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Squids are divided into two major groups as myopsid or inshore squids and oegopsid or oceanic squids based
on their differential habitat and morphologies. In some squids, such as those in the family Loliginidae
inhabiting inshore waters, upon copulation, females receive male-delivered sperm capsules, spermatangia,
from dimorphic sized males and store at two different body locations: the buccal membrane and the distal
end of the oviduct. This insemination site dimorphism is associated with alternative reproductive strategies.
However, in inshore kobi squid Loliolus sumatrensis, a species of Loliginidae, the females possess three
insemination sites: buccal membrane (BM), basal left IV arm (ARM) and lateral head behind the left eye
(EYE), therefore we studied such the unusual phenomena. First, we attempted to identify rules and patterns
of usage of these sites in relation to size differences in male individuals, and the mating history, maturity,
fecundity, as well as growth indices of female individuals. Unlike most other loliginid squids, no dimorphism
was found in male size. Besides, no significant differences in sperm size (flagellum and head) were observed
among spermatangia at the three insemination sites. The seasonal dynamics of a population in the Seto Inland
Sea revealed a set priority for the initial use of insemination sites as BM, followed by ARM and then EYE,
whereas the maximum number of stored spermatangia was greater in EYE>ARM>BM. At the individual
level, however, once all insemination sites of a female have started to be used, subsequent inseminations by
other males could occur anywhere depending on the most suitable site given the current situation. Thus, the
choice of site to be inseminated was not dependent on full occupancy of preferred insemination sites, but the
mating history of the female. Female maturity status was correlated with the usage pattern of insemination
sites but not with the number of stored spermatangia at any insemination site. These imply that males
inseminate at different sites in a female according to the mating history and maturity status of the female.

However, because the inseminations at three different locations in a female kobi squid occurred by



monomorphic males, the females were further investigated to explore their promiscuity level. Hence, we
developed microsatellite markers and genotyped the paternity of each spermatangium on three sites. The
microsatellite-based genotyping showed that each female mated with 7 to 9 males, suggesting that L.
sumatrensis are polyandrous. Even multiple paternity was also found at every single site and the actual
number of sires per site was relatively higher at ARM than at the other two sites. Surprisingly, simultaneous
usage of all three sites in a female occurred by a few males, those shared a major part of the paternity in the
respective female, indicating that sperm allocation occurs within a female. These results suggest that a male
kobi squid inseminates at different locations within a female depending on the current sperm storage as well
as developmental status of female, and the suitability of insemination place for maximizing fertilization
success.

In contrast to inshore kobi squid, females of oceanic diamond squid Thysanoteuthis major, upon copulation,
receive and store male-delivered sperm not in the form of spermatangia, but in multiple sperm storage organs,
known as seminal receptacles (SRs), located ventrally on their buccal membrane. However, apart from the
mating season, they are often observed in pairs of one male and one female of similar sizes, indicating
behavioral monogamy, and this pairing lifestyle is unique among the squids. Therefore, further study was
carried out to determine whether diamond squids are truly monogamous, by genotyping the stored sperm in
SRs with newly developed microsatellite markers. The microsatellite-based fragment length analysis (FLA)
showed that one female mated with at least 2 to 5 males, indicating that they are not monogamous. Even
each SR within the females also exhibited multiple paternity. Interestingly, the FLA electrograms showed
multi-allelic peaks with significant similarity in peak patterns among SRs within female. Despite mixed
paternity being evident, we found that paternity share in all the SRs within a female was biased to presumably
a single male, which supports their pairing behavior and is somewhat related to extra pair copulations. These
infer that regardless of pairing, the female diamond squids practice extra pair copulations outside the pair-
bonded partner to have genetically diversified offspring. In conclusion, both inshore and oceanic squids
perform varying degrees of behavioral strategies for copulation, sperm insemination, storage, and
fertilization eventually to produce offspring of high-quality.
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