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Supplementary Material 

 

1. Methodology  

 

The distribution of reproductive characters’ states was analyzed based on a recent 

phylogenetic tree for Decapodiformes (Lindgren and Anderson, 2018) using Mesquite 3.6 

(Maddison and Maddison, 2018). A species-character matrix (14 terminal taxa, 3 unordered 

characters; see below) was built based on literature information. Parsimonious character 

optimizations were performed using the “Trace character history” function of Mesquite 3.6. 

To facilitate the discussion for a wider audience, species names of the original tree were 

replaced by higher taxonomic ranks (family or, in the case of loliginids, genus names).  

 

1.1. Character and character states description  

 

I. Sperm swarming – presence: (0) absent; (1) present. Sperm swarming (i.e., the ability 

of sperm to aggregate after release from the spermatangium) was confirmed to be 

present in Heteroligo bleekeri, Uroteuthis edulis, Doryteuthis pleii, Idiosepius 

paradoxus (Idiosepiidae) and Todarodes pacificus (Ommastrephidae) (Hirohashi et 

al., 2016; Apostólico & Marian, 2017). Therefore, we have considered sperm 

swarming to be present in their respective lineages. Although swarming is absent in 

Euprymna morsei (Sepiolidae; Hirohashi et al., 2016), we have considered the state as 

“uncertain” for Sepiolidae, because this large clade includes some species with a 

seminal receptacle on the ventral buccal membrane (e.g., Sepiadariidae; Nesis, 1995), 

and we lack information on swarming for them. 

II. Buccal seminal receptacles: (0) absent; (1) present. Seminal receptacles are sperm 

storage organs that receive sperm released from spermatangia attached on the buccal 

membrane. Ommastrephid squids have numerous seminal receptacles around the 

buccal membrane; idiosepiids, sepiids, loliginids and some sepiolids have only one 

main organ located ventrally on the buccal membrane (e.g., Marian, 2015). Coding for 

this character was based on Nesis (1995), Marian (2015) and Hanlon and Messenger 

(2018). For some species, there is sufficient knowledge to confirm the absence of 

buccal receptacles in females (e.g., Architeuthidae, Onychoteuthidae), but for poorly 

studied species (e.g., Chiroteuthidae) we have preferred to code the state as 

“uncertain”. 
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III. Alternative reproductive tactics involving two mating postures, two sperm deposition 

sites (buccal membrane vs. mantle cavity) in the female, and ejaculate dimorphism: 

(0) absent; (1) present. ARTs in some loliginids (sneaker vs. consort tactics) may 

include each a distinct set of behavioral and ejaculate traits, although in some species 

there is some behavioral flexibility within each tactic. For the state “present”, we have 

only considered species for which two mating postures and two sperm deposition sites 

have been recorded along with ejaculate dimorphism (distinct spermatangium and 

sperm types): Heterololigo bleekeri (Iwata and Sakurai, 2007; Hirohashi and Iwata, 

2013); Doryteuthis pleii (Apostólico and Marian, 2017, 2018a, 2018b); Loligo 

reynaudii (Hirohashi et al., 2016; Iwata et al., 2018); and Uroteuthis edulis (Hirohashi 

et al., 2016). For Sepioteuthis, there is evidence of two mating postures and two 

deposition sites (e.g., Mather, 2016; Hanlon & Messenger, 2018; Lin & Chiao, 2018), 

but still not for ejaculate dimorphism. However, sneaker and consort males of S. 

lessoniana show different oral extremity of the cement body in spermatophores (Lin et 

al., 2019), suggesting at least spermatangia dimorphism. Thus, we arguably coded the 

state as “present”. For Chiroteuthidae, due to the scarce information for this taxon, we 

coded the state as “uncertain”. For the remaining terminals, there is sufficient 

information to affirm that two mating postures and the two simultaneous sperm 

deposition sites are absent (Nesis, 1995; Marian, 2015; Hanlon and Messenger, 2018).  
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1.2. Taxa-character matrix 

 

 CHARACTERS 

TAXA: I II III 

Idiosepiidae 1 1 0 

Sepiolidae ? 1 0 

Cranchiidae ? 0 0 

Ommastrephidae 1 1 0 

Architeuthidae ? 0 0 

Onychoteuthidae ? 0 0 

Enoploteuthidae ? 0 0 

Chiroteuthidae ? ? ? 

Sepiidae ? 1 0 

Sepioteuthis ? 1 1 

Uroteuthis 1 1 1 

Heterololigo 1 1 1 

Doryteuthis 1 1 1 

Lolliguncula ? 0 0 
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