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Biological aspects and habitat use of the Panama brief squid, Lolliguncula panamensis,
captured in the Gulf of California
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ABSTRACT. The biological aspects size, weight, and reproductive indicators of the Panama brief squid were analyzed. A total of 2,354 individ-
uals caught during 7 exploratory fishing cruises and 5 sampling events in bays in the Gulf of California from 2014 to 2017 were studied. The
individuals were grouped by system: coastal fronts (fishing cruises for Jumbo squid, Shrimp, Hake, and Small pelagics) and coastal lagoons
(Agiabampo, Yavaros, Tobari, Lobos, and Las Guasimas Bays). In the coastal fronts 1,687 individuals were sampled (44.2% females, 25.7%
males, and 30.1% unsexed), and in the coastal lagoons 667 individuals (59.7% females, 36.7% males, and 3.6% unsexed), with females being
the most abundant in both ecosystems. Females were most abundant in sizes >60 mm mantle length (ML), while males were most abundant in
sizes <60 mm ML. Negative allometric growth was evidenced for both sexes (b =2.59). Mean size at first maturity (LMs,) showed that females
matured at larger sizes than males, and the frequency of gonad development stages by system showed that the immature stages were the most
frequent in both sexes. The sex ratio was 1.7F:1.0M. According to our results, the Panama brief squid inhabits both systems, the coastal fronts
and the lagoons, with mature males using coastal lagoons to pass sperm packets to immature females during mating and females then moving
to coastal fronts to mature and spawn.

Key words: Gulf of California, Panama brief squid, Lolliguncula panamensis, coastal lagoon, ovarian development.

RESUMEN. Se analizaron aspectos biologicos, talla, peso e indicadores reproductivos, del calamar dedal. Se analizaron 2,354 individuos captu-
rados en 7 cruceros de pesca exploratoria y en muestreos de 5 bahias en el golfo de California de 2014 a 2017. Los individuos se agruparon
en 2 sistemas: frentes costeros (programas de crucero Calamar gigante, Camar6n, Merluza y Pelagicos menores) y lagunas costeras (bahias de
Agiabampo, Yavaros, Tobari, Lobos y Las Guasimas). En los frentes costeros se capturaron 1,687 individuos (44.2% hembras, 25.7% machos
y 30.1% indeterminados) y en las lagunas costeras, 667 individuos (59.7% hembras, 36.7% machos y 3.6% indeterminados), y las hembras
fueron las de mayor abundancia en ambos ecosistemas. Las hembras dominaron en tallas >60 mm de longitud de manto (LM) y los machos,
en tallas <60 mm de LM. El tipo de crecimiento fue alométrico negativo para ambos sexos (b = 2.59). La talla promedio de primera madurez
(LMj) indico que las hembras maduran a longitudes mayores que los machos. La frecuencia de los estadios de desarrollo gonadico por sistema
mostré que las fases inmaduras en ambos sexos fueron las mas frecuentes. La proporcion sexual fue 1.7H:1.0M. De acuerdo con nuestros resul-
tados, podemos concluir que el calamar dedal habita ambos sistemas, los frentes costeros y las lagunas costeras, donde los machos maduros
parchan a las hembras inmaduras en las lagunas costeras y estas migran a los frentes costeros para madurar y desovar.

Palabras clave: golfo de California, calamar dedal, Lolliguncula panamensis, laguna costera, desarrollo ovarico.

INTRODUCTION INTRODUCCION

Worldwide, squids of the family Loliginidae are rep- A nivel mundial los calamares de la familia Loliginidae
resented by around 47 species, which are grouped into estan representados por alrededor de 47 especies, que se
10 genera and 9 subgenera (Jereb et al. 2010). They are agrupan en 10 géneros y 9 subgéneros (Jereb et al. 2010).
distributed in the neritic zones of tropical, subtropical, Se distribuyen en las zonas neriticas de mares tropicales,
and temperate seas (Roper et al. 1984). Five Loliginidae subtropicales y templados (Roper et al. 1984). En las costas
species have been recorded for the Pacific coast of mexicanas del Pacifico, se tienen registradas 5 especies de la
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Mexico: Lolliguncula panamensis, Lolliguncula argus,
Lolliguncula diomedeae, Doryteuthis opalescens, and
Pickforditeuthis vossi (Fischer et al. 1995). Loliginids are
caught directly or incidentally (Staudinger 2006); their catch
volumes in 2002 reached 275,024 t, which represents 9% of
total squid catches around the world (Rodhouse 2005). In
a biological sense, they take relevance in food webs either
as predators of small fishes and invertebrates or as prey to
marine mammals and commercially important demersal and
pelagic fishes.

Lolliguncula panamensis is distributed in the eastern
Pacific, on the western coast of Baja California Sur and
from the Gulf of California to Peru (Fischer et al. 1995).
It can be found down to 70 m depth, although it is more
abundant between 5 and 30 m, at temperatures between 21
and 27 °C and salinities between 15 and 23 (Fischer et al.
1995, Sanchez 2003, Arizmendi-Rodriguez et al. 2012b). It
exhibits sexual dimorphism, where females, larger in size,
reach 110 mm mantle length (ML) and mature at 80 mm
ML and males reach up to 80 mm ML and mature at 40 mm
ML (Fischer et al. 1995); according to Squires and Barragan
(1979), sexual dimorphism occurs before sexual matu-
rity (Squires and Barragan 1979). On the Pacific coast of
Mexico, L. panamensis is caught as part of the bycatch asso-
ciated with the artisanal and deep-sea shrimp fisheries.

In Mexico, studies on the Panama brief squid have
been carried out mainly in the Gulf of California and have
addressed aspects related to eating habits, reproduction,
abundance, and distribution (Arizmendi-Rodriguez et al.
2011, 2012a, 2012b). In the Gulf of Tehuantepec, a study
on the distribution, size, and sex ratio of L. panamensis was
carried out (Guzman-Intzin et al. 2020). The studies on the
biological aspects of L. panamensis have been conducted in
oceanic waters and coastal fronts. Although members of the
Loliginidae family can be found in bays and estuaries, their
behavior in these ecosystems is unknown. The present work
aims to analyze the L. panamensis length—weight relation-
ship, reproductive aspects, distribution, and use of lagoon
ecosystems and coastal fronts considering the hypothesis that
the lagoon systems are used only as breeding areas.

MATERIALS AND METHODS

Samples were collected during 7 exploratory fishing
surveys in the Gulf of California, Mexico, from 2014 to
2017. These surveys are part of the activities of the National
Institute of Fisheries and Aquaculture (INAPESCA, for its
acronym in Spanish) programs: Jumbo squid (1 cruise),
Shrimp (1 cruise), Hake (3 cruises), and Small pelagics (2
cruises). Biological material was also obtained from sam-
pling surveys carried out during the shrimp season closure
by INAPESCA in the Agiabampo, Yavaros, Tobari, Lobos,
and Las Guasimas Bays from 2014 to 2016. For the bay
surveys, Panama brief squid specimens were caught with
a trawl net aboard a small fishing boat, and in the cruise
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familia Loliginidae: Lolliguncula panamensis, Lolliguncula
argus, Lolliguncula diomedeae, Doryteuthis opalescens y
Pickforditeuthis vossi (Fischer et al. 1995). Los loliginidos
son organismos capturados de manera directa e incidental
(Staudinger 2006); sus volumenes de captura en 2002 alcan-
zaron 275,024 t, que representa el 9% de la captura total
de calamares a nivel mundial (Rodhouse 2005). Bioldgica-
mente, son organismos importantes en las tramas troficas, ya
sea como depredadores de peces pequeilos e invertebrados
0 como presas de mamiferos marinos y peces demersales y
pelagicos de importancia comercial (Rosas-Luis et al. 2008).

Lolliguncula panamensis se distribuye en el Pacifico
oriental, en la costa occidental de Baja California Sur y
desde el golfo de California hasta Pert (Fischer et al. 1995).
Se le puede encontrar hasta los 70 m de profundidad, aunque
es mas abundante entre los 5 y 30 m, a temperaturas de 21 a
27 °C y salinidades de 15 a 23 (Fischer et al. 1995, Sanchez
2003, Arizmendi-Rodriguez et al. 2012b). Presenta dimor-
fismo sexual, donde las hembras, que son de mayor tamafo,
alcanzan los 110 mm de longitud de manto (LM) y maduran
a los 80 mm de LM, y los machos alcanzan hasta 80 mm de
LM y maduran a los 40 mm de LM (Fischer et al. 1995); de
acuerdo con Squires y Barragan (1979), el dimorfismo sexual
lo presentan antes de su madurez sexual. En las costas mexi-
canas del Pacifico, L. panamensis se captura como parte de
la fauna asociada a la pesca de camaron realizada por la flota
artesanal y de altura (Alejo-Plata et al. 2001).

En México, los estudios de calamar dedal se han reali-
zado, principalmente, en el golfo de California y han abor-
dado aspectos de habitos alimenticios, reproduccion,
abundancia y distribucion (Arizmendi-Rodriguez et al. 2011,
2012a, 2012b). En el golfo de Tehuantepec, se realizdo un
estudio sobre la distribucion, la talla y la proporcion sexual
de L. panamensis (Guzman-Intzin et al. 2020). Todos los
estudios sobre aspectos bioldgicos de L. panamensis se han
realizado en los cuerpos oceanicos y frentes costeros. A pesar
de que los miembros de la familia Loliginidae pueden encon-
trarse en bahias y estuarios, se desconoce cual es su compor-
tamiento dentro de estos ecosistemas. El presente trabajo
tiene como objetivos analizar la relacién longitud-peso,
los aspectos reproductivos, la distribucion y el uso de los
ecosistemas lagunares y frentes costeros de L. panamensis
partiendo de la hipdtesis de que los sistemas lagunares son
utilizados solo como area de crianza.

MATERIALES Y METODOS

La recolecta de las muestras se realiz6 durante 7 cruceros
de investigacion en el golfo de California, México, de
2014 a 2017. Dichas prospecciones son parte de las activi-
dades de los programas del Instituto Nacional de Pesca y
Acuacultura (INAPESCA): Calamar gigante (1 crucero),
Camarén (1 crucero), Merluza (3 cruceros) y Pelagicos
menores (2 cruceros). También se obtuvo material biologico
de muestreos realizados durante la veda de camaron por el
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surveys jigs were used for Jumbo squid, a bottom trawl for
Shrimp and Hake, and a pelagic gillnet for Small pelagics.
Panama brief squid individuals were separated from the
target species of the cruises or bay surveys, stored in prop-
erly labeled plastic bags, and preserved on ice or frozen.
They were transferred to the laboratory at the Regional
Center for Aquaculture and Fisheries Research in Guaymas
for processing. Surveys were carried out in coastal lagoons
and fronts between 25.0°N and 31.5°N latitude (Fig. 1).

With the purpose of concentrating the biological infor-
mation, data were grouped by source, either coastal front
(Jumbo squid, Shrimp, Hake, Small Pelagic cruises) or
coastal lagoon (Agiabampo, Yavaros, Tobari, Lobos, and
Las Guasimas Bays); coastal front is defined as the coast-
line front in the external parts of any lagoon or bay (surface,
middle, and upper coastal fronts). Specimens were measured
for ML (the distance between the anterior edge and the pos-
terior apex of the mantle, £0.1 cm) using a vernier caliper
and for total weight (TW, +0.1 g) using an Ohaus scale.
Each organism was dissected ventral side up, and sex was
macroscopically identified; some organisms were identified
as undetermined given the poor condition of the reproduc-
tive system. The gonadal development stage (immature [I],
developing [II], mature [III], and spawning [IV]) of sexed
individuals was assigned according to the morphochromatic
scale of Lipinski and Underhill (1995).

Size structure

Size structure was analyzed by sex after grouping ML data
into 10-mm intervals. Distribution normality was assessed
with the Kolmogorov—Smirnov test, and ML differences by
ecosystem and sex were determined with the Kruskal-Wallis
test. The R environment (R Core Team 2020) was used for
both tests.

Biometric relationships

ML-TW relationships were estimated for the population
and by sex by adjusting the exponential model (TW = a X
ML?), where a is the intercept (condition factor) and b is
the allometric coefficient. Paired ML/TW data were trans-
formed to natural logarithm prior to the regression analysis
to identify outliers; once located, outliers were excluded
from the analysis (Froese 2006). The coefficient of determi-
nation (R?) was used as a measure of goodness of fit in each
regression. The 95% confidence interval was estimated for
parameter b, and Student’s z-test (Zar 2014) was then used
to determine whether L. panamensis exhibited isometric
growth (Hy: b = 3, o = 0.05). After confirming homosce-
dasticity of slopes (parallelism) in the log-transformed data
(Zar 2014), an analysis of covariance (ANCOVA) was used
to determine whether the relationships between females and
males showed significant differences. Statistical analyses
were performed using the IBM-SPSS Statistics 20 software.
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INAPESCA en las bahias de Agiabampo, Yavaros, Tobari,
Lobos y Las Guasimas de 2014 a 2016. Para el caso de los
muestreos en bahias, los especimenes de calamar dedal fueron
capturados con red de arrastre (chango camaronero) abordo
de una embarcacion menor, mientras que en los cruceros se
empleo potera para Calamar gigante, red de arrastre de fondo
para Camarén y Merluza, y red de media agua para Pelagicos
menores. Los individuos del calamar dedal fueron separados
de la especie objetivo del crucero o del muestreo de bahia,
guardados en bolsas de plastico debidamente etiquetadas y
conservados en hielo o congelados. Fueron trasladados al
laboratorio del Centro Regional de Investigacion Acuicola y
Pesquera en Guaymas para su procesamiento. Los muestreos
fueron realizados en frentes costeros y lagunas costeras entre
los 25.0° N 'y 31.5° N de latitud (Fig. 1).

Con el proposito de concentrar la informacion biolo-
gica, esta se agrup6 por frente costero (cruceros Calamar
gigante, Camaron, Merluza, Peldgicos menores) o laguna
costera (bahias Agiabampo, Yavaros, Tobari, Lobos y Las
Guasimas), segun la proveniencia; se define frente costero
como el frente de linea de costa en las partes externas de
cualquier cuerpo lagunar o bahia (frente costero superior,
medio y alto). Los organismos fueron medidos de su LM
(la distancia entre el borde anterior y el apice posterior del
manto, £0.1 cm) con un vernier, y su peso total (PT, 0.1 g)
se registro con una bascula Ohaus. Cada organismo se diseco
por la parte ventral, y de manera macroscopica se identifico
el sexo; algunos organismos fueron asignados como inde-
terminados debido al mal estado del aparato reproductor. El
estadio gonadico (inmaduro [I], en desarrollo [II], maduro
[III] y desovado [IV]) de los individuos sexados se asignd
de acuerdo con la escala morfocromatica de Lipinski y
Underhill (1995).

Estructura de tallas

La estructura de tallas se analiz6 por sexo agrupando la
LM en intervalos de 10 mm. La normalidad de las distri-
buciones se evalud con la prueba de Kolmogorov-Smirnov,
y las diferencias de LM entre ecosistemas y por sexo se
determinaron con la prueba de Kruskal-Wallis. Para ambas
pruebas, se utilizé el ambiente R (R Core Team 2020).

Relaciones biométricas

La relacion LM-PT fue estimada para la poblaciéon y por
sexo, mediante el ajuste del modelo potencial (PT =a x LM?),
donde a es el intercepto (factor de condicion) y b es el coefi-
ciente de alometria. Los datos pares de LM/PT fueron trans-
formados a logaritmo natural antes del analisis de regresion
para identificar datos fuera de rango; una vez localizados, los
datos fuera de rango fueron excluidos del analisis (Froese
2006). El coeficiente de determinacion (R?) fue utilizado
como una medida de bondad de ajuste en cada una de las
regresiones. Para el parametro b, se estimaron los intervalos
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Figure 1. Study area, Gulf of California (Mexico), coastal lagoons, and geographical position of the sampling area.

Figura 1. Area de estudio, golfo de California (México) y lagunas costeras, donde se indica la posicion geografica de la zona de muestreo.

Reproductive aspects

The reproductive stage of females and males was defined
after analyzing gonadal maturity data. Data drawn from
developing and mature females and males were used to cal-
culate the cumulative relative frequency by ML interval. The
mean length at first maturity (MLs,) was then estimated by
adjusting the relative frequencies with the logistic model
(Sparre and Venema 1995). The model was adjusted by max-
imizing the negative log likelihood (—LL):

_ — n ) pmi
LL ZH“MT%%)

+nIn(1—pm) + ln(%)} ,
(1)

where 7 is the total number of individuals in class i and m is
the number of mature organisms in class i.

Confidence intervals for MLy, were estimated using
the likelihood profiles and the chi-square (y*) distribution
(Venzon and Moolgavkar 1988). The confidence interval
was defined as all the values of 6 that satisfy the following
inequality:

LY Os)] < X7y s )

where L(Y]6,,,) is the —LL of the most likely value of 6, and
X1 1-a is the value of v* with a degree of freedom at the 1 — o
confidence level. The 95% confidence interval for § encom-
passes all 8 values that are 2 times the difference between the

de confianza al 95%; posteriormente, para determinar si
L. panamensis presentaba un crecimiento isométrico (H,: b =
3,a=0.05), seutiliz6 la prueba ¢ de Student (Zar 2014). Luego
de comprobar la homocedasticidad de pendientes (parale-
lismo) en los datos transformados a logaritmo (Zar 2014),
se aplicé un andlisis de covarianza (ANCOVA) para deter-
minar si las relaciones entre hembras y machos mostraban
diferencia significativa (Zar 2014). El analisis estadistico fue
realizado mediante el sofiware IBM-SPSS Statistics 20.

Aspectos reproductivos

El estado reproductivo de hembras y machos fue definido
analizando la informacion de madurez gonadal. Utilizando
los datos de hembras y machos en los estadios en desarrollo
y maduro, se determind la frecuencia relativa acumulada
por intervalos de longitud de manto. Posteriormente, con
el modelo logistico, a través del ajuste de las frecuencias
relativas, se calculo la talla promedio de primera madurez
(LMs;,) (Sparre y Venema 1995). El modelo se ajusto a través
de la maximizacion del logaritmo negativo de verosimilitud
(negative log likelihood, —LL):

—M=Zﬁhh¢ﬂ£J

1—pm:

+n1n (1~ pm) +1n(%)

b

(1

donde 7 es el nimero total de individuos en la clase i y m es
el namero de organismos maduros en la clase i.
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negative likelihood of @ and the negative likelihood of the
best estimate of # that is less than 3.84 (Haddon 2001), with
the following estimator:

2
XI 1—a

L(Y|0)=L(Y| Oserr) — 5

3)

Individuals in gonadal development stages I and II were
considered immature (juvenile), and individuals in stages 111
and IV were considered sexually mature (adults). According
to the morphochromatic maturity scale, the criterion to
identify juvenile and adult females was based mainly on
the color and size of the nidamental glands, as these organs
grow and retain the size upon reaching sexual maturity.
In males, the criterion was based on the differentiation of
the reproductive system (adults), mainly the accessory sex
organs (Lipinski and Underhill 1995). We determined the
total sex ratio by system (coastal lagoon, CL; coastal front,
CF). In each system, immature and mature organisms were
contrasted by sex, and comparisons were made of mature
females versus immature males and immature females
versus mature males. The y? test was used to make com-
parisons and determine significant differences between sex
ratios, taking as null hypothesis the sex ratio of 4 females to
1 male (4.0F:1.0M) reported by Arizmendi-Rodriguez et al.
(2012a) for L. panamensis. The observed value was com-
pared with the theoretical value of > with a 95% confidence
level (Zar 2014). The same statistical analysis was used to
determine differences in the number of juveniles and adults
in the population, by sex and by ecosystem.

RESULTS
Size structure

A total of 2,354 individuals were captured, of which
1,144 (48.6%) were females, 677 (28.8%) were males,
and 533 (22.6%) were undetermined. In general, ML sizes
ranged from 9 to 125 mm (Fig. 2a). Both sexes were found
across the length range; however, females were dominant at
sizes >60 mm ML (80.0%) and males at sizes <60 mm ML
(62.0%).

In the lagoon systems, 667 individuals were quantified, of
which 398 (59.7%) were females, 245 (36.7%) were males,
and 24 (3.6%) were undetermined. Males showed ML sizes
of 29 to 101 mm and a mode of 60 mm, whereas females
showed ML sizes from 28 to 123 mm and a mode of 60 mm
(Fig. 2b). In total, the 7 cruises (CF) caught 1,687 squid, of
which 746 (44.0%) were females, 433 (26.0%) were males,
and 508 (30.0%) were undetermined. In CFs, males showed
ML sizes from 11 to 94 mm of and a mode of 50 mm, whereas
females showed ML sizes from 11 to 125 mm and a mode of
80 mm (Fig. 2c). The Kruskal-Wallis analysis showed that
there were no differences in male (H = 0.1, P =0.6) or female
(H=2.5, P=0.1) MLs between ecosystems.
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Se estimaron los intervalos de confianza para la LMy,
con base en los perfiles de verosimilitud y la distribucion chi
cuadrada (y?) (Venzon y Moolgavkar 1988). El intervalo de
confianza se defini6 como todos los valores de 6 que satis-
facen la siguiente desigualdad:

ALY 0w < 22, )
donde L(Y]6,,,,) es el —LL del valor mas probable de 8,y X 12,1,0
es el valor de %?>con un grado de libertad al nivel de confianza
1 — a. El intervalo de 95% de confianza para 6 abarca todos
los valores 8 que son 2 veces la diferencia entre la verosimi-
litud negativa de 6 y la verosimilitud negativa de la mejor
estimacion de 6 que sea menor que 3.84 (Haddon 2001), con
el siguiente estimador:

2

L(Y|60) = L(Y | fuur) — L5 3)

Se consideraron inmaduros (juveniles) los individuos que
estuvieron en las fases de desarrollo gonadal 1 y 11, y sexual-
mente maduros (adultos) a los individuos en las fases III y
IV. De acuerdo con la escala morfocromatica de desarrollo,
el criterio para la definicién de hembras juveniles y adultas se
baso principalmente en el color y el tamafio de las glandulas
nidamentales, al ser un érgano que aumenta y mantiene su
tamafo una vez alcanzada la madurez sexual. En machos, el
criterio se basd en la diferenciacion del aparato reproductor
(adultos), principalmente en los organos sexuales acceso-
rios (Lipinski y Underhill 1995). Se determiné la proporcion
sexual total por sistema (laguna costera, LC; frente costero,
FC). En cada sistema se contrastd por sexo a los organismos
inmaduros con los maduros, y se hicieron comparaciones de
hembras maduras contra machos inmaduros y hembras inma-
duras contra machos maduros. La prueba y? fue utilizada para
comparar si existia diferencia significativa entre las propor-
ciones de sexos, tomando como hipoétesis nula la proporcion
de sexos reportada por Arizmendi-Rodriguez et al. (2012a)
para L. panamensis de 4 hembras por 1 macho (4.0H:1.0M).
El valor observado fue comparado con el valor tedrico de 2
con un 95% de nivel de confianza (Zar 2014). Se aplico este
mismo analisis estadistico para determinar diferencias en el
numero de juveniles y adultos en la poblacion, por sexo y por
ecosistema.

RESULTADOS
Estructura de tallas

Se capturaron en total 2,354 individuos, de los cuales
1,144 (48.6%) fueron hembras, 677 (28.8%) machos y 533
(22.6%) indeterminados. En general, las tallas oscilaron
entre 9 y 125 mm de LM (Fig. 2a). Ambos sexos estuvieron
representados en todo el intervalo de tallas; sin embargo, las
hembras dominaron en las tallas >60 mm de LM (80.0%) y
los machos en las tallas <60 mm de LM (62.0%).
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Biometric relationships

The ML/TW relationship for both sexes showed an expo-
nential relationship (R? > 0.95) (Table 1, Fig. 3). The values
of slope b were in the range of 2.50 to 2.59, which indicates
negative allometric growth in the 3 cases (P < 0.05, Table 1).
The ANCOVA showed significant differences in the ML/TW
relationship between females and males (P < 0.05) (Table 1).

Reproductive aspects

Of the 2,354 L. panamensis individuals analyzed, 750
were mature. With the model, a population ML, of 68.3 mm
ML was estimated (Fig. 4a), and the likelihood profiles indi-
cated that individuals attain sexual maturity between 64.6
and 72.2 mm ML (Fig. 4b). Males attain ML, at 64.0 mm
ML (Fig. 4c), and the profiles showed that they can mature
at ML sizes between 62.8 and 64.6 mm (Fig. 4d). Females
mature at 71.4 mm ML (Fig. 4e), and the profiles indicated

U ,H,Hﬂ,m,ﬁ,

Frequency (%)

.| 1

0 T — = T |

10 20 30 40 50 60 70 80 90 100 110 120 <130
Mantle length (mm)

| OMales and females M Males  EFemales |

Figure 2. Mantle length frequency distribution for the Panama
brief squid (Lolliguncula panamensis): (a) both sexes from
coastal lagoons and coastal fronts, (b) males and females from
coastal lagoons, and (¢) males and females from coastal fronts.

Figura 2. Distribucion de frecuencia de longitud de manto del
calamar dedal (Lolliguncula panamensis): (a) ambos sexos de
lagunas costeras y frentes costeros, (b) machos y hembras de
lagunas costeras y (¢) machos y hembras de frentes costeros.
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En los sistemas lagunares se cuantificaron 667 indivi-
duos, de los cuales 398 (59.7%) fueron hembras, 245 (36.7%)
machos y 24 (3.6%) indeterminados. Los machos mostraron
tallas de 29 a 101 mm de LM y una moda de 60 mm de LM,
mientras que las hembras presentaron tallas de 28 a 123 mm
de LM y una moda de 60 mm de LM (Fig. 2b). A partir de los
7 cruceros (FC), se capturaron 1,687 calamares, de los cuales
746 (44.0%) fueron hembras, 433 (26.0%) machos y 508
(30.0%) indeterminados. En los FC, los machos mostraron
tallas de 11 a 94 mm de LM y una moda de 50 mm de LM,
mientras que las hembras presentaron tallas de 11 a 125 mm
de LM y una moda de 80 mm de LM (Fig. 2¢). El analisis
de Kruskal-Wallis mostré que no hubo diferencias en las LM
entre los ecosistemas, ni para machos (H = 0.1, P = 0.6) ni
para hembras (H=2.5, P=0.1).

Relaciones biométricas

La relaciéon LM/PT para ambos sexos mostrd una relacion
del tipo potencial (R*>> 0.95) (Tabla 1, Fig. 3). Los valores de
la pendiente b estuvieron en el rango de 2.50 a 2.59, lo cual
demuestra un crecimiento del tipo alométrico negativo en los
3 casos (P < 0.05, Tabla 1). El ANCOVA mostro6 diferencias
significativas en la relacion LM/PT entre hembras y machos
(P <0.05) (Tabla 1).

Aspectos reproductivos

De los 2,354 individuos de L. panamensis analizados, 750
eran maduros. Con el modelo, se estimé una LMy, pobla-
cional de 68.3 mm de LM (Fig. 4a), y los perfiles de vero-
similitud indicaron que los individuos alcanzan la madurez
sexual entre los 64.6 a 72.2 mm de LM (Fig. 4b). Los
machos alcanzan su LM, a los 64.0 mm de LM (Fig. 4c), y
los perfiles mostraron que pueden madurar a tallas de entre
62.8 y 64.6 mm de LM (Fig. 4d). Las hembras maduran a los
71.4 mm de LM (Fig. 4e), y los perfiles indicaron que pueden
madurar a tallas de entre 70.4 y 72.4 mm LM (Fig. 4f).

El comportamiento de los estadios gonadales mostrd que,
en las LC, las fases inmaduras (I y IT) fueron las mas frecuentes
en ambos sexos (machos, 44.5% y 41.6%; hembras, 61.3% y
20.9%, respectivamente), con menor proporcion de machos y
hembras en las fases maduras (Il y IV) (Fig. 5a, Tabla 2). En
el FC, ambos sexos presentaron la menor proporcion de orga-
nismos inmaduros, con una mayor proporcion de machos y
hembras (49.0% y 58.0%, respectivamente) en fase madura
(II) (Fig. Sb, Tabla 2).

Proporcion sexual, juveniles y adultos

Durante el periodo de estudio, se pudo observar una
proporcién de sexos de 1.7H:1.0M, significativamente dife-
rente (> = 319.6, P < 0.05) al comparar con el valor hipo-
tético de 4.0H:1.0M (Arizmendi-Rodriguez et al. 2012b).
Al comparar por sistema, sexo y estadios gonadales, se
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Table 1. Summary of the mantle length vs total weight regression values for females, males, and both sexes of
Lolliguncula panamensis. The F and P values from the analysis of covariance (ANCOVA) are shown. CI, confi-

dence interval.

Tabla 1. Resumen de los valores de la regresion longitud de manto vs peso total para hembras, machos y ambos
sexos de Lolliguncula panamensis. Se muestran los valores de 'y P del analisis de covarianza (ANCOVA). CI,

intervalo de confianza.

Sex a b+ CI95% R Pforttest(h) F(ANCOVA) P (ANCOVA)
Females 0.000473  2.59 +0.07 0.984 0.002

Males 0.000690  2.50 +0.20 0.951 0.002

Both 0.000464  2.59+0.08 0.967 0.001 4.050 0.006

that they can mature at ML sizes between 70.4 and 72.4 mm
(Fig. 41).

Gonad stage frequencies showed that, in CLs the immature
stages (I and II) were the most frequent in both sexes (males,
44.5% and 41.6%; females, 61.3% and 20.9%, respectively),
with a smaller proportion of males and females in the mature
stages (III and IV) (Fig. 5a, Table 2). In CF both sexes had
the smallest proportion of immature organisms, with a large
proportion of males and females (49.0% and 58.0%, respec-
tively) in the mature stage (III) (Fig. 5b, Table 2).

Sex ratio, juveniles, and adults

The sex ratio observed during the study period was
1.7F:1.0M, which is significantly different (x> = 319.6,
P < 0.05) when compared with the hypothetical value of
4.0F:1.0M (Arizmendi-Rodriguez et al. 2012b). Compari-
sons by system, sex, and gonadal stages showed differences
in most of the combinations (P < 0.05). In general, females
were more abundant than males, but when comparing mature
females against immature males in CLs (0.3F:1.0M), imma-
ture males were more abundant (Table 2). Abundances of
juveniles and adults by system are shown in Table 3. The ¥?
test showed that juveniles were dominant in relation to adults
in CLs, both for the population as a whole (y* = 39.3, P <
0.05) and for females (y*> = 28.2, P < 0.05) and males (> =
11.5, P < 0.05) separately. In CF, differences were observed
for the population (x> =44.9, P < 0.05), females (y*= 6.9, P <
0.05), and males (x> =57.8, P < 0.05). Therefore, the number
of juveniles in both ecosystems is significantly higher than
the number of adults.

Di1scusSION

Squid of the family Loliginidae are found in tropical,
temperate, and subpolar waters, mainly on the continental
margins (Brakoniecki 1986, Vecchione and Young 1998,
Anderson 2000, Jereb et al. 2010, Alejo-Plata et al. 2015).
There are 2 species of loliginids reported to inhabit estuaries,
coastal lagoons, and bays: Lolliguncula brevis and Uroteuthis
noctiluca (Jereb et al. 2010). The present study reports the
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encontraron diferencias (P < 0.05) en la mayoria de las
combinaciones. En general, las hembras fueron mas abun-
dantes que los machos, pero al comparar hembras maduras
contra machos inmaduros en las LC (0.3H:1.0M), los
machos inmaduros fueron mas abundantes (Tabla 2). Las
abundancias de juveniles y adultos por sistema se muestran
en la Tabla 3. La prueba y*> mostré que los juveniles fueron
dominantes en relacion con los adultos en las LC, tanto para
la poblaciéon (y* = 39.3, P < 0.05) como para las hembras
(x> =28.2, P <0.05) y los machos (3> = 11.5, P < 0.05) por
separado. En el FC, se observaron diferencias para la pobla-
cion (x> =44.9, P <0.05), las hembras (y> = 6.9, P <0.05) y
los machos (y* = 57.8, P < 0.05). Por lo tanto, la cantidad de
juveniles en ambos ecosistemas es significativamente mayor
que la cantidad de adultos.

DISCUSION

Los calamares de la familia Loliginidae se encuentran en
aguas tropicales, templadas y subpolares, principalmente en
los margenes continentales (Brakoniecki 1986, Vecchione y
Young 1998, Anderson 2000, Jereb et al. 2010, Alejo-Plata
et al. 2015). Se han reportado 2 especies de loligi-
nidos que habitan estuarios, lagunas costeras y bahias:
Lolliguncula brevis 'y Uroteuthis noctiluca (Jereb et al.
2010). En la presente investigacion, se reporta el primer
registro de L. panamensis en los sistemas lagunares del golfo
de California (GC). En su area de distribucion conocida, se
habia documentado la presencia de L. panamensis en aguas
marinas de entre 7 y 180 m de profundidad (Fischer et al.
1995, Arizmendi-Rodriguez et al. 2012b). Considerando
que L. panamensis es especie residente del GC, es pertinente
analizar su importancia en los diferentes sistemas del golfo,
como los FC y las LC, definiendo y entendiendo sus procesos
biologicos.

En el presente trabajo, el numero de individuos de
L. panamensis encontrados fue mayor en los FC (n = 1,687),
en comparacion con las LC (n = 667). Esta diferencia se puede
atribuir a un mayor esfuerzo de muestreo y, por lo tanto, no es
representativo realizar una comparacion de abundancias entre
los sistemas. En los FC, donde los lances de captura fueron
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first record of L. panamensis in the lagoon systems of the
Gulf of California (GC). In its known distribution range,
L. panamensis has been documented in marine waters between
7 and 180 m depth (Fischer et al. 1995, Arizmendi-Rodriguez
et al. 2012b). Considering that L. panamensis is a resident
species in the GC, it is pertinent to analyze its importance in
the different systems within the gulf, such as CFs and CLs,
by defining and understanding its biological processes.

In the present study, the number of L. panamensis individ-
uals found in CFs (n = 1,687) was higher than that found in
CLs (n = 667). This difference can be attributed to a higher
sampling effort, and comparing abundances between systems
is therefore meaningless. In the CFs, where the number of
sets was higher, surveys were carried out in August 2014;
May, November, and December 2015; May, June, and
October 2016; and May 2017. On the other hand, in CLs, the
sets were made in May 2014; March, April, and July 2015;
and April, May, and June 2016. Three cruises used trawling
nets and 1 cruise used both beach seine nets and jigs. The
Kruskal-Wallis analysis indicated that there were no differ-
ences in MLs between fishing gears. Different fishing gears
allowed us to record ML sizes from 9 to 125 mm; for the
Panama brief squid, previous works had reported individuals
with ML sizes from 29 to 120 mm (Arizmendi-Rodriguez
et al. 2012b). If we were to make comparisons between the
fishing gears used in this work, we would detect a bias in the
sizes of the organisms, the number of individuals by sex, and
the gonadal maturity stages because of gear selectivity.

The presence of L. panamensis in CLs suggests that the
species is a plastic organism, meaning that it has the ability
to adapt to environmental changes, which has been reported
for other squids (Pecl et al. 2004, Nevarez-Martinez et al.
2006). In the lagoon systems where the squid were collected,
temperature ranges between 14.2 and 33.9 °C and salinity
ranges between 26.8 and 42.3 (Romero-Sedano et al. 2004,

mayores, se realizaron muestreos en agosto de 2014; mayo,
noviembre y diciembre de 2015; mayo, junio y octubre de
2016; y mayo de 2017. En cambio, en las LC, los lances se
realizaron en mayo de 2014; marzo, abril y julio de 2015; y
abril, mayo y junio de 2016. En 3 de los cruceros se utilizaron
redes de arrastre y en un mismo crucero se empled red de
cuchara y potera. El analisis de Kruskal-Wallis indic6 que no
hubo diferencias en las LM entre artes de pesca. Las diferentes
artes de pesca permitieron registrar tallas de 9 a 125 mm de
LM, y en el caso del calamar dedal, se habia reportado indi-
viduos de 29 a 120 mm de LM (Arizmendi-Rodriguez et al.
2012b). Si compararamos entre las artes de pesca empleadas
en este trabajo, por efecto de la selectividad del arte, se podria
detectar un sesgo en las tallas de los organismos, en el nimero
de individuos por sexo y en los estadios gonadales.

La presencia de L. panamensis en las LC sugiere que es
un organismo plastico, es decir, que tiene la capacidad de
adaptarse a cambios ambientales, lo cual ha sido reportado
para otros calamares (Pecl et al. 2004, Nevarez-Martinez et
al. 20006). Los sistemas lagunares donde fueron recolectados
los calamares presentan un intervalo de temperatura de 14.2 a
33.9 °C y un amplio intervalo de salinidad que varia de 26.8 a
42.3 (Romero-Sedano et al. 2004, Padilla-Serrato et al. 2017,
Ruiz-Ruiz 2017). Por tanto, podemos considerar que los inter-
valos de temperatura y salinidad que tolera L. panamensis
son mas amplios que lo reportado (21-27 °C de temperatura y
15-23 de salinidad) (Jereb et al. 2010, Arizmendi-Rodriguez
et al. 2012b). En general, la salinidad, la temperatura y la
profundidad son factores que estan asociados a los procesos
migratorios de los calamares (Herke y Foltz 2002). Sin
embargo, su abundancia y distribucion espacial en estuarios
(lagunas costeras) estan fuertemente relacionadas con las altas
salinidades y la estructura del habitat (Rodrigues y Gasalla
2008). Esto explicaria la presencia de L. panamensis en las
lagunas de Sonora, donde las altas salinidades, reportadas la
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Figure 3. Mantle length—total weight relationship for Lolliguncula panamensis in the Gulf of California.

Figura 3. Relacion longitud de manto/peso total para Lolliguncula panamensis en el golfo de California.
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Figura 4. Talla promedio de primera madurez (ML,,) y perfiles de verosimilitud para Lolliguncula panamensis: (a, b) poblacion,
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Figura 5. Proporcion de los estadios gonadales de Lolliguncula panamensis proveniente de lagunas costeras (a) y frentes costeros (b).
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Padilla-Serrato et al. 2017, Ruiz-Ruiz 2017). Therefore,
we can ponder that the temperature and salinity ranges tol-
erated by L. panamensis are broader than those previously
reported (temperatures of 21-27 °C and salinities of 15-23)
(Jereb et al. 2010, Arizmendi-Rodriguez et al. 2012b). In
general salinity, temperature, and depth are associated with
squid migratory processes (Herke and Foltz 2002). However,
their abundance and spatial distribution in estuaries (coastal
lagoons) are strongly related to high salinities and habitat
structure (Rodrigues and Gasalla 2008). This would explain
the presence of L. panamensis in Sonora lagoons, where high
salinities, reported most of the year, create suitable condi-
tions for this species to inhabit these ecosystems.

Size structure

In loliginid squids like Loligo gahi (d’Orbigny, 1835),
Loligo sanpaulensis (Brakoniecki, 1984), and Loligo plei
(Blainville, 1823), size structure differences between females
and males have been considered a form of sexual dimorphism
(Pineda et al. 1998b, Alvarez-Perez et al. 2002), with males
reaching larger sizes than females. In our study we found
that females are the ones that reach the larger sizes. This dif-
ference is attributed to the fact that females maximize their
reproductive success (ability to develop and store oocytes) at
larger sizes, whereas males obtain success at shorter lengths,
since they can transfer spermatophores to several females
(Emery et al. 2001).

Boyle and Rodhouse (2005) attributed size differences
between sexes to the fact that females need to be larger for
ovary development during sexual maturity. The present study
confirms the same behavior in L. panamensis, where females
reached maturity at 71.4 mm ML, and males at 64.0 mm ML.
Pineda et al. (1998a) observed that for Loligo sanpaulensis
gonadal maturity in males increases as they grow but matu-
ration in females is slow and changes abruptly with respect
to growth upon reaching 60 mm ML. Collins et al. (1995)
associated size differences between sexes in loliginid squid
with a differential distribution during the reproductive period
or with the mortality of females after spawning and of males
after copulation.

Biometric relationships

The ML-TW relationship between L. panamenis females
and males was significantly different. This difference is a
response to the smaller sizes of males, the low number of
individuals measuring >60 mm ML, and the heavier weight
of females as their ovaries make up 50% of their weight
(Arizmendi-Rodriguez 2010). The negative allometry
observed in L. panamenis indicates that it first increases its
size in length and then in weight. Squires and Barragan (1979)
observed this type of growth in L. panamenis on the Pacific
coast of Colombia, with values of 5 = 2.72 for females and
b =2.69 for males, and they emphasized that this coefficient
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Table 2. Sex ratio for the Panama brief squid by combination of
gonadal stages: general (G), coastal front (CF), coastal lagoon (CL),
CF and immature individuals (CFINM), CF and mature individuals
(CFMAT), CF and mature females and immature males (CFMFIM),
CF and immature females and mature males (CFIFMM), CL
and immature individuals (CLINM), CL and mature individuals
(CLMAT), CL and mature females and immature males (CLMFIM),
and CL and immature females and mature males (CLIFMM).

Tabla 2. Proporcion sexual del calamar dedal por combinacion de
estadios gonadales: general (G), frente costero (CF), laguna costera
(CL), CF e individuos inmaduros (CFINM), CF e individuos maduros
(CFMAT), CF y hembras maduras y machos inmaduros (CFMFIM),
CF y hembras inmaduras y machos maduros (CFIFMM), CL e indi-
viduos inmaduros (CLINM), CL e individuos maduros (CLMAT),
CL y hembras maduras y machos inmaduros (CLMFIM) y CL y
hembras inmaduras y machos maduros (CLIFMM).

Comparison ~ Females Males Probability Ratio (F:M)
G 1,144 677 <0.05* 1.7
CF 746 433 <0.05%* 1.7
CL 398 245 <0.05* 1.6
CFINM 308 221 <0.05* 1.4
CFMAT 438 212 <0.05* 2.1
CFMFIM 438 221 <0.05%* 2.0
CFIFMM 308 212 <0.05%* 1.5
CLINM 327 211 <0.05* 1.5
CLMAT 71 34 <0.05%* 2.1
CLMFIM 71 211 <0.05* 0.3
CLIFMM 327 34 <0.05* 9.6

* Significant difference

mayor parte del afio, crean condiciones adecuadas para que
esta especie se distribuya en estos ecosistemas.

Estructura de tallas

En calamares loliginidos como Loligo gahi (d’Orbigny,
1835), Loligo sanpaulensis (Brakoniecki, 1984) y Loligo plei
(Blainville, 1823), las diferencias en la estructura de tallas
entre hembras y machos se han considerado como dimor-
fismo sexual (Pineda et al. 1998b, Alvarez-Perez et al. 2002),
donde los machos alcanzan mayores tallas que las hembras.
En nuestra investigacion encontramos que las hembras son
las que alcanzan las mayores tallas. Esta diferencia se atri-
buye a que las hembras maximizan su éxito reproductivo
(capacidad para desarrollar y alojar ovocitos) a tallas mas
grandes, mientras que los machos obtienen el éxito a longi-
tudes menores, puesto que pueden parchar a varias hembras
(Emery et al. 2001).

Boyle y Rodhouse (2005) mencionaron que las diferen-
cias en talla entre sexos se deben a que las hembras nece-
sitan ser mas grandes para el desarrollo del ovario durante
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is higher in females because of the larger size of its repro-
ductive apparatus compared with that of males. In the present
study females showed a value of b = 2.59 and males a value
of b =2.50; allometric coefficient values under 2.70 are char-
acteristic of neritic squids of the family Lolliginade and are
associated with their migratory patterns in the water column
(Flores and Garland 2002). Differences in b values between
sexes are associated with size at maturity and the maturation
process, which was observed for L. panamenis on the Pacific
coast of southern Mexico (Guzman-Intzin et al. 2020).

Reproductive aspects

The pattern in MLy, by sex observed in the present
study indicated that females reach maturity at larger lengths
(71.4 mm ML) than males (64.0 mm ML), which is con-
sistent with that reported by Arizmendi-Rodriguez et al.
(2012a). Alejo-Plata et al. (2016) also reported that mature
L. argus males were smaller than females. The larger the
ML, the greater the capacity of females to store oocytes
(Arizmendi-Rodriguez et al. 2012a); in addition, the ability
of females to store spermatophores at immature stages
increases their reproductive success (Hanlon and Messenger
1996), and this has a positive impact on the reproductive
potential of the population (Arizmendi-Rodriguez et al.
2012a).

The difference in MLs, between sexes allows males to
copulate with several females for longer periods (Boyle and
Rodhouse 2005). In this study, the smallest mature male
measured 40 mm ML and 64 mm ML, indicating that males
well below the MLy, were already copulating. Copulation
leads to physiological wear, which causes males to die because
they are unable to hunt their prey (Arizmendi-Rodriguez et
al. 2012b).

In CLs, individuals of both sexes were immature. In CFs,
mature individuals were predominant and females were the
most abundant. Our results suggest that individuals carry on
their reproductive events (i.e., courtship, mating, or spawning)
mainly in CFs, whereas they possibly shelter and grow in CLs.
This behavior is consistent with that reported by Roper et al.
(1995), who mentioned that mature Ommastrephes bartramii
females migrate to coastal waters for reproduction. Giese and
Pearse (1974) mentioned that when choosing the spawning

la madurez sexual. Se confirma el mismo comportamiento
para L. panamensis en el presente estudio, donde las hembras
alcanzaron una madurez a los 71.4 mm de LM y los machos
a los 64.0 mm de LM. Pineda et al. (1998a) observaron que,
para Loligo sanpaulensis, la madurez gonadal en los machos
aumenta conforme crecen, mientras que en las hembras, la
maduracion es mas lenta y cambia abruptamente con respecto
al crecimiento al alcanzar los 60 mm de LM. Collins et al.
(1995) asociaron las diferencias en tallas de calamares loligi-
nidos entre sexos a una distribucion diferencial, la cual ocurre
durante la reproduccion, o a la mortalidad de las hembras
después del desove y de los machos después de la copula.

Relaciones biométricas

La relacion LM-PT entre hembras y machos de
L. panamensis fue significativamente diferente. Este compor-
tamiento responde a las tallas menores de los machos y al bajo
numero de organismos con tallas >60 mm de LM, ademas del
mayor peso que alcanzan las hembras debido a que su ovario
representa el 50% de su peso corporal (Arizmendi-Rodriguez
2010). La alometria negativa de L. panamensis indica que
primeramente crece en longitud y posteriormente aumenta
de peso. En la costa colombiana del Pacifico, Squires y
Barragan (1979) observaron este tipo de crecimiento en
L. panamensis, con valores de b = 2.72 para hembras y
b = 2.69 para machos, y enfatizaron que este coeficiente es
mayor en hembras debido al mayor tamafio de su aparato
reproductor respecto al de los machos. En esta investigacion,
las hembras presentaron un valor de b = 2.59 y los machos
un valor de b =2.50; los coeficientes de alometria por debajo
de 2.70 son caracteristicos de los calamares neriticos de la
familia Lolliginadae y estan asociados a sus patrones migra-
torios en la columna de agua (Flores y Garland 2002). Las
diferencias de b entre los sexos estan asociadas a las diferen-
cias en la talla de madurez y la maduracion, lo cual fue obser-
vado para L. panamenisis en la costa del Pacifico del sur de
México (Guzman-Intzin et al. 2020).

Aspectos reproductivos

El comportamiento de la LM, por sexo observado en el
presente estudio indicd que las hembras alcanzan la madurez

Table 3. Number of juvenile and adult organisms in coastal lagoons and coastal fronts.
Tabla 3. Numero de organismos juveniles y adultos en lagunas costeras y frentes costeros.

Coastal lagoons

Coastal fronts

Population ~ Female Males Population ~ Female Males
Juveniles 401 252 704 409 295
Adults 242 146 474 337 137
Total 643 398 245 1178 746 432
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season, organisms consider food availability and favor-
able abiotic conditions (light, temperature). Mature Panama
brief squid individuals have been documented to make lat-
itudinal migrations in the GC based on food availability
(Arizmendi-Rodriguez et al. 2011). Furthermore, it is known
that CFs provide protection from predators and are suitable for
the fixing of egg capsules released by females when spawning
(Sevilla 1977). On the other hand, Loligo sanpaulensis has
been reported to make northward migrations along the Bra-
zilian shelf in search of spawning, breeding, and feeding
areas, which are influenced by the Brazil and Malvinas Cur-
rents (Andriguetto and Haimovici 1996). Also, reports on the
presence of Loligo forbesi egg masses at 507 m depth sug-
gests that the species makes sporadic migrations to the oce-
anic zone to spawn or that currents detach and drag its eggs to
such depths (Lordan and Cassey 1999).

The sex ratio found in the present study (1.7F:1.0M) is
similar to that reported for Loligo plei by Alvarez-Perez et
al. (2002), who attributed the ratio to a copulation event at
the time females were spawning or to female migration too.
Considering the hypothesis made by these authors, female
Panama brief squid not only migrate to copulate, but they
also move to other areas for protection, growth, and feeding,
events in which the sex ratio is close to 1.0F:1.0 M. This
migratory behavior is related to the reproductive potential at
the population level, which includes aspects such as ovarian
development, maturity size, and sex ratio (Saborido 2004).
Arizmendi-Rodriguez et al. (2012a) reported predominance
of females over males (4.0F:1.0M) and associated this with
the fact that a single male can transfer spermatophores to
up to 4 females; however, the results in our study show that
the sex ratio in the Panama brief squid inhabiting the CFs
and CLs in the GC may vary depending on the event per-
formed by the squid (feeding, growing, seeking shelter, and
reproducing) in such a way that it optimizes success in its
life cycle.

In our study, a series of combinations were analyzed, and
in no case was the ratio 1.0F:1.0M. Females always pre-
dominated over males except in the combination of mature
females vs immature males in CLs (0.3F:1.0M). The low
presence of mature females suggests that females do not
inhabit CLs when they are sexually mature; they are found
spawning in CFs. In Loligo vulgaris reynauddi, females have
been observed to migrate to specific areas in CFs before
and after spawning (Sauer et al. 1992). On the other hand,
with the combination of immature females vs mature males
in CLs, the sex ratio was 9.6F:1.0M, which would indicate
that mature males in CLs can transfer spermatophores to up
to 9 immature females. This reproductive tactic has been
reported by Emery et al. (2001), who performed genetic tests
on Loligo forbesi and found that females had been implanted
with spermatophores by up to 4 males; this allowed the
authors to prove that the female-biased sex ratio is normal
reproductive behavior and that the reproductive success is
defined by females.
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a longitudes mayores (71.4 mm de LM) en comparacion con
los machos (64.0 mm de LM), lo cual coincide con lo repor-
tado por Arizmendi-Rodriguez et al. (2012a). Alejo-Plata
et al. (2016) también reportaron que los machos maduros
de L. argus eran de menor tamafio que las hembras. Una
mayor LM, en las hembras les da mayor capacidad de
almacenar ovocitos (Arizmendi-Rodriguez et al. 2012a);
ademas, la habilidad que tienen las hembras para almacenar
los espermatoforos estando inmaduras incrementa su éxito
reproductivo (Hanlon y Messenger 1996), y esto impacta
positivamente el potencial reproductivo de la poblacion
(Arizmendi-Rodriguez et al. 2012a).

La diferencia en la LMj, entre sexos permite que los
machos copulen durante mas tiempo con varias hembras
(Boyle y Rodhouse 2005). En este trabajo, se registro al
macho maduro mas pequefio con una LM de 40 mm y una
LM;, de 64 mm, lo que indica que los machos que se encon-
traban muy por debajo de la LM;, ya estaban copulando.
La copulacion genera un desgaste fisiolégico que propicia
que mueran los machos por su incapacidad para cazar a sus
presas (Arizmendi-Rodriguez et al. 2012b).

En las LC, los individuos de ambos sexos eran inma-
duros. En los FC, predominaron los individuos maduros
y las hembras fueron las mas abundantes. Los resultados
sugieren que los individuos realizan su evento reproductivo
(i.e., cortejo, parchado o desove) principalmente en los FC,
mientras en las LC posiblemente se resguardan y crecen.
Este comportamiento coincide con lo reportado por Roper
et al. (1995), quienes mencionaron que las hembras maduras
de Ommastrephes bartramii migran a aguas costeras para
reproducirse. Giese y Pearse (1974) mencionaron que, para
la seleccion de la época de puesta, los organismos consi-
deran la disponibilidad de alimento y condiciones abid-
ticas favorables (luz, temperatura). Se ha documentado que
los individuos maduros del calamar dedal en el GC migran
latitudinalmente con base en la disponibilidad de alimento
(Arizmendi-Rodriguez et al. 2011). Ademas, se sabe que el
FC provee proteccion de los depredadores y es adecuada
para fijar la capsulas de huevos que liberan las hembras al
desovar (Sevilla 1977). Por otra parte, se ha reportado que
Loligo sanpaulensis realiza migraciones hacia el norte a lo
largo de la plataforma de Brasil para buscar areas de desove,
crianza y alimentacion, las cuales estan influenciadas por las
corrientes de Brasil y Malvinas (Andriguetto y Haimovici
1996). También, se ha reportado que la presencia de masa de
huevos de Loligo forbesi a 507 m de profundidad sugiere que
la especie realiza migraciones esporadicas a la zona oceanica
para desovar, o bien, que las corrientes arrancan y arrastran
sus huevos a tales profundidades (Lordan y Cassey 1999).

La proporcion sexual encontrada en el presente estudio
(1.7H:1.0M) es similar a la reportada para Loligo plei por
Alvarez-Perez et al. (2002), quienes atribuyeron la propor-
cion a un evento de copula al momento del desove de la
hembra o también a la migracion de las hembras. Partiendo
de la hipotesis de estos autores, las hembras de calamar



Padilla-Serrato et al.: Biological aspects of the Panama brief squid

The presence of mature males and immature females
in CLs indicates that males only transfer sperm packets to
females at these sites and that females later migrate to CFs to
mature and spawn as they are capable of storing sperm when
they are still immature, a strategy for the reproductive suc-
cess of the population (Hanlon and Messenger 1996, Pineda
et al. 1998a, Boyle and Rodhouse 2005). According to our
results, juveniles predominated in CLs and adults in CFs, so
we believe that L. panamensis can migrate between both eco-
systems as juveniles and adults. This is the first study that
documents the presence of L. panamensis mainly in the CLs
of the GC continental margin, with predominance of juvenile
males and females.
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