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ABSTRACT 

In early spring, spear squids (Loligo bleekeri) lay their egg capsules on top of hollows in reefs and 
cavities in structures of Hokkaido ports on the Sea of Japan. Therefore, the role of port structures is 
important for propagation of spear squid. Research on the spawning conditions of spear squids around 
reefs and structures was conducted on the Sea of Japan coast of Hokkaido in 1995. Width, height and 
depth of hollows or cavities for applied the spawning ground were decided based on that research data. 
Then, the new 3 types of concrete blocks designed as a spawning ground were developed; these were 
placed on breakwaters. The research was conducted the spawning properties, survival rate of eggs, and 
physical environment on new type concrete block under wave-dissipating blocks from 1995 to 2000, and 
this research date was compared with other spawning grounds. The survival rate of eggs was 83.4% on 
the new type concrete block after 3 months, but it was 20.5% on other spawning grounds. Since spawning 
grounds on reefs are not deep enough in many cases, the maximum intensity of illumination was 10,000 
lux. In highly illuminated spawning grounds, diatoms adhere to the surface of egg capsules and the 
survival rate was decreased. And, in spawning grounds with little current, silt adheres to the surface of 
egg capsules and also decreased the survival rate. As a result, it would be possible to create good 
environment for spawning grounds using artificial structures such as a 
breakwater. 

Keywords: Spear squids (Loligo bleekeri); Spawning ground; Concrete block 
designed as a spawning ground; Survival rate; Physical environment  

1, INTRODUCTION  

The fishing port of 285 and harbors of 43 exist to the coastline about 3000 ㎞ of 
Hokkaido, and the port exist in every about 9.1 ㎞. In addition, Hokkaido takes 
a quarter of total landed quantity in Japan. Many of fishes lay eggs in the coast, 
and grow up. Therefore, the coast structures such as fishing ports and harbors 
are needed harmony with natural environment in addition to the function of 
breakwater and so on. It is reported that spear squids spawned on the concrete 
block of the breakwater of the fishing ports and harbors on the Sea of Japan 
coast of Hokkaido. 
(Fishery Technique Promotion Center in West Oshima district, 1990).  
In this study, the environment of spawning grounds of spear squids was 
examined in fishing ports and harbors on the Sea of Japan coast of Hokkaido. 
As a result, it has been understood for the spear squids to spawn in the 

Fig.１ Spear squid 
(Loligo bleekeri) 
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breakwater, and the breakwater provides the function that harmonizes with natural environment. Next, 
based on the result, 2 kinds of blocks where the spawning function had been strengthened were developed 
This research verifies the effect of those egg 
laying blocks. 
Also, the spawning properties, survival rates of 
eggs and related physical environment 
properties have been examined. 

Photo.1 Egg capsules of Spear Squid 
(Natural reef) 

2, ECOLOGY OF SPEAR SQUID 

(1) Spawning behavior of spear squid  

Spear squids moves to the coast of 5-40m in 
depth for the spawning in spring. 
Spear squids copulate from sunset to nighttime, 
and the female spear squids will spawn in a 
short time. The egg of spear squids is put in the 
bag of the gelatin that is called egg capsules. 
Egg capsules are laid on top of hollows in 
reefs. 

(2) Spawning migration route  

There are 2 groups of spear squids 
around Hokkaido. It is a group that 
comes to the coast in spring; another one 
comes to the coast in winter. The 
Tsushima warm current influences the 
spawning migration routes of two 
groups. It grows up in the Sea of Japan; it 
comes to the coast in Hokkaido when the 
Tsushima warm current strengthens in 
spring. (Spring group) 

Winter Route 

Matsumae 

Era 
Fukushima  Aonae 

Sukki 
Suttu 

Motochi HOKKAIDO 

Spring Route 

Teppu 
Kabuka 

Funadomari 

Another group grows up in the Pacific 
Ocean in the east of Oshima peninsula 
until autumn, and moves to the Sea of 
Japan with the decline of the Tsugaru 
warm current. (Winter group) 
The spawning migration to the coast is 
early in the south Hokkaido and is slow 
in the north Hokkaido. Spear squids 
come to the coast of Oshima and 
Hiyama district in south Hokkaido from 
Dec. to May; they come to Rumoi and 
Soya district in north Hokkaido from 
May to June. 

Fig.2 Spawning migration route and Investigated ports 
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3, INVESTIGATION INTO SPAWNING 
GROUND IN BREAKWATER 

Spawning grounds of spear squids were 
investigated about 
 upright concrete walls of breakwaters, quays, 
wave-dissipating blocks, and armor blocks in 
fishing ports (Era, Aonae, Sukki, Suttu, 
Mototi, Teppu) and in harbors (Mathumae, 
Kabuka, Funadomari) from April to June, 
1995. Figure-2 shows the geographic location 
of investigated harbors and fishing ports. 
Table-1 shows the kind of structures and the 
number of points that were adhered egg 
capsules in each ports. The largest number of 
egg capsules was found at the feet of wave-
dissipating blocks, followed by the cavities of 

upright concrete walls of breakwaters and the armor blocks. In wave-dissipating and armor blocks, 
adhered egg capsules concentrated at ceilings just above the sea bottom. In the case of vertical walls of 
breakwaters, many egg capsules were found on the ceilings of cavities near the sea bottom.  

Port Name Upright 
Wall 

Wave-dissipating 
Block 

Armor 
Block 

Others 

Matsumae   19     
Kabuka 5 1     
Funadomari 1   5   
Motochi   4 2 2 
Teppu 9       
Era 4 6 1   
Aonae   5     
Sukki   4     
Suttu   2     
TOTAL 19 41 8 2 

Table.1 Spawning location in port structure 

0

20

40

60

80

100

120

0 100 200 300 400 500 600
Width of Open Mouth(cm)

H
ei

gh
t (

cm
)

Natural Reef
Structure

0

20

40

60

80

100

120

140

160

0 100 200 300 400 500 600

Width of Open Mouth(cm)

D
ep

th
 (c

m
)

Natural Reef
Structure

Fig.3 Scale of spawning ground 

Figure-3 shows the scale of spawning grounds (width of an open mouth, height, and depth) in structures 
and natural reefs. It is high frequency for 20-150cm in the width of an open mouth, 10-60cm in the height 
and 10-60cm in the depth in structures and natural reefs. In artificial structures, it is spawned in a space 
that is larger than it.  
Figure-4 shows shape of spawning grounds and the frequency of spawning in natural reefs and structures. 
There are a lot of flat ceiling parallel to the sea bottom that were adhered egg capsules in natural reefs and 
structures. Concave and the slope are inferior to them. Especially, spear squids don't spawn on the convex 
surface of natural reefs. Spawning grounds of spear squids is good for flat ceiling parallel to the sea 
bottom that has a certain height and the area. 
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Therefore, armor blocks and the centers of the feet 
of wave-dissipating blocks are considered to create 
conditions suitable for spawning, because both of 
them have flat sections. 
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Figure-5 shows the main spawning ground in the 
ports. In wave-dissipating blocks, more eggs were 
found on blocks that were deeper than the second 
row of blocks from the end of the slope ((1) in the 
figure). The spawning position moves to the front 
side block when the back block is filled with egg 
capsules. 
In deep cavities created by wave-dissipating works 
and armor blocks, it is thought that spawning 
chooses the low illuminance environment. 
In wave-dissipating works, spawning grounds 
were formed within 1.5 m from the sea bottom 
((2) in the figure). Approximately 95% of the egg 
capsules were found within 1 
m of the sea bottom, and 
87% were found within 80 
cm. The egg quantities began 
to decrease considerably in 
the cavities of blocks on the 
second layer from the sea 
bottom, and no eggs were 
found in the cavities of 
blocks on the third or upper 
layers. 

Fig.4 Shape of spawning ground and Frequency 

Spawning conditions in two-
layer armor blocks were 
compared by temporarily 
placing them on the sea 
bottom of the mooring basin 
inside the harbor and on the breakwater's 
foundation mound. 

Wave Dissipating Works Caisson

Sea Level

Sea Bottom

Armor Blocks
(Temporarily Placed)

Deeper than 
the Second Row

Gradient of Slope 1:2, 1:3

within 1.5m

10m

(2)

(1)

(4)
(3)

More eggs
   were found

Eggs
   were found

Spawning was observed on 10 - 20% of 
armor blocks placed on the sea bottom ((4) 
in the figure) but no eggs were found on 
blocks installed on the breakwater mound 
((3) in the figure), indicating that spear 
squids seldom ascended steep slopes to 
spawn. 
Figure-6 shows the location of the wave-
dissipating blocks and spawning rates (the 
number of locations where egg capsules 
were found/the number of blocks examined 
x 100). The data excluded cavities of blocks 
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Fig.6 Spawning rate on wave-dissipating blocks 
(Matsumae Port, 1995.Mar.) 

Fig.5 Spawning location around port structures 
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that were too small to confirm egg capsules by visual inspection. This figure indicates that more eggs 
were found on blocks located deeper toward the slope end. 

4, DEVELOPMENT OF SPAWNING BLOCKS 

2 kinds of spawning blocks were developed, one is armor block type and another one is installation type 
as the foundation for wave-dissipating works. 
The armor block type is an imitation of spawning grounds of nature, the width of an open mouth is 150㎝
, 25 ㎝ in height, and it has the two shelves of 50 ㎝ in the depth (Figure-7). This is set up in the armor 
block part on the harbor side of the breakwater. 
There are two kinds of installation types as the foundation for wave-dissipating works. The opening of 
type Ⅰ is 55 ㎝ in height, and 99-195 ㎝ in width (Figure-8). The opening of type Ⅱ is 70 ㎝ in height, 
and 150 ㎝ in width (Figure-9). This is set up under wave-dissipating blocks on the seaside of the 
breakwater. 
The armor block type was set up in 280 pieces in Fukushima fishing port and 10 pieces in Era fishing port 
(Figure-10). 
Moreover, the installation type as the foundation for wave-dissipating works was set up in Matsumae port 
(Figure-11). Type Ⅰ was set up 56 pieces in the breakwater bank and type Ⅱwas set up 41 pieces in the 
breakwater head. 

1995 to 2000 and Matsumae port 
investigated from 1995 to 2000. 
The investigation item of 
Fuku
fishing port is egg quantities. 
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Fig.7 Armor block type    
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5, INVESTIGATION ITEM 

Fukushima fishing port 
investigated from 1996 to 2000, 
Era fishing port investigated from 

shima fishing port and Era 

  Fig.8 Foundation type(Type Ⅰ)     Fig.9 Foundation type(Type Ⅱ) 
Developed Spawning blocks 

F  block type in Fukushima and Era ig.10 Set up location of armor
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The investigation items of 
Matsumae port are the quantity of 
eggs, the survival rate of eggs, 
length of egg capsules and physical 
nvironmental factors (wave 
eights, current, underwater 
tensity of illumination and 

suspended sediment quantities). 
aces are
reefs and 

structures near spawning blocks in 
ree ports. 

 
 
 

6, EVALUATION OF 
SPAWNING BLOCKS 
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Sp ing es Port name Type Year(se
blocks) um

1995 199 1997 1998 1999 2000
t up N ber

6
1994 5 1 0 0 0 0 0
1994 5 0 0 0 0 0 1

Armor block type 

1996 5 0 0 0 0 0
Natural reefs     2 5 0 0 N.I N.I

Era Fishing 
Port 

   11Structures  6 2 1 N.I N.I
1995 13 0 0 0 0 
1995 160 0 0 0 0 
1996 60 0 0 0 

3
Armor block type 

1996 47 1 0 0 7
Natural reefs     1 0 N.I N.I

Fukushima 
Fishing Port 

tructures   S   0 2 0 N.I 3
1996 8 8 8 7 N.I N.I
1997 24 12 13 N.I N.I

Installation type as the 
undation for wave-fo

dissipating works(Type Ⅰ) 
1998 24  5 N.I N.I

    〃    (Type Ⅱ) 1998 41  7 39 38
Natural reefs     3 3 1 N.I N.I

Matsumae Port 

Structures     19 Many 7 1 N.I N.I
          
    Before setting up blocks  
    N.I No investigation   

Table-2 shows the list of the investigation result. In Fukushima and Era fishing ports, the numbers of 
spawning places of the armor block type are almost same numbers in natural reefs and structures near 
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spawning blocks. It is thought that the spawning block imitated spawning ground of nature has the same
function toward natural spawning gro

 
und. 

On the other hand, the installation type as the foundation for wave-dissipating works is spawned more 
uctures near spawning blocks. This shows that artificial deep cavities like the 

installation type as the foundation for wave-di
 

PE AS THE FOUNDATION FOR WAVE-DISSIPATING 
WO

ing locations on the spawning block in the breakwater bank in 1997. On Feb. 14, 
served 

ndicate that spear squids tend to choose locations where the intensity 
of illumination is low. 
Spawning locations of the breakwater head investigated from 1999 to 2000 is shown in Figure-13. 

than natural reefs and str
ssipating works is suitable as spawning cavities. 

7, ANALYSIS OF INSTALLATION TY
RKS IN MATSUMAE PORT 

7.1 Spawning locations  

February 14, 1997

March 16, 1997
caisson side 

 seaward
the location of adhered egg capsules

April 15, 1997

Figure-12 shows spawn

Fig.12 Spawning location in the breakwater bank         Fig.13Spawning location in the breakwater 
head 

when many spear squids had not yet started their spawning migration toward the coast, it was ob
that spear squids tended to lay eggs on the deeper blocks (on the caisson side) of the spawning block. 
It was observed on March 16 that less space was left on the deeper blocks of the spawning block, because 
the number of spear squids migrating there increased. On April 15 the number of eggs spawned on blocks 
on the front side (the offshore side) of the spawning block increased. 
As mentioned before, these results i
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Spawning is done from the deep side to the front side as well as the breakwater bank. Moreover, 
spawning is done in almost blocks at the season. There is the report that spawning locations are large in 

ter, and this result proves it. It is thought that the wave 

 

 

 
s indicated in the table, both 

the average quantities of

 
 
 

number at the head and the crook in the breakwa
and the current in the breakwater head generate
suitable environment for spawning. 

7.2 Spawning quantities  

Figure-14 shows the average area per spawning 
location on the spawning blocks, armor blocks 
and natural reefs, as well as their usage rates 
(spawning area / spawning ground area x

 a complex flow; therefore the breakwater head is a 

100(%)). The usage rate of the wave-dissipating 
blocks was not calculated, because it was 
difficult to define the spawning area of these 
blocks. As shown in this figure, structures had 
larger spawning ground areas and their usage
rates were higher than those of the natural reefs. 
Table-3 shows the measurement results of the 
quantities of egg capsules per unit area, the 
quantities and length of egg capsules and the
quantities of eggs. A

 eggs per egg capsule 
and the quantities of egg capsules per unit area 
in artificial structures outnumbered those in 
natural reefs by 1.3 - 1.4 times and 1.2 - 1.3 
times, respectively. 
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Quabtities of Eggs Capsules per Unit Area (100cm2) 26.3 28.4 20.9 25.5
Length of Egg Capsule (cm)   8.41   8.80   7.50   8.50
Width of Egg Capsule (cm)   0.85   0.80   0.90   0.90
Weight of Egg Capsule (g-wet)   3.49   3.50   3.30   3.50
Average Quabtities of Eggs per Egg Capsule 43.7 42.3 32.1 48.1

(Matsumae Port, 1997)

                        Item Spawning ReefsNatural ReefsArmor Blocks
Wave-

Dissipating
Blocks

Fig.14 Area per spawning location and usage rate

Table-3 The measurement results of egg capsules 
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7.3 Survival rate  

Figure-15 shows the average survival rate of 
spear squid eggs at each location examined. 
As shown in this figure, the survival rate of 
eggs on the armor blocks temporarily placed 
inside the harbor and natural reefs decreased 
considerably, to 33.4% and 45.1%, 
respectively, over the period from March 16 
to April 15, 1997. All the eggs collected 
during this period were those in the first 
developmental stage (developmental stage I) 
and the natural decrease of eggs in this stage 
was noticeably higher in natural reefs and 
armor blocks inside the harbor. 0
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Fig.15 Average survival rate of squid eggs 
 

The average survival rate on June 14, 1997 
was 83.8% on the spawning block, 75.6% on 
wave-dissipating blocks, 19.8% on armor 
blocks and 20.5% on natural reefs, indicating 
that the survival rate was high on spawning 
blocks and wave-dissipating blocks. 

7.4 Physical environmental condition  

(1) Suspended sediment and 
current 

The decrease in the survival rate 
may have been caused by oxygen 
deficiency due to the adherence of 
suspended sediment and diatoms to 
the surface of the egg capsules. 
Photo-2 shows the conditions of egg 
capsules adhering to armor blocks 
inside the harbor. The photo shows 
silt adhering to the surfaces of egg 
capsules, and some eggs has fallen 
out of the blocks. 
Table-4 and Figure-17 show the 
current velocity and suspended 
sediment quantities typical for this 
period. The quantities of 
suspended sediment were greatest 
next to the spawning block inside the harbor (below the armor blocks). In addition, clay and silt 
accounted for 72.3% of the overall sediment collected inside the harbor. 

300m2001000

Matsumae Port

Natural Reefs

Armor Blocks 
( Temporarily Placed )

Spawning Blocks

the Location Examined
 of Physical Environmental
       Conditions

Fig.16 Location examined of physical environmental conditions
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The fastest current velocity inside the harbor was only 5.42 cm/sec (max. peak velocity) even under high-
wave conditions. These factors may have caused silt to adhere to the surfaces of egg capsules, decreasing 
the survival rate of the eggs on the armor blocks. 

Photo-2 Condition of egg capsules                                Fig.17. Quantity of drift sand 

Meanwhile, although the quantities of suspended sediment were 1.7 times higher in the spawning block 
than inside the harbor, the average current velocity was higher and the silt and clay content in sediment 
was lower in the former than the latter. 
As a result, the strong current supplied the spawning block with oxygen and prevented silt from adhering 
to the surface of egg capsules, creating an ideal environment in the spawning block where the survival 
rate exceeded 95%. 
 
 
 

Under Hight-Wave Cond
Maximum Current Ve
Average Current Velo

Under Calmness Conditi
Maximum Current Ve
Average Current Velo

item

(2) Illumination 

Diatoms adhering to the surfac
normal development of eggs. Th
as an index for examining this f

 

Table-4 The typical current velocity 
ition  ( 26,27-Jun,  H1/3  2.31m,  T1/3  6.2s )
locity (cm/s)  5.42 15.00 32.00
city (cm/s)  3.80  8.84 18.10
on     ( 20-Jun,  H1/3  0.02m,  T1/3  6.1s )
locity (cm/s)  2.38 15.00   5.00
city (cm/s)  1.90  6.77   2.69

(Matsumae Port, 1997)

Armor Blocks Natural Reefs Spawning Reefs

 
  

e of egg capsules are considered one of the main factors hindering the 
e intensity of illumination in the spawning ground is considered to serve 
actor (Niigata, 1984). Photo-3 shows egg capsules spawned on a natural 
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reef in Matsumae Port. In the photo, diatoms 
adhere to the surface of egg capsules and many 
of the eggs are dead (opaque). 
Figure-18 shows the underwater intensity of 
illumination in the natural reef, indicating that 
the maximum intensity in three months (from 
May to July) was as high as approximately 
10,000 lux. Meanwhile, the intensity in the 
spawning block was below 1% of that in the 
natural reef, and those in wave-dissipating 
blocks and armor blocks were both less than 5% 
of that in the natural reef. The proliferation of 
diatoms reached its maximum when the 
intensity of illumination was between 3,000 and 
5,000 lux and the temperature was between 15 
and 20 degrees C. (Ogai et al., 1986).  Also, 
Kawamura et al. (1988) reported that the density 
of adhering diatoms changes depending 
on the length of sunshine hours. 

Photo-3 The egg capsules on a natural reef 

As mentioned above, some locations in 
natural reefs are highly illuminated and 
thus allow diatoms to proliferate. It is 
appropriate to conclude that the intensity 
of illumination inside the spawning 
grounds of spear squids of the natural 
reefs was quite suitable for the 
development of diatoms. 
As for current velocities and suspended 
sediment in natural reefs, meanwhile, the 
average scalar velocity measured was 8 
cm and the quantities of suspended 
sediment were as low as 1.08 g/52 days. 
These results indicate that the low 
survival rate of eggs on natural reefs was 
caused by diatoms adhering to the surface 
of egg capsules under highly illuminated 
conditions. 
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 8, CONCLUSION 

This study can be summarized as follows: 
(1)Spawning grounds selected by spear squids in wave-dissipating and armor blocks had the following 
characteristics: 
①The spawning locations were within 1.5 m from the sea bottom. 
②More egg capsules were found on blocks located deeper from the end of slope, where the intensity of 
illumination was lower. 
③Spear squids did not ascend steep slopes to spawn. 
(2)2 kinds of spawning blocks were developed, one is armor block type and another one is installation 
type as the foundation for wave-dissipating works. 
Their function as a spawning ground was compared with those of near natural reefs and blocks already 
established inside and outside of the harbor 
①The numbers of spawning locations of the spawning block imitated natural reefs are almost same with 
natural reefs. 
②As a result, the survival rate of eggs in the installation type as the foundation for wave-dissipating 
works in the breakwater was between 84 and 76%, while that in natural reefs was 21%, indicating that 
artificial structures provide a better environment than natural reefs as spawning grounds for spear squids. 
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