Serial No. N899

SPECIAL SESSION ON SQUIDS

Northwest Atlantic

NOT TO BE CITED WITHOUT PRIOR
REFERENCE TO THE AUTHOR(S)

Fisheries Organization

NAFO SCR Doc. 84/1X/102

SCIENTIFIC COUNCIL MEETING - SEPTEMBER 1984

Properties of Illex illec

ebrosus Egg Masses Potentially Influencing

Larval Oc

eanographic Distribution

R. K
Department of Biol

Dalhousie University,

Visual observations and vide

Illex illecebrosus show that this

produce gelatinous egg masses up t
Measurements of the density of the
to lift egg masses indicate that t
than the water used to make the ge
typical seawater. The gel thus ap
preventing eggs from sinking. Mea
between egg masses and the surroun
equilibration requires many days u
situations where density increases
(e.g. North Atlantic Central Water
Stream), should suspend egg masses
zZone.
predators where temperatures are &

to explain why there are so few re

by

. 0'Dor and N. Balch
ogy and Institute of Oceanography

Halifax, Nova Scotia, Canada, B3H 4J1

ABSTRACT
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number of oegopsids that exist. Floating egg masses of Todarodes pacificus , for
example, havé been reported (Okiykamaw‘1§§5);'but the other evidéﬁée~suggests that
they are normally demersal and are either attached to the bottom or deposited in
cavities (Hamabe, 1962; 1963).

During the 1981 studies of captive squid in the Aquatron’Laboratory'pool tank,
observations were made of the extrusion of an egg mass by a female while swimming,
and the complete process was vidéo—taped. This report examines- data on changes in
seawater density required to render egg masses neutrally buoyant and the rates at
which temperature-and salinity equilibration would allow the: masses: to change their
density. Based on these observations, conditions in which open' ocean spawning and
mid-water development could be key features in the reproductive biology of Illex
and other: oegopsids are examined. |

MATERIAL AND METHODS

Squi&?were held to sexual maturity in the 15 m diameter, 3 m deep pool at the
Aquatron Laboratory under conditions. previously described‘(O'Dor‘et al., 1977).
Reports on the characteristics of the egg masses pfoduced'have appeared elsewhere
(Durward et: al., 1980).

The spawning sequence was recorded on 31 October, 1981 with a hand heldvTV
camera (RCA TC 2011/N) from the surface. Prints were prepared from 35 mm ’
photographs of the video monitor with the Sony SLO-323 Recorder in pause mode taken
at f4 and 1/60 sec. with Ilford XP-1 film.

Estimates of the density of egg masses are: based on incidents where an
increase in the density of the water in the pool occurred which caused masses
resting on the bottom to "lift off". These events usually are the result of
wind-forced advecgion of colder, higher salinity water to the intakes of the
seawater system. ﬁaily measurements of temperature and salinity of seawater in the
tank were used to calculate the density changes assoctated with "lift-offs" which
were noted in daily records of egg masses throughout the spawning season. Usually
by the time masses were noticed they had been lifted to the surface. In a few
cases masses were seen suspended in mid-water and the temperature and salinity
differences above and below were noted using a Beckman RS-5 salinometer or Niskin
samplers.

Estimates of egg density were made by dropping eggs into a series of sodium
chloride solutions of increasing known densities until they would no longer sink.
Series of progressively narrower density ranges were used to refine -estimates.

During the 1982 season techniques were developed to' remove intact egg masses
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The mass formed in Figure 1 was only 30 to 40 cm in diameter, sut clearly
illustrated the process by which masses are formed in mid-water. The females
apparently release 104 to 105 eggs into a concentrated gel from the
ﬁidaméntal glands which is mixed with sperm released from spermatbpﬁofes and/or
intact épgrmatophqres broken loosebfrom the ﬁantle wall (Durward et al., 1930).
After some delay, possibly to ensure.fertilization, the gel mixture is moved into
the fuﬁnel and a large volume of water is mixed into the gel by the mantle pump.
The process is similar to blowing up bubbble gum, except that it results in a.
relatively uniform mix . of gel and eggs. During the preparatory period, the animal
can continue to use its jet propulsion system and swim normally, but during the
period that the gel is being extruded, fin movements provide the only method of
propulsion. The squid apparently cannot maintain position this way and so sinks to
ﬁhe bottom of the pool. In the open ocean, however, the small amount of sinking
wgichvoccurs would be of little’consequence.

Buoyancy

The individual eggs havg a specific gravity of about 1.10, and thus the masses
must always be slightly denser than the water they contain which makes up most of
their volume. A typical, spherical mass 50 c¢m in‘diameter has a volume of 65.5 L.
A typical 400 g female squid produces aboﬁt 100 g of eggs and spawns half of thesé
in several separate masses. If four masses received 12.5 g of eggs each,.it would
yield masses containing about 1 egg/ml, which is typical. If made of water with a
density of 1025.000 kg/m3 the‘density of the masses wéuld be increased by less
th;n 0.02 sigma-T units to 1025.Q14 kg/m3 by the added eggs. The gelling agent
from the nidamental glands could potentially increase the density further, but not
greatiy, since the total weight‘of the glands is only 20 to 30 g.

\Measufements of water density chénges which lifted masses like the one shown
in Figure 2 off the bottom are given in Table 1 and confirm the very slight
qeéative buoyancy of the masses relative to the water in which they are spawned.
Naturally these differences often exéeed those required to lift the masses and can
‘ only give an upper. limit. A éhange of as little as 0.05 sigma-T will prevent
masses from sinking, but the calﬁulations above suggest that the real minimum may

be considerably less.

Since the difference in density between the mass and the surrounding water
depends primarily on the temperature and salinity of the water in the egg mass, the

rates of temperature and ionic equilibration determine how long a mass will stay
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.Whether this is the only‘or most common spawning mode and hence what the role
of this type of spawning may be can only be determined by direct observations in
nature. However, since there have been no observations of I. illecebrosus egg
massées in nature some speculatiqn’may help in the search. Water temperatures aﬁove
13 C are important for successful embryonic development (0’Dor et al ., 1982),
and, since surface waters are commonly warmer than waters.at depth, pelagic
‘spawning near the surface may ensure appropriate temperatures. Squid leaving the
feeding grounds in Newfoundland in late autumn would have to travel over 2000 km to
find suitable temperatures if spawning were to occur on the bottom, but need oniy
vsﬁim a few hundred kilometers to reach such temperatures in the Gulf Stream.
Spawning in the Stream could also have important consequences for larval
distribution as discussed by Trites (1983). Given the details of the physical
) propérties of egg masses reported above it should be possible to predict the
behaviour of a mass in various oceanographic regimes. Three such scenarios follow.
In each case it 1is assumed that:

1) The mass has avsigma-T 0.03 higher than the water it contains.

+.2) The thermal diffusivity is 0.0036 cmz/s, which means that if the temperature

of the surrounding water changes, the average temperature in the mass will be 90%
equilibrated in about 10 hours (Ingersoll et al., 1948).

3) The diffusion of ions into the mass occurs at a rate proportional to the ratio
of the diffusivity constants for heat and sodium chloride in water (i.e. SalinLty
differences between the mass and the environment take about 130 times as long to
equilibrate as temperature differences, on the order of 50 days). This is probably
conservative since the "skin" around the mass may be much more of a barrier to ions
than to heat. Since the life of a mass is generally less than 16 days, this effect
is probably negligible.

4) The mass behaves hydrodynamically like a rigid sphere. The terminal velocity of
a 0.5 m egg mass sinking in water of constant density and having a demsity 0.03
sigma-T higher than the water can be estimated at 1 m/ min. using standard
equacioﬁs and assuming a drag coefficient of 0.4 which is relatively constant for
rigid spheres over the appropriate range of Reynold’s numbers.

North Alantic Central Water Mass

This water mass is relatively stable throughout the year and Fuglister (1963)
‘records a typical profile for 33%00° N and 52°27° W for April with surface
temperatures of about 20 C decreasing at about 1 C/100 m and reaching 13 C at about

700 m. The combination of temperature and salinity changes produce a sigma-T
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become neutrally buoyant at the obsérved salinities at the subsurface maximum. The
’ﬁuéh slower equilibration of salinity would allow it to remain there for many days
. and perhaps weeks allowing adequate time for development. - In addition, this would
Have important consequences for transport sinceé it would essentially trap the mass
in ‘the fastest moving part of the Stream, and therefore result in egg mass
"distributions similar to the larval distributions discussed by Trites (1983). It
could also be an asset for development since recent studies have shown that I.
illecebrosus eggs develop well in as little as 6 d at temperatures up to (and
perhaps above) 26 C (0’Dor et al., 1984). 1In fact larvae incubated at higher
tehperatures appear to be more fully devéloped at hatching and may havéva better
chance of survival. If adults spawn in the Stream south of Cape Hatteras this
‘kwould provide rapid delivery of prime larvae to appropriatg~site§ on the northern
‘ edge of the Stream where food supplies would be adequate aﬁd where larvae and
juveniles have, in fact, been found (Amaratunga et al.; 1980).

Gulf Stream/Slope Water Front

The complex shear zone between the Gulf Stream and Slope Water, where features
- such és’shingles, eddies and rings are common and where biological productivity is
high, also suggests itself as a potential site for spawning. This zone is often
characterized by relatively coo%, low salinity water overlying warm, high salinity
water which would trap egg masses. To illustrate this, Fig. 4 presents two
salinity transects, with temperéture superimposed, taken across the Gulf
Stream/Slope Water front south of Halifax in April 1979 by Amaratunga et al.
(1980). Six out of eight such transects showed subsurface salinity maxima. In
addition, early stage I. illecebrosus were consistently present in the froptal
zone. However, these features are much more variable than those in the Stream or
North Atlantic Central Water. On the other hand, this zone presents a relatively
sharp boundary to which adults migrating away from the shelf can cue in order to
trigger spawning. Even spawning in Slope waters north of Cape Hatteras may be less
risky than it appears Sincé there is some evidence that low salinity water is

- entrained into the surface waters of the Gulf Stream (Ford et al., 1952).
Preéumably any egg masses in such low salinity surface water would also sink to
isopyncnic positions within the Stream. An additional safeguard for masses spawned
‘in this boundary region is the fact that bottom temperatures above the 13 C minimum
exisF here even if they sink completely (Trites, 1983). In general most of the
transpért mechanisms discussed by Trites would be equally applicable to 1afvae from

masses spawned in this area.
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Sigma-T
Date EEEEEQE. Maximum Difference
25 Sept. 1981 22.6§ 23.09 0.45
30vSept. 1981 22.9¢ 23.17 0.21
20 Oct. 1981 21.7%; 21.83 0.05
8 Dec. 1982 23.3‘}3 23.68 .0.35

Table 2.  Some reported suﬂ-surface salinity maxima in the Gulf Stream.

Depth Range Salinity Differences

Number - of of Salinity from Surface to
Location Station% Maxima (m) Maximum (©/o0) Reference
Off Cape Hatteras 12 63-131 0.071-0.886 1
Off'Cape Hatteras 1 | 150 0,4 2
South of Nova Scotia 1 75 1.0 3
South of Nova Scotia 11 | 90-190 0.028-0.342 4
0ff Cheasapeake Bay 8 - 100 0.200-0.350 5

1) Richardson & Knauss, 197

Fuglister, 1963. 5) Iseiin

« 2) Lambert, 1982, 3) Smith & Petrie, 1982.  4)
1936.
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Figure 1.

Single frames from a video tape recording of
the inflation of a 30 cm egg mass by a 23 cm

mantle length Illex illecebrosus. As the time

display indicates, the process requires just

over 2 min. See text for details.




Fig. 2.
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.

A 50 cm Illex|illecebrosus egg mass spawned in Situ
and suspended|on a pycnocline in the Aquatron Pool
(15 m diameter by 3 m deep). (Photo by R. W. M.
Hirtle,  Biology Dept., Dalhousie University.)
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