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Summary: The octopus fishery on the Campeche Bank (Yucatan, Mexico) is considered the third largest in the world. In
Yucatdn, two fleets target this resource: an artisanal fleet and a semi-industrial fleet. The artisanal fleet only catches Octopus
maya, while the semi-industrial fleet catches two species, O. maya and O. “vulgaris” Type II, because it operates at deeper
waters (>30 m). Since there is no information on the abundance of O. “vulgaris” Type 1I, management is based only on O.
maya. In order to generate information about the abundance of this species, four fishing research cruises were carried out in
the northeastern area of the continental shelf off the Yucatdn Peninsula. Four methods (a stratified random method, a swept
area, geostatistics and a weighted swept area) were applied and compared to determine the instantaneous abundance and
biomass of both species in the study area. The lowest potential biomass was calculated with the geostatistical method, with
values between 18.5% and 36.7% lower than the other three methods. O. “vulgaris” Type II showed the lowest biomass
(37.8+3.36 t) during May and July and the highest (189.56£11.6 t) in December. Our findings revealed that the total abun-
dance of both species was similar in the study area, with a geographic overlap whose amplitude changed throughout the year
according to the geographic position: O. maya dominated at approximately 88°W, while O. “vulgaris” Type Il dominated
towards the southeast at 87°W.

Keywords: biomass; distribution pattern; Octopus maya; Octopus “vulgaris” Type 1I; Campeche Bank; Yucatan Peninsula;
Mexico.

Biomasa potencial y distribucion de pulpo en el este del banco de Campeche (Yucatin, México)

Resumen: La pesqueria de pulpo en el banco de Campeche (Yucatdan, México) se considera la tercera productora mundial de
pulpo. En Yucatan, dos flotas capturan este recurso: una flota artesanal y una semi-industrial. La flota artesanal solo captura
Octopus maya, mientras que la flota semi-industrial captura dos especies: O. maya 'y O. “vulgaris” Tipo IL. Esto se debe a
que la flota semi-industrial opera en aguas mas profundas (>30 m). Dado que no existe informacién sobre la abundancia de
0. “vulgaris” Tipo I, el manejo se basa inicamente en la evaluacion de O. maya. Con objeto de generar informacién sobre la
abundancia de esta especie, se realizaron cuatro campafias de prospeccidn pesquera en la zona noreste de la plataforma con-
tinental de la Peninsula de Yucatan. Se aplicaron cuatro métodos (método aleatorio estratificado, area barrida, geoestadistica
y area barrida ponderada) y sus resultados se compararon para determinar la abundancia y biomasa instantaneas de ambas
especies en el drea de estudio. La biomasa potencial mds baja se obtuvo con el método geoestadistico, con valores de 18.5 a
36.7% mas bajos que con los otros tres métodos. O. “vulgaris” Tipo I mostré una biomasa mas baja (37.8+3.36 t) durante
mayo y junio, mientras que la mds alta (189.56x11.6 t) fue en diciembre. Nuestros hallazgos revelaron que la abundancia
total para las dos especies fue similar; ademds ambas especies presentaron una superposicion geografica, cuya amplitud
cambi6 con el periodo del afio y la posicion geografica: O. maya fue dominante en la longitud de los 88°W, mientras que O.
“vulgaris Tipo I dominé hacia el sudeste de la plataforma de Yucatdn (aproximadamente 87°W).

Palabras clave: biomasa; patrén de distribucion; Octopus maya; Octopus “vulgaris” Tipo 1I; banco de Campeche; peninsula
de Yucatan; México.
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INTRODUCTION

The family Octopodidae contains more than 200
valid species. However, global octopus fisheries are
based on only around 30 species, which are harvested
in arange of fisheries from subsistence catches through
to valuable, large-scale commercial fisheries (Norman
et al. 2014). Since some of these catches are never
properly identified, they are commonly reported as
Octopus vulgaris. Due to the new findings in octopus
taxonomy (Norman et al. 2014, Amor et al. 2017, Van
Nieuwenhove et al. 2019), all landings reported under
that name should be reviewed (e.g. Solis-Ramirez 1994,
Norman et al. 2014, Emery et al. 2016). This confusion
occurs in Mexico, one of the world’s main producers of
octopus, where two species are reported to be caught,
0. maya and O. “vulgaris”, the latter accounting for
between 30% and 50% of the total landings (Fig. 1)
(Velazquez-Abunader et al. 2013, Galindo-Cortes et
al. 2014, Sauer et al. 2020). For many years, manag-
ers and researchers have assumed that O. maya and
O. “vulgaris” occupy different areas on the continen-
tal shelf of Yucatan, separated by depth (Salas et al.
2008, Beléndez-Moreno et al. 2014, DOF 2016). For
instance, areas of higher abundance of O. maya were
described along the coast, decreasing towards deeper
waters (30 m deep at approx. 88°W) and increasing to-
wards the west of Campeche Bank (Solis-Ramirez and
Chavez 1986, Gamboa-Alvarez et al. 2015, Avendaifio
et al. 2019).

Despite its importance, there has been no stock as-
sessment of O. “vulgaris” in the Yucatan Peninsula
(Salas et al. 2008, Galindo-Cortes et al. 2014, Sauer
et al. 2020), which is the largest octopus-producing
region in Mexico. In addition, some authors have noted
that O. “vulgaris” from Yucatdn has been misidenti-
fied (Amor et al. 2017, 2019, Ritschard et al. 2019, Van
Nieuwenhove et al. 2019). It will therefore be referred
to as O. “vulgaris” Type Il in this article.

The National Institute of Fisheries of Mexico (IN-
APESCA) has focused only on O. maya to determine
management measures due to the difficulties of moni-
toring the fishing zones away from the coast where O.
“vulgaris” Type II occurs (>30 m depth) (Gamboa-
Alvarez et al. 2015, Avila-Poveda et al. 2016). The
assessment of O. maya included a total allowable catch
(Salas et al. 2008, Veldzquez-Abunader et al. 2013,
DOF 2016). Other regulations for that fishery include a
minimum landing size, a closed season for fishing and
authorized fishing gear (DOF 2016), none of which
consider the characteristics of O. “vulgaris” Type II.

Octopus production in Yucatdn amounts to about
20000 t per year (Fig. 1) (Veldzquez-Abunader et
al. 2013), and it is considered that the O. maya catch
has reached the maximum sustainable yield (Jurado-

Molina 2010, Beléndez-Moreno et al. 2014, Galindo-
Cortes et al. 2014). However, the production of O.
“vulgaris” Type Il has shown a tendency to increase
over time (Fig. 1), and in recent years has accounted
for almost 50% of the total catch (Veldzquez-Abunader
et al. 2013). The catch of O. “vulgaris” Type II has
increased due to the expansion of fishing activities and
the introduction of a new medium-scale fleet (vessels
between 12 and 15 m in length), which operates in
deeper zones (~30 m deep), where it overlaps with the
large-scale fleet (>15 m in length) (Salas et al. 2019,
Beléndez-Moreno et al. 2014). This new medium-scale
fleet also overlaps with the artisanal fleet (boats of 8§ to
12 m in length) that targets O. maya in shallow waters
(DOF 2016, Salas et al. 2019).

Conducting fisheries management with limited
knowledge of the biology of a species is risky (Pauly
1984, Leporati et al. 2015), and in some cases may
result in overexploitation (Norman et al. 2014, Lima
et al. 2017). In this regard, the Fishery Management
Plan for the Octopus of the Gulf of Mexico and the
Caribbean Sea (DOF 2016) underlines the need to en-
hance our scientific knowledge of O. “vulgaris” Type
II because of the risk posed by the continuous growth
in its landings.

There are several techniques for stock assessment,
and their use depends on the information available
and species characteristics (Hilborn and Walters 1992,
Nevarez-Martinez et al. 2000, Hernandez-Flores et al.
2015). Given that existing long time series and most
of the information used for stock assessment of octo-
pus from Yucatdn are based on O. maya, the objec-
tive of this study was to assess the biomass status of
O. “vulgaris” Type II and to determine its distribu-
tion on the northeast continental shelf of Yucatdn at
depths between 30 and 60 m. The data for performing

s Octopus maya
20 4 ® Oclopus vulgaris Type ||
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Fig. 1. — Trend of capture of Octopus “vulgaris” Type Il (dark-green

line) (r=0.59) and Octopus maya (orange line) (r=0.58) during the

period 1998 to 2018 (source: Federal delegation of the SAGARPA

in Yucatdn / Department of Fishery Administration and Veldzquez-
Abunader et al. 2013).

SCI. MAR. 84(2), June 2020, 133-142. ISSN-L 0214-8358 https://doi.org/10.3989/scimar.05007.01A



Depth (m)

o ——

200 >2000 >5000

0 20 30 40 60 80

Cruises

23°N

* January

22°N

21.5°N

21°N

» December [0 oy M A

89°W 88.5°W 88°W

87.5°W

Octopus fishery in Yucatan waters * 135

87°wW 86.5°W

Fig. 2. — Study area and stations sampled in May-June, July and December 2016 and January 2017. Fishing area described for Octopus
“vulgaris” Type II to the East of the Campeche Bank, Mexico (dark-green dashed line) and from Octopus maya (orange dashed line) on the
east platform of Campeche Bank.

this assessment were obtained from surveys conducted
during scientific research cruises carried out indepen-
dently from the fishery, so this information provides a
preliminary analysis of the dynamics of a resource that
has been catalogued with a status of potential exploi-
tation. The analysis also explores the area of overlap
between O. “vulgaris” Type Il and O. maya.

MATERIALS AND METHODS
Study area

The study area is located in the northeastern zone of
the Yucatan Peninsula, on the continental shelf known
as Campeche Bank, between 30 and 60 m depth (Fig. 2).
The zone is influenced by the Loop current, which en-
ters the system through the Yucatan channel, circulating
towards the Straits of Florida and generating seasonal
upwellings from May to August that stratify the water
column, forming colder zones at greater depth (Tester
et al. 1991, Lee and Williams 1999, Paris et al. 2005).
From October to February, it is influenced by cold and
dry air masses coming from the north of the continent
(Canada and United States of America), which, when
merging with air masses of tropical origin, mainly from
October to March, produce strong frontogenesis (gusts
>100 km h) and temperature drops (Zavala-Hidalgo et
al. 2002, Morey et al. 2006, Dubranna et al. 2011), lo-
cally known as nortes (Enriquez et al. 2010).

Field work

Four research cruises were conducted on a
semi-industrial vessel, from the port of Progreso,
Yucatdn, before and after the fishing season (from
1 August to 15 December). Fishing operations tar-
geted O. “vulgaris” Type II at 29 stations on aver-
age (+2) (Fig. 2). The cruises took place in five
months: May-June and July 2016, and December
2016 and January 2017.

The method used to collect octopus samples
was the traditional fishing technique known as
“gareteo”. This technique consists of placing one
bamboo pole (jimba) in the bow and another in the
stern of a small wooden boat (<4 m long), known
locally as alijo. These bamboo poles were approxi-
mately 4 m long (for the medium-scale fleet) (Salas
et al. 2008, Sauer et al. 2020), and each had two
monofilament lines with a specimen of Diplectrum
sp. or Haemulon sp. tied to the tip as bait. Five ali-
jos were deployed per cruise and each one had a
GPS to trace the route and thus determine the swept
area. The effective fishing time was standardized in
one sampled by three hours per alijo (five) at each
sampling station; thus, initial and final time of the
fishing operations were recorded. At each fishing
station or site, the total number of organisms caught
(N,), total catch weight (W,) and total weight of each
organism (w;) were recorded.

SCI. MAR. 84(2), June 2020, 133-142. ISSN-L 0214-8358 https://doi.org/10.3989/scimar.05007.01A



136 * O. Avendafio et al.

Determination of the area per sampling station

Thiessen polygons (Brassel and Reif 1979) were
deployed to identify the spatial arrangement of the
sample as a function of distance between the sampling
points. This allowed us to determine the optimal (con-
stant) area of representativeness of each sampling point
to apply any of the three area-based methods: stratified
random method, swept area and weighted swept area.
This procedure allows us to assign a real significance
to sampling point values and therefore tells us the area
on which the octopus abundance calculation was made
according to the captures at each sampling station (Av-
endafio et al. 2019). The Thiessen polygons and the
area of each polygon were estimated using the ArcMap
9.2 software (Sawatzky et al. 2009).

Biomass estimates

Four statistical methods were applied: the strati-
fied random method (Cochran 1978), the swept areas
method of Rosenberg et al. (1990), the Geostatistics
biomass model (Rivoirard et al. 2008) and the method
of weighted swept areas (Avendaiio et al. 2019). These
methods increase the precision of biomass estimation,
thus generating robust data concerning the availability
of octopus in the deepest areas (30 to 60 m) in the east-
ern part of the platform of the Yucatdn Peninsula.

The stratified random method (Cochran 1978) uses
the frequency of the distribution of the total weight of
the catch per station, which must be classified by strata.
The formula for calculating the biomass by means of
the stratified method was obtained from the average
count (kg) in the i-th stratum i(y,):

I
y, = FZ Vs (1)
Estimator of the variance of y;:
Al 1 L _
V(yi)=si2=ﬁ j=1(yji_yi)2 : 2

Estimator of the total population size expressed in
kg (Ny,):

_ L _
Ny =2 _Ny,. 3)

EstimatoAr of the variance of the total size of the
population V(Ny,,):

sz (L)

i i

For the estimation of 95% confidence intervals:

_ L, Ni—nl, S_I2
ol ] o

where N, is the total number of units sampled in the
i-th stratum, L is the number of strata, n; is the number
of units sampled in the sample of the i-th stratum, ¥,
is the average weight in the i-th stratum, and % is the
variance of the counts in the i-¢h stratum.

The method of swept areas of Rosenberg et al.
(1990) considered the catch in weight (biomass) ob-
tained from the swept area, dividing the capture zone
according to the observed abundances of the organisms:

B.=3% 1 (6)
with variance
V(B)=2" = %)

where Y, is the total catch in the study area, A, is the
total area of the study zone, g, is the total area swept
by the five alijos, S?, is the variance of the total catch
in the study area, m, is the number of fishing opera-
tions and V(Bj) is the variance of the total biomass. In
this case, a;represented the swept area covered by each
alijo, so the total swept area a, (expressed in km) for
each fishing operation resulted from

a,=3" a, (®)

i=

a;was calculated using the following equation:
a;=D;*LJ;, ©)

where D; is the distance travelled by the i-th alijo, esti-
mated using the tracking data recorded by the GPS, and
LJ; is the length of the bamboo rods or jimbas installed
in the i-th alijo (LJ=8 m). Finally, the total abundance
was calculated using the following equation:

B

N, ==L (10)

™
where TW is the average weight of the octopus ob-
tained in biological samples.

The biomass calculated by the geostatistical
method was determined by previous calculation of
the catch per unit area (CPUA, expressed in number
of octopus per km?), obtained by dividing the number
of octopus captured by the area corresponding to each
sampling station. The spatial correlation of the CPUA
was determined by means of omnidirectional empirical
variograms (isotropic), which measure the correlation
between the semi-variance generated by all the differ-
ences between the data pairs separated by a previously
established equal interval of distance (%) (Hernandez-
Flores et al. 2015). Later, a Kriging interpolation
analysis was applied, giving the densities through in-
terpolation nodes by the method of nearest neighbours
(Cressie 1992), and generating a spatial structure that
depends on the spatial arrangement of the population
(Webster and Oliver 2007).

The empirical variograms were obtained using the
following equation:

1
D= —
v(h) 2N(h)2 o
where y(h) is the value of the variance for each distance
h, N(h) is the number of pairs of observations separated
by h, C(x;) is the CPUA observed at site x; and C(x;+h)
is the CPUA observed at any other site separated by a

N(h)

(Cx)-Cx, + h))2 , (11
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distance A for each site x;. The obtained interpolations
were divided into CPUA intervals, obtaining an aver-
age value for the i-th interval (CPUA;). The total abun-
dance of each i-th interval (N;) was obtained by multi-
plying the (CPUA4;) by the total area covered per i-th
interval; therefore, the total abundance (N;) was ob-
tained using the equation

N,=3" CPUA* A4, (12)
and the biomass was obtained using the equation
B.=N,TW. (13)

The method of weighted swept areas proposed by
Avendaiio et al. (2019) analyses the density of organ-
isms as a specific datum of the area represented by each
station. That is, the abundance at a station is representa-
tive of the area of that station. Later, the total biomass
is calculated from the sum of the biomasses obtained in
each sampled area using the following formula:

n A
B=37 . (14)

i

with a standard deviation of

T — A

SD(B,) =X (Y,-Y)" — | (15)
where Y is the total of the catch in the i-th stratum, Yis
the average of the catches, A, is the total area in the i-th
stratum, ¢; is the area swept in the i-¢h stratum and SD
(Byp) is the standard deviation of the total biomass. The
abundance is calculated using Equation 10.

Spatial distribution

The equation modified by Avendafio et al. (2019)
from the method described by Guerra (1981) was
used to determine the type of distribution, calculating
the average probability of occurrence of octopus per
fishing station, as well as, the type of distribution, and
estimating the parameters of the negative binomial dis-
tribution p and k:

k(k k (k+x- -
(k+1)(k+2)...(k+x-1) d.

P(x/ k)= :
X!

(16)

To determine whether the type of distribution of
the octopus is homogeneous or aggregated, a random
distribution was developed, assuming a negative bino-
mial distribution (k), calculated as K;=x?/5>-x, subject
to the following conditions: K/x >6 if X is low, K>13
if x is high or

k(k+Xx)k+2)
X

>15 if x is moderate.

If none of these conditions can be verified, then it is
considered that K| is not suitable, and the parameter is
estimated by means of the following equation:

K, log,, (1+Ki) - logm(%) (17)

2 0

For any case, p=x/K . (18)
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Once the parameters had been estimated, a com-
parison was made between the distribution function of
the total of samples and the theoretical distribution as-
suming a negative binomial type distribution by means
of a goodness-of-fit test to check whether there was in
fact a grouping (Zar 1999).

Spatial distribution of abundances

Empirical distribution models were generated using
the variograms estimated in the geostatistical analysis
because there was no previous evidence about the dis-
tribution of O. “vulgaris” Type 1l on the continental
shelf of Yucatdn. The model that best described the
observed data was selected using two criteria: 1) the
model that most closely explained the spatial distribu-
tion of the observed data, and 2) the minimum value
of the sum of squares of the residuals, as well as the
spatial distribution of the variances.

Analysis of geographic overlap between species

The distribution of O. “vulgaris” Type II was
compared with the distribution of O. maya obtained
by Avendafio et al. (2019) during the same period in
the same study area. This analysis should corroborate
the fact that their distribution zones are separated
by depth, as described elsewhere (DOF 2016). The
geographic overlap (D) for both species was deter-
mined using the Schoener equation (Schoener 1968,
Cornell 2011, Afkhami et al. 2014). The Schoener
index computes the percentage of similarity of two
species and estimates the range of overlap in the areas
where both species occur, based on the abundance of
each one. Therefore, the over-geographical space is
defined with a range between 0 (no overlap) and 1
(full overlap), where p,; or p,; denotes the proportion
assigned to the species x (or y) in cell i.

The total geographic superposition of the area (D)
was calculated using the equation:

ln
D(pxapy)=l_52 i1 px,'_py,' . (19)
For both cases:
— xi
p.="k (20)
_Ji
p=3t, 1)

where x; and y; are the number of organisms of the spe-
cies x or y respectively at the sampling station i. X and
Y are the total number of observations per species x or

y.
RESULTS
Potential biomass analysis

The niche breadth per sampling station ranged be-
tween 60 and 940 km?, with an average of 242 km?,
according to the Thiessen polygons. The lowest aver-
age biomass was estimated during the May-June cruise
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Table 1. — Estimated values of the biomass per cruise+standard error (SE), density+SE and abundance+SE of the Octopus “vulgaris” Type
11 in the eastern sublittoral zone of Campeche Bank. Biomasses were standardized to a total area of 5000 km?. CV: coefficient of variation of
the estimates by cruise of the four methods.

Method Biomass (t) +SE Density (octopus km=2) +SE Abundance (N octopus) +SE
May—June 2016 CV=133 % CV=30.2 % CV=30.2 %
Swept area 32.57 4.62 7.05 1.00 35256 5006
Stratified 44.66 1.99 3.82 0.17 19084 851
Geostatistic 36.40 221 8.09 0.49 40456 2453
Weighted 37.75 4.62 8.21 1.00 41030 5017
July 2016 CV=13.9 % CV=134 % CV=13.5 %
Swept area 125.99 11.79 27.39 2.56 136960 12817
Stratified 133.97 10.37 28.60 2.21 143002 11066
Geostatistic 95.94 10.40 20.86 2.26 104289 11308
Weighted 125.55 13.74 27.29 2.99 136466 14935
December 2017 CV=20.6 % CV=20.5 % CV=20.5 %
Swept area 232.89 18.77 57.52 4.64 287611 23178
Stratified 201.60 38.86 48.48 9.35 242418 46726
Geostatistic 139.34 12.91 34.40 3.19 172002 15933
Weighted 184.42 10.45 45.54 2.58 227679 12906
January 2017 CV=20.1 % CV=20.4 % CV=20.3 %
Swept area 58.64 6.88 13.94 1.63 69700 8172
Stratified 73.55 5.25 17.59 1.26 87946 6281
Geostatistic 46.42 9.78 11.04 2.33 55223 11637
Weighted 52.63 5.62 12.53 1.34 62652 6694

(37.8+3.36 t) while the highest was estimated in De-
cember (189.56x11.6 t) (Table 1). The coefficient of
variation (CV expressed as a percentage) obtained for
the biomass estimated by the four methods was lowest
during the months of May-June and July (CV=13.3%
and 13.9%, respectively), corresponding to the period
before the fishing season, while biomass increased in
December and January (CV=20.6% and 20.1%) after
closure of the season.

Among the four models, the lowest potential bio-
mass was calculated using the geostatistical model,
with values 18.5% to 36.7% lower than those obtained
using the other methods. Similar patterns of variation
were observed for density, but the differences from
one month to another were not as evident as they were
for biomass. Thus, the highest average density was re-
corded in December 2016 (46.5 octopuses per km2),
and the lowest average density was observed during
the May-June 2016 cruise (6.8 octopuses per km>2).
Finally, the weighted biomass method produced the
second lowest values of biomass and abundance (Table
1), except during the May-June 2016 cruise.

Analysis of the distribution pattern

The value of the parameters k and p (k*=8, p=0.7)
of the negative binomial distribution showed that indi-
viduals of O. “vulgaris” Type II tended to aggregate
in patches. This species occupied the entire area, with
density gradually increasing to a maximum in Decem-
ber and then decreasing to January. The variogram (Fig.
3) shows that as the distance between the sampling
points increases, the O. “vulgaris” Type I CPUA (oc-
topus km) increases towards shallow waters east of
the Campeche Bank. This is due to the distribution of
the species (Fig. 4).

Denser aggregations of O. “vulgaris” Type Il were
recorded towards the southeast of the Yucatdn shelf.
Cruises that took place before the fishing season (May-
June and July 2016) showed the formation of high-den-
sity patches to the southeast of the study area (Fig. 4).
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Fig. 3. — Variogram analysis of the semi-variance of the abundances

(CPUA; octopus km2) of O. “vulgaris” Type II in the shallow sub-

littoral zone in the east of Campeche Bank in relation to the distance
between sampling stations.

At the end of the fishing season (December 2016 and
January 2017), the octopuses tended to be distributed
heterogeneously over the sampled area and, although
patches continued to form, they were less extensive
(Fig. 4).

Geographical overlay analysis

In order to identify the overlapping geographic
areas of O. maya and O. “vulgaris” Type 11, a distribu-
tion analysis of both species was conducted using data
collected during the same period (Fig. 4). The distribu-
tion of O. maya was obtained from Avendafo et al.
(2019), and the distribution of O. “vulgaris” Type 11
was determined in the current study. The geographical
overlap according to the Schoener index (1968) was
relatively low for the May-June and July samplings
(D=0.30 and D=0.39, respectively), which corre-
sponded to the period prior to the fishing season. These
values increased after the end of the fishing season,
with higher values of overlap in December 2016 and
January 2017 (D=0.60 and D=0.62, respectively).
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Fig. 4. — Abundance distribution (CPUA; octopus km2) of O. “vulgaris” Type II (dark-green line) and O. maya (orange line) in the northeast
of the Campeche Bank. The source of Octopus maya distribution was Avendafio et al. (2019).

An overlap in the distribution of the two species
was observed during all the research cruises. This was
more evident towards the south of the study area, where
medium to low overlap was observed (D=0.34) during
the months prior to the opening of the fishing season;
however, at those sites, O. maya was dominant in the
west (approximately 88° W), while O. “vulgaris” Type
IT was dominant in the east (approximately 87° W). In
the months following the fishing season, the heteroge-
neous distribution of smaller patches of both species
caused the degree of overlap to increase throughout the
study area (D;=0.61).

DISCUSSION

A total allowable catch, which is a common meas-
ure in cephalopod fisheries, is calculated in the octopus
fishery of the Mexican Atlantic coast (Jurado-Molina
2010, Norman et al. 2014). Although this measure is
not respected, it is aimed at O. maya (Salas et al. 2008,
Beléndez-Moreno et al. 2014, DOF 2016), while O.
“vulgaris” Type II can be freely caught. This study
analyses for the first time the distribution and relative
abundance of O. “vulgaris” Type II on the continental
shelf of the Yucatdn Peninsula between 30 and 60 m
depth. This analysis was carried out through systematic
sampling, independent from fishery activities, cover-
ing the potential fishing area. Because any precursor

of fisheries management measures must be based
primarily on the identification of resource distribution
(Pierce and Guerra 1994), this analysis provides an
instantaneous estimation of relative abundance in that
area in four different periods (Rosenberg et al. 1990,
Nevarez-Martinez et al. 2000).

The results on the biomass calculated using the four
methods were relatively consistent (CV<21%), and
discrepancies found between the methods could be due
to the differences in the representativeness of the area
of influence assumed by each one (Pierce and Guerra
1994, Nevarez-Martinez et al. 2000, Hernandez-Flores
et al. 2015). For example, in three of the methods (the
swept area method, the weighted swept area method
and the geostatistical biomass method), the distance be-
tween sampling stations is a key element in the calcula-
tion. In contrast, in the stratified method, the number
of intervals is the key element, so for this method it is
necessary to apply a stratification or classification from
the start of the analysis (Nevarez-Martinez et al. 2000,
Avendano et al. 2019). The precautionary approach
recommends choosing the lowest value calculated from
the models to determine the octopus abundance in the
area of study for any potential management measure,
which in this case was obtained using the geostatistical
method.

As expected, our results showed that changes in the
biomass and distribution of O. “vulgaris” Type II oc-
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Table 2. — Landings in tons (t) of the red octopus Octopus maya and
the common octopus Octopus “vulgaris” Type 1l captured in the
Yucatan Peninsula during the season of 2016. Source: National In-
stitute of Fisheries and Aquaculture. Yucalpeten, Yucatdn, Mexico.

Octopus maya Octopus “vulgaris” Type 11

August 4867 949
September 6421 1053
October 6923 704
November 5032 501
December 5134 1865
Total 28377 5072

curred before and after the fishing season in 2016. The
increase in the relative biomass of O. “vulgaris” Type 11
from June to December (47%) and the change in its dis-
tribution pattern in those periods (Fig. 4) indicated that
the stock reached its maximum abundance at the end of
the fishing season (Table 1). This pattern differed from
that observed for O. maya, which reached its highest
value in October and gradually decreased to its lowest
value in December (Table 2). This could be related to
the fishing effort dynamics, as most fishermen target
O. maya at the start of the season, but as its abundance
decreases, they shift to O. “vulgaris” Type IL.

The commercial landings of O. “vulgaris” during
the 2016 season peaked in December (1865 t), which
coincided with the highest relative biomass estimated
in this study using data collected independently from
the fishery. To explain the catch levels of O. “vulgar-
is” recorded by the commercial fleet, the instantaneous
abundance calculated in this study (average 189.6 t) for
December 2016 could be 12 or 15 times smaller than
the value of the relative abundance in the entire fishing
area, meaning that the biomass in that month would be
in the order of magnitude of between 2300 and 2800 t.

The propensity for O. “vulgaris” Type II to form
aggregations, as observed in this study, infers that
the behaviour of the species in this area is similar to
that observed in O. “vulgaris” Type III in South Af-
rica (Oosthuizen and Smale 2003) and O. insularis
in Brazil (Leite et al. 2009). The higher abundance of
O. “vulgaris” Type Il towards the southeast zone and
the formation of zones of aggregation in the months
of May—June and July, as well as the heterogeneous
distribution for the months of December and January,
could be related to changes in environmental condi-
tions, as suggested for other coastal cephalopods (Pecl
and Jackson 2008, Pierce et al. 2008, Gamboa-Alvarez
et al. 2015). This hypothesis stems from evidence
that the Loop current and the Yucatdn current have a
strong influence on some other resources in the area
(i.e. Epinephelus morio and Octopus maya) (Lopez-
Rocha et al. 2013, Gamboa-Alvarez et al. 2015). It is
also possible that O. “vulgaris” Type Il paralarvae are
recruited in the eastern part of the Yucatdn shelf due
to the oceanographic conditions in that area (i.e. up-
welling and nutrients [Enriquez et al. 2010]).

In the current study the northeast of the Yucatan
Peninsula showed a geographical overlap of both spe-
cies, ranging from low to medium overlap; this area was
previously considered exclusively as an O. “vulgaris”
Type II area. It is possible that this species is in fact
more abundant in deeper waters, since it has not been

recorded in the landings of artisanal fishermen. How-
ever, 0. maya can occupy deeper waters than previ-
ously thought (Avendaiio et al. 2019). Our results show
that there are no clear limits on the distribution of the
two species in waters at depths greater than 30 m, with
both species being able to occupy the same space. The
dominance of one or other of the species will depend
on intrinsic biological characteristics and the prevail-
ing ecological conditions, as well as on competition
for space (e.g. success in recruitment or faster growth)
(Leite et al. 2009, Pierce et al. 2008, Rodhouse et al.
2014). This scenario is consistent with the fishers” and
researchers’ idea that O. maya and O. “vulgaris” Type
IT occupy different habitats on the continental shelf, ac-
cording to depth (Salas et al. 2008, DOF 2016). Thus,
most abundant fishing grounds for O. maya were locat-
ed along the coast, decreasing towards deeper waters
(30 m depth at approximately 88°W) and increasing
towards the west of the peninsula (Solis-Ramirez and
Chavez 1986, Gamboa-Alvarez et al. 2015, Avendafio
et al. 2019).

In conclusion, our results showed the changes in the
distribution and abundance patterns experienced by O.
maya and O. “vulgaris” Type Il over a short period
of six months. The results suggest that O. “vulgaris”
Type II occupied the entire sampled area and formed
patches, especially during December and January.
Moreover, our findings revealed a geographic overlap
of both species, whose amplitude changed throughout
the year according to the geographic position: O. maya
dominated at approximately 88°W, while O. vulgaris
Type II dominated towards the southeast at 87°W.

Although in general the total abundance of both
species was similar in the entire area of study, Octopus
“vulgaris” Type Il showed higher abundance at depths
of less than 40 m. Consequently, it would be necessary
to calculate the maximum sustainable yield of this spe-
cies to develop appropriate management measures. The
two species must be managed jointly as they overlap in
great part of the fishing grounds. We also propose that
it would be advisable to identify and create protected
areas, which would provide refuge for both species at
depths greater than 40 m. These areas would protect
O. maya and O. “vulgaris” Type Il adults, resulting
in improved reproductive success, as mentioned by
Veldzquez-Abunader et al. (2013) and Avendaiio et al.
(2019).
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