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RESUMEN CIENTÍFICO 
 

La transmisión de esperma desde el macho a la hembra es un proceso crítico durante la 
reproducción que asegura la posterior fecundación de oocitos. Durante el apareamiento, 
los machos de los cefalópodos incrustan en el tejido de la hembra paquetes de esperma 
denominados espermatóforos mediante un complejo proceso de evaginación conocido 
como reacción espermatofórica. Estos reservorios de esperma incrustados en el cuerpo de 
la hembra se denominan espermatangios. 

En este estudio se han analizado machos y hembras maduros de Illex coindetii 
recolectados desde diciembre del 2018 hasta abril del 2019 en la lonja de pescadores de 
Vilanova i la Geltrú (Mediterráneo NO). El objetivo de este estudio es entender cómo se 
produce la transmisión de los espermatóforos en esta especie carente de órganos 
especiales para el almacenamiento de esperma (receptáculos seminales). En los 
ejemplares estudiados se cuantificó el número de espermatóforos y espermatangios y 
mediante experimentos in vitro se indujo la reacción espermatofórica para  describir el 
proceso de liberación del esperma. 

Los resultados han demostrado que los machos maduros disponen entre 143 y 1654 
espermatóforos y las hembras copuladas presentan entre 35 y 668 espermatangios en su 
interior. La inversión reproductiva en cada cópula realizada por los machos oscila entre 
el 2 y el 40 % del número de espermatóforos disponibles en un momento dado. En 
experimentos realizados in vitro, la reacción espermatofórica se inicia espontáneamente 
tras entrar el espermatóforo en contacto con el agua de mar. Los espermatóforos se 
adhieren de forma autónoma al sustrato transcurridos 3,4 segundos en promedio y la 
liberación del esperma comienza 21 minutos después. El esperma se difunde como una 
nube densa y difusa de espermatozoides en movimiento y su liberación tarda más de 31 
días en condiciones in vitro y bajo un ambiente no turbulento. Este extenso periodo de 
descarga de esperma a partir del espermatangio puede representar una estrategia ventajosa 
porque I. coindetii no posee receptáculos seminales y los espermatangios adheridos son 
las únicas estructuras disponibles en la hembra para el almacenamiento de esperma. 

 

Palabras clave: Illex coindetii, espermatóforo, reacción espermatofórica, espermatangios, 
liberación de esperma. 
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ABSTRACT 
 

Spermatophore transmission is a critical and key moment during copulation and for the 
subsequent oocyte fertilization. During mating, cephalopod males attaches 
spermatophores (sperm packets) to female tissue. Through a complex process of 
evagination called the spermatophoric reaction, a new structure containing the sperm 
mass, called spermatangium, is formed. 

In this study, mature males and mated females of Illex coindetii were studied from squids 
collected from December 2018 to April 2019 in Vilanova i la Geltrú (NW Mediterranean 
Sea), in order to understand how sperm transmission occurs in this species, which is 
devoid of any sperm-storage organs (seminal receptacles). To address this question, we 
performed biological samplings, quantification of spermatophores and spermatangia, and 
in vitro experiments to induce spermatophoric reaction and observe sperm release. 

Results have showed that males has from 143 to 1654 spermatophores and females has 
from 35 to 668 spermatangia. Reproductive investment in males ranges from 2 to 40 % 
of the available spermatophore number in a given moment. Spermatophoric reaction 
occurs spontaneously in contact with seawater. Spermatophore attaches autonomously to 
the substrate in 3.4 s and sperm release starts 21 minutes after attachment. Sperm diffuses 
as a dense cloud of fast moving sperm and the release takes more than 31 days under in 

vitro conditions and in a non-turbulent environment. Slow discharge of sperm might 
represent an advantageous strategy since I. coindetii lacks of seminal receptacles and the 
spermatangia attached is the only structure available for sperm storage. 
 

 

Key words: Illex coindetii, spermatophore, spermatophoric reaction, spermatangia, sperm 
release. 
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RESUMEN DIVULGATIVO 
 

En este trabajo se ha estudiado la reproducción de Illex coindetii, una especie de calamar 
denominada vulgarmente pota voladora (castellano), canana (català) o Broadtail shortfin 
squid (English), nombres con los que se refiere genéricamente a la familia de calamares 
ommastréfidos, un grupo de calamares oceánicos. Illex coindetii es una especie clave para 
el ecosistema marino oceánico, ya que es importante en la dieta de otros animales y 
también es un depredador en el ecosistema marino. Además, tiene un valor comercial 
importante en muchos países europeos. 

Las cananas, al igual que los demás cefalópodos, son animales con sexos separados. El 
macho, posee un testículo y cuando madura, es capaz de empaquetar el esperma en unos 
pequeños paquetes denominados espermatóforos. Estos espermatóforos se agrupan en 
una bolsa denominada bolsa de Needham, desde donde saldrán en el momento de la 
cópula. Las hembras, poseen un ovario y dos conductos denominados oviductos, por 
dónde saldrán los oocitos maduros (las células reproductivas del calamar) para ser 
fecundados. 

En el momento de la cópula, el macho utiliza un brazo especializado que funciona como 
órgano copulador (hectocotilo), con el que transfiere a la hembra los espermatóforos. 
Cuando los espermatóforos entran en contacto con el cuerpo de la hembra, producen una 
reacción autónoma, conocida como reacción espermatofórica, anclándose como pequeñas 
flechas en el interior de la hembra. Estos paquetes de esperma ya incrustados en el tejido 
de la hembra se denominan espermatangios. En las hembras de I. coindetii, los 
espermatangios se encuentran adheridos en grupos, formando una estructura parecida a 
una flor, formada por pequeños cilindros blancos debido a su contenido en esperma. Los 
espermatangios, permanecerán pegados al tejido de la hembra, mientras el esperma de su 
interior se libera paulatinamente para fecundar los oocitos que salgan del oviducto.  

Las hembras de algunas especies de cefalópodos poseen órganos especializados para 
almacenar el esperma que se libera (receptáculos seminales), así las hembras dispondrán 
de esperma durante un período de tiempo hasta que los oocitos estén preparados para ser 
fecundados. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Imagen 1. (A) Ejemplar de Illex coindetii. (B) Bolsa de Needham del macho 

llena de espermatóforos, (C) Espermatóforos. (D) Grupo de espermatangios, 

en forma de flor, adheridos al tejido de la hembra. Imágenes: E. Díaz. 
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El género Illex es el único grupo de potas cuyas hembras carecen de receptáculos 
seminales. Por ello, la transferencia de esperma en este género ha de ser diferente al resto 
de la familia. En este trabajo se abordan los mecanismos de liberación de esperma para 
entender cómo ocurre el proceso de fecundación en este género.  Para ello, se han 
obtenido cananas en la lonja pesquera de Vilanova i la Geltrú y, una vez en el laboratorio, 
se han seleccionado los ejemplares maduros sexualmente. Se ha realizado un contaje del 
número de espermatóforos que posee cada macho y del número de espermatangios que 
aparecen en las hembras. Así mismo, se han realizado experimentos  iv vitro para 
provocar de manera artificial la reacción espermatofórica y se ha realizado un 
seguimiento individual de la evolución de los espermatangios resultantes durante la 
liberación de la masa de esperma. 

Los machos tenían entre 143 y 1654 espermatóforos en la bolsa de Needham; las hembras 
de 35 a 668 espermatangios, incrustados en grupos en la base de las branquias. 
Curiosamente, parece que los machos tienen tendencia a adherirlos al lado derecho del 
cuerpo de la hembra. A partir de estos datos, se estima que el macho deposita de 2 al 40 
% de su carga total de espermatóforos en cada cópula. 

Durante los experimentos in vitro, se observó que los espermatóforos inician la reacción 
espermatofórica en 3,4 segundos después de entrar en contacto con agua de mar, y tardan 
21 minutos en empezar a liberar esperma. Al salir del espermatangio, la masa de esperma 
se movía hacia todas las direcciones, sin aparente orden. El patrón de liberación de 
esperma es variable: de forma intermitente, de forma muy energética y en grandes 
cantidades, poco a poco y liberando poca cantidad, o sin liberación.  

Los espermatangios tardaron más de 31 días en vaciarse. Este extenso período podría ser 
una estrategia evolutiva para incrementar las posibilidades de fecundar oocitos, ya que al 
no tener los receptáculos seminales, los espermatangios mismos cumplen dicha función. 
La liberación de esperma de forma lenta e intermitente permite a la hembra disponer de 
esperma durante un mayor período de tiempo para fecundar los oocitos. 

Este estudio representa la primera descripción de la reacción espermatofórica y de la 
posterior liberación de esperma de los espermatangios de I. coindetii. A partir del 
conocimiento adquirido, en un futuro, sería necesario diseñar experimentos en el 
laboratorio que reflejen las condiciones de turbulencia en las que se supone que se 
encuentran los espermatangios en el interior de la hembra en el medio natural.  
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1. INTRODUCTION 
 

Spermatophore transmission in animals is a critical and key moment during copulation 
and for the subsequent oocyte fertilization. Spermatophores are capsules where mature 
spermatozoa are packaged, and also might have a number of additional functions, such as 
female nourishment, creating a mating plug or serving as a structure of sperm storage. 
This latest function, allows the sperm storage for an extended period of time as it may 
exist a delay between mating and fertilization. It is important to note that sperm storage 
can be an adaptive strategy to the environment and thus affect life cycles, mating 
strategies, cryptic female choice and sperm competition of organisms (Orr & Brennan, 
2015).  

Spermatophores are used by males of numerous animal species: amphibians such as 
salamanders (Kühnel et al., 2010), arthropods such as arachnids and insects (Wedell et 
al., 2008), molluscs and other less known groups such as chaetognates (Reeve & Walter, 
1972).    

 

 1.1. Cephalopoda reproduction 

All cephalopods (Annex 8.1) have separate sexes. Males transfer sperm to females 
through spermatophores, which are attached by the male onto different locations on the 
surface or inside the female’s body.  

The spermatophores of the cephalopod subclass Coleoidea (Annex 8.1) are the most 
elaborate in the animal kingdom (Mann, 1984). Males storage the spermatophores in a 
special spermatophoric sac, also known as Needham’s sac, until mating occurs (Fig. 1A). 
During mating, spermatophores are transferred to the female by one of the arms called 
hectocotylus or hectocotylised arm (Fig. 1B), which is a specially modified arm only 
present in males. Once in contact with the female, this process is followed by the 
spermatophoric reaction, when spermatophores are everted leading to the spermatangium 
(sacs containing a sperm mass) (Fig. 1C) and it is mediated by osmotic pressure. Through 
this reaction the spermatophore is attached to the female tissue (Fig. 1D), in order to store 
sperm in spermatangium for some time while attached or releases the sperm immediately 
(Boyle & Rodhouse, 2013; Fernández-Álvarez et al., 2018; Marian, 2012 ; Marian, 2015; 
Sato et al., 2014; Sato et al., 2018 ). 

 

 

 

Fig. 1. Illex coindetii individuals (A) Needham’s sac full of spermatophores, (B) Hectocotylus, 

(C) Spermatangium, (D) Batch of spermatangia attached in the mantle cavity. Images: E. Díaz. 
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1.2. Spermatophoric reaction 

Coleoid (Annex 8.1) spermatophoric reaction consists of multiple stages of 
spermatophore eversion that at last result in the formation of the spermatangium and 
afterwards, in sperm release (Marian, 2012b). During all this processes some structures 
that allow the autonomously attachment are involved (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
First of all, spermatophores need propulsion that is given by the elastic tension provided 
by the outer tunic and by the osmotic pressure generated by the influx of seawater during 
the spermatophoric reaction. Then, the ejaculatory apparatus and its spiral filament are 
everted. When this two structures establish contact with the female’s tissues, it results in 
a shallow (or complete) implantation of the spermatangium on the female’s tissues, 
allowing the injection of the cement body contents and sharp structures onto the female 
tissue. Next, the sperm mass of the spermatophore is totally everted forming the 
spermatangium. The empty capsule of the spermatophore is detached from the 
spermatangium. The spermatangium formed will release the sperm for the subsequent 
fertilization of the oocytes (Apostólico & Marian, 2017; Marian, 2012a; Marian, 2012b; 
Marian, 2015 ). 
 
In cephalopods, the spermatangia attaching place is variable. Females of some species 
have in their buccal membrane a special organ to store the sperm for long periods, called 
seminal receptacles (SRs). These structures are not directly in contact with the 
spermatangium, and it is poorly understood how the spermatozoa reach the SR from the 
attached spermatangia, but there are some hypotheses (Fernández-Álvarez et al., 2018; 
Hirohashi et al., 2013; Sato et al., 2013; Sato et al., 2014). With the aid of SRs, 
spermatozoa are stored for an undetermined period of time until external fertilization and 
the deposition of eggs. The SRs secure fertilization, making possible the reproduction 
even in the absence of males at the time of egg-laying (Hirohashi et al., 2016). Most flying 
squids have multiple SRs in their buccal membrane. Members of the genus Illex are the 
only ommastrephid without these structures. The spermatangia deposition site is inside 
the mantle cavity and it is unknown how works the transmission of sperm from 
spermatangium to the oocytes during fertilization. In contrast, the rest of ommastrephid 
squids, attaches spermatangia in the buccal area (Hoving et al, 2019).  

Fig. 2. (A) Complete spermatophore of the Loliginid squid 

Doryteuthis plei, oral and aboral regions, sperm mass (sm), 

cement body (cb) and ejaculatory apparatus (ea) are 

indicated. (B) Detail of oral region, with the cap region (cp) 

and the spiral filament (sf). From Marian 2012b. 
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In all these processes, sexual selection is present, working over male and sperm traits not 
only before mating but also after mating to achieve fertilization through sperm 
competition and cryptic female choice (Iwata et al., 2018). Sperm competition is a 
powerful postcopulatory selective force influencing male characteristics. Some of this 
characteristics can be, for example, the ejaculation of larger number of sperm, sperm 
swimming velocities, and different strategies of ejaculate expenditure between 
individuals. Ejaculates may also be influenced by additional selective pressures such as 
timing between insemination and fertilization (Apostólico & Marian, 2017). Therefore 
sperm number, type and ejaculation volume are important traits for sperm competition 
(Sato et al., 2017).  

In some squids has been found that exists two types of male mating behavior, known as 
alternative reproductive tactics (ARTs), that are causally associated with adult body size 
(Hirohashi et al., 2016). ARTs also lead to asymmetry in sperm-competition risks and 
males may adapt their sperm-allocation pattern and sperm quality in line with the sperm 
competition risk. Alternative mating tactics has been found in several loliginid squids 
(Heterololigo and Doryteuthis). Males of these species show body-size dimorphism and 
uses different mating strategies. On one hand, large (consort) males compete with rival 
males and repeatedly transfer spermatophores into the female’s mantle cavity, near the 
oviduct opening, and guard the female until spawning. On the other hand, small (sneaker) 
males usually not fight with other males and transfer spermatophores onto the female’s 
buccal membrane, which is an external location near the SRs (Hirohashi et al., 2013; 
Iwata et al., 2018).  As pointed out by Apostólico & Marian (2017), even spermatangia 
morphology, ejaculation time and sperm behavior are different between dimorphic males: 
while consort males produce long spermatangia with intense and quick release of diffused 
sperm, sneaker males produce short spermatangia with delayed release of sperm with an 
aggregative behavior. 

We have to take into account all these aspects in our study, as they can help us to draw 
some conclusions about the chosen species. 

 

1.3. Study species 

The chosen species for the study is an ommastrephid squid (Annex 8.2): Illex coindetii 

(Annex 8.3).  

The maturing and spawning periods are prolonged to the whole year, even though some 
studies suggested the possibility of a spawning peak in spring-summer (Ceriola et al., 
2006; Hernández-García, 2002).  

Spermatangia of I. coindetii are attached in the internal 
side of the mantle, near the gill area, in a shallow type. 
The spermatangia are in groups (batches) of 
spermatangia, not loose (See Fig. 1) and are united by the 
same base (disk) (Fig. 3).  

 

 

 

 
Fig. 3. Batch of spermatangia of 

Illex coindetii. Indicating the disk. 

Scale bar: 1 mm. Image: E. Díaz. 
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This species was selected because its reproduction is different from all other 
ommastrephids and there are few studies about them. An interesting point is that I. 

coindetii does not have SRs, being the only ommastrephid without these reproductive 
structures. So, the batches of spermatangia (Fig. 3) are the only sperm storage structure 
in the females. The location of the spermatangia batches, near the oviducts openings (Fig. 
4), granted a good location for oocytes fertilization. 

 

 

 

 

 

 

 

 

 

 

 

Focusing on the spermatophore reaction of ommastrephid squids, unfortunately it only 
has been studied in Todarodes pacificus (Takahama et al., 1991).  Moreover, is not known 
how sperm release works in Illex either, but there are some previous studies in other 
loliginid (Apostólico & Marian, 2017; Apostólico & Marian, 2018; Marian, 2012b) and 
ideosepiid (Sato et al., 2014) squids. 

 

2. OBJECTIVES 
 

The aim of this study is to understand how sperm transmission occurs in I.coindetii, the 
only ommastrephid that does not have SRs.  

The number of spermatophores per mature male and spermatangia per mated female will 
be assessed through biological sampling. Assuming that each batch of spermatangia 
comes from the same male and knowing the number of spermatophores that the male has, 
some estimations will be made about the reproductive effort that males make in each mate 
event. Studying the characteristics of the spermatophores and spermatangium we can be 
able to establish some of the mechanisms of sperm transfer in this species. 

Finally, with the experimental in vitro procedures we can describe how spermatophoric 
reaction and sperm release of spermatangia works. 

This study is a part of a collaboration we are currently doing between the Marine Sciences 
Institute of Barcelona (ICM-CSIC), the Tokai University (Dr. Noriyosi Sato) and the 
University of Tokyo (Dr. Yoko Iwata) to understand the reproductive strategy and 
paternal investment of I. coindetii through molecular methods. 

 

 

Fig. 4. I. coindetii female, indicated the location where spermatangia 

batches are attached, near the oviducts openings. Images: E. Díaz. 
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3. MATERIAL AND METHODS  
 

 3.1. Squid collection  

Squids were sampled at the fish market of Vilanova i la Geltrú and Tarragona, NW 
Mediterranean Sea, from commercial landings of the bottom trawling fleet, from 
December 2018 to April 2019. Trawlings were done during daytime from 90 to 300 m 
depth. After collection samples were stored at 4-7 ºC until the time of processing during 
next 48 h. 
The study is carried out with dead squid, because they present great difficulties in keeping 
them for in vivo studies in aquaria, as was seen in other species of the genus Illex; such 
as I. illecebrosus (O’Dor et al., 1977; O’Dor et al., 1980a; Rosa et al., 2013). 
 
 

 3.2. Biological measurements and data 

In laboratory, the dorsal mantle length (DML, 
mm) and body weight (BW, g) were assessed.  
Then, by dissection (Fig. 5) sexual maturity 
stage was evaluated (after Lipiński & 
Underhill, 1995) (Annex 8.5). If they were 
mature (stage V) total gonad weight was 
noted, as well as the total number of 
spermatophores and spermatangia (if any). 

 
 

 
 

 

 

3.2.1. Males: spermatophores 

The spermatophore counting was as follows: 
due to the high number of spermatophores in 
the Needham’s sac, the number of 
spermatophores was difficult to direct 
measure on fresh stage and an estimation was 
made. The spermatophores were extracted 
from the Needham´s sac and their weight 
were obtained (g) in a pre-tared polystyrene 
Petri dish. Later, using another pre-tared 
Petri-dish, 15 to 30 spermatophores were 
isolated and weighted (Fig. 6). This weight 
was used to estimate the total number of 
spermatophores per male.  

 

Fig. 5. Dissection of the squids, and gonad 

weight. 

Fig. 6. Counting of the spermatophores. 
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3.2.2. Females: spermatangia 

Spermatangia count was done with 
the aid of a stereomicroscope. 
Spermatangia batches were attached 
in candle wax on a Petri dish (Fig. 7) 
and spermatangia were separated 
with needles. Due to the high number 
of spermatangia of each batch, the 
number of spermatangia/batch was 
counted twice to reduce the counting 
error. When differences between two 
counts were lower than 3 %, the 
mean number was considered the 
number of spermatangia of the batch. 
If difference was higher than 3 %, a 
third count on the same batch was made, the outlayer was excluded and the mean number 
was considered the correct number.  
 
Finally, all the batches of spermatangia and some of the spermatophores were fixed in 96 
% ethanol. In order to obtain images (with a camera Leica DFC450) of each batch and of 
spermatophores to measure their lengths with the software Image J 
(https://imagej.nih.gov/ij/index.html). Finally, to determine the position of the 
spermatangia batch inside the mantle of the female, the distance from the female dorsal 
mantle edge to the central point of the batches was measured. 
 

 3.3. In vitro spermatophoric reaction experiments 

In vitro experiments were made to induce the spermatophoric reaction. After the 
dissection, intact spermatophores of mature males (N males = 3, 143-167 mm DML) were 
randomly removed from Needham’s sac. Spermatophores (N = 15) were placed one by 
one in polystyrene Petri dishes with seawater (Fig. 8B). Spermatophores of I. coindetii 
only needed contact with seawater to produce the spermatophoric reaction. Each 
experiment was recorded with a camera Canon Ixus 85 IS (Fig. 8A). Petri dishes were 
placed on a support, with its respective label and a scale. Total duration of the 
spermatophoric reaction was obtained by using the chronometer of the video (precision 
of 0.01 s). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Counting of the spermatangia. 

Fig. 8. (A) Method to record the spermatophoric reaction. (B) 

Spermatophoric reaction at the time of recording. 

https://imagej.nih.gov/ij/index.html
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Once the spermatophoric reaction has taken place, we immediately put the Petri dish on 
the stereomicroscope LEICA M205 C to more accurately record the process during the 
first few minutes (5-20 min) at room temperature.  
 
The sperm release was also analyzed, both pattern and duration of sperm release on the 
spermatangium’s opening. Polystyrene Petri dishes containing the spermatangium were 
stored in darkness inside an incubator (Memmert MMICP 500) at 15 ºC. This temperature 
was chosen because is not so far from the natural temperature range of I. coindetii in the 
midwater Mediterranean at the depths were squids were collected, ranging around 13-14 
ºC (Brasseur et al., 1996). The sperm release was observed every day during 2 weeks, 
taking photos and videos. Then at the third and fourth week, it was observed twice a week 
because the release seems to take place more than a month (see Results).  
 

 3.4. Data analysis 

All the samples were assessed, but only mature individuals (stage V) were studied in more 
detail because of the importance of the spermatophores and spermatangia. To determine 
the relationship between squid size and the different variables, and the relation between 
spermatophores and spermatangia, analyses were performed using base packages in the 
statistical software R (R Development Core Team, 2010).  

Histograms were performed to illustrate the distribution of the data. In order to build the 
histograms, it is necessary to calculate the range of the data (the difference between the 
lowest and highest values), to establish the number of classes (by means of the Sturge’s 
Rule) and finally the width of these classes (h = range/number of classes). 

Shapiro-Wilk test was used to prove the normality of that data. In addition, scatter plots 
were done with their lineal regression to show the R2 of the relations. 

 

4.RESULTS 
 

4.1. Biological data  

 

4.1.1. Males 

The mean DML of the mature 
males was 145 mm and ranged 
from 123 mm to 170 mm (SD = 
11.7) (Fig. 9). The mean body 
weight was 130.3 g (range = 74-
222 g, SD = 37.7). 

 

 

 Fig. 9. Mantle length distribution of mature individuals. 
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From the 91 examined males, 50 had spermatophores in their Needham’s sac (male stage 
V), but in 14 of them the spermatophoric reaction had already taken place inside the 
Needham’s sac and it was not possible to count the spermatophores. 

The mean number of spermatophores in the Needham’s sac was 587 (n = 50, range = 143-
1654, SD = 428). Analyzing the normality with Shapiro-Wilk test of the number of 
spermatophores, no normality in the distribution was observed (p-value = 0.0005).  

From a scatter plot relating the DML with the number of spermatophores (Fig. 10), we 
obtained a cloud of points and the trend line of these relation shows a R2 = 0.0962 (p > 
0.05).  

 

 

 

 

 

 

 

 

 

 

 

The mean length of the spermatophores was 24 mm (n = 261, range = 18.2-28.9 mm, SD 
= 1.7). 

 

  4.1.2. Females 

Focusing on the females, the mean DML was 189.6 mm ranging from 156 mm to 220 
mm (SD = 15.3) (Fig. 9). The mean body weight was 197.7 g (range = 84-424 g, SD = 
64.3). 

From the 75 female examined, 27 were mature (female stage V), and 19 of them were 
mated.  

The number of spermatangia batches oscillated between 1 and 3 per female. Spermatangia 
always were attached in the mantle cavity at the base of the gill, both in the right (n = 19) 
or the left side (n = 10), suggesting a preference for the right side. The mean distance of 
the batches to the upper dorsal part of mantle was 77.5 mm, ranging from 60.5 to 93.6 
mm (SD = 7.4). 

 

Fig. 10. Relationship between number of spermatophores and 

mantle length for each mature males of Illex coindetii (n = 36).  
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Number of batches and distance to the 
mantle do not show normality in their 
data (p-value Shapiro-Wilk test = 0.0007 
and 0.006 respectively). The relationship 
between the number of spermatangia 
batches (NSB) and DML (Fig. 11A) 
shows R2 = 0.05 (p > 0.05) and 
relationship between distance to the 
mantle and DML (Fig. 11B) shows R2 = 
0.21 (p < 0.05).  
 

 

  

 

 

 

 

 

 

 

The average number of spermatangium per batch was 253 (n = 29 batches, range = 35-
668, SD = 150). Some very big clusters were observed, which may come from multiple 
mating events, due to the base of these spermatangia seemed to be formed by several 
disks, placed one over the others. Moreover, the spermatangia of this batches looked 
different both in length and color. 

The mean number of spermatangia (average of the different batches) shows no normality 
in its distribution (p-value = 0.0334).  

The relationship of DML with 
number of spermatangia, shows 
a R2 of 0.12. Although it seems 
that number of spermatangia 
increase with the DML of the 
female (Fig. 12), the low R2 does 
not allow to accept this 
hypothesis.  

 

 

 

 

The mean spermatangia length was 5.8 mm (n = 744 spermatangia measured, range = 
0.4-11.8 mm, SD = 2.6). 

Fig. 12. Relationship between DML and Total number of 

spermatangia in each squid (n = 29). 

Fig. 11. (A) Relation of DML (mm) with number 

of batches in each mature squid (n = 27). (B) 

Relationship of DML (mm) with distance to the 

mantle of the batches in mm (n = 29). 
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The size of the batches and the length of their 
spermatangium had wide ranges (Fig. 13). It 
was possible to find in the same female a 
batch of a considerable size and another one 
that almost only contained the cement glands 
or very short spermatangium, as specimens 
ICF34 or ICF56. Moreover we can find in a 
same batch, different length of 
spermatangium, like in specimen ICF48b.  

 

 

 

 

 

 

 

 

 4.2. Reproductive investment of males 

Keeping in mind the mean number of spermatophores that males have in the Needham 
sac (587), and the mean number of spermatangia were found in the copulated females 
(253), it can be estimated that the male's investment in a copulation is around 40 % of the 
total number of spermatophores contained in its Needham’s sac in a given moment.  
Moreover, considering that the minimum recorded number of spermatangia in a single 
batch was 35 and the maximum number of spermatophores was 1654, the minimum value 
that a male would hypothetically contribute is 2 % of his load in the Needham’s sac. These 
preliminary observations are assuming that each spermatangium batch belongs to a single 
male. This assumption will be tested through molecular methods thanks to the 
international collaboration this study is involved with the Universities of Tokai and 
Tokyo. 

 

4.2. Spermatophoric reaction 

In vitro experiments aiming to induce the spermatophoric reaction were done in 5 
spermatophores from each 3 males (n = 15). The spermatophoric reaction of I. coindetii 

spermatophores occurs spontaneously in contact with seawater. The attachment process 
was totally autonomous; the spermatophore alone was able to attach itself through the 
cement gland onto the polystyrene walls of the Petri dish, which worked as the substrate. 

Firstly, at the contact with seawater, ejaculatory apparatus and its spiral filament are 
extruded and attached to the Petri dish. The average time it takes for the spermatophore 
to react after contact with seawater is 3.4 seconds (ranging from 3 to 5 s, SD = 0.63). The 
spermatangium formed is completely filled with sperm from the sperm mass. After that, 
cement body is extruded and until the empty case is detached from the spermatangium 
takes about 3 minutes on average (SD = 0.5). Once the empty case is detached, complete 

Fig. 13. (A) Batches of spermatangia in 

specimen ICF34. Batch “a” has larger 

spermatangia than batch “b”. (B) Batch “a” of 

ICF56, with spermatangia of different sizes. 

(C) Batch “b” of ICF48, with spermatangia of 
different sizes in the same batch. Scale bar: 1 

cm. Images: E. Díaz.  
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spermatophoric reaction, meaning until sperm release begins, lasted approximately 21 
minutes (Fig. 14). 

 

 

 4.3. Sperm release 

As previously mentioned, the release of sperm started about 21 minutes after the start of 
the spermatophoric reaction. 

The first thing to highlight is that sperm, when it comes out of the spermatangium, rapidly 
diffuses as a dense cloud of fast moving sperm around the Petri dish. In other words, it 
extends in all directions without following any pattern or order.  

The duration and way of sperm release were similar in all the spermatangia observed. 
However, the amount and length of time in which the sperm was released was wide 
ranging. Observations varied from a sperm flux very intense, with a powerful and 
unidirectional flow being pushed 
toward the spermatangium opening, 
to a very slow and moderate flux. 
Sperm release worked intermittently, 
alternating periods of slow or 
powerful sperm release with periods 
of complete flux interruption, 
stopping even if the spermatangium 
contained a large number of 
spermatozoa. So, a spermatangium 
could be inactive, and at any moment 
begin to release sperm, alternating 
the quantities that were released, 
decreasing until it stops, and start 
again releasing sperm (Fig. 15). 
Sometimes can be observed sperm 
swimming from a previous release 
even though there was no sperm 
release at that time.  

 

Fig. 14. Different stages of the spermatangium after the detachment of the empty capsule. (A) 

16 minutes after the beginning of the reaction. (B) After 18 minutes. (C) After 21 minutes, here 

the first spermatozoa swimming could already be observed. Scale bar: 1 mm. Images: E. Díaz. 

Fig. 15. At the beginning of observation, a small 

amount of sperm release is seen. (A) 4 seconds after, 

slowly and moderate sperm flux. (B) 38 seconds later. 

(C) 50 seconds later, sperm flux powerful and 

unidirectional. (D) 4 minutes later, when it stops. Scale 

bar: 1 mm. Images: E. Díaz. 
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The spermatangia formed 
after the in vitro 
spermatophoric reaction had 
an average length of 17.1 
mm (range = 15.5-19.8 mm, 
SD = 4.7). During the 
continuous period (31 days) 
in which the release was 
observed, the spermatangia, 
reduced its length by 7.11 
mm on average, ranging 
from 3.3 to 11.3 mm. An 
example of one of the 
spermatangium in Fig. 16. 

Considering the spermatangium mean length (17.1 mm) and the length that had reduced 
in 31 days (7.11 mm), the completely emptying of the spermatangia is estimated to take 
more than 2 months under laboratory conditions in absence of water turbulence. 

 

5. DISCUSSION 
 

Although many biological characteristics of Illex coindetii are known (Jereb & Roper, 
2010; Jereb et al., 2014; Paradinas et al., 2018; Rosa et al., 2013) its reproductive behavior 
is a mystery since the difficulties to maintain them under laboratory conditions or to 
develop direct observations in the field (Harrop et al., 2014) due to its oceanic lifestyle. 
Neither spermatophore reaction nor sperm release have been reported previously in the 
literature for this species and genus. In this study, an experimental approach was used to 
precisely investigate this particular question and offer the first descriptions of Illex 

spermatophore reaction. This experimental approach was complemented with a previous 
biological study aimed for a better understanding of the reproductive dynamics of I. 

coindetii. Results have showed that spermatophoric reaction is relatively quick and sperm 
release is relatively slow under an artificial non-turbulent environment. 
 

 5.1. Biological data 

The sample size of this study is relatively reduced because of the difficulties of finding 
mature males and females during the months of the study (December to April) and even 
more difficult to find copulated females. 

 

  5.1.1. Males 

The maximum number of spermatophores recorded in the Needham’s sac (1654) was 
close to the one (1555) observed by González and Guerra (1996) for Eastern north 
Atlantic and to the one (1412) reported by Hernández-García (2002) off Northwest Africa 
but, larger that the value 1000 obtained by Nigmatullin (2003) for Eastern Center Atlantic. 
The length range of the spermatophores observed (18.17-28.95 mm) were close to the 

Fig. 16. Spermatangium 2 of ICM90. Reduced its length 6.82 

mm in 31 days. Scale bar: 1 mm. Images: E. Díaz. 
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values of 18.74-34.83 mm obtained by Hernández-García (2002) and with a smaller range 
to the values of 14-38 mm of Nigmatullin (2003).  

The relationship between number of spermatophores and squid size (DML) show a very 
low coefficient of determination (R2 = 0.09), although spermatophores tended to increase 
with the DML. The same can be observed in González and Guerra (1996) but R2 is bigger 
(0.403) despite of having a similar population size (68). This difference in the values of 
coefficients of determination may be due to the fact that the size range of González & 
Guerra (1999) study was based on 107-242 mm DML males, while the present study was 
based on a smaller range of sizes (123-170 mm DML). 

Differences in size ranges could be understood by two factors: first that the full range of 
sizes of our population has not been totally sampled, or second, that the sizes of 
Mediterranean males are smaller than in Atlantic Iberian coast. The latter has been 
recorded, on the Atlantic coast of the Iberian Peninsula there are larger sizes. This last 
fact is being supported by the point that in the Atlantic Iberian coast the larger sizes of 
the species have been recorded and Mediterranean and Equatorial population might 
mature in a 50 % size of their North Atlantic counterparts (Hernández-Garcia, 2002; Jereb 
& Roper, 2010).  

Besides, the number of spermatophores counted in Needham’s sac of all males, cannot be 
considered the actual number that I. coindetii male is able to produce due to part of the 
spermatophores may have already been transferred to females and males could store for 
prolonged periods of time spermatophores, whose production is continuous through their 
mature period of life as occurs in other oceanic squids (Hoving et al., 2010). These facts 
might also explain the low R2 in the relationship between the number of spermatophores 
and the squid size (DML).  

Finally, it is important to underline that spermatophores cannot be used 2 days after 
capture, as they produce the spermatophoric reaction inside the Needham’s sac. This 
make them unusable for this work, as cannot be counted and used to induce the 
spermatophoric reaction. 

 

  5.1.2. Females 

The number of spermatangia batches observed ranged between 1 to 3, like in the study of 
Hernández-García (2002), who also signaled, that very big clusters may come from 
multiple mating. He estimated that some of the females might have been mated by up to 
6 males. Thanks to the international collaboration of this study, the actual number of 
males contributing to these spermatangia batches will be assessed through molecular 
methods for the first time. The presence of multiple spermatangia batches with varying 
morphology in the same female suggests that females copulate several times with 
different males, which means that mating is promiscuous, as suggested by González and 
Guerra (1996) and Hernández-García (2002). The coefficient of determination showed 
that there is no relation between number of batches and the DML of the female. 

The mean distance from the anterior mantle edge of this batches was 77.5 mm, and its 
relation with the size of squid shows 0.21 value of R2. This maybe reflects that more grow 
of the female leads to further away the base of the gills from the edge of the mantle, but 
also might have a relationship with the length of the hectocotylus of the male, if larger 
females are mated by larger males. However, this hypothesis must be tested by direct 
observations on the field. 
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The number of spermatangia ranged from 35 to 668 per spermatangia batch, which differs 
comparing the range (150-1996) of Hernández-García (2002) and the values (25-100) of 
González and Guerra (1996). The distribution of the number of spermatangia shows no 
normality, and its relationship with DML shows a very low R2 value (0.12). As in the 
study of Hernandez-Garcia (2002), we found more spermatangia batches in the right side 
of the mantle. He explained this fact as “a result of the slightly larger proportion (52 %, 

total male number analysed = 593) of males with the IV left arm modified”. 
 

 5.2. Reproductive investment of males 

Since it was not find a good relation between the size of the male and the number of 
spermatophores, this might indicate that there is no differences in this value for our 
population of squids and allows as to use the mean number of spermatophores per male 
and the mean number of female spermatangia per batch as a proxy of the male 
spermatophore investment per mate event.  

The mean number of spermatophores per male in a given moment and the mean number 
of spermatangia per batch showed that Illex coindetii might invest a mean value of 40 % 
of their total amount of sperm in a given moment. If the lower values of spermatangia are 
considered, these value can be as low as 2 %, suggesting that a male might use its 
spermatophore load in a given moment for multiple mating events. Dosidicus gigas, a 
ommastrephid squid provided with multiple SRs in their buccal area (Fernández-Álvarez 
et al., 2018), showed a smaller number of spermatangia per specimen than Illex coindetii 

(Hoving et al., 2019), with mean values ranging from 4 to 33.5 spermatangia (depending 
of the reproductive state) and a maximum registered value of 80. Since D. gigas males 
carry 300-1200 spermatophores in their reproductive system at any given time 
(Nigmatullin et al. 2001) and assuming that all these spermatangia came from the same 
male, males of this species invest from 6 to 26 % of their load. This might imply that the 
mechanism of sperm competition is different between both ommastrephid genera and the 
spermatophore investment per mating event is higher in Illex. The existence of multiple 
SRs in the buccal membrane with capacity of long storage of sperm coming from multiple 
males has been reported as an active force for sperm competition and cryptic female 
choice and the spermatangia only represent a transitional stage towards the final sperm 
storage organ (Fernández-Álvarez et al., 2018). On the opposite, the only sperm storage 
structures for Illex females are the spermatangia attached by the males. In the context of 
sperm competition, a larger spermatophore investment might represent an adaptation to 
ensuring paternity for Illex coindetii males. 

 

 5.3. Spermatophoric reaction and sperm release 

In our experiments we found that placing the removed spermatophores in seawater was 
enough to trigger the spermatophoric reaction alone, in contrast to the spermatophores of 
Dorytethis plei during the in vitro experiments of Marian (2012b) that needed to apply 
physical tension. However, both attachment modes were entirely autonomous. 

Mean duration of the spermatophoric reaction in I. coindetii spermatophores, takes 
approximately 21 minutes. This duration seems far from the quick time taken by the 
loliginid squid Doryteuthis plei which takes 21 to 87 s in consorts and 09 to 31 s in 
sneakers (Apostólico & Marian, 2017).  
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Both duration and pattern of sperm release were strikingly different between sneakers of 
D. plei and I. coindetii. I. coindetii spermatangia showed intense sperm diffusion like 
consort spermatangia of D. plei. However, D. plei spermatangia were completely empty 
after 90-150 min in consort males and 240-300 min in sneakers, but the total ejaculation 
is estimated in 2 months for I. coindetii. In the pygmy squid Idiosepius paradoxus sperm 
discharge is also a rapid process, discharging almost all of their spermatozoa within 24 h 
(Sato et al., 2014). Both D. plei and I. paradoxus have a seminal receptacle, so sperm 
discharge is more quickly. While sneaker males of D. plei mate near the SR and the sperm 
migration takes places over the buccal membrane, consort males mate near the opening 
of the oviducts, as it happens in I. coindetii. Consort males of loliginid squids guard the 
female against further attempts of mating by other males and repetitively mate with the 
guarded female. Under these circumstances, rapid and powerful ejaculations might be the 
best strategy to ensure paternity (Naud et al., 2016). However, I. coindetii oceanic 
lifestyle greatly differs from coastal loliginid squids, likely resulting in different mating 
systems. If I. coindetii males do not repetitively mate with the same females, slow 
discharge speeds might represent an adaptive advantage since I. coindetii has not SRs and 
the attached spermatangia attached are the only structures for sperm storage. In I. 

coindetii, spermatangia formed in vitro are still attached to the artificial substrate (Petri 
dish) and keep ejaculating after 31 days, and in the two other species mentioned above, 
after 48 h the spermatangia are no longer observed attached. 

If compared with members of its own family, the sperm behavior of I. coindetii is also 
different. As previously stated, the genus Illex is the only ommastrephid genus devoid of 
seminal receptacles and in the remaining species mating occurs in the buccal area (Hoving 
et al., 2019). The spermatozoa of ommastrephid Todarodes pacificus are able to migrate 
from the spermatangia to the SR in swarms (Hirohashi et al., 2016). However, Illex sperm 
migrate in a diffuse cloud, as occurs in other squid with an internal deposition of the 
spermatangia (such as consort males of loliginid squids and other, see Hirohashi et al., 
2016 for further details), and not in a coordinated way as occurs in other cephalopods 
with seminal receptacles in the buccal area. Swarming behavior of sperm has been 
suggested to be related to external fertilization in cephalopods (Hirohashi et al., 2016), 
explaining the absence of this sperm behavioral trait in Illex coindetii, whose 
spermatangia are attached near the oviduct openings and the sperm transfer is direct from 
the spermatangia to the oocytes. 

 

It should keep in mind that the flow and turbulence of the surrounding fluid might 
influence sperm discharge, as indicated Sato et al., (2014), possibly making the sperm 
discharge of I. coindetii faster under natural conditions. In addition, female swimming 
behavior and activity probably influence in some way the sperm discharge speed. 
Experiments carried out in this study, are preliminary and different in vitro turbulent 
conditions should be tested in the future to understand the sperm release in nature. 
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6. CONCLUSIONS 
 

We observed that males have 143 to 1654 spermatophores in the spermatophoric sac and 
females have more sperm batches attached mostly at the right side of the base of the gills, 
ranging from 35 to 668 spermatangia. Some of the batches with such large numbers of 
spermatangia, we suggest that possibly can be several batches together, because they are 
different in color and shape and are formed by different basal disks. Males transfer 
females from 2 to 40 % of their total load into the Needham’s sac. 
Spermatophoric reaction occurs spontaneously (3.4 s) in contact with seawater, and the 
attachment to the substrate is autonomous. The spermatophore empty case is detached 
from the spermatangium in 3 minutes and sperm release starts 21 minutes after. The sperm 
diffuses from the spermatangium as a dense cloud of fast moving sperm around the Petri 
dish and occurs intermittently, alternating periods of slow or powerful sperm release with 
periods of complete flux interruption, during a total period that reach 31 days at 15 ºC. 
This is the first description of spermatophoric reaction and sperm release of I. coindetii. 

In the future all these results have to be verified in a turbulent environment, which might 
better represent the natural conditions experimented by the spermatangium. In addition, 
it also would be better to obtain a larger sample size at different seasons of the year in 
order to obtain more reliable results. Moreover, we still do not know the number of males 
that copulates with a female, but studies are being carried out with the material obtained 
in this work to know the indices of paternity in I. coindetii. 
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8. ANNEX: Main Ommastrephid squids 
 

8.1. Cephalopoda 

The Class Cephalopoda represents more than 850 living species (Hoving et al. 2014). 
Nowadays there are representatives of two subclasses: Nautiloidea and Coloidea. 
Coloidea includes Octopodiformes and Decadiformes provided with eight and ten arms 
respectively. In Decadiformes we find the suborder Oegopsida and one of the families is 
Ommastrephidae, the squids of this study belong to this family. Ommastrephids are 
divided in 3 main subfamilies: Illicinae, Todarodinae and Ommastrephinae, but different 
subfamilies have been proposed. (Fig. A8.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8.2. Ommastrephid squids 

Flying squids are the cephalopods of major fishing relevance, with 22 known species 
classified in three accepted subfamilies (see Annex 8.1). Their distribution is almost 
worldwide, ranging from subantartic to subarctic oceans. Ommastrephids are nektonic 
organisms, from the pelagic habitat near the sea surface to the oceanic depths close to 
2000 m, although they make diel vertical migrations (Jereb & Roper, 2010). 

They play a very important role in the food web, since they are fast and voracious 
predators as well as an important ecological role as a trophic resource of fish, marine 
mammals and other squids. 

Ommastrephids range from small species, as the 8 cm of DML Hyaloteuthis pelagica to 
the large, 1 m of DML, Dosidicus gigas. Due to its high growth rate, they can reach large 
body sizes in short periods of time (Chen et al., 2013). Ommastrephid squids are among 
the strongest swimmers in the Cephalopoda, hence also known as “flying squids” because 

Fig. A8.1. Simplified taxonomy of Cephalopoda. 
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of the ability of these oceanic squids to glide over the sea surface (Muramatsu et al., 
2013).  

They have two distinctive characteristics: the funnel/mantle locking-apparatus with an 
inverted “T” shape (Fig. A8.2.1A) and the rhynchoteuthion paralarvae (Fig. A8.2.1B), 
with a characteristic proboscis formed by the fusion of the tentacles (Fernández-Álvarez, 
2018) 

 

 

 

 

 

 

 

Focusing in the northwestern Mediterranean Sea, there are 
three main fished species: Todarodes sagittatus, Illex 

coindetii and Todaropsis eblanae (Fig. A8.2.2). They are 
mainly fished by the bottom trawling fleet. In general, the 
last two (I. coindetii and T. eblanae) are the by-catch of 
trawls and are sold together because of their similar 
appearance.  

 

 

 

 

 

 

Ommastrephid life cycle takes from 6 months to 2 years (Jereb & Roper, 2010). The 
mating habits of flying squids are poorly understood (Nigmatullin et al., 2003). They are 
semelparous organisms, reproducing only once in a lifetime although females can do 
more than one spawning events during their unique reproductive cycle, known as 
intermittent spawning (Rocha et al., 2001). As many other cephalopods, flying squids are 
external fertilizers (Hanlon & Messenger, 1996). 

 

 

 

 

 

 

Fig. A8.2.2. From left to right: 

Todaropsis eblanae, Illex 

coindetii and Todarodes 

sagittatus. Photo credit: 

Oscar Escolar. 

Fig. A8.2.1. (A) Funnel/mantle locking apparatus with an inverted “T” shape of an Illex 

coindetii male. Image: E. Díaz. (B) Todaropsis eblanae paralarvae. Photo credit: 

Fernando A. Fernández-Alvarez. 
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8.3. Illex coindetii 

I. coindetii is a voracious predator of fish, crustaceans and cephalopods (Rosas-Luis et 
al., 2014). Adults occur in the stomachs of various cetaceans, bony fishes, sharks and 
other squids. Because of that, they are a key species in the oceanic system, due to its role 
as an “ecosystem accelerator”, since they have high food intake and high conversion rates 
(accumulating high quality protein). The species has an important commercial value too, 
in many areas of European waters, caught by trawlers as a by-catch (Rosa et al., 2013). 

 
One of the characteristics is its moderately elongated and narrow mantle and its reddish 
color (Fig. A8.3.1A). Arms are relatively long and robust, mainly in males. Its funnel 
groove is smooth, without foveola (Fig. A8.3.1B). The tentacle (Fig. A8.3.1C) has 8 
longitudinal rows of 
dactylar suckers. 
The chitinous rings 
(Fig. A8.3.1D) of 
the manus suckers 
are smooth (Annex 
8.4).  
I. coindetii has one 
hectocotylized arm, 
either the left or 
right ventral arm. 
 

 

 

 

 

I. coindetii has been recorded in a wide 
variety of locations (Fig. A8.3.2). It is 
present from the sea surface down to over 
1000 m depth, with maximum 
concentrations between 50 and 100 m 
and 400 to 600 m depth. In the 
Mediterranean Sea, they are common 
from 60 to 400 m of depth. It can be 
found in eastern and western Atlantic, 
from north of Oslo to Namibia and from 
the coast of Virginia, Caribbean Sea, the 
Gulf of Mexico to the French Guiana 
coast, as well as throughout the 
Mediterranean Sea. (Jereb & Roper, 
2010). 

 

 

 

Fig. A8.3.2. Known distribution of Illex coindetii 

from Jereb and Roper (2010). 

Fig. A8.3.1. (A) Mature male of I.coindetii (B) Funnel Groove smooth, 

(C) Tentacular arm, (D) Chitinous rings of the manus suckers. Images: 

E. Díaz. 
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8.4. Tentacular club 

Fig.A8.4 shows the basic type of tentacular club for the Decapodiformes, there are 
indicated the different parts of the tentacular club. 

 

8.5. Maturity scale 

The maturity scale of Lipinski & Underhill (1995) consists in six stages for both sexes 
and can be summarized as follows: immature (stages I and II), in maturation (stage III), 
mature (stage IV), spawning (stage V), and spent (stage VI).  Figures A8.5.1 and A8.5.2 
shows the keys to distinguish the 6 stages of maturity. 

 

 

 

Fig.A8.4. Tentacular club of Ommastrephes bartramii, Oral view. Drawings from Naef 1921-23. 

Fig.A8.5.1. Cut-off points in the stages of 

cephalopod sexual development from Lipinski 

and Underhill (1995). 
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Fig.A8.5.2. Overview of the development 

of reproductive organs of ommastrephids 

and loliginids, after Lipinski and Underhill 

(1995). Mantle open ventrally. Thick arrows 

are spermatophoric complex and 

Needham’s sac of males or the nidamental 
glands of females. Thin arrows are the 

testis in males or the oviductal gland in 

females. 


