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Table I

Maintenance schedule for cuttlefish, Sepia officinalis

Age (month) Total length (cm) Animal density (cm*/animal}

Substrate in tank Food

0-1.25 0.50-1.25 3
1.25-2 1.25-2 200
1.75-2 ca. 2
2-4 2-8 500
4-6 8-12 2000 separation by sex to
reduce interactions
6+ 12+ 8900

no substrate—animals held
in sieves with 150 pm mesh
fine sand

brine shrimp

brine shrimp + grass shrimp
training for frozen food

frozen shrimp, squid, fish or clam
frozen shrimp, squid, fish or clam

gravel 5-15 mm mesh size
no substrate

no substrate frozen shrimp, squid, fish or clam

ably long, slices. It was not essential to train all animals in a
tank during the first week because, if more than 75% of the
animals accepted the food within a 24-h period, the other ani-
mals in the tank would follow and seek the frozen food. Al-
though the cuttlefish would occasionally eat food left in the
tank after it was presented, food left for more than 2 h was
rejected and had to be removed.

Substrate

Cuttlefish hatchlings were held in shallow sieves with 150-
um mesh bottom liners and water flowing in from the top. At
the age of 6 weeks, they were transferred to wide shallow tray
tanks with a shallow sand substrate. To avoid damage to the
skin, the substrate had to present a smooth surface to the cuttle-
fish, hence crushed oyster shells were rejected. On the other
hand, to reduce bacterial settlement and fouling of the surface,
large-grain particles, having a small surface-to-volume ratio,
were used in the tanks. When the cuttlefish reached a size of
about 2 cm in total length (2 months old), they were transferred
to tanks having a thin layer of gravel (grain size of 5-15 mm)
as the substrate (Table I).

Animal Health

Various diseases of cuttlefish in captivity have been described
(5). Small numbers of cuttlefish developed severe, focally exten-
sive, ulcerative dermatitis and cellulitis of the dorsal apex of
the mantle (Fig. I'A), which caused mortality if not treated.
Such lesions were caused by an animal jetting against the tank
walls during flight responses. Secondary problems accompa-
nying this initial lesion were septicemias and, more rarely, fluid
accumulation (sometimes up to 100 ml of clear to slightly milky
fluid) between the cuttlebone and the overlying dermis of the
mantle (see also 6).

Another problem in very old adults was the occurrence of
multifocal, erosive-to-deep, ulcerative lesions (Fig. 1B) over
the mantle, head, and arms. These lesions seem to result from
sucker-induced trauma during confrontations between males
and during reproductive behavior. In less severe cases of trau-
matically induced dermatitis, treatment with 5-min dips (1x
/day for 3 consecutive days) in an Argentine solution (25 ppm)
was successful in healing the ulcers. Healed ulcers appeared
white to slightly translucent (no chromatophores were present

in the newly formed dermis). A less common, but distinctive,
lesion was the separation of the median angle of the collar (*‘Pen
Point’") from the underlying supportive connective tissues. Such
a separation could produce a cavity underlying the cuttlebone
up to 4cm in diameter. The cause of such separations was
not identified, but was probably traumatic in origin. Juveniles
occasionally developed idiopathic bulbus protrusions of one or
both eyes. This condition was associated with opaque corneas
and swelling of periorbital tissues.

Measures of containment from the local environment

Sepia officinalis is not native to the western Atlantic Ocean.
Hence, special care is required to prevent their introduction to
the local marine environment. Small-mesh screens on all water
outlets prevented hatchlings or eggs from escaping the tank.
Water was heavily sterilized with ozone before being discharged
to the ocean. Discarded eggs were frozen and then incinerated.

In summary, these techniques have enabled further develop-
ment of this species as a marine model in the United States.
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Figure 1. A case of severe ulcerative dermatitis of the mantle apex
(A), and multifocal ulcerative dermatitis of the mantle (B) in an adult
cuttlefish.
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Evidence for Multiple Spawning by Squids (Loligo pealei) in Captivity
Michael R. Maxwell (Marine Biological Laboratory, Woods Hole, Massachusetts 02543),
William K. Macy', Shobu Odate, and Roger T. Hanlon

The long-finned squid (Loligo pealei) is an important com-
mercial resource that is experiencing increasing fishing pressure
in the northwestern Atlantic (1), and is also used in biomedicine
and studies of sexual selection (2, 3). The actual fecundity of
females of this species remains unknown, despite the impor-
tance of fecundity to fishery management and to behavioral and
ecological research. Because many cephalopods are thought to
be semelparous (4)—that is, individuals undergo only one bout
of reproduction before death—an outstanding question for L.
pealei and other squids is whether females spawn muitiple
times. When a female loliginid squid lays eggs, she typically
lays several egg capsules (gelatinous strands that usually contain
100-200 embryos) over the course of a few hours. For L. pealei,
we follow Harman ef al. (5) in defining multiple spawning by
a female as the occurrence of two processes: at least two bouts
of egg-laying (during each of which she lays several egg cap-
sules), and the maturation of new oocytes between these bouts.
Previous studies of fecundity in squids have relied on morpho-
logical examinations of the size-frequency distribution of ovar-
ian oocytes (reviewed in 6), in which small oocytes are taken
as evidence of the development of oogonia. No study has yet
linked the condition of the ovaries to the actual reproductive
histories of female squids. Here, we investigate multiple spawn-
ing in L. pealei by combining anatomical information with ac-
tual reproductive output, an approach that contributes to a more
accurate representation of female fecundity.

Squids were jig-caught in Nantucket and Vineyard Sounds
in the periods May—September 1997 and May—July 1998. We
placed single females into large tanks maintained at ambient
temperature, and checked each tank daily for egg capsules. In
1997, each female (n = 36) was paired with a male throughout
her captive life; each tank received 2—10 fish (Fundulus hetero-
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clitus) per day. In 1998, 32 females were kept without males.
All of these females had sperm in their seminal receptacles, so
males were not essential for the laying of fertilized eggs. Each
female received 2-6 F. heteroclitus per day.

Our analysis focused on females that lived for at least 3 days
in captivity and laid clutches of five or more egg capsules on
at least 2 separate days. In 1997, 12 of the 36 females met these
conditions; in 1998, 14 of the 32 females did so. We dissected
these females post mortem, measured mantle length (ML, dorsal
surface), and extracted the ovary; in 1997, we also removed the
two statoliths to determine age. Each ovary was fixed in 10%
formalin, weighed, and then two 0.10-g pieces were removed,
one from the anterior and the other from the posterior part of
the ovary. We counted the oocytes in these two subsamples to
derive a measure of oocytes per gram of ovarian tissue. The
two values from each female were averaged, and the mean was
multiplied by the mass of the ovary, providing an estimate of
the total number of oocytes in the ovary. Statoliths were pre-
served in 70% ethanol, and the rings of the left statolith were
counted by the method described in Brodziak and Macy (7);
one statolith ring is laid down daily.

The reproductive histories of the captive females are depicted
in Figure 1. Many females laid eggs frequently over 1 -2 weeks;
other females spaced their egg clutches over 2—3 weeks.

Our results reveal considerable variation in mantle length
(ML) and age among the multiply-spawning females. In 1997,
ML ranged from 9.6 to 22.5 cm (mean = SD = 14.8 * 3.6 cm,
n = 12); in 1998, the range was 11.4-20.7 cm (mean + SD =
15.3 = 3.0cm, n = 14). The number of statolith rings varied
from 118 to 181 among the 1997 females (mean + SD = 163
*+ 21 rings). A comparison of two females from 1997 illustrates
how egg output can vary between females. One female mea-
sured 9.6 cm ML and had 138 statolith rings. She laid 138 egg
capsules over 15 days, with the mean + SD number of fertilized
ova per egg capsule being 111 = 19 (random subsample of five
egg capsules). Upon dissection, we were not able to differentiate



