulco. The
other species are considered rare or occasional.

For the first time G. gladiator is reported for the state of Guerrero.

The size structure of the family Conidae found in the rocky intertidal of Acapulco, is similar to what has been
reported elsewhere for Transitional Mexican Pacific.
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