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The Morphological Changes in the Gill by Oxygen Deficiency of
Common Squids Todarodes pacificus
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Abstract

The difficulty associate with maintaining live squids for two days or more severely limits the geographic area
and time over which they can be distribute and sold. The cases of death during transportation are not yet clearly
understood, but it is thought to be due to the physical damage they inflict on each other, the stress of competition
for space, stress due rapid changes of surroundings or by combination of these factors.

We investigated the damage to gills due to a shortage in the dissolved oxygen (DO) in water to examine its
possible contributions to the cause of the death. Deformations in the protruding quasi-lamellae of the gill were
measured for different DO levels by megascopic and microscopic observations.

The experiments were conducted on the USHIO MARU training-ship outside HAKODATE port, using
squids caught by angling.

Squids were maintained in boxes (20 cm X 42 cm X 22 cm) with § L of water, and aeration was stopped at the
beginning of the test. The DO in the water decreased slowly in response to respiration of the squid, which died
approximately after three hours by a shortage of oxygen.

Behavioral observations showed that squids were initially active in the box. Once oxygen decreased to
approximately 6 mg/L, squids remained motionless near the bottom of the box that might be due in response to
a shortage of oxygen. Squids kept this behavior for two or three hours depending on the temperature. Although
squids did not move in this period, they reacted to external stimulations, such as touch, or changes in light. Then,
their body color changed to white and they died.

Gill damage was compared in three categories : (1) initial DO, (2) half DO and (3) Low DO. Gills were
surgically removed and preserved in formalin until such observations in the laboratory. The number of deforma-
tion of quasi-lamellae was counted, and the extent of the protrusion was measured using microscope and by
viewing. The extent of deformations differed significantly depend on the shortage of DO.

Key words : live squid, shortage DO, respiration, quasi-lamellae deformation
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Fig. 1. The Arrangement of experimental apparatus. The

DO meter is equipped to measure dissolved oxygen
concentration of the sea water.
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Fig. 3. Example of the dissolved oxygen change in water.
The DO decreased gradually by respiration of a
squid. About 50 minutes after, DO level become
constant, suggesting that the squid stopped respira-
tion.
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Fig. 4. Number of the total and protruding quasi-lamellae
observed by viewing. The number of protruding
lamellae increased by the shortage progress of the
DO, and the relationship between the number and
the shortage of the DO were significantly different
(p<0.05). Data are shown as mean+S.E. (n=
10).

WiZBAs pBEB RN G, Thbb, Moz
RIS L TEE S Owiddn <, BRREHE 2121
TedSo T, BT 2 REMROBBEIML Twb, 2h%
NOEBICIERELRENRR SNz (9<0.05),

AR B &3, ZOERRE (GEHEE) = Eus:
g SEREIL 72, Fig. 5,6, 7 i3 221, HIEASHERE,
RAEE, BREEOZEHL T3 RER (O L3eHE
(RHD) OBERL TWw» 5, lRiEZOFEF Y 127z 2 h
ToIRRED b O LERREBICH U b OB R SN S, BRIK
HEPSEIT T 212N, EEOE U b OWHAI, D, %
NIZEEN DD L RBERTENLEAND 5, KEETIE
ZDHUIZREED b D ZFE L 2 DI ERK DIz,

FNThOEICDWT, 8{EED 5D (BA 24)
DB 16 RO LTz, 16 RZFNZENOMEOFEY % 5
ERT YR UEAR & Uiz, 2 28T 80 FlOAEA % 4T
Uiz, %8, — SOOI (anterior) & fE{B] (posterior)
TREHEE O FREL 579, TNFNRXFILTID
& BREABEE R T 572, REEOHE[OE A M7 T A
% Fig. 8 WiNT, HHOZEHELEENZEEATISWET
B, D, BROBEIZL 2E ISV, IR
THEROZEEEIIRE S, BROREBICL > THEREREVR



itk Ak E o 59(1), 2009

sz (p<0.05). anterior

/|

—
o
|
l

e

—_—
£
E
]
i)
£
° 1
[T
5 -
3 0.8 -
e
2 posterior
Fig. 5. Example of microscope photograph of the gill of kS, ~
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Fig. 8. The protruding gap (mm) of the anterior quasi-
lamellae were significantly difference by the short-
age of the DO, but that of the posterior shows no
significant differences (p<<0.05). Data are shown
as mean=E=S.E. (n=10).

Fig. 6. Example of microscope photograph of the gill of
Initial DO group. Quasi-lamellae (circle) and the
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Fig. 7. Example of microscope photograph of the gill of
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