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lieved to be rare in the rorth Sea (TESCH, 1908, GUM:PE, 1925). Fowever, 

it soon turned out that t;:,5: -as not the case for the Den Helder area, 

and that each year  the cnimals arrive in large  numbers to span in the 

cstr, 1 	ters. =;;EY took advnta -Le of iLis fict to stdy also other 

biological aspects of this species. His observations related mainly to 

relctive conditions, end  nitration.  They comprised altoether 

S!2C00 	 :;onrdr.1 :rowth stages, rnd date of dis- 

covery were recordd. re left the evaluation of these data to TJGEN. 
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1. Growth and age; participation of age  groupa in migration  

In connection with our observations dealt with further below, knowledge 

of both growth and age frequently is essential. For that reason, we present 

that part of our investigations first. 

For determination of growth, we have used, above all, the frequency dis-

tribution of squid sizes and, in particular, of the length of the ventral 

mantle. Age-marks—like scale and otolith marks of fidhes-were not found 

despite repeated attempts in that directions. 

In the frequency curves, we have assigned the measured lengths to classes 

or groups constructed in the following faéhion: 10.5 to 11.4 cm to the 11-cm 

group; 11.5 to 12.4 cm to the 12-cm group; etc. 

The overall period of observation was divided into four periods ("up to 

20  May,"  "21 May to 20 June," "21 June to 20 July," and "after 20 July"), 

which periods, as such, àhould be regarded each as one month. The specimens 

measured before 21 April, thus, are included in the first period, and those . 

measured after 20 Agust are included in the last period, but the majority of 

the other measurements was carried out during the second half of the first 

period and during the first half of the last period, respectively, so that 

the average values found may, after all, be regarded as monthly values. 

In order to assess the growth of the males, we first give consideration 

to Figure 1, in which the measurements made during all the years of obser-

vation are summarized. The frequency curves eXhibit the following peaks: 

Up to 20 May 	 13 - 14 cm 	20 - 22 cm. 

21 May to 20 June 	 15 cm 	 23 cm 

21 June to 20 July 	15 - 18 cm 	23 - 27 cm 

after 20 July 	 17 - 18 cm 	 ? 

• 
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Figure 1 - Length-frequency curves for all males (with the exception of one 
male measuring 42 cm, 21 May - 20 June, and one male measuring 39 am, 21 
july to the end of the period of observation). Key:  1 9  Number of animals; 
2, Ventral mantle length (in cm-classes). V, May; VI, June, VII, July. . 

We may see two year groups in these peaks; however, if we follow these 

peaks in the curves for the individual years (Figure 2), we find a great num-

ber of irregularities and, thus, no convincing pattern. It would then be pos-

sible that the bimodal appearance of the curve àhown in Figure 1 arose purely 

by chance, and would disappear once the years were fitted differently. However, 

that the latter is not the case is indicated in Figure 3 9  in which the curves 

for several combinations of that kind are plotted: Again, the two peaks are 

in evidence rather distinctly. The irregularities of the curves for the indi-

vidual years, thus, are probably attributable to the small size of our àpeci-

men material. 
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Figure 2  - Length-frequency curves for males. Data obtained in the indi-
vidual years. Several very small catches are not ahown. Key:  Bis zum, Up to; 
1, Number of animals; 2, Ventral mantle length (in cm-classes). 

We then assume for the time being that two consecutive year groups of 

males participate in the breeding migration. On the basis of their ventral 	215 , 

mantle length during the period up to 20 May, we will refer to these year 

groups as the "13-cm group" and the "21-cm group." 

30 
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Figure 3  - Length-frequency curves for males. Period up to 20 May. Combi-
nations of different years. Cf in the text for details. Key:  1, Number 
of animals; 2, Ventral mantle length (in cm-classes). 

The extent to which our assumption is justified can be demonstrated, in 

the first instance, by the course of growth. Between the first measurement 

period and the last one, i.e. on average from about 5 May to 5 August, growth 

of the individuals belonging to the 13-cm group amounted to four cm according 

to the table presented further above. Let us suppose that the water tempera- 

ture determines the gain, and we are able to estimate that the growth during 

the next three months (yiz. during the period between 5 August and 5 November) 

amounts to a little less than four cm or, let us say, to approximately 3.5 cm. 

In that connection, we have taken into consideration the fact that the annual 

temperature maximum is attained in the sea a little later than on land, and 

is reached in the coastal sea around the end of July or early in August. The 

• 



specimens belonging to the 13-am group, thus, would exhibit a peak at 21 cm 

during the period between 21 October and 20 November, and àhould--if they 

actually corresponded to the 21-cm group of the following year--not grow 

during the period between 5 November and 5 May. Due to the absence of squid 

from the region of observation, no data are available for that season; how-

ever, we have available observations made in young squid just hatched, and 

the se  observations  indice te  that, in their case, growth actually is practi-' 

cally arrested during the winter months. The gain of the squid hatched during 

the summer actually amounts--as will become evident further below--to about 

8.5 cm between June (July) and early October (length at hatching: 0.5 cm); to 

about 3 cm between early October and early December; and to only about 1.5 am 

between early December and early May. These considerations have convinced us 

that the 13-cm group is identical with the 21-cm group of the following year. 

The relative frequencies of these two groups in the different years could 

also provide evidence for the mutual relations. For example, the 13-cm group 

was relatively frequent in 1933, and the 21-cm group was relatively frequent 

in 1934--a finding suggesting that these two groups are identical. However, 

additional arguments either for or against our view really cannot be derived 

from our material. 

The question now arises regarding the age of the 13-cm group. Unfortu-

nately, only few data are avialble to us regarding the early juvenile phases. 

The squid individuals hatching rather frequently in the aquarium of our sta-

tion during June and July measure about 0.5 cm in length. Three juvenile 

specimens caught along the Belgian coast (Ostende) on 4 September 1934 e±hi-

bited ventral mantle lengths of 2.6 1  3.5, and 4.0 cm according to the kind 

communication of Dr. Adam (1941 quoted in the literature). In six males 

4 
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caught between 28 September and 24 October 1934 near Den Helder, the ventral 

mantle length amounted to 6.0, 7.9, 9.4, 9.8, 10.3, and 10.4 an. Finally, 19 

males were caught between 24 November and 18 December 1939 exhibiting an av- 	218 

erage length of 12.1 cm, with the following frequency distribution: 

9 	10 	11 	12 	13 	14 	15 	16 cm 

4 	2 	2 	3 	2 	2 	3 	J. individual(s) 

A male, measuring 12.3 cm in length, mentioned by Hertling (1929), Decem 

ber 1928, from. Haaks light ship, belongs to the same  size group. 

It is then clear that the latter group must be identical with the 13-cm 

group of the following spring. If we assume furthermore that the individuals 

are about half a year old, we are able to fit the afore-mentioned specimens 

to a continuous growth curve. The latter, in fact, does not represent by 

itself evidence for the correctness of our assumption that the afore-mentioned 

auLati and winter animale belong to the 13-cm group of the following spring. 

However, that assumption is supported by Raja's (1935) measurements of post-

embryonal growth in a large body of specimens. 

Miss Raja has reported numerousweight values for juvenile Longo vulgaris 

caught near Naples. These specimens were also measured; unfortunately, how-

ever, the length values have not been reported. Stace we were unable to com-

municate with Miss Raja, we were forced to convert the reported weight values 

into length values with the aid of the ratio ventral 
mantle length found in 
weight 

The Netherlands. That conversion yielded the following result: 

4 

• 

July: 

August: 

September: 

Oct., Nov.: 

Dec., Jan.: 

ventral mantle length 1 - 4 cm, average 1 cm 

1 - 6 cm, average 3 cm 

1 - 7 cm, average 4 cm 

4 - 10 cm, average 7 cm 

9 - 16 cm, average 12.5 cm 
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The growth occurring there, thus, is identical with the growth we have 

assumed for Den Helder. 

le Bianco (1909) has reported a far more rapid gain, and this also for 

the vicinity of Naples. According to that autjor, specimens hatched during 

May would measure 20 cm in length already during December. Since that author, 

however, reported his observations only in summary faahion, we are unable to 

establie whether an error may have occurred. 

In this connection, we are interested also in the great numbers of juven-

ile specimens investigated by Adam (1942 quoted in the literature), which 

were collected during November of 1935 and November of 1936 along the coast 

of West Africa [Pulpit° Baie, Villa Cisneros, and Angra de Cintra (Rio de Oro)]: 

2 	3 	4 	5 	6 	7 cm 

1 	4 	2 	11 	12 	4 individuals 

Just like the Neapolitan specimens, these juveniles were somewhat smaller 

than the Dutch November squid, i.e. they either had grown more slowly or had 

hatched later. 

Figure 4 illustrates in diagrammatical faahion our observations regarding 	21c 

the growth of the males. It is based on Figure 1. The curves presented in 

that Figure have been interpreted by us in a way that the two peaks represent 

the two year groups playing a role in the breeding migration. The frequency 

curves of each one of these two year groups are plotted in Figure 1 on the 

basis of estimations, with the assumption that the distribution of the 13-cm 

group is symmetrical—which, of course, does not have to be so, but appears 

to us to be permitted for our purposes. The individual curves obtained in 

that way are plotted in Figure 4 in a more simplified form. This procedure 

yields a clear overview of the growth up to completion of the second year of 
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Figure 4  - Diagrammatical representation of growthof males. Key:  1, Ven-
tral mantle length (cm); VI, June; XII, December. 

life. The peak of the individuals about 24 months old, according to Figure 1, 

is located at a length of 24 to 26 cm; the largest ones of these individuals 

measure 30 to 36 cm in length. Single, larger individuals probably belong to 

an older, i.e. the third, year group. That appeared to us to be the case, 

above all, in two apecimens: Male, 38.7 cm (21 July 1933), and male, 42.4 cm 

(3 June 1939). 

It then appears that only two age groups play a significant role in the 

breeding migration. 

We have noted that the two-year-old individuals, on average, are more fre-

quent than the one-year-old ones, While one would normally expect that the 

older year group is emaller due to mortality. However, we have been measuring 

only individuals participating in the breeding migration. It would then ap- 

e 
pear that a  mail percentage of one-year-old individuals participates in this 

migration than of the two-year-old ones. This disproportion between one-year- 

old and two-year-old individuals is most marked during the period up to 20 May. 
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That finding indicates that the two-year-old individuals migrate relatively 

earlier than the one-year-old ones. 

It appears that the growth of the females from hatching to the first win-

ter does not deviate from that of the males. For example, eight October fe-

males e±hibited no great difference to the above-described males of that month, 

in that their lengths amounted to 6.0, 7.3, 7.4, 7.5, 8.0 9  8.5, 8.8 9  and 9.0 am. 

While 19 males caught during November and December of 1939 meaeured, on aver- 

age, 12.1 cm (page 210, 14 females caught during the same  period eXhibited an 

average ventral mantle length of 11.7 cm. 

The length-frequency curves found during the summer half-year, however, 

reveal an entirely different pattern than those obtained in the males. In 

Figure 5 we see that pattern as narrow symmetrical curves with the following 

peaks: 

Up tO 20. V. 	14-15 CM, 
21. V.-20. VI. 	14-15 CM, 

21. V1.-20. VII. 	15-16 CM, 
After 	20. VII. 15-17 CM. 

During the first period, the peak is about one cm higher than in the one-

year-old males; however, subsequently, the female peak remained well below 

the male one. 

Seeing these symmetrical curves with a single peak, one might be tempted 

to conclude that the females encompass only one single year group. However, 

we could also imagine Ulat there exist several year groups, which, due to 

partial overlapping yield an "illusory" common curve. Which one of the two 

possibilities would be applicable cannot be determined on the basis of the 

overall curves. For that purpose we require curves for individual years, which 

are largely presented in Figure 6, and the peaks of which, in addition are 

summarized in the following table. 
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1 933 	1 934 	1 935 	1 93 6 	1 937 
Up to 20. V. 	14-15 17-18 14-15 14-15 14-15 cm 
21. V.-20. VI. 	13-15 17-19 <15 	14 	14 	cm 
21. VI.-20. VII. 	16 	16-19 15-16 	17 

,) 	 16 	cm  
After 	20. VII. 	17 	 ib 	15-16 	i - / 	cm 

.300  



• 

D
E

C
? T

IE
P

E
  

-J 

1. 

-  13  - 

IELJZ:1=1===r1-  

Ji _n 

— 
Its um■ 

20V'35 

:I =I 

21V- 
20V1 

1933 

8rr zum 
r  nv34 

 	_ 

21V 
r_r_r 20V134 

815 zum 
20 V 
1933 

_rn 

•-t 

, 20'. 3' 

	

I 	--, 
; 

	

r-i 	 L__, 	.... 

h 

r-I  
t 	\ 

r-s 

H, 

r-' 	! 

; 

Cà 	 Ce 

ri 21V 
20V(35 

7-1 

I' Li 
20V1: 3f —1 

rH 

L, 
121v- 

195f L, 

j 21 V1- I 
?GNU Lrl, 	ihs .run 	

._,--__  
'-...... 

21V '361 

	

_ -Z"1",,h_r-,. 	 r---- 	 L 
- 	 —17—  

	

77.:E3===.1.1.-C.L__--  - 	---• L 1-C-2-  1---1._"=„iL--r- 	■-t 1 - • 	 .t 	 - 	. . 

10 	 20 	10 	20  _. 
2 .  VENTRALE MANTE _LANGE (cm - r',A55EIN ,  

Figure 6 - Length-frequency curves for the females. Several very small 
monthly catches have been omitted. Key: Bis zum, Up to; 1, Number of 
animals; 2, Ventral mantle length (in cm-classes). 

• 



• 

-  14 - 

In the individual yeara, we find that the peaks are located at approxi- 	221 

mately the aame  mantle length; only in the year 1934, the peaks were àhifted 

to a considerable extent to the right. Supposing that the females represented 

only a single year group, growth during the late summer of 1933 or during 

the winter of 1933 - 1934 would have been about 20 per cent greater than usu-

ally. If we now consult the diagrams of the males for the purpose of compa-

rison, we find in the individuals of that sex that, in the year 1934, the 

peaks exceeded the average one by significantly less than 20 per cent, i.e. 

by about 10 per cent in the case of the one-year-old individuals, and by five 

per cent in that of the two-year-old ones. The actual findings were: 

One-year-old 	Two-year-old 
individuals 	 individuals  

Up to 20 May 1934: 	16 	 22 - 23 cm 
on average: 	13 - 14 	 21 am 

21 May - 20 June 1934: 	16 	 23 - 25 cm 
on average: 	14 - 15 	 22 - 24 cm 

For these reasons, it is not probable that the deviating position of the 	223 

female peak observed in the year 1934 is due solely to greater growth during 

the year 1933. We have seen already on page 217 that, in 1934, the one-year- 

WIN 
old males were relatively verypequent, whiàh finding, however, does not per-

mit us to conclude that the brood fared poorly during the year 1933. It is 

not probable that that situation (had it, in fact, existed) would have affected 

only the males and not also the females. The unusually large length values 

found in the year 1934 in the females must be interpreted, in our view, in 

the following way: Not only did the individuals grow rapidly during the pre-

ceding year, but the percentage of the one-year-old individuals was also un-

usually small. 
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Poor success of the brood and good growth of the individuals, in general, 

are not incompatible, since the success of the brood may depend on other fac-

tors than does the growth of the juveniles. For example, the extremely warm 

fall of 1933 may have greatly promoted the growth of the juveniles, while 

the brood would not have been affected by that factor. 

Let us then suppose that the females, like the males, consist of indivi-

duals belonging to two year groups, the length-frequency curves of which to-

gether form a one-peak diagram. We have estimated that the position of the 

peaks of the individual year groups are located in the month of May at 13 to 

14 cm in the case of the one-year-old individuals, and at 17 cm in that of 

the two-year-old ones. We have selected the former value, because the females, 

according to page 220, grow during the year of hatehing approximately as rapidly 

as the males, the peak of which exhibits the value just mentioned for yearling 

females. The latter value of 17 cm is based on observations made during the 

year 1934. In this connection we have assumed that, in that year, the peak 

observed (17 - 18 cm) does not differ much from that of the tw-year-old indi-

viduals, because of the small number of one-year-old ones. Howevert  we have 

demonstrated furthermore that the length values of the two-year-old males were 

about five per cent higher in the year 1934 than in the average year. For 

that reason, we have estimated that the normal peak of the two-year-old fe-

males amounts to approximately 17 cm. 

According to that view, growth of the females between the month of May 

of the first year of life and May of the seconf year of life would amount to 

about three cm, i.e. not even half the corresponding length gain seen in the 

males, which we had estimated (cf. page 215) to amount to seven to eight cm. 

That estimated value agrees well with direct observations of growth made during 
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the sanmer months: The lengths of the one-year-old males increased during the 

period between 5 May and 5 August by four cm (Figure 1), and those of all fe- 

males, by only barely two cm (Figure 5). It is then clear that the one-year- 	224 

old females gain less than two cm in length during the period between 5 May 

and 5 August, i.e.--as in the above-presented estimation of annual length 

gain--less than half the gain eXhibited by the males. The summer observations, 

thus, support the assumption of the existence of two year groups of females. 

Despite the large differences in the frequency curves of the males and the 

females, respectively, we must then assume that one-year-old and two-year-old 

individuals occur also in the case of the females. '  

Perhaps there exist also females eXhibiting higher ages. Occasionally, 

one finds individual gpecimens measuring 25 to 27 cm in length, where it is 

not possible to determine whether they are well developed two-year-old indi-

viduals or normal-sized three-year-old ones (cf. Figure 6). In the meantime, 

we assume that the latter is the case. 

Finally it must be stressed that the larger females, like the older males, 

arrive somewhat earlier in the coastal water than do the smeller ones. On 

average, the length of the females decreases eomewhat between the first and 

the second month of observation (Figure 5), while one would expect an increase 

of length or, at least, an arrest of growth, if the composition of the popu-

lation remained constant. We must the conclude that a relative increase of 

the younger individuals takes place. 

Let us now give second consideration to several of our results. We have 

seen that the males after one year attain an average length of 13 to 14 cm, 

and one year later, one of 21 cm. In the females, the corresponding numeri-

cal values were about 13 to 14 cm, and approximately 17 cm, i.e. after the 
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first year of their life, the females grow significantly more slowly than 

the males. The suggestion arises of associating that Slower growth with the 

great amount of energy required by the females in connection with egg produc-

tion. The latter activity starts in our species between December and April 

of the first year of life. 

Unfortunately, not much is known about the growth of Ioligo vulgeris in 

other regions, and we are unable to make comparisons. Reliable data are avail-

able in only a few other cephalopod species. 

The North-American squid, Loligo pealii  LES., grows at approximately the 

same rate as Loligo vulgaris, the common squid of the eastern Atlantic. In L. 

pealii,  too, the female exhibits slower growth after the first year of life 

than does the male. Verrill (1882) has reported that individuals of that spe-

cies hatched during June attain a ventral mantle length of eight cm during 

November. During May and June of the following year, the lengths of the one- 

year-old squid varied between six and 18 cm; those of the two-year-old males, 	225 

between 20 and 27.5 cm; and those of the two-year-old females, between 17.5 

and 22.5 cm. Older individuals occur in small numbers; that species then re-

sembles our species also in that respect. 

On the other hand, Sepia officinalis  L., the common cuttlefiah l  attains 

a higher age along the Dutch coast. According to our findings, individuals 

three years old may be found rather frequently; probably, even older ones do 

occur. As in the case of Loligo  vulgar's,  the females of Sepia officinalis 

grow less rapidly than the males during the second year of their life. 

The males as well as the females of Loligo vulgaris  migrate earlier into 

the coastal sea during the second year of life than during the first one. A 

sequence of the age groups of that nature has been observed in many animal 

species migrating to their breeding ranges. 
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We wiàh to present several examples, but our enumeration does not claim 

to be complete. 

Earlier migration of the older individuals has been observed among the 

cePhalopods in Sepia  officinalis L. (our own observations); among the fishes, 

in Clupea hareneus  L,  OncorhYnchus tschwawaytacha Itthawytscha] (WAIBAUM), 

Salmo salar L., Salmo trutta  L., Fundulus heteroclitus (L.), Pleurogrammus 

Monopterygius (PALLAS), Merluccius vulgaris PLEM.(Scheuring, 1929; 1930), and 

among the birds, "repeatedly in larger species" (Stresemann e  1927 )  1934) [for 

example, in Ardea cinerea  L. (Verwey, 1930), Ciconia ciconia L. (Schuez, 1940), 

Phalacrocorax carbo  amenais  (SHAW and NODDER) (Kortlandt, 1942), and furth- 

ermore in Sturnus vulgaris  L. (KIlever, 1935; Van Dobben and Moerzer Brgyns, 
and 

1939), Melospiza melodia  (WILSON) (Nice, 1937). It appears that the sequence 

is reversed in the pike (Esox lucius L.) (Scheuring, 1929; 1930). No differ-

ence in the dates of appearance has been found in the individual age groups 

of the skylark, Alauda  aryen si  L. (Van Dobben and Mberzer Bruyns, 1939). 

In the majority of these species, it then appears, as in Loligo  vulgaris e  

that the older individuals migrate earlier to the breeding grounds than the 

younger ones. 

In birds, sexual maturation frequently takes place in similar faéhion. 

For example, in the cases of the afore-mentioned species  Sturnus vulgaris  and 

Melospiza melodia, Kluyver (1935) and Nice (1937) have establiàhed that the 

clutches of the one-year-old females, on average, appear later than those of 

the females more than one year old. That finding reflects the close relation 

existing between the migratory drive and sexual maturity, which misled earlier 

According to Hodgson (1934), however, the order of arrival is reversed in 
the southern parts of the North Sea. • 
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authors to assume that sexual maturity represented the factor causing awaken-

ing of the migratory drive (cf. page 247). 

On the basis of this situation existing in birds, we might expect also 

in Loligo vulgaris  that the one-year-old individuals mature later than the 

older ones [what the author probably means here by maturing is 'getting into 

the mating condition'--an annual process;  Transi.].  We have been unable to 

elucidate that particular aspect, since the number of specimens caught during 

the period of maturation was too small (cf. Section 3). According to our own 

observations, this is actually the case of Sepia officinalis. 

2. Ratio of sexes, and sequence of sexes during migration 

In all, we have received 7484 males and 5657 females, i.e. 57.0 per cent 

males, or 132 males per 100 females. The sex ratio may exhibit considerable 

variations in different years. For example, in 1933, 58 per cent males were 	226 

caught; in 1934, 61%; in 1935, 60%; in 1936, 53%; and in 1937, 53%. In each 

one of these years, more than 1500 individuals were examined. 

The value of these numerical data is rather uncertain. For example, there 

exists the possibility that the males are more easily caught than the females. 

In addition, interpretation of results is not simple in a migrant species like 

our one. The unequal sex ratio could be based on a greater number of migrat-

ing males, but also on a longer time of residence per male individual on the 

grounds. Finally, we must give consideration to the possibility that we are 

permitted to draw conclusions only regarding the ratio of the sexes of the 

individuals participating in the breeding migration into the Dutch coastal sea, 

and that these conclusions may not, without reservation, be applied in gene-

ral faàhion to the entire species. 
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Less risky is the interpretation of the change of the sex ratio in the 

course of the year. That change permits us to draw conclusions regarding the 

sequence of the appearance of the sexes during migration; these sequences 

are already known in very different migratory animals, and permit comparisons. 

Figure 7 provides numerical values regarding this aspect on the basis of 

our overall results. It is clear that the males and females arrive almost 

simultaneously in the coastal sea, with the females, however, being observed, 

on average, a little later in the year than the males. However, more detailed 

consideration of the catch numbers gives the impression that the males arrive 

relatively a little earlier than the females, since their relative frequency 

decreases gradually, and amounts to 61 per cent in April; 581 in May; 53% in 

June; and to 53% in July and August. If we give separate consideration to 

the catches made during the first week of April, during which squid are fre-

quent, we find an even greater number of males, viz. 62 per cent. All these 

numbers appear to be rather unequivocal; however, if we compare the results 

obtained in the individual years, it appears that this sequence of the sexes, 	227, 

after all, does not occur every year. Figure 8 illustrates the corresponding 

data. In the years 1933 and 1934, the two sexes appeared nt about the same  

time; in 1935, the females appeared relatively earlier; and in 1936 and 1937, 

finally, the males appeared earlier. 

We wish to compare that result with several data available in literature 

for other animal species. 

We are informed best regarding the situation existing in birds. Table 1 

contains a number of different examples. It appears that the three possibi-

lities imaginable (viz,  males before the females; females before the males; 

and males and females at the same time) are all given in nature. For us it 
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Table 1  - Order of appearance of the sexes during the spring migration of 
various bird species, with data on pair formation. N.B. The gymbol (a or ?) 
appearing after n territoriogamEousi n  indicates the sex of the owner of the 
territory. 	,Ekly:  -gam, -eamous; A, Males before the females; B 9  Females 
before the males; 0 9  Males and females together. 1, Species; 2 9  Literature 
on the order of appearance; 3, Pair formation; 4 9  Literature on pair forma-
tion; 5 9  . . ., personal communication; 6 9  Pairing for life; 7, Pairing on 
the winter range. 
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is furthermore of interest tbat the sequence of arrival of the sexes Shows 

relations to breeding biology. For that reason, we have included in Table 1 

also data on that aspect. We then arrive at the following rules: 

In species forming pair bonds on the winter range or having only one sexu-

al partner during life, reapectively, the two sexes appear together on the 

breeding range. On the other hand, species mating only on the breeding range 

Their behavior depends on the manner of pair formation. exhibit varying behavior. 

228 
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For describing these differences, we may employ best the division into "terri-

toriogamous" and "sociogamous" species establiehed by Makkink (1942). Makkink 

speaks of territoriogagy, where pair  formation  is consummated by means of 

oocupation of a territory, and of sociogamy, Where pair formation takes place 

within a group of conspecifics and prior to occupation of a territory. Terri-

toriogamy proceeds in accordance with the following scheme: One of the sexes 

(the male one in most species) occupies a well defined site and there performs 

courtahip activities, the function of which is the defence of that territory 

against conspecifics of the same  sex, and attraction of individuals of the 

opposite sex. The individuals of the latter sex roam about rather freely, 

and become attached to a certain site only during pair formation. This "terri-

torial system" is very common among birds (as well as in other animal groups). 

Territoriality was discovered by B. Altum, and subjected to detailed discussion 

for the first time by H.E. Howard; for additional details, we refer the reader 

to the corresponding ornithological literature. 

In the case of the territoriogamous species, the sex occupying the terri-

tory, as a rule, appears on the breeding range earlier than the other sex. 

The lapwing [Vanellus vanellus],  which, without doubt, is territoriogamus, re-

presents an exception, in that, according to Rinkel (1940), the two sexes mi-

grate at the same time. According to the same  author, the sex occupying the 

territory (i.e. the d) nevertheless appears somewhat earlier in the breeding 

biotope. so  that the analogy with the other species is again evident. 

As already mentioned, the role of the territorial owner is played in most 

territoriogamous species by the male. We know only a few species, in which 

the female performs that function. In the single case documented (Phalaropus  

lobatus),  the females actually appear earlier on the breeding range than the 

males (cf. Table 1). 
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In contrast to the species mentioned above, the sociogamous species in 

all probability are characterized in that the two sexes appear at the same 

 time on the breeding range. This behavioral aspect, however, is known to us 

only in two cases, viz. Oharadrius hiaticula  and Iarus argentatus.  Other 

gpecies have not been investigated. (It may be added in this connection that 

Larus argentatus is no characteristic migrant, but does cover a certain dis-

tance during the Spring between the feeding area and the breeding area.) 

It then appears in the birds that the separation of the sexes  during 

epring migration is associated with territoriogamy. The connexion is so close 

that we are forced to assume that the earlier appearance of the territory- 

occupying sex is necessary or e  at least, advantageous for the species concerned. 

Howard (1920, page 43)  has suggested that the biological significance of 

this phenomenon is that the later arriving females encounter a uniformly dis-

tributed population of males. However, he did not explain how that situation 

would promote the success of reproduction. It does not appear to us that Ho-

wardts interpretation is a convincing one. However, we are not able to re-

place his interpretation by a more satisfactory one, and, for that reason, 

can only conclude that the significance of the earlier appearance of the terri-

tory-occupying sex is as yet unclear. 

The phenomenon of the establiehed sequence may have two causes: Either the 

two sexes start spring migration at the same time, but migrate at different 

epeeds, or the sex appearing first leaves the winter range earlier. In that 

respect, we can only say that the latter possibility is probably applicable 

in Sturnus vulerie,  since the sequence can be demonstrated already at a Short 

distance away from the winter range. In the case of that epecies, it then 

appears that the sexes exhibit different threeholds for the stimulus elicit-

ing migration. 
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The mammalian group contains several species, which, like migratory birds, 230 

migrate every year to their breeding grounds. Hil±heimarls (1929) monograph 

demonstrates that  the se  migrations in the cases of the southern elephant seal 

[Mirounga leonina  (L.)], the sea lion (Eumetopias  sp.) and the northern fur 

seal [Arctocephalus  (actually, Oallorhinus;  Transi.) ursinus  (L.)] are per-

formed earlier by the males than by the females. In this connection, we are 

interested in certain biological features of these species also outlined by 

Hilzheimer (1914; 1929). The males of the elephant seal and of the fur seal 

(no details are reported regarding the sea lion) occupy certain sites along 

the beach at the onset of the breeding season, which sites they defend in 

order to await the arrival of the mass of females. Even if their behavior 

does not correspond in every respect to that exlibited by the birds described 

further above, it appears to us that the analogy to the territorial system 

is so convincing that we venture to speak also in the case oi these mammalian 

species of territoriogamy. As in the birds, we see also in this instance 

that the separation of the sexes in time during the breeding migration is 

associated with territoriogamy. 

In the case of certain bats, the females, toward the end of the winter, 

migrate to the summer range someehat earlier than the males, where the females 

then give birth to their young (Eisentraut, 1937). In their case, the situ-

ation then is entirely different--a finding, perhaps, attributable to the 

fact that these animals do not mate following arrival on the summer range, but 

mated already during the preceding fall. A similar situation has been ob-

served in none of the species hitherto treated. 

In the fiahes, too, the sexes frequently eXhibit separate migrations to 

the spawning grounds. Scheuringts (1929; 1930) monograph, for example lists: 



-26- 

de before ??  ?? before de 	de and ?? together 

• 

Clupea harengus L. 	 Callionymus lyre L. Oncorhynchus gorhuscha (WALBAUM) 
Alosa vulgaris (L.) 	 Oncorhynchus keta (WALBAUM) 
Oncorhynchus nerka (WALBAUM) 
Fundulus heteroclitus (L.) 
Pleurogrammus monopterygius (PÂMAS) 
Alosa sapidissima (WILSON) 

Salmo salar appears to behave differently in the different parts of its 

biotope. Connexions with the breeding biology are not known in the case of fishes. 

When we now return to the cephalopods after these discussions, we must, in 

the first instance, note that the behavior of Sepia, officinalis differs from 

that of Loligo vulgaris. In Sepia,  the males, on average, appear distinctly 

earlier than the females, so that the males during the first two weeks of Se-

pia arrival represent 73 per cent of the total catch versus  only 58 per cent 

during the following months. There then arose the question whether there exis-

ted also differences in pair formation. We know the latter behavioral element 

in Sepia from aquarium observations (L. Tinbergen, 1939). This species exhi- 

bits a certain similarity to territoriogamous bird species. For example, the 	231 

males have the habit of fighting with each other prior to pair formation, and 

this without that the females are present during fighting. They do not occupy 

territories in the aquarium; it is not known whether they do that in their 

natural habitat. The courtship and nuptial ethology of Loligo vulgaris,  un-

fortunately, is entirely unknown. Details regarding our species would be 

highly welcome specifically for the purpose of comparison with the relation-

ships described further above, and this, in particular, since we know that 

Loligo occurs to a greater extent in àhoals than does Sepia. Today we then 

know only that the inclusion of these aspects in future treatment of the 

reproduction of Loligo vulgaris  will be rewarding. 

• 
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3. The Gonad;1 Cycle and its Relation to the r.igrations 	 (231) 

Regular observation of the gonadal stste is importent for two reasons: 

Firstly, the annual cycle of the sexual orgcns of the cephalopods is not well 

known. Secondly, these Observations may  show to what extent reproduction 

and mir;rating bchnvior are associated with ePch other. This association 

exists in many migratory animals. 

The observations of the goncdal cycle of the male s will first be 

shown. The stages described hercimfter are illustrated schematically in Fig. 9. 

The previously described October and December young animals (page 217, 

Gc, rman text) were already surarisin3ly well developed. Six 24 October, 1934, 

op 1 -.C1 slightly swollen testes; microscopic excmination showed that the testes 

contained large nuMbers of spenmatozoa. The spermmtophore organ (as designated 

by DREW, 1919), and the spermatophore sac were visible macroscopically, but 

they contained no spennatophores as yet. In 19 &I, which were collected be- 
19391  

tween 24 l'à)vember and 18 December uhe development was a i-ood deal more ad-),\ 

vanced. The testes were almost as swollen as those of the spwning migrants 

in the spring. In smears, large mubers of speratozon were found. In 14 of 

these animals, the speno.etcpbore sacs already contained low nubers of, though 

small, sperm:.tophores; those of the other 5 were empty. 

Thus, althou;;h in early winter, only young  animais  with maturing 

gonds were obtained, in the autumn of their year of birth, not  ail the 

uni -, ]s are de -Jeloced thi..t far, for even the following summer, still quite 	( 233) 

immature yer.rlins uocr, as will be seen later. 

From the oeriod Jinui , ry to lirch, only very fcw animais are awil;h1e. 

/. condition -;)oints to 	 LL:d, the IpnAs .:,radually develop all 

Ur.,11(:::h winter, or at least, thnt their development does not recede: 
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Abb. g. Ge.madenzyklus der 	von Oktober des Geburtsjahres bis zoni FAIde des 2. 1.,(1CIISiallITS. Gid. = Cladiur. ,  Fled. 
I Toden, S. on. :z. 

	

	Spc.rmatophorenorgan. S. sa. = Sprrmatcyllorensark. Fullupg-grad .der Spernialophol (11 ,.5c.ke: Mai (1. _Jain) 
„voll", Aug. (i. Jahr) „ball)voll", Mai (2. Jain.) „von'', Jul .' (2. jahr) „vici Id\ oil". 

Gon&dal cycle of the A', from October of their year of birth to 	(232) 

the end of their second yei.r. of life. 
G1D. = Gladius; hod. . testis; S.org . = speirlatouhore organ; S. sa. 
spermatophore sac. 
Fillin t; de4Yree of spermatorhore Sacs: May (1st year) "full", August (1st 

yer) "half-full", May (2nd year) "full", July (2nd year) "filled one fourth". 

21 January, 1937, 12.0 cm oe, testis fully developed (5.3 x 1.3 cm). (233) 

The spermatophore sac  contains a small nurber of spermatophores. 

12 March, 1936, 9.0 cm 	testis fully developed, spermatophore sac 

es above. 

13 March, 1936, 7.6 cm J, undeveloned, testis undetectable, no suer-

r::toores, hectocotylus distinct. 

In April, :hen the 3/4-year-old animals appear in large numbers in 

the coastal area, most of them have stronly swollen testes which, even in 

relation to the length of the i.nimals, are larFer than the previous autumn. 

In smear preparations, .D7 ..rL;e amounts of i,permatozoa are found. 

In the course of the su=er, r.ost cf the yearlin -;-,s'have well de-

vel;:ped testes. Only in a very smrll n=bcr of ani:nals this orL-,rn is 



5. 
- 29 - 

undeveloped. Thus, among 4511 mature o  ex:-mined from April to August, 

only 16 animals were "immature". 

In 3 of these animals, the testes were undetectable; in 10 animals 

they were hardly visible, and in 2, they were somewhat larger, yet scarcely 

swollen (in a 13.5 cm animal, for example, it was 2.3 x 0.3 cm, that is, 

about the same size as in a 6-9 cm young animal. 15 of these 16 animals 

were cauLlht in July and i.ugust; hence, they were considerably later than 

their mature eouals in age. Their ventral mentle length varied between 10.1 

and 16.0 cm, and was, on an average, 12.6 cm, that is, substantially less 

than that of the other yearlings which:, according to page 214 (German text), 

at this time, is 15-18 cm. Thus, they were late-born or physically retarded 

animals. 

111, 	
As seen above, part of the yearlings do not - arrive hurt!. Tliey may 

spawn elsewhere; they may not even take p a rt in the spawning migrEtion. 

no'..11d this litter be the case, it is ouite possible that a much higher 

number a-mong them are 1:: -.'ture than among the investi ,,eted yearlings. 

In July and ;mgust, the  testes  under,:o involution; yet, this mani-

fests itself only by a lesser size of the organ, mainly by decreased width 

(c .o. Fi7s. 9). rne e;:tent of this involution cannot be determined, since 

winter c:;serv-etins of the 1 1/4 to 1 1/2- -„- ea.r-old animals are lacking com-

pletely. From  observations of young animals, one may presume that during 

the !ec:nd winter, the testes rr.intein a rether hie:h develormentel stage. (24) 

levertheless, it is obvious that the testiculc,r dcvelopment is subject to 

an unmistkble perjodicity, and reaches its peek during the months of ;,pril 

to June. 	 • 

IYIring the sur:mer months, the 1.,wr-old snuid undergo a 
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develept as  the  yeerlings dealt •ith bere. Even their testes are large 

at the arrival, and decrease in ]ate summer (Fig. 9). No undeveloped animals 

occur among them. 

Like the testes, also the other sexual organs of the summer animals 

are well developed. The vas deferens is fully swollen, and bas a milky 

aspect. In the spermatophore oran, a few half-developed spermatophores 

usually are found. The spermatophore sac, generally, is fully grown and 

contains a considerably  larder  amount of spermatophores than that of winter  

animais.  Thus, they formed between December and April. Only in the isolated 

immature animals, this formation does -not take place; in these animals, all 

the  above mentioned organs are undeveloped and empty. 

During the summer months, the filling degree of the spermatophore 

Tt 1!.7c determined by estimation; 

the following classification was made: "full", "half-full", "filled one 

fourth", "almost emoty", and "ernty", These designations do not relate to 

the absolute amount of the content, but rether, to the relative ,mount, that 

is, they teke the si'Ae of the animal  into account. Some of these studies 

are shewn in Fig. 9. 

It rcsulted, first of ell, that the spermatophore  sacs  of the year- 

ct their arrival, on en average, and in relative terms, are less 

filled T,han those of the two-year-old anim.::11s. This may best be seen from 

the f'ollowing  values 	relate to enirnals caught between 23 April and 

, 

10-17 cm 18-30 cm 

49 "full" 	 24 % 	76 % 
25 	75 % 

18'; "filled one f:Jur':.h" 	 39 % 	61 
41 "almost epty" 	 66 % 	34 % 

1  "er.IntY" 	 (lao %) 	(0 %) 

sac s  
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The 10-17 cm [.nd 18-30 cm ranes were so chosen that the former 

comprise the majority of the yearlings, the latter the majority of the two-

year-old  animais.  

This may also be formulated in the followin:; manner: 	 ( 2 35) 

Out of 138 10-17 cm animals: Out of 231 18-30 cm animals: 

9 	 16 % were "full" 

	

16 % 	 29 % 	"half-full" 

	

53 % 	 49
1 	

"filled one fourth" 

	

19 % 	 6 (1  "almost empty" 

	

3 % 	 0 % 	empty" 

The fact that the described relationship between animal size and 

filling degree of the spermetophore sacs is statistically significant, may 

be seen from the following calculetion which relates to the period 23 April 

to 2 Eay, 1935. At that tire, there were received: 39 "full" animals with 

an average length of 19.5 cm (standard deviation or,- = 0.64), and 37 "almost 

empty" animals with un average length of 15.0 cm 	= 0.71). The standard 

2 
deviation of the difference is, according to d 

d' 
= 	 = 1.0 cm, and 
- x 	Y 

less than one third of the difference, which therfere is statistically 

sicnificent. 

Hence, in eerly summer, the spermatophore sacs of the two-year-old 

ani .m.als are fuller than those of the yearlin gs. In other respects, the two 

ae -, -roups behave simiUrly; thus, hereinafter, they will be dealt with in 

common, the more so as one cannot determine the age of each animal. 

It has already been seen that at the arrival of the  animais,  their 

spermatophore,  sacs are more or less filled. Soon afterwards, the number of 

enimals with less filled sacs increases. Fig. 10 shows that this increase 

:oes on from A.pril until et least the second hr.lf of June. In Au:ust, -nere 

are some di:;crepencies Lich mny be due to the low nurber of investiuted 

animals. 
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50k, 

factors are rcFponsible for t:;ese 

changes: Firstly, the relative increase in 

the rp.:.nber of ::earlinss in the course of the 

year (page 225, German text). As said before, 

their sacs  are  less filled than those of the 

two-year-old animals. Hence, the change in 

the romilation com -oosition must bring about 

a louer average fillins deziree. 

However, this  change  is too small to 

emplain the whole decrease. Thus, the second 

important  cause are the  mutinas  which tpke 
Abb. 10. 	Fffilung , rad cirs 
Sp .rrnalophorrn5ackes 	illi  

place all throazh su=er, end which will be 	Laufe. der Zrit, 1934 - 19e. 

furt'ner dealt 	in comneetion with the 	 r,, JO . 
 F;11-1„ r1r.n.rnn — 

of spernatophore secs during 
The diP2,.ram of the filling degree of 	the investigation period, 

1934-194-0. 
the spermatophore sacs therefore shows that  

before the a -rrival of the anim-als, the snermatoph.Dre pr3(iuction exceeds the 

consumption; after.-. ,ards, consumption exceeds production. This might imply 

-Unat durinz, sum:rer, no spermatophores are produced, and t,hc.t the u.nir. -!z.,.ls use 

un a. rceruo -..he -.‘e stored up et the 'oeinnin:7, of the rei.)roductive period. 

this  is dciniteJ.y not the case;  all throuer.h sumner, developing 

suerr..atophores may be found in the different sections of the s:)err..laton'nore 

,s etabJihcd elrecdy on pa.ge  6.  

In 	 it is sirs.ilï.‘.r, as .r.:/ be seen fron 	s (1919) 

iine rèfi)ort on the f....„1 -,:ntion of sntirru:to -21 -.•.-)rcs by this s -.-)ecies. 

As ;tentioned before, the above said  relates t,o one and two-:;ear-old 

animls 	r. Of both E.; -).(2 urour,s therefore, the enimals arrive with  more 
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or less filled spertophore sc.cs which i;radually empty during the summer. 

One cannot say for certain •hether the yearlings that have finished spawn-

ing will mature a;:ain the following spring, or whether the mature two-year-

old 	are  those animais which, the first year, may not have been mature, 

and did not migrate to the spawning area (cp. page 4). However, in either 

case, it is obvious that the sexuel  activity is bound to a determined season 

of the year; this will be dealt with later on. 

The observations reç-mrding the gonadal cycle of the female s will 

now follow. One is faced here with the same difficulty as in the case of 

the dô, namely, that adequate numbers of animais  remain only a few months 

in the observation area. 

Some of the stages to be described are illustrated semi-diagrammatically 

in Fig. 11. 

The few young autumn and winter animais that were available for 

observation, were relatively less developed than the 	caught at the same 

tirne. Both the animals r. - ;:ved on 24 October, 1934, and in December, 1939, 

had very s 

macrosconically. At microscopic examination, the about 0.2 mm egs were 

clearly visible. The nidimental :lunds (see Fig. 11) had only started 

mnturing (thou:h they •ere larer in the De.cember animals than in the October 

animais); the same applies to the accessory glands. The oviduct, of course, 

contained no mature egs as yet, and the sermethcca was not visible macro-

scopically. 

Even one of the r.arch [Alie.als was  hardly more developed; yet, it 

vrs very short, 	mey l!r.ve accounted for its delayed development, with 

respect to the ::,;ority of its equals in age. 

mall ovaries, the granular sructure of which was scarcely visible (237) 
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Abb.  ii.  Gonadenzyklus dcr 	vom Oktober des Gcburtsjahres bis 
zum n:ichtstrn Joni. Est = Eicrstock, Ovd 	Ovidukt, Nid = Nidimen- 
taldrüsen, Acc = Akzessorischc Dritsen. Füllungsgrad dcr Oviduktc:  Mai ' 

„ ■,-oll", Joni „miissig". 

Fia._ 11 1»  GonPdal  cycle of oo, from October of the year of • irth 
until  the  following June. 
Est = ovary; Ovd = oviduct; iid = nidimental glands; Acc = 
accessory glands. 
Filling de ,jrce of oviducts: May "full", June "moderate". 

In contrt,st thereto, the oo appearing in the second half of April - ++ 

now nine months old - look quite different. The nidimental glands are fully 

grown and swollen; the same applies to the accessory and oviduct  glands. 

On the mouth membrane, the snermatheca is visible as a small  bulge, and the 

ovary fills part of the abdomen with  its 1-2  mm egr.s. In front, to the left 

of this orGan, there is the oviduct lying in several loops, with clear, pale- 

eg::s arr:.-,n.:;ed in rows, which help to fill tichtly the abdominal cavity. 

Until the animals disappear in late summer, the ovary reains fully 

to moderately developed; a decrease toward the end of this time, as in the 

case of the testes, was not safely established. 

The second or third week of May, a small number of females aprear, (235) 

the  es of which are not as tiuhtly packed in the ovary as described before, 

the ov::ry a strikinr:;ly loose, disorderly aspect. This aspect 

will be dealt with a little later, where it will be seen that these are 

probi:uly the ci? which have just released their e - s. The appear all throu.h 
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Llso ÏmJng the ?2, there are yearlin!-- s with undeveloped gonads. 

Their ovaries resemble very much those of the winter animals (see above). 

The same applies to the nidimental and accessory glands. 

During 1935-40, the number of these immature c. was 16 out of 3505 

examined animals. In contrast to the immature dd which, according to the 

above said, appeared only during the months of July and August, they appeared 

most frequently during May. Their length was 9.8 - 14.7 cm, on an average 

11.5 cm, that is, the same as in the case of the immature dd, considerably 

less than that of the other yearlings where, according to page 223 (German 

tex-0, it  am y,  at this time, be estimated at 13-14 cm. 

Unfortunately, autumn and winter observations ref-erding the further 

development of the ovary are lacing. The following sunner, the two-year- 

old oo. the same as the yearlin:3:s, have well developed ovaries at the time 

of their arrival. Even in these animals, no involution can be detected  et  

the end of surimer. Undeveloped individuals do not seem to occur; this is 

in line with the findinrrs regarding the 

The oviduct, which acts as storage organ for the mature eggs, s•es 

considenbly 	 de.::rees during the course of summer. As in the 

case of the srermatoPhore secs of the cid, the fillim; deree was  recorded 

for each examined individual, and the following classification was made for 

the egs: "many" 	"full"), "moderate", "few", and "none" (= "empty"). 

Also in this case, to estime.te the nuMber of e.,r;s, the size of the animal 

was tken into account. 

As in the es ce of the spermatophore sacs of the j3, filling 

de,;ree is assocted with the leth of *ne animal. 

Between 20 Lpril and 11 ray, 1937, for exenle, the following animals 

; .ore  ev'mined: 



12. 
—  36  — 

16 	"full" 
78 î "rodfire.te" 
28 	frv „ 
9 	e ml) t  

average 

16.2 (.01 	• n. 4  cm 

14.8rm 
14.7 cm 	 0.27 cm y 
12.4 cm 	 c 

The discrenancies in the average lengths between the w of the 

first and the third, the first and the fourth, and the third and the fourth 

groups are statistically significant, since they exceed 3 x  o  (calculated 

2 
according to o-  = +-\]Cx: + 	). Yet, between the oo with "moderate" d - 	 ++ (239) 

wz.lbers of eg:s and those with "few" eggs, there is no essential difference. 

According to pa7,,e 223 (German text), between 20 April and 20 May, 

the two-year-old op are,  on an average,  about 17 cm long. Among the "full" ++ 

animals of the above shown Table therefore, there is a hirher percentaF7e of 

two-year-old animals than among the "less  fi lied"  ones or, in other words: 

the two-year-old 29, even when taking their size into account, bear more 

eggs in the oviduct than the yearlings, as also the two-year-old 6c3' have 

relatively fuller spermatophore sacs than the yearlings (pai.,,e 7). 

Also in many fish species, the number of ei;.gs increases with increas-

in3 arl,e of the animals (as, for instance, in Acanthias vuliraris Risso, cp. 

FORD, 1921). Similar findings have been made for some bird species that 

renroduce for se -:eral years during their lifetime. Thus, it is known that 

the several-year-old w of the starling (Strnus vulr;aris)  (KLUYVER, 1935), 

the song sparrow (Meloc--)iza melodia) (NICE, 1937), and the redstart 

(Phoenicurus phoenicurus) (RUITER, 1941), lay more eggs than the yearlings. 

rowever, as to whether the egg production of these three bird species - as 

as of Loli -:o vul -pris - goes on rising with increasing aEe, is not 

lulown; nor can it reCily be detenlined, 	 average lifespan, 

when free, is reli , ti -Tely short. One mi:ht euect that the 	production 

rises at the be ,_;innin ,::, to decrease again wl7en the animals get older. 
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ereini.fter, one and -to-yenr-old oo will be Observed to:gether, 
++ 

as was the case for the jce. A separation may not even be feasible, since 

the two a;,:e ilroups differ too little in size, and no other characteristics 

exist to evaluate their ases. 

The chan7es in the filling de:fees of the ?? oviducts during the 

investiation Period are zraphically illustrated in Fig. 12. The percent-

a2es of animals •ith full to moderately filled oviducts are high at the be- 

houever, rat7:-_er soon after the arrival of the animals, the indi-

viduals ...rith less filled oviducts become more freouent. Presumably, ana-

logous to the &I, t..r.is is dependent to a lesser deF.ree only on the change  

in the population composition; rather, the egg-laying  ria'  be the main cause. 

this time also, the fishermen bring in the first egg clusters (1933: 

9 May; 1934: 12 May; 1935: 18 1936: 5 M!, v. 	1(:) .-7: 4 May). • 

The relative increase in the nuMber of animals •ith less filled 

oviducts ceases in the second half of ray. One 	-:,erefore conclude that 

before  the  arrival of the animnls, eg Production exceeds consumption; then, 

until the end  of ray, consuJrIction exceeds production and, eventually, there 

is ccuilibrium. Before the appearance of the animals, consumption must be (240) 

se 	m:ro, since te egs are laid chly in the constcl waters (were 

te first ones are found at  the  be , :inning of May). From May until about 

the bejmning of Lugust, eggs are constantly being consumed, as seen from 

the dates of detection of freshly laid eu:,s (Table 2). 

Thus, 	 lpsts fro;r1 ray to July -  or August, that is, almost 

as long as the 	r(=in in the costal trea, and during all this time, 

the ovary supplies the oviduct with e . r , s. (The wunber of spawning oo reaches , 

its peak in  the  second half cf ray,  as  will bc seen later). 
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which have a loose and strangely uneven aspect, 

while their oviducts contain few or no ei;gs at 

all. No doubt, these females laid their eggs 

just recently. Moreover, a rather lare per- 

centae thereof have newly deposited sperma-

tephores on the spermatheca mound, which in- 

dicates that eg-laying often is followed by copulation. These females with 

loose ovaries and scarcely filled oviducts, which occur from the middle of (241) 

May on, and are present all throu-il summer, never are numerous; they always 

form just a small percentae of all the animals; they may be most freouent 

in the second half of May, since, undoubtedly, at that moment, a large  number 

of OQ lay their em• s at  the  same  tire. Apart from these ïî with slack ovaries, 

from the middle of May on, a rather large number of other females appear which, 

lne,, , ise, have only few e,.7,gs in their oviducts, while their ovaries have 

normal asoect. These are nrobbly animals the ovaries of which, so to spcak, 

been re:,enerated, and the oviducts are filling a,;ain. APparently, the 

cm:)',,yin2; of the oviduct now ta'kes place already when the number of 	has 
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rer.c'ed 'Ac "rnC,eri.Le" de::,ree, fur, efter the middle of r.ay, only ver /  feu  

.yith f'111 oviducts appear. flence, the animals apparently produce several 

batches of eggs, the first one being the largest. The nuMber of egg batches 

cannot be determined. 

The oviduct development during autu:nn and winter is not known. Eggs 

are definitely not laid durinn: this Period. Whether the egg production goes 

on in winter, or at what time the oviducts start filling in spring, is not 

known.  for  is it 7:mown whether each ? reproduces once or twice in its life-

time. It would be possible that the two-year-old anirals are the undeveloped 

yearlin : _:s of the previous ;year. lio;;ever, in the authors opinion, this is 

unlikely. 

Finally, the investi gation of the female sexual organs also com-

prised observations regarding the condition of the spermatheca and the 

-oresence of freshly deposited sperra .Lophores in its neighborhood. From the 

reports of U.FOITS (1871), MEWS (1911), and VAK OORDTS (1939), it is known 

for 	rerl_ii Les.  emd Jliovn1. that during mating the 

sper,?..tophores are deposited on the  mot:: membrane.
1) 

Rere, 	are soon 

er.ptied; the spermato ..,,oa then reach the spermatheca (= receptaculum seminis), 

a .:1f- nd'31ar recess in that =brnne. In filled condition, this spermatheca (242) 

has a milky  white as)ect. It is then called a "white mouth mound". The 

empty or half-empty remainders of the sPermatophores first adhere to the 

sin slime of the mouth membrane; then, they disapnear, even before the 

content of the spermatheea is used up. 

1) ..:oreover, for  L aTh 	DREW (1911) detected ratin , s where the c;.7 
dc -flosited the sper. ,.ato:'h...:res into the minule c7tvit.y of the ?. In the o? 
of L .._ vul:_s from the surroundin,;s of Den lielder, the authors never 1.  - 
found ' -nere.e.res in te rr, ntle c?vity, despite the fact that several 
thousand individ-.:als were c.:<alined. 	;OnN (1845) 

pr.Dvide an *.c.c•lre.te descrir)tien end illustration of a î of this kind, 
which carried burst s;:eruntophores at  the inner rxintle wall. The origin 
of this anime-1 is not hilLmn. 
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preent. o'eserfetions showed, firstly, that the majority of 

mature w Lave filled spermathecae. Secondly, they showed how the fre-

quency of matins developed during the investigation period. When few 

metin:,s take place, many ?? lose the spermatopbore remainders. There are 

then relatively many ?? with filled spermathecae, yet without spermatophore 

remainders. On the other hand, in times of numerous matings, there are 

relatively many 2c which bear spermatophore remainders. By determining the 

ratio between the number of w with spermatophore remainders and the number 

of o9 without srer=.toshore remainders, yet with so-called white mouth mound, 

S 1) 
that is, with filled sPerm.,_Itheca, or briefly,qa , one obtains a more or 

less accurate measure for the frecuency of matine7s. Fig. 12, top, shows 

the course of this ratio. At first, it rises rapidly, then more slowly, 

and descend ;oJie:hat in Auimst. One may conclude therefrom that from  the  

arrival on, and close to the de.earture, the animals mate with undiminished 

vigor. This conclusion relates to the number of ratin ,, s per mature female 

present; the number of totally occurrin2; matin3s shows a marked mr_xir:tra in 

the second  half of ray, when the number of animals present reaches its peak. 

These observations rearding the Periodicity of reproduction will 

be se:=eri ..led once more. In December, the ovary is still very little dev-

elo:;ed, end no es at all are in the oviduct et that time. E . -layinp., 

takes place only from April to August, with a maximum in the second hall' 

of l'ay. uactl  the seme periodicity exists for the matins and, thus, the 

	

cons=ption. Yet, the 	produces spermatooa alreedy (M?• 

	

in Octe,ber, which are E:tored elreed: 	December on in s-nermatophores. 

S 	 S 	-  
1) The aothors . e_ed tl.e ra -,_10 of -- end not .7--e----- 	 : 

U2 	 D -,sal of examined 
ot:serwise, tLe presence of 	 •i •, 

- 
immature w wold Lave influenced the values. 
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1.:1til reL;ard to this latter point, other periodically maturing 

anil=1 species behave cuite differently. In bird testes, for example, 

the sperr:.atozoz develop only shortly before the mating period, to disappear 

again soon afterwards. One miet assume that the early maturation of the 

d1  scuid - long before the mating period - is in association with the ca-

pacity to store the sperma in spermatorbores. A comParison with other 

animal secies with spermatophores would be interesting. 

Finally, it is interesting to corrpare the reproductive period of 

the-se  scuid with suid from other detection sites, as well as with other 

cephalopod wecies. Unfortunately, ohly few data are available. 

LO BT.00 (1909) describes that in the I.'editerranean Sea the er7gs 

of Loliifo v1L:;_-.ris are caught between Eovember and July, and mainly from 

1:arch to  aune.  (It sLould be added ChaL in the Medit.ca" this spccies 

is present all year round). Pence, the reproduction lasts  lon ger, and starts 

earlier in the ::ear. Soe other ee ,:.il1.:.7o. s -necies show periodic reproductien 
N 

cis° in the I...editerri:ncan area.  LU  BD CO uentions Sepia officiralis L., 
Â 

December to July, seldom in August, October, rovember; egr;s are freçuent 

mainly from I.".rch to June; Octov,us vuluaîi5 Lam., efugs from lay to 1,ugust; 

I.-n-11 to July. For 	as for Loliio vul-aris, 

ih r=roductive :neriod in the lediterrancan is considerably longer than in 

the rorth Sea where, according to the authors Observations, it lasts only 

from  Pa o Loli-o 'Ter. even spawns all year round in the 

ieditrr;:ren; accing to soe autors, tLis s:Decies is identical with 

Lam.  from  the  rorth-Sen re:ion. This latter does not 

Fna ,m in winter. It would appear to  'ce an example where,the periodicity 

is very r...:, r'-;ed in  Lhe Porth , while in the South, it is almost or co:letely 

(1921) gives a :;imilar Cenerion of the Japanese 
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In BoutLern Jay': n,  Lie r..utin.: :period is 

said to go on all year ro.md (although with a raximam in Septerber/October), 

while in 1;orthern Janan, it would appear to be limited to December. How-

ever, this latter conclusion would not seem to be final, since in rorthern 

JaPan, during different months, only half-rown animals were investiFated. 

As with any periodic phenomenon, one may ask on what external factors 

the reproductive rhythm of Loli:To  is dependent. Apparently, the conditions 

are different than in rany Temperate-Zone birds, the maturation of which is 

brouP:ht about by the increasing length of daylight (ROWAP, 1938). The squid 

starts its reproduction in the South at decreasin length of dayliçrht, in 

the North at increasirm length of dayli ,ht. A periodicity regulation would 

appear most likely where a detemined temperature ran-.!.e is necessary for 

reproduction, the upper limit of which, in the Mediterranean area, is ex-

ceeded between July and Kovember, while the lower limit, in the North-Sea 

area, is reached only at the end of April. This longer reproductive period (2) -4) 

in the South, rscr.:'Lcularly, points in a e_.-17ineine: manner to the effect of 

te ..erus,ure. This longer reproductive period in the South is also found 

in other animals with Southern distributiem (which therefore need birl 

tenperature for their reproduction), for example, the jellyfish (VEÏNRY, 

1943), and fishes (Enrraulis encra;:icholus (L.), Clu-eea pilchardus :alb.: 

FACE, 1920, pages 14 and )2). 

As shown above, spawning of Lolii,o vularis starts on the arrival 

of the anirals in the coastal area, and Goes on until close to the departure 

of the last individuals. Moreover, it is known that reproduction does not 

take place, or hardly ever, outside of the coastal area. Hence, arrival 

and departure rouj:ly coinciC.e with the bej_nning and the end of reproduction. 

It is further known that in the spawnin-..; area, unly very few immature 
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individuels occur. L11 ti,is • ould apnear to roini; to a direct relationship 

betueen maturity and migration, as has been assumed for years already for 

birds where, in one case, it was even proved experimentally that both matu-

rity and surin:  migration are determined by the increasing leneth of day-

light (RCUAN, 1938). Initially, it was assumed that the increasing length 

of daylight causes sexual maturity which, af -ain, causes the awakening of the 

migration drive. If so, however, it is not clear how the sexually immature 

yearlinp,s of many species (Senia certain fishes, many wading birds, etc.) 

are able to take part in the  migration.  Since PUTZIG (1939) showed that 

castrated crows tae part in the sprin t:, mi:ration, this phenomenon must 

urobably be e>mlained to the effect that seNual maturity and miçasation 

drive are released by a common cause, namely the increasing length of day- 

In the same way, that is, that maturity end migration drive are 

released by one and the sene cause, also the above mentioned relationships 

may have to be looked for in the case of Ifolir:o.  

T:.ns, during migration, t .. - e enirals reach their spavnin ,7 areas. 

Lccording to the function therefore, one may speak of spawning migration. 

Yoever, this does not mean that the migration has merely this significance. 

This eould even be very unlikely, since, f:enerally, several functions are 

involved. Thus, for instance, the purpose of the known northbound spring 

migrations of many animal snecies (birds), for one thin:, is to reach the 

reproduction sites and, for another thintr, to mal:e available to them the 

bloscmin';: reserves of the summer season, while it is likely that also more (245) 

faveurable tea)erature coreflii...:.; ere fo'ind. It ray be seen on pae 275 

(Gerren text that also for Lolie:o 	 misration probably serves 

sevcrel 172 ,  -;ions 	The fnct that, :enerally, several functions are involved, 

makes it impossible to maintain the often used classificeti:,n of animal 

migrations  according tOthe function. 
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4 ..?eriodicity of Mi - ratiDn  

From te dia:ram showing the nuMbers of animals cau:ht (Fig. 13), 

it nay be concluded that at Den Eelder, from the second half of Anril to 

the end of May, imnigration :enerally exceeds emigration, and from the end 

of May to the end of Au:ust, the conditions are reversed, yet without the 

occurrence of a stationary state, as this is the case for many miratory 

birds. It may even be assumed that since earliest times, there has also 

been emira-',..ion, and that, lihewise, even after the second half of May, 

t'rere is a constant i=i:,:ration of new individuals. Obviously, however, 

the nunbers of catches allow only conclusions re:arding the difference be-

tueen 	 and  emi.:ration, and not re:arding the absolute numbers 

of cnimals. 

The catc.:_ numbers of the separate years, on the whole, provide the 

sa= nicture, and are not s'r.u.in here. It is stri).,dng that the starting 

dates of mi:tration over -ne different years -Tary only within narrow limits. 
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Abb. 13. rapgzahl(n von Kalinaren. Durchschnitts‘sertc 1933-1910. 

• of selid 	 ;e 	 1933-2940. 

IL  is  truc  that the dates of a -ppearance of the indi7idual animals show con- 

difr.::ces, as !..ay be seen from Table 3. Eol,:ever, this is not 

since, aoar. from the presence of the arrilmls, their 

first ca ,)ture is irtrrely determined by chance. ilowever, if the dates on 



Jahr 
:'ear 

1 933 
oq4. 

1 935 
1 936  
1 937 
1938 

1 939 
1 940  

13. IV., 20. IV. 
21. IV., 23. IV. 
20. IV., 23. IV. 

3. IV., 13. IV. 
2. III., 14. IV. 

18. III., 12. IV. 
15. II.,  6.1V.  
27. IV., 30. IV. 

20.1V. 

95- 1 v. 
23. IV. 
211. 1V. 

 20. IV. 
22. W. 
29. IV. 
^o IV 

20. IV. 
25. IV. 
23. IV. 
28.1V. 

20. IV. 
13. IV. 
22.1V.  
30.  IV. 
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which n 	1:.ore n=erous arri -val was deterrdned, are put toether, 

for examPle the days on which, for the first time, 5 or 10 animals each 

were brouj2t in, there is only a sliCt difference: in the first case, 

13-30 April, in the second, 20-30 April. It may therefore be seen that 

the beqinning of a more numerous arrival is restricted to the second half 

of 4ril, and that it varies little from year to year. As is known, this 

latter fact applies to the migration  periods of several animal species. 

The  string and autumn mirations of a number of bird species provide many 

examples therefor. 

Table 3. rrival dates of  La1i yularis  

• 
Wchigstcns  t Stück 	Wenigstcos 5 St. 	Wcntens  10"%t. 

et lLast 1 	lec.st 5 ah.at  lei-:st 10 an. 

The arrival of the bulk of mi.;ratory animals, zenerally, occurs 

rather suddenly, for in 6 olt of 8 investiation years, the dates on which 

for the first time 5 or 10 anials each were cauCt, coincide. Only in the 

years 1938 and 1939, there is about one week between the two dates. In both 

ears, imr:.ediately after the capture of the first 5 animals, there was a 

period of windy weather which lasted several days. Undoubtedly, durinc; 

these days, the coastal fishery, which Provides the researchers with these 

snuid, was interrupted.  For  this reason, the dates the first 10 squid were 

ti.cse 	are  c:‹c,r .cionr,117,r late. Even thour:;I: the other years, 

sinilar occurrences =_y Lave affected the arrival dates of the first 5 sfluid, 
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for 	 re7:)rt, :.he dates on 	ich, for the first time, 5 animals 

each were cau.;ht, will still be considered as the most reliable measure for 

the bei.;inninc of the main mi,D•ation. 

It is worth searchinf2; for relationships between  migration startinE (247) 

date and external factors. Table 4 therefore compares temperature and salt 

content at the Faaks li-rhtship with the be:innini; of mi:ration. 

Table 4. Dates of Appearance and Environmental Factors 

1 934 1 935 1 936  

rtrnp. Haaks 1.-10.111. (CC) 
11.-20.111. 

11.- 20.]\*. eae  21.-30.1\'. 
1i.r.,.clu-inungsda turn (.1 pin 

liaal;s 2 r.-30.1V. (7, e ) 

; 1 933 

4. 8 	4- 2  
Cho 	4 . 5  
6.i 	5.2 
7. 1 	5. 0  
7. 6 	5. 6  
8.2 	6.4 

20. 	25. 
34. 25 33.30  

6.1 	5.6 
5-5 	5-5 
6., 	6.4 
6.4 	6.8 
7' 2 	7. 1  
8 . 1 	7-4 

23. 	28. 
34.34 34.5 2  

1 937 I 1 938 	1 939 	1 940:--1 
d 

.  

4-9 	5-5 	5- 8  
5.5 	6.1 	6.1 
5.8 	6.8 	8.0 
6 .5 	7.3 	6 . 6  
7-5 	7.4 	7- 8  
8 - 0 	7.9 	8.3 ..:■?:e 	71  

20. 	1 3- 	22 . rA ‘  30. 
3 2 .94 33-75 33-5 2d - 

It may be seen from this Table that there is no relation to the 

salt content of :;he last decade of April. llouever, t'nere does exist a 

correlation, tho._:h not a very ._;ood one, to the temperature, in that the 

three yecrs in vich te last April decade ,:7as cold (1934, 1936, rind 1940), 

s-rou 	 dates . 1;c:7ever, the tc1::peratore is noi: c.rhe only 

re -.11atin - :  fac tor. If this .vere the case, t::e anials .hich, in 1934, 

arrived at r).4 ° C, in 1933, would have had to anDear already at the end of 

in 195 ct 	be:innin:,; of 	ril ,  in 193) 	the end of 1:arch, in 

1937  c t Le be .innin of 	in 1938 in the middle of March, End in 1939 

in:1in_ of 	which (7...)es not cprre: .rcnd ..c) the facts. Fence, 

other factors to the second half of April, and the 

c.ffue nf 	 is onl a cbo -rinate factor. From what is lulcem of 

niraLury 	 is obvious that the lerr;th of daylijit must account for 
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this bindin to ti.e seond half of April; this stron: influence on the 

nninals vas determined by ROWAN et al. 

In conformity with the prescrit  results are the findings of Mrs. NICE 

(1937) who thorou.:hly in-festiL:ated the Phenolo:y of the Song Sparrow 

alosoi:ar;eLndia (uilson)), an P..merican miL,ratory bird seecies. After 

havin;; sho.,7n tha:, in uarmer years the anim.als arrive relatively early, and 

in colder years later, she shows (Pa(7e 49) "That time of year is one of the (248) 

fundalr.untal factors in Son. S:Darrow miration is shown by the fact that hiah 

terperatures in December, january, and early February (that is, considerable 

time before the arrival of the animnls . in the last third of February) ... 

never brin: a mi; - ration. Niu;ration is conditioned by both increasing len:th 

of dayli7ht r.uci ten.perature." It may be added that it would appear that the 

rule cstblis::ed by KTC 7  for the P,n; sn,,,rnw 	lies also  to tl-ip micration 

of many other bird species. 

5. Fre :c:r of Spawnin ‘ ; 	 in Different Years. 

For a mi:ratory animal species as the present one, apart from the 

reprodctive rerults of the previous yuars, the frequency also depends on 

the rercentr. of z:niv.:-,1s 	tart in the mi ration  to the investigation 

area. In the  present  ce se,  it is not possible to serarate the tuo moments. 

A further ensideration therefore appears to be rather reaninaless. However, 

ren.re'red for connections becen the nurber of annually arpearinl: 

and L.0 -_-'1.ctic‘ns in the "ulcr-uater cliate". Their calcult- tior.r; 

‘;ere rearic.cd tj  the  ru-pntns of .".v)ril and rrt:.:, since, for technical reasons, 

the June purchases suPplied no re]iable data. In Table 5,.  the  number of squid 

is c ,7,nred vith the salt-conten'; end telnucrature differences of the obser-

v:Ition area. 	latter ;:cre calcula2,,ed in the foll.:;win: Inanner: 
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For CPC]. 	 ds'Lj'fer(nce bctween the monthly readily; minus the monthly 

mean value of mtuly obser7ation years, w as  determined from the "Marsdiep" and 

"Hanks" lic;htship observations (two stations which lie on the inner and outer 

limits of the Loli-o vul-aris distribution area at Den Helder, see Chapter 6a), 

and then the mean value of these two differin: fi:ures was calculated. 	(249) 

Finally, the :r.can value was calculated from the mean values of April and 

Table 5. Frecuency of Scuid in Different Years, Temperature and 
Salt Content. 

I . 
1 933 1 934 1 935 1 936 1 937 

Av.fricts–.atior --i ealt  coi t. 	1 	• I I 
Durcl 	S »chn. 'alzgchaIisa-r,v,ci•Chung 	‘-' 	-I-.0.7 i  -I- o.6 ' — 0 .3 i 	0.0 1-2.2. 

h-i,V. , 	...r1  7, 'I --(. -: ..... 	. 	. 
..- L ., 	7 	,' 	 ! 

Dui il. Téirilic: i.-aiii..1.1Wcit1Iung 	-I- o.6 i — o.1 +o.i ; +0.3 I  + 0 .5 ' 
IV., V. in 'C. 	 ; I Zall! dr.r Kalman. IV., V. 	 2 734 j 8 77 	8 97 • 2162 	1 59 2  

flu. -  er of sgid 

It may be seen from the Table that out of the five observation years, 

the war.r.er  ones hnd  the lar -:er numbers, while no relationship to the salt 

Since it may be expected that a southern species reouires 

a relatively hi s:h temperature, the explanation that in warm years a larer 

1 ,rber of sçuid mi: -rate as far as this latitude than in cold years, appears 

increasin:ly lihely.  This therefore is the reason for the lar::re catches. 

z. 
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6. Dispersal of Ioligo vulgaris at Den Helder  

(a) Selection of areas in dependence on environmental factors 

In the case of each specimen delivered to the Zoological Station, the 

fishermen reported both the fiéhing site and the number of their boat. Since 

the purchase price of the squid was the same for ail  fiéhing sites, the fish-

ermen had no particular reason to cheat with respect to their reports. Never-

theless, the reports were occasionally checked by making additional inquiries; 

it turned out that the fishing sites, in general, were reported properly. 

The area fiàhed by Den Helderian boats is divided into several parts. 

First, there are the coastal flailing areas, which are identified in Figure 14 

by Nos. 1 to 7. All these grounds are influenced more or less by both freàh-

water and the nearness of the land. Fiailing there is carried out with the 

aid of trawl nets; in Area No. 7 (on the mud flats), fiàhing is done also with 

the aid of stanaing herring nets. The territory of the deep-sea fishermen, 

in part, overlaps these areas. The deep-sea fishing grounds encompass, in 

addition to the Haaks light ship and the Diepe Gat (No. 1 in Figure 14), a 

relatively long stretch of the éuuthern North Sea extending to the Borkum 

Reef, Klaver Bank, Markhams Hole, and the Breeveertien abreast of Egmond. In 

all these areas, fiahing intensity is lower than in the coastal waters. Fiéh-

ing in the deep sea is done largely with the aid of trawl nets. 

In our subsequent discussions, we will be dealing almost exclusively with 

the coastal zone, since Ioligo vulgaris is strongly bound to that zone during 	250 

the summer half-year. From that zone, the Zoological Station received during 

the year& 1933 to 1940 more than 12,000 squid, compared to only 180 (approxi-

mately 1.5 per cent) from the high sea, i.e. from grounds more seaward than 

Area No. 1. This disproportion cannot be explained on the basis of the afore- 
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Figure 14 - Map of the coastal area near Den Helder &lowing the different 
areas mentioned in the text. Depth in m. Key:,A,  Mud flats (exposed at low 
tide). 

mentioned lesser intensity of deep-sea fiahery, but can be due only to the 

preference shown by the squid for the coastal zone. 

For the purpose of comparison, we are able to make use of the catch numbers 

of another species, viz. Acanthias vulgaris  RIS)  [piked dogfie or spur dog]. 

This scyliorhinid is also purchased on a regular basis by the Zoological Sta-

tion. During the period between 1 June and 31 December 1938, we received 110 

specimens from the coastal zone (Areas No. 1 to No. 7), and 1313 specimens 

from the outlying fishing grounds, i.e. the catch ratio of this fiéh was al-

most the reverse of the one found in the case of Loligo vulgaris. 

• 
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It is of further interest that even the Ioligo vulgaris  specimens caught 	251 

outside of the coastal zone nevertheless were taken not far from land. Only 

a few winter catches represented exceptions: 24 November 1939, two specimens, 

Tea Kettle Hole, 20 fathoms; three specimens, 20 miles NNW of Haaks light 

ahip, 15 to 16 fathoms; 18 December 1939, eight specimens, Tea Kettle Hole, 

20 fathoms. We will return to these  catches  further below. 

The view that this particular species is rare in the North Sea (Tesàh, 

1908; Grimpe, 1925) probably can be attributed to this avoidance of the deep 

sea. Research ships rarely work close to the coast and, for that reason, the 

marine biologists, who examine the material landed by these Ships, never see 

the squid. 

The factors causing this binding to the costal sea will be examined further 

below. First, we will give more detailed consideration to the occurrence of 

this species within the coastal waters, and limit ourselves, for the time be-

ing, to the  mmer half-year. 

In the first instance, we will ask ourselves where the main mass of the 

squid may be found during each month. For that purpose, we have calculated, 

for each summer month, the number of specimens caught per area, and expressed 

these catches in percent of the monthly total catch. These percentage values 

are plotted in Figure 15a. However, these particular numerical values would 

provide a correct impression of the occurrence of the squid only of fishing 

activities were carried out at the same sites during the entire year. That, 

however, is not the case, and we must, for that reason, give consideration 

also to the variations in the fiShery intensities. Unfortunately, detailed 

statistical data are missing,  but the records of the Zoological Station do 

provide some evidence for resolving that question, because the fishermen 
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Figure 15  - (a) Catch numbers; (b) Intensity of fidhing activity; (c) Fre-
quency of squid calculated on the basis of (a) and (b). Average values for 
1937 to 1940. Cf. in the text for details. Key:,  Fdn., Fathoms; A, Rela-
tive sizes of the monthly catches; B e  Relative size of the monthly "Report 
number;" C, Relative frequency of Lolie, vulgaris. 

also delivered other animal species, apart from the squid. The sites at which 

these species were caught were also regularly recorded. In order to determine 

the distribution of fiShery activities in both time and space on the basis of 

these data, we have proceeded as follows: For each fishing site, we calcu-

lated the monthly number of reports, and expressed that number in percent of 

the monthly total number. Figure 15b abOINS the result of that calculation 

and, thus, represents the relative intensity of fishery activities at the 

different fiàhing sites for each individual summer month. It is evident that 

that intensity varied considerably. 
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In order to determine next the relative frequency of the squid, we must 

Number of squid caught  calculate the quotient 	 , for each 
Intensity of fiàhery (report number) 

summer month and for each fiàhing site, and express the value found in per- 

cent of the monthly total of these quotients. These percentage values are 

preseated in Figure 15e.  They demonstrate that a certain area in the course 

of the year is at one time more preferred, and at another time less preferred 

by the squid, but these values do not provide information regarding both the 

absolute frequency of the squid and squid density. In these calculations, 

Area No. 6 had to be excluded, since very little fiéhing was done there at 

certain times. Area No. 7 also had to be excluded, since fiàhery is carried 

out there in a manner entirely different from the fiàhing done in Areas No. 1 

to ivo. 6. 

Our method does not permit us to draw detailed conclusions. Nevertheless, 

the following aspects are clear. Area No. 3 eXhibited maxima at the start of 

the season and at the end of the season, and a distinct minimum during June. 

Area No. 1 eXhibited a maximum toward the end of the season, but apparently 

no maximum or no pronounced maximum at the start of the season; it is, thus, 

uncertain whether Area No. 1, like Area No. 3, e±hibits a minimum during June. 

Area No. 4 eXhibited a distinct maximum during June, and a minimum toward the 

end of the season. Area No. 2 exhibited lower values at the start and, in 

particular, toward the end of the season than during the middle of the period 

of squid occurrence. These findings mean: The squid are relatively frequent 

in Area No. 3 at the start of the season, and least frequent there during 

June. Since the opposite is true for the neighboring Area No. 2, it appears 

that a Shift of the squid takes place from Area No. 3 to Area No. 2. However, 

Area No. 4 also eXhibits a distinct relative increase and this, in particular, 
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during June. The shift,  thus, takes place from Area No. 3 to Area No.2 as 

well as Area No. 4. The squid then mova more or leas in the direction of the 

coast and, at the same  time, toward the Marsdiep. The relative decrease in 

Areas No. 2 and No. 4, and the relative increase in Areas No. 1 and No. 3 

during the months of July and August reveals exactly the opposite trend; A 

shift away from the coast, but also away from the Marsdiep in the seaward di-

rection. Speaking in global terms, water depth increases in regular fashion 

with increasing distance from the coast (the reader is asked to pay attention, 

in particular, to the subsurface contous lines ahown in Figure 14, and to dis-

regard to some extent the depth data àhown in Figure 15a). Since the squid 

were caught with trawl nets directly at the bottom, we are able to state that 

they, on average, stay during June in àhallower water than at the start of 

the season and, in particular, at the end of the season. The depth, however, 

is not the most significant factor in this connection; on the contrary, be-

cause the squid pass the months of June in large numbers in Area No. 4 9  where 

water depth, in part, is east as great as in Area No. 3. Further below, it 

will become evident that the squid are guided in the first instance by an- 	254 

other factor, viz,  the temperature of the water. 

The squid, thus, apparently perform movements within their summer range 

that are similar to those known, for example, in the case of plaice. However, 

while the plaice visits the warmest sites already during  May, the aquid does 

that only in June. In connection with these movements, it is then probable 

that the plaice is guided chiefly by water depth, while the Squid is guided 

by water temperature. 

The few winter squid received by us, on average, came from significantly 

deeper waters than did the summer squid. We have already mentioned further 

above that several of these winter squid were caught farther away from the 
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coast than any summer squid (cf. page 251). The distribution of the other 

winter catches also indicates that the squid live during the winter farther 

away from the coast and at greater depth than during the summer. Table 6 

gives the corresponding data. (These winter squid were specimens four to 

six months old; cf. page 218.) 

Let us next consider the results for the "average year." We will now 

subject the distribution during the individual years to more detailed investi-

gation. In that connection, we are unable to calculate (as we did on page 

251) the frequency of squid, because the intensity of fiàhery cannot be re-

presented separately for each month in numerical form. For that reason, we 

content ourselves with the catch numbers. In the Areas No. 1 to No. 7 regu-

larly fiShed, these numbers exhibited considerable variations. These varia-

tions were most pronounced on the mud flats (No. 7), where at one time large 
1 

numbers of squid were caught, and at another one, almost none at all  • It 

appears that that Area meets the requirements of the squid only under certain 

conditions. What these conditions actually are could be determined to some 

degree. 

For the purpose of determining these conditions, we investigated first 

the relationShip existing between squid catches, on the one hand, and temper- 	255 

ature and salinity, on the other one. Figure 16 illustrates the catches made 

in the mud-flats area (No. 7, Figure 14), expressed in percent of the monthly 

total catch, as function of the monthly average values of salinity and tem-

perature in the Marsdiep (western boundary of Area No. 7; cf. Figure 14). 

1 
Of course, we have given consideration only to those months, during which 
fishing was actually carried out on the mud flats, i.e. April, May, and June 
(Nith the exception of June of 1938 and June of 1939, when no observations 
were carried out). • 
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Table 6  - Habitat selection near Den Helder during summer and during winter. 
Key:,  1, Areas far from the coast; 2, Areas close to the coast; 3, Simmer 
animals (April to September); 4, Winter animals (October to March). 
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Figure 16  - Relationships between temperature, salinity, and relative catch 
size on the mud-flats area. Key:  1, Area No. 7: Relative catch size; 2, 
Temperature . . .; 3, Salinity . . . 

These values have been calculated on the basis of daily surface observations 
We 

made on the Marsdiep dike ( are indebted to Mr. Ir. F. Liebert, Rijksinstitut 

voor Visscherijonderzoek, Den Helder, for making these data available to us). 

The influence exerted by salinity is very pronounced. Only when the sa-

linity at the dike exceeded about 3.03 per cent did the squid move across 

the outer borders of the mud-flats sea. Since the water tests were carried 

out at the seaward entrance to Area No. 7, we are permitted to conclude that 

a salinity level of 3.03 per cent actually represents approximately the lower 
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threshold for Ix)ligo. It appears that the temperature does not guide the 

squid at all; at least, the plots representing observations do not indicate 

the existence of a correlation. That statement, however, is valid only for 

the temperature range of our observations, and cannot be generalized without 

re servation. 

Scheveningian fiskiermen told P. Creutzberg in the year 1941 that Loligo. 

 vulgari s was caught abrea st Scheveningen, in general more frequently outside 

of the three-mile zone than near the coast. That report initially surprised 

us, but can be readily understood on the basis of the aspects just outlined, 

since the 3.e-sa1inity line as well as several of the other isohalines run 

closer to the shore near Den Helder than near Scheveningen (Atlas, Cons. Int., 

1933). 

On the basis of this particular correlation betveeen occurrence of squid 	256 , 

and salinity, we are, however, not able to draw conclusions regarding the 

Itmechanise of this interrelationship. It appears to us to be most probable 

that the squid orient themselves directly tosvard the sait content (or toward 

one of its accompanying chemical pgenomena), in that they turn away in phobic 

fashion from sites exhibiting salinities too low for their requirements. How-

ever, we may also imagine that the relationship is an indirect one, and that 

the squid, for example, are following some prey animal, which, in turn, orients 

itself toward salinity. Appropriate observations are missing to resolve this 

particular question; however, we have no evidence suggesting tha t the latter, 

more complex mechanism is valid. 

The variations in the location of the internal boundary of the area vi-

sited by squid, thus, are determined near Den Helder by salinity, i.e. the 

salt content of the water. There arises the question whether the location of 
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Figures 17 a - 17d  - Relationships between catch size in the deeper parts 
of the coastal sea (expressed in per cent of the catches made in Areas No. 1 
to No. 6) and the "underwater climate." o: Observations made during months 
where the total catch aneunted to 70 to 200 squid. o: Observations made dur-
ing months where that catch amounted  ta  more than 200 squid. In Figure 17b, 
we have applied a reduction, which is explained in the text; in Figure  17e, 

	

"temperature difference" means t tarsdiep _ 	- asks t_ 	. 	Key:  1, Areas No. 1, 

	

-e 	-fl 
No. 3, and No. 5: Relative size of the catch; 2, Areas No. 1, No. 3, and 
No. 5: Relative size of the catch (reduced); 3, Salinity; 4, Temperature 
difference. 

the outer boundary also exhibits relations to variations in the "underwater 

climate." For that reason, we have investigated--in the manner outlined fur-

ther above--the correlation between environmental factors and the occurrence 

of squid in the areas located farther out in the sea. In that connection, 

we have compared, for each month of observation, the average salinity and 

average temperature values recorded at the Haaks ligh ahip with the relative 

sizes of the catch in Areas No. 1, No. 3, and No. 5 (exPressed  as  

the total catch in Areas No. 1 to No. 6) (cf. Figure 17). 

percent of 
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Salinity exerts a certain influence also in this case (Figure 17a). The 

squid were most frequent in the more distant areas when salinity at Haaks 

light àhip was relatively low, viz. < 3.4 per cent. However, the correlation 

to salinity was less marked than on the mud flats. 

We have seen further above that the squid carry out seasonal migrations 

within the coastal region. The suggestion arose to  de termine  whether the 

dependence on salinity was still in evidence or, respectively, more in evi-

dence when the influence of these seasonal migrations is eliminated. 

According to the data presented in Figure 15c, the relative frequency of 

the squid in Areas No. 1, No. 3, and No. 5 amounted to 67% in April, 61% in 

May, 4.ebl in June, 54% in July, and 77% in August. In order to resolve that 

particular question, we have multiplied the monthly numerical values (catch 

48 
numbers in percent of the total catch in Areas No. 1 to No. 6) with ---- for 

67 
48 	 48 	 48 	 48 April, ---- for May, ---- for June, ---- for July, and ---- for August, and, 	258 
61 	 48 	 54 	 77 

in that way, obtained--even if only approximate--"reduction to the June values" 

in arbitray units. The numerical values obtained by means of this calcula-

tion are presented in Figure 17b as function of the salinity recorded at Haaks 

light ahip. The correlationis again in evidence. 

This particular correlation may be interpreted in two ways. We may assume 

that the squid are repelled by water e±hibiting linities> 3.4 per cent. 

However, it is also possible that the influence of salt content in the distant 

areas is only an indirect one. For example, we can imagine that the squid, 

directed by some other factor, attempt to approach the coast until the sali-

nity threàhold of about 3.0 per cent is reached. During "less saline" months, 

when that threàhold is located far out in the sea, the squid would be found 

at a greater distance from the coast than during months associated with higher 
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salinities. The location of the outer boundary of their range would then be 

determined by the location of their lower salinity threehold, and--in our case 

--be associated with the salt content of the Marsdiep water. Since the salt 

content at Haaks light àhip, on the whole, e±hibits the same  course  as that 

in the Marsdiep, we are permitted also on the basis of the latter interpreta-

tion to expect greater  catches in Areas No. 1, No. 3, and No. 5 when the sa-

linity is low at Haaks light àbip, and vice versa. 

However, we have evidence suggesting that the second possibility is not 

valid. During April and June of 1935, there existed, at the same time, high 

salinity at Haaks light àhip and low salinity in the Marsdiep, with catches 

being low in Areas No. 1, No. 3, and No. 5 as well as in Area 7. 

Relative size 	 Relative size 
Salinity Salinity in of the catch in 	 of the catch 

Areas No. 1, 3, 
at Haaks the Marsdiep in Are.a No. 7 5 

April 1935 	 27% 	 3.441% 	2.89% 	2% 

June 1935 	 4> ,% 	6% 

	

3.449% 	3.02  

It then appear that the squid are forced in the Marsdiep in the direction 

of the open sea, but at Haaks light àhip toward the coast. There then re-

mained for them only a narrow intermediate zone, which in Aprilof 1935 

yielded 71 per cent of all squid landed, and in June of 1935, 90 per cent of 

all squid landed. 

For that reason, we feel that the influence exerted by salinity is a di- 

rect one in the more distant areas, and that the squid avoid water eXhibit- 	259 

salinities < 3.4 per cent. 



• 

-61- 

Among the other environmental factors, it appears that the absolute value 

of the temperature does not affect the squid (Figure 170. That finding, 

however, does not yet indicate that the temperature of the water exerts no 

influence at all in this connection. In fact, it appears that there exist 

interrelations between the occurrence of squid in Areas No. 1, No. 3, and No. 5 

and the temperature gradient in the coastal waters. From February to Septem-

ber, the areas far from the coast are colder than the areas near the coast. 

It appears that the squid are most frequent in the areas far from the coast 

during the months, where that difference is small. Figure 17d gives the cor- 

I responding monthly values as fun 	 ff tion of the dierence tmarediep  _ iiaaks. The  

correlation is rather evident. 

The difference in temperature between areas far from the coast and areas 

near the coast is subject to distinct seasonal periodicity. During the summer 

months of interest to us, this difference is most marked during June, and 

least marked during April and during August. We have seen already on page 253 

(Figure 15e)  that the local occurrence of squid also eXhibits a seasonal per-

iodicity. Table 7 compares the frequency of squid in the areas far from the 

coast, the size of the temperature gradient, and the salinity level in monthly 

average values. It turns out that the seasonal migrations are also caused by 

the temperature gradient, while the salinity exerts no influence in this con-

nection. That is actually true, because, in reality, we have represented in 

Table 7 the correlation already demonstrated in Figure 17d in a somewhat dif-

ferent form. 

We feel that the connexion to the temperature difference is that the squid 

Sâow a preference for the warmer areas. In our observations, this preferen- 	260 

ce had to be more marked with increasing difference in temperature between 

• 
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Table 7  - Occurrences in the areas far from the coast and environmental fac-
tors. 	Key: 1, Month; 2, Relative frequency in the areas far from the coast 
No. 1, No. 3, and No. 5 (1933 to 1937), after Figure 15c; 3, Difference 
Marsdiep 1H aaks  (1933 - 1937); 4 , Salinity at Haaks (1933 - 1937). I  

j.NIonat 

Iv. 

 

• 

2. Rclativr Haulitzkrit in den kusteniernr-
Gebicten N0. 1, 3, 5 .1933-1937). 

Nadi Abb. 15c. 

I' Dili.`:".11 ' 1 Nlarsclicp-1 1-laaks ( 1 933-'37 ) 
qtialinitat Fiaaks ,1933-1937) 

V. 	VI.  Vil.  \'w . 

	

67". 	6 i?'. 	48". 	5.1 e ■■ 

	

1.0 -  	 1.3 	0.5' 

33.92 33.81 33.98 33.88 34.06 

the coastal water and the Haaks water. It is furthermore evident that that 

preference binds the squid during the summer to the coastal sea, because it 

is warmer there than in the high sea, and drives them away from the coast 

toward the winter (cf. page 254). 

A final factor playing a role  in the binding of squid to the coastal sea 

is the depth of the water. We have already seen further above that the squid 

—et least, during the summer—dwell only at diallow sites. Their occurrence, 

thus, depends also on the depth of the water. At least in part, that con-

nexion is an indirect one, since both salinity and temperature gradient, which 

control the occurrence of squid, depend, in turn, on water depth. However, 

the question arises whether the depth of the water is able to exert also a 

direct influence independent of both the temperature and the salt content. 

It appears that an influence of that nature plays no role in our observations. 

A large number of equid was caught in the Diepe Gat, where the water depth 

is the same as in areas located twice as far away from the coast, in which 

areas the species occurs only rarely. All these findings do not exclude the 

possibility that the depth factor may well exert a direct influence in regions, 

where the depth differences are considerably greater than in the North Sea. 
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Let us then summarize the findings made with respect to the influences 

exerted by several environmental factors on the occurrence of aquid. The 

area preferred by the squid is determined near Den Helder, at the Shore-aide, 

 by the salt content (salinity) of the water, which cannot drop much below 

approximately 3.03 per cent. At the sea-side, the thredhold àhows connexions 

to both the salt content of the water and the temperature gradient in the 

coastal sea. On the one hand, it appears that the saline line of about 3.4 

per cent represents an outer boundary for the squid; on the other one, the 

squid prefer the coastal waters because of their greater warmth. The water 

depth, finally, appears at best to play a :subordinate role in the binding of 

the squid to the coastal zone. 

It goes without saying that salinity and temperature gradient are not 

the only environmental factors affecting the occurrence of the squid. In 

the vicinity of Den Helder, however, their influences are most marked. In 

regions having a different character, it is well possible that the effects of 

this factor or that one are more distinctly in evidence. For example, Do 

Bianco (1909) has mentioned the nature of the bottom as an influencing factor: 

Near Naples, this species reportedly prefers a slimy bottom. 

It is clear that the description of correlations presented above can be 

regarded only as a base for further studies of the orientation of Longo,  and 

does not permit us to draw conclusions regarding the nature of the respaases 

of this species. Since the behavior of marine animals is not accessible to 

direct observation, more detailed investigations probably will have to be li-

mited to experimental methods and, for that reason, will be difficult to per-

form. 

• 

• 
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• (h) Occurrence of males and females separately  

In their habitat selection the two sexes exhibited a mall difference. 

Relatively fewer males were caught at the sites far away from the coast than 

in areas close to the coast. Table 8 provides detailed numerical values. 

Table 8  - Sex ratios in different areas. Key  1, Males per 100 females; 
2, Area. 

• 

'1. 

	

1.i.•11irt.tril No. 1 	 44 8 	 37 6 	 119  

	

N.  6 	 368 	 293 	 126 „ 

	

No. 5 	 355 	 2 95 	 1 3 1  „ 

	

NO. 4 	2361 	 1806 	 131 „ 

	

No. 3 	i 	1218 	 867 	
; 

1 40  „ 

	

No.2 	! 	642 	 4 20 	 1 53 

	

No. 7 	. 	1045 	 632  

If we inquire once again after the controlling environemtal factors, it 

appears that a direct influence of water depth can be excluded. Otherwise, 

the values obtained in Area No. 1 and Area No. 7 would not be that different. 

Apparently, one of the water properties plays a role in this connection. We 

could think of the salt content, but also of the temperature. In the former 

case, the males would prefer a somewhat lower salinity than the females; in 

the latter one, a somewhat higher temperature. When giving consideration to 

the differences between Areas No. 2 and No. 3, on the one hand, and Areas 

No. 5 and No. 6, on the other one, we must remetber that the less saline and 

(during the summer) warmer mud-flats water flows southward when flowing out 

from the Màrsdiep into the North Sea (low tide). For that reason, the sou- 	262 

thern sites are more influenced by the mud flats than the northern ones, and 

this, in particular, because the channel located north of the Island of Texel, 

which channel also drains southward (the Eyerlandse Ga t),  plays only a 
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subordinate role in the water balance of the mud flats. The data presently 

available permit no further analysis of these particular interrelationahips. 

(c) Occurrence of the eggs 

Egg strings were purchased by the Zoological Station only occasionally 

(above all, during the year 1934); for that reason, we have only relatively 

few data available on egg finds. Those avnilable pertain only to the coastal 

region; Table 9 provides an overview of their distribution in the year 1934. 

For the purpose of comparison, we have listed also the numbers of squid caught. 

Table 9  - Occurrences of egg strings and squid near Den Helder during the 
summer of 1934. Key:  1, Number of egg strings; 2, Number of squid; 3, Area; 
4, Totals. 
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On the basis of this Table, we might conclude that Areas No. 2 and No. 6 

are particularly preferred as spawning sites, and that Area No. 7 is avoided 

for spawning. However, some caution is indicated, since the number of spe-

ciemns is rather mall. For that reason we do not venture to employ these 

data for further analysis. 

• 
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7. Geographical course of the migrations  

In this Section, we will make an attempt to reconstruct the course of 

the migration of Ioligo vulgaris  on the basis of both the data available in 

literature and our own observations. 

The range of dispersal of Longo vulgaris  encompasses the littoral zone 

of the Mediterranean Sea and of the eastern Atlantic between 210  and 59
0
N1 . 	_263 

In the Atlantic region, our species has been found along the coasts of north-

western Africa (Robson, 1926; Boone, 1933; Adam, 1937b; 1941), Portugal (Nob-

re, 1932), France (Iocard, 1886; Dautzenberg and Fischer, 1925; Cuénot, 1927), 

Great Britain (Plymouth Marine Fauna, 1931; Storrow, 1932; Moore, 1937), Bel-

gium (Adam, 1933), and The Netherlands (Teach, 1908; the present paper); in 

the Deutsche Bucht (German Bay), in the Skagerrak, and in the Kattegat (Grim-

pe t  1925); in the western Baltic Sea (Grimpe, 1925; Kaeckel, 1937); and fin-

ally, perhaps, along the coast of Norway (Grieg, 1933). In the Mediterranean 

Sea, Loligo vulgaris  has been found, inter alla,  along the coasts of France 

(Vérany, 1853; Locard, 1886), of western Italy (Jatta, 1896; Lo Bianco, 1909), 

and of Tunesia (Gruvel, 1926). 

With regard to the migrations, it appears that the squid does not leave 

the Mediterranean region during the winter. Vérany (1853) mentioned that this 

species "habite sédantaire les profondeurs moyens" in the vicinity of Nice. 

In the commercial market records of Tune sia, "calmars" are reported during 

the entire year; cf. Table 10; on the basis of Gruvel'a (1926) communication 

we know that we are dealing in that case with our species. In that respect 

Adam (1937a) has mentioned two specimens from the West Indies, but doubted 
the correctness of that find report. 

• 
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Table 10  - Landings for the market in Tunesia. Totals for the years 1932 
to 1936, after Bulletin Stat. Océan. de Sa1ammb8, Nos. 31, 33, 35, 36, and 
37. Key: 1, Month; 2, kg  uid. 

• 

I. 	II. ; III. IV. 	V. 	VI. V11.1\111. IX. I X. I XI. 
42.4 Kalmare 5327 4626:4849 9148 13137,8792' 4466 3973 5181! 7916I 6391 

the equid of the Mediterranean region, thus, differ greatly from those of 

the North Sea, which we know to be marked migrants. 

We will next present a detailed description of the migrations in the North-

Sea region, i.e. the only region for which  data are available in moderately 

adequate quantity. Grimpe (1925) has already reviewed the data available on 

the occurrence of squid in that part of the sea; we will supplement his re-

view with our observations. 

As we have already seen further above, Ioligo vulgaris appears every year 	264 

in large masses along the Dutch coast, and reaches the vicinity of Den Helder 

during the second half of April. Their numbers increase up to the second half 

of May, in order to decrease again rapidly. The last epecimens usually dis-

appear between the end of July and early September. Their ages amount to ap-

proximately one and approximately two years. In addition, we occasionally 

find small quantities of squid hatched that year near Den Helder during the 

late fall.. (During the fall, movements of the juveniles, by the way, can be 

determined only with difficulty, since they, with respect to the mesh size 

of the usual trawl netsoare still very small.) 

In order to determine the direction of migration along the Dutch coast, 

we made purchases of squid during the spring of 1937 at the same time in Den 

Helder and in Breskens (Province of Zeeland). At the later place, these pur-

chases were kindly carried out by Mr. C.L. Ter Meulen. 
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Table 11 - Spring migration along the Dutch coast. Numbers of squid purchased 
in the year 1937 in Breskens (Province of Zeeland) and in Den Helder. Note: 
The total period of observation has been divided into periods of 5 days in a 
two-fold, overlapping fashion, in order to make certain that the results are 
not tainted by the chance selection of a subdistribution. 

• 

• 

Pcriod 	 o., 11.-1 5. 10.-20. 21.-25. 26.-30. 	1.-5. u.-io. i  11.-15. 
fircskrtis 	0 	, 	28 	! 	19 
Den  1-1c11 , r 	0 	j i 

Pc.riod 	4.-8. 	9.-13. 114.-18. 
rireskon 	o 	1 	28 

Fivldr! 	o 	. 	o 	. 

The squid marketed there came, on the one hand, from the Schelde estuary 

and, on the other one, from the North Sea off the Islands of Sdhouwen and 

Goeree. Table 11 gives the numbers of squid purchased. The squid arrived a 

little later at Den Helder than at Breskens; the difference probably amounts 
1 

to five to ten days . 

Are we permitted to conclude on the basis of that finding that the squid 

migrate from the south to the north? Strictly speaking, we are not, since 

we could imagine also, for example, that the squid migrate straiet toward 

the coast frem the deep water to the shallow water, and undertake that rise 

in the north somewhat later than in the south. In that case, however, squid 

would have to be reported from the deep water prior to their appearance along 

Near Breskens, 27 specimens were caught on 14 and 15 April; near Den Helder, 
ten specimens on 19 and 20 April, and a little later, considerable quantities. 
That would give us a difference of about five days. However, near Den Helder, 
the squid are later in the season far more frequent than near Breskens. If 
27 specimens were then caught on 14 and 15 April near Breskens, the squid pro-
bably are there relatively more frequent than on 20 April near Den Helder. The 
difference, thus, probably amunts to more than five days, but it cannot be 
determined how much more than that. To be on the safe side, we assume that 
the difference amounts to five to ten days. 



• 

• 

- 69 - 

the coast. Since the latter is not the case, we assume that the squid migra-

te northward parallel to the Dutch coast. That conclusion is in agreement 

with Grimpets (1925) suggestion to the effect that Lone  vulegaris  reaches 

the auuthern North Sea from the south. 

On the basis of the observations outlined above, we are permitted to con- 	265  

elude that the squid—even if the difference in the dates of appearance cannot 

be determined exactly—pass by Den Helder at a speed much greater than the 

velocity of the water, the current of which at that site also exhibits a north-

eastern direction. If we assume that the distance between Zeeland and Den 

Helder amounts to 100 nautical miles, the water requires at least 18 to 25 days 

to cover that distance (cf. Verwey, 1943, pages 440, and 445 and 446), while 

Longo  covers that distance probably in about five to ten days. However, the 

northward water movement is the result of one northward current and one south-

ward current. According to unpubliShed measurements made by the Rijkswater-

staat, the northward dislocation of the water amounts, at the surface near 

Ijmuiden (four km away from the coast), on average to 10.7 km per tide or 

21.4 km per day. The southward dislocation of the water, 0.15 m above the 

bottom of the sea, amounts there to 3.2 km per tide or 6.4 km per day. The 

difference between the two movements amounts to 15 km or 8.3 nautical miles 

per day. If the squid stay in the surface water during high tide, and close 

to the bottom during low tide, they would cover, on average, 8.3 nautical 

miles per day. In that case, they would cover the distance of 100 nautical 

miles—if the current velocity were the same  over the entire distance—in 

about twelve days. If the squid then needed six, instead of twelve, days to 

cover the distance between Zeeland and Den Helder, they travelled about eight 

nautical miles per day by means of active propulsion. In any case, we cannot 

assume that they—as is the case in numerous travelling planktonic organisms 

in the water and many insects in the air (Fraenkel, 1932)--are transported passive 
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In apparent contradiction to our assumption of a northern migration through 

the Strait of Dover is the finding Showing that this species is encountered 

only in isolated instances along the Belgian coast (Adam, 1933; 1942 quoted 
, 

in the literature
1 
 ), while it is, without any doubt, common along the Dutch 	266 

coast near Breskens, Scheveningen (cf. page 255), and Den Helder. However, 

as mi.. Adam has informed us by letter, it is very well possible that this 

species has been overlooked along the Belgian coast, as was the case  also along 

the Dutch coast until 1931. In any case, we are inclined to assume that the 

squid reach the North Sea by way of its southern entrance. This species has 

been found along the Channel coast of France (Iocard, 1886), a finding that 
a, 

has subsequently been confirmed by Gallien (1934, quoted in the literature ) 

for Wiméreux (Dept. Pas de Calais). Additional data on numbers and Phenology 

are not available for the western coast of France. 

Relatively few specimens are known from the Deutsche Bucht (German Bay). 

Grimpe listed those known in 1925; by adding the ones listed by Hertling (1934, 

quoted in the literature), we arrive at the list presented as Table 12. The 

majority of these squid was mature. 

Mr Adam bas  kindly informed us that the following specimens have been received 
by the Bruxelles Museum after the publication of his paper (1933): 1 July 1925, 
Ostende, eggs; 6 May 1938, Ostende, eggs; 18 May 1927, Ostende, one female; 
11 June 1929, Ostende, one female; 4 September 1934, Ostende, three juveniles 
(cf. page 217 of the present paper). As along the Dutch coast, this species 
spawns also in the Belgian waters, and juveniles are caught there during the 
fall. 

2
The numerous personal communications (received by mail) mentioned in the fol-
lowing part of our paper were received in response to an inquiry made by the 
Zoological Station in 1934. In that connection we mailed questionnaires to 
institutes of marine biology in western Europe regarding the occurrences of 
various cephalopod species within the regions covered by these institutes. We 
are indebted to the directors of these stations for their kind cooperation in 
replying to our inquiry. • 
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Table 12 - Dates of squid finds in the Deutsche Bucht (German Bay) (53° 56' - 
3771-iiorth, 5° 17' - 7° 51' east). After Grimpe (1925) and Hertling (1934, 
quoted in literature). 

May: 	25 May 1920; 28 May 1920; 28 May 1920; three speciemens "probably 
May 1933". 

June: 	8 June 1904. 

July: 	1 July 1908; 11 July 1903. 

August: None. 

September: None. 

October: 2 October 1907. 

November: 27 November 1933; 28 November 1932. 

On page 251, we have already seen that the literature contains only very 	267 

few observations from the Dutch coast, although this species, without doubt, 

is common there. For that reason, we believe that it is well possible that 

Loligo vulgaris  occurs also in the German Bay more frequently than is supposed, 

but is overlooked due to inadequate observations in the coastal waters. The 

majority of the specimens mentioned by Grimpe actually has been cauet at a 

rather large distance from the coast, i.e. in a region, where, according to 

the findings obtained at Den Helder, only a small fraction of the squid present 

on a given range may be found. On the other hand, however, there exists the 

possibility that this species inhabits, in the German Bay, a wider zone than 

near Den Helder, since the 3.4%-salinity line is located in the former region 

at a far greater distance away from the coast than in the latter one. 

Only a few specimans are known from the western coast of Denmark, and 

those are mostly not dated. We are a little better informed about the Ska-

gerrak and the Kattegat. Loennberg (1891) has described several specimens, 

which had all been caught along the 'Swedish coast between the Ore Sand and 

• 
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the Norwegian border. According to Prof. Jaegerskiold's (1937, quoted in the 

literature) communication and Prof. Bock's (1942, quoted in the literature) 

communication, neither the Goeteburg Museum nor the Stockholm State Museum 

of Natural History has received new specimens since the publication of Loenn-

berg's paper. As far as they are known, the finding dates are: 8 July 1860; 

3 August 1869; 18 August 1865; 19 August 1872; and 5 September 1872 (Jaeger-

akioeld). Loennberg, furthermore, has mentioned a communication offered by 

Hansen, according to which this species has occasionally been caught during 

the fall near Streomstad. More recently, Dr. Blegvad (1934, quoted in the li-

terature) has stated: "my working district is the Kattegat and the Skagerrak. 

Loligo vulgaris  is not common there." 

Only a very few observations are knawn from the Baltic Sea: 24 September 

1872, one male (approx. 30 cm without head tentacles, i.e. probably two years 

old), Travemuende (Lenz, 1875); fall of 1930, in the Bay of Kiel, numerous 

cuttlefish measuring four to five cm in length, of which two (caught on 26 

November 1930) were identified as Loligo vulgaris  (Jaeckel, 1937). (These 

specimens probably had hatched during that year; cf. page 218 of the present 

paper.) 

It is not certain that Loligo vulgaris  reaches the coast of Norway. Grieg 

(1933) mentioned a doubtful specimen, which he, however, then did not include 

in his final list. Prof. Brinkmann (1934, quoted in the literature) and Dr. 

Broch (1934, quoted in the literature) have confirmed that this species has 

also not been encountered since then near Bergen and Droebak. 

Finally, only a few reports are available from the east coast of Great 

Britain. Older reports cannot be made use of, since they frequently refer to 	26€ 

Jeffreys (1869), who did not yet distinguiàh between Longo  vulgaris  and 
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Longo forbesi  [the northern European squid], describing all aluid as Longo  

vulgaris  LAM. For that reason, we are forced to omit from consideration, for 

example, McIntodh' (1875) observations in the fauna of St. Andrews (page 89: 

"Ioligo vulgaris  LAM. The spawn of this species is frequent"). As sole posi-

tive report, we find Storrowts (1932) communication to the effect that Ioligo  

vulgaris  was landed regularly during August of 1932 by fishermen from North 

Shields (Tyne estuary). In addition, we present several negative reports: 

Stevenson (1935) does not mention this species in The Cephalopods  of the York-

àhire Coast;  neither did Russell (1922) find it in the waters along the coast 

of Scotland (Goldseeker  material), and Hoyle (1902) was unable to find any 

specimen in older English museum material. 

We then realize that the observations available to us for reconstructing 

the migrations of Loligo vulgaris  in the North Sea region are rather poor. 

However, one thing is clear: Loligo vulgaris  appears later in the season in 

the more northern areas. We have seen further above that the squid arrive 

earlier in the Schelde estuary than near Den Helder. Table 13 demonstrates 

that a similar difference exists between Den Helder and the German Bay as 

well as between the German Bay and the Scandinavian waters. 

The later date of appearance of the Swediah squid was known also to Grim- 

pe (1925). That author was inclined to assume that the Sffedie squid belong- 	269 

ed to a different subspecies than those of the southern North Sea, and, in 

connection with that view, interpreted their late arrival in the sense that 

they reached the North Sea by way of its northern enLrance. In fact, Grimpe 

stated, "above all, it appears impossible that L. vulgaris  migrates to the 

Kattegat diagonally across the North Sea or along its southern and eastern 

Coasts." Further below we will demonstrate that the racial [or subspecifici 
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Table 13  - Occurrences of Longo  vulgaris during the course of the year. Key:,  
1, Month (January to December); 2, Den Helder (average catch numbers per month, 
1933 to 1940); 3 1  German Bay (all catches, cf. Table 12); 4, . . . (all catches). 

4.• 	12.. Den Helder 	3. Deutsche Bucht 

	

Nionat lis mittlere Fangzahlen (samtliche Fange 	Skagerrak, Kattegat 

i pro  Monat 1933-'40) 	sidle Tab.  12) 	I (sàmtliche Fan g" 

' 	
. 

II. - 	 - 	 . 	 - 
III. ' 	 I 	 - 
IN'. 	I 	181 	. 	- 	 - 
V. 	 12 94 	' 	3 (-I- 3?) 	 - 
vi. 	 506 	 1 	 _ 
VII. 325 	 2 	 I 
VIII. 122 	

- 	 3 
- IX. 	 3 	 ' 

X. 2 	 1 
XI. 1 	 2 

XI!. 	 : 

differences assumed by Grimpe to exist between northern and southern squid 

do, in fact, not exist. If we take into consideration furthermore the absence 

of Longo  catches in the waters off Norway and off Scotland, we arrive more 

readily at the conclusion that this species actually reaches the Kattegat 

and its vicinity along the southern and.south-eastern North-Sea coasts. In 

subsequent contributions it will be demonstrated that there exist also seve-

ral species among the fiShes, which reach the Daniàh waters chiefly or exclu-

sively by way of the ayuthern North Sea. 

How do the squid leave again in the fall? Longo  vulgaris occurs in our 

waters up to the end of August, and in the Swediàh waters up to September. 

On the basis of these findings, one might be tempted to assume that the Dutch 

squid migrate during the late summer toward the north. That, however, is 

hardly probable, since this species occurs in the northern waters far more 

rarely than in our [Dutch] waters. For that reason, we assume that the squid 

of the ayuthern North Sea migrate in the fall  back through the Strait of Dover. 

• 
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It is completely uncertain which route the SRedieh squid take during the fall: 

On the one hand, the phenological data available make a southern retreat in 

the fall somewhat improbable; on the other one, this species has not been 

found at all in the waters off Norway and off Scotland. 

Before we discuss the occurrence of squid on the remaining range of dis-

persal, we must give more detailed consideration to the aubspecies question. 

Steenstrup (1856) was the first author to report that specimens caught 

in Daniel waters have a shorter head than those from the Mediterranean. He 

named them Loligo breviceps.  Grimpe (1925) speaks of Loligo vulgaris brevi-

oeps  and asserts that the squid of the southern North Sea resemble the Medi-

terranean form. He named the latter L. vulgaris typica.  Reportedly, the 

teeca  form was bound to the spring, and the breviceps  form, to the late mummer 

and fall. Elsewhere in the same  paper, Grimpe mentioned, however, the possi-

bility that the differences between the two subspecies under consideration 

could be explained "simply as differences in growth or age, respectively" 

(page 33). Despite that reservation, Grimpe states on page 34 in connection 	270 

with his specimen No. 2: "The measurements demonstrate in'unequivocal faéhion 

that we are dealing in the case of this male with a typical specimen of L. 

vulgaris;"  in that of his specimen No. 3: "This male, without doubt, must be 

assigned to the 'subspecies' breviceps;"  in that of his specimen No. 5: ".... 

belongs....clearly to L. typica;"  and in that of his specimens No. 6 and N0. 7: 

"also belong, without doubt, to the typical form." 

As criterion in this differentiation, Grimpe employed the ratios 

Ventral mantle length 	, 'Ventral  mentie  length 
ana 	 . The latter numerical 

Head length 	 Tentacle length 
value appears unreliable to the extent that the non-chitinous tentacles may 

éhrink in non-uniform faàhion during fixation. For that reason, we have given 
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S. VENTRALE MANTELLANGE (cm) 

Figure 18  - Relationdhips between relative head length and ventral mantle 
length in male squid. • (not encircled): 15 to 28 August 1936, Den Helder; 
• (encircled): March, November, December, Den Helder; o: April to June, Den 
Helder; x: Grimpe's (1925) measurements. ,Key:  1, Ventral mantle length/Head 
length; 2, Ventral mantle length (in cm). 

consideration only to the former ratio. In Grimpe, that numerical value is 

reported as 6.1 and 5.4 for L. vulgaris typica,  and as 7.0 for L. v. breviceps.  271 

Grimpe did not state where the border separating the two forms lies. 

During different months, we have measured the head and mantle lengths of 

squid caught near Den Helder. These measurements revealed that the numericql 

value of this particular ratio depends to a large degree on the age of the 

specimen. For that reason, we have plotted both the proportionality values 

found by us and those reported by Grimpe as function of mantle length (Figu-

re lb). It is evident that the ratios can be employed only taking into con-

sideration the age (or the ventral mantle length, respectively). It was found 
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furthermore that Grimpe's race characteristics actually are determined by 

the age of the specimen; according to the diagrammatical representation given 

in Figure 18, his L. v. breviceps  could very well have developed from one of 

his typica  forms. 

Finally, our measurements indicate that the Dutch May squid, compared to 

the August squid, are rather  short-headed than long-headed, and otherwise, 

probably, do not differ from the August specimens. (According to Grimpets 

concept, one might expect that the May squid had a longer head; cf. further 

above.) 

On the basis of these findings, it appears to us that we have no reason 

to divide the Loligo vulgaris  of the North Sea into two races--a conclusion, 

we have already made use of on page 269 in connection with our treatment of 

the migration routes. Whether there exist morphological differences between 

the North Sea squid and the Mediterranean squid cannot be establiShed at this 

time due to lack of adequate material. 

Finally we return to the occurrences in the remaining range of dispersal. 

With respect to the times of occurrence along the Atlantic coast of north-

western Africa, Portugal, and France, and along the Channel coasts of France 

and England, we have found only Cuénot's (1927) notes and the fiàhery statis-

tics of Portugal. According to Cuénot, Loligo vulgaris  appears between May 

and October with immature gonads in the Baie of Arcachon. That behavior de-

viates considerably from that we have found in the North Séa. Immature sexual 

glands have been found by us in the majority of Loligo forbesi  STSTRR [the 

northern European squid] caught along the Dutch coast, ao that there arises 

the question whether L. vulgaris has been confused with that species in this 

particular instance. 
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• The Portuguese fishery statistics (Estatistica etc., 1929 to 1939) are 

interesting, and we are making use of their data on commercial landings in 

Lisbon. These reports contain a column headed "lulas." According to both 

Girard (1889a) and Nobre (1932), that name refers to both Loligo vulgaris 	272 

IAM. and L. media I. (= Alloteuthis subulata IAM. ra dwarf squid)). On the 

basis of Girard's discussion, we are able to conclude furthermore that I. 

forbesi SPSTRP. is not distinguished from L. vulgaris  on the Lisbon market; 

that species, apparently, also is called llula." Nevertheless, it is clear 

that the numerical values reported refer, in the first instance, to L. vul - 

garis, since that squid, according to Nobre, is very common on the Lisbon 

market, while Alloteuthis subulata, according to Girard (1889b, page 255), 

se montre très rarement sur le marché de Lisbonne," and L. forbesi has been 

described by the same  author as "rare especia." 

Table 14 gives the average monthly catch numbers for the years 1928 to 

1937; in Figure 19, these numerical values are represented in diagrannatical 

fashion and compared with the numerical values from Tunesia and Den Helder, 

respectively. The Lisbon landings are subject to a striking periodicity, in 

that they are much greater during the winter (October to March) than during 

the summer. That finding could be due to the lower keeping quality of the 

squid during the summer months; however, if we give consideration to the nu-

merical values reported from the much hotter Tunesia, that suggestion does 

not appear to be very probable. The latter values exhibited a very prominent 

peak during the months of April to June, instead of a reduction. For that 

reason, we assume that the Lisbon summer landings are small because this spe-

cies occurs there relatively rarely during that period of the year. 

• 
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Table 14 - Landings for the market in Lisbon. After Estatistica das Pescas 
maritimas (1929 - 1939). Average catch per month, 1928 - 1938.  Key:  1, 
Month (January to December); 2, Squid (in 1000 kg). 

• 
I  L 	II. III. IV. V. I VI. 

9.9 I 10 . 2  7.5 3.3 I 2 .7 I 2 .4 
I 	• 

VII. I  VIII. IX. X. XI. XII. 
I 1.9 	i.6 	4.9 8.6 12.6 9.3 

L.Monat 
oà .Kalmare 

(in too() kg) 

I j .  II -! 	IV 	V VI 	VW-  IX - X - XI 
• •-•• 	 - 	• 

± ffij _ 	 . . 

XII . 

• 

f11 	III 	IV 	V 	V: VII VIII 	IX 	X 	XI 	Xtt, 

Figure 19 -Average month1y catch numbers for Tunesia (1932 to 1936; cf. 
Table 10 Lisbon (1928 to 1938; cf. Table 14), and Den Helder (1933 to 
1940; cf. Table 13). Scale: Tunesia, one division mark represents 400 kg; 
Lisbon, one division mark represents 2000 kg; Den Helder, one division mark 
represents 200 specimens. 	Key:  1, Tunesia; 2 e  Lisbon. 

The decrease in numbers during the spring, thus, must be caused by migra-

tion. Since this species appears in the north only during the summer, it 

is not improbable that that migration is a northern one. Evidence supporting 

that suggestion might be found, in the first instance, in the French fidhery 

statistics; unfortunately, however, these statistics do not report squid 

landings under a separate heading. 
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We were struck by the finding Showing that the maximum of the catches in 

Tunesia coincides in time with that of the catches in the southern North Sea. 

That finding, to some extent, taints aur interpretation viz, that the Lisbon 	27,  

squid migrate during the :summer [actually, for the summer] to the north. A 

part of those squid actually could migrate to Tunesia, and, in fact, we are 

unable to exclude the latter possibility; however, we believe that that south-

ward migration is highly improbable. 

A number of data from the extreme western parts of Europe are furthermore 

of interest. According to Massy (1909; 1928), this species has not been found 

in the Irish waters. However, several reports worthy of note are available 

from the western coast of Great Britain. H.B. Moore (1937) provided the fol-

lowing note regarding Port-Erin (Isle of Man):  "Tan  frequently in seine 

nets in Port-Erin Bay and according to local fishermen sa id  to be even more 

common off Shore," to which he added the following footnote: "This record re-

quires verification" '(page 195). The same  worker has informed us (1934, quo-

ted in the literature): "These squid are present all the year round, éhowing 

no apparent seasonal fluctuation, . . . All the above data are obtained from 

the men, but I myself verified the identity of the species." Unfortunately, 

more exact details are, thus, missing. Nevertheless, these findings are of 	274 

interest to us in connection with our subsequent discussions (cf. page 276). 

This concludes the presentation of our material. We are forced to concede 

that our insight into the course of the migrations of Loligo vulgaris  is still 

rather incomplete. Above all, exact phenological observations from different 

parts of the range of dispersal are required to round out the migratory pattern. 

Systematic purchasing from fiàhermen probably represents the simplest method 

leading to that goal. Marine-biological stations ueually are able to make 

such purchases without great expenditures of money and energy. 
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Despite the limitation of our knowledge, comparative discussion of sever-

al of our results is rewarding. 

We have seen further above that Loligo vulgaris  does not leave the Medi-

terranean during the winter, but certainly does leave the North Sea. 

_Sepia officinalis  L. behaves is similar faéhion. In the Mediterranean, 

that species is found all year round (Vérany, 1853; Jatte, 1896); in the 

North Sea, however, it is bound strongly to the early nmer according to our 
1 

observations . 

Several bird species exhibit a similar difference in their migratory be-

havior. In these species, the populations of northern Europe behave differ-

ently than those of southern Europe; in addition, the populations of Central 

and eastern Europe differ from those of maritime western Europe. We are then 

able to state that there exists a connexion between the severity of the winter 

at a given site and the readiness of the birds to migrate south during the 

fall. We will briefly discuss several bird species as examples: 

Fringilla coelebs  L. (chaffinch). The Scandinavian, eastern Baltic, and 

Central German breeding birds are chiefly migrants; the Italian (Arrigoni 

Degli Oddi, 1929) and Sardinian (Tschi, 1959) breeding birds are residents. 

--- In the eastern  Bal-tic  region and in Central Germany, migrants predomi-

nate; in The Netherlands, chiefly resident; in England and Ireland, resident 

(Witherby, 1958; for additional chaffineh literature, cf. Tinbergen, 1941). 

Sturnus vulgaris  I. (starling). In Scandinavia, in the eastern Baltic 

region, and in south-eastern Germany more or less migratory (Schuez and Wei-

gold, 1931). In northern and Central Italy, resident (Toschi, 1939). --- 

In contrast, Ioligo forbesi  SrSTRP. is a migrant in the Mediterranean region 
as well as in the North-Sea region. • 
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the 
In eastern Baltic region and in south-eastern Germany, in part, migratory; 

in England and Ireland, resident (Witherby, 1938). 

Among the additional species, which migrate in the northern part of their 

range of dispersal, but do not migrate in Italy, we may mention: Alauda ar-  

vensis  L., Lullula arborea (L.), Regulus regulus  (L.), Phylloscopus collybita 

(VIEILI.), Sylvia  atricapilla (L.), Erithaaus rubecula (L.), Accipiter nisus 

(L.), (Arrigoni Degli Oddi, 1929; Toschi, 1939). 

Additional species migrating in the continental part of their range of 

dispersal, but not in the maritime part are: Accipiter nisus  (L.), in Germany 

frequently migratory (Niethammer, 1937; 1938), in The Netherlands rarely mi-

gratory (Eykman,c.s., 1937, ringing records of the Leiden Museum), in England 

resident (Witherby, 1938); Sitta europaea L. and Troglodytes  troglodytes  (L.), 

both species are residents in The Netherlands (Eykmen, c.a., 1937), but fre-

quently migrate from Central Russia (Grote, 194 ); Certhia familiaris  L., 

in England resident (Witherby, 1938), in Central Russie at least in part mi-

gratory (Grote, 1940): Finally, Grotets descriptions leave the impression 

that the Parus  species in Central Russia participate in migration in relati-

vely greater numbers than, for example, in western Europe. 

There exist, furthermore, several bird species, which migrate in the north 

(or in the east, respectively) as well as in the Mediterranean region (or in 

the west, respectively). However, we know no examples of species, that pass 

the winter in the north, and migrate from the Mediterranean region. 

With respect to this difference in migratory behavior, we are permitted 

to conclude that either, in the south, the stimulus eliciting spring migra-

tion is missing in the afore-mentioned species or that the birds residing 

there do not respond to that stimulus. Which one of these two possibilities 
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is applicable in the case of the fall migration cannot be established by us. 

However, if we give consideration to the northward migration during the fol-

lowing spring, it is clear that the migration-eliciting stimuli are present 

in the south (or in the martime Dart of the ranges of dispersal, respectively), 

but that the resident birds do not respond to them: The northern forms of 

several of the abovementioned species pass the winter on the breeding range 

of the suuthern races. When spring arives, the former migrate to the north, 

while the latter remain where they are. 

The effect of that phenomenon is already well known: There, where the 

winter is severe, the birds disappear; where it is mild, they remain. The 
away 

individuals having migrated from the north pass the winter, without exception, 

at sites, where the winter is milder than on their breeding range. We are 

then permitted to assume that this migration is actually required, because 

the birds simply would not survive the winter on their breeding range. How-

ever, we are unable to provide any evidence in this connection; as evidence, 

we require estimations of mortality suffered by these birds if they never 

left the north during the winter--a complex undertaking. However, on the 

basis of the facts mentioned further above, we are able to conclude only that 

the species in question are able to maintain themselves in the south without 

migration. 

Let us now return to Loligo vulgaris.  We had found that the northern 

individuals of this species migrate, while the Mediterranean individuals do 

not. We are able to state that the Mediterranean individuals either are in-

sensitive to the migration-eliciting stimuli or are not exposed to these sti-

muli. However, it is not possible to determine which one of these two possi-

bilities is  applicable,  since the stimuli may be different for the individuals 
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in the Mediterranean than for those from the north, which--as we have seen 

on page 272--pass the winter probably along the south-western Atlantic coast 

of Europe. 

We have seen further above that the squid from the region of the North 

Sea, in all probability, pass the winter--like the migratory birds--in warmer 

regions. 

The migrations then have the effect that Loligo  is not exposed to winter 

coldness and its associates phenomena. However, it is not possible to estab-

lie the extent to which the latter effect is essential (we saw already that 

an other function of migration is to get to the spawning grounds; cf. page 244). 

We have stated that there exist bird species, which do not leave the mari-

time western European regions (apparently because of the milder climate), but 

do leave the more eastern, continental regions. The behavior of squid in the 

IriSh Sea, which behavior we know on the basis of Moore's observations (cf. 

page 274), is of interest in this particular connexion. According to Moore, 

the squid are present there during the summer and during the winter. Actually, 

the winter in the IriSh Sea is somewhat milder than in the North Sea, as is 

indicated by Bruce's (1928) communications. To be sure, the minimum of the 

annual curve is only 1.5 °C higher in Port-Brin  than at Haaks light Phip in 

the North Sea; however, Bruce's observations were made at a point close in-

àhore in one or two fathoms of water. The actual difference between the North 

Sea at Hanks and the Irish Sea near  Port-Brin,  thus, will'be somewhat greater, 

since deeper stations in the latter region, no doubt, would eXhibit higher 

winter temperatures. --- It would be important to obtain more detailed data 

on the occurrence of Loligo vulgaris  near  Port-Brin.  

All that remains is to compare the course of the migration of Longo  vul-

garis  with that of other cephalopods. Let us first consider several species 

from the North Sea regions. 

276 
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Sepia  officinalis eXhibits extensive correspondence with Loligo vulgaris; 

it is, however, treated in a separate contribution. 

The migrations of Alloteuthis subulata have been described in detail by 

Grimpe (1925). According to that author, these dwarf squid appear early in 

March in the northern North Sea and, from there, disperse southward in order 

to reach, for example, the German Bay early in May. However, Adam (1933) 

has demonstrated that these squid occur already in April off the Belgian coast, 

and he, furthermore, has mentioned one February catch near Cape Gris-Nez.  It 

then appears that this species appears at about the same  time in the south 

and in the north of the North Sea. On the basis of Massy's (1909) observa- 

tions, Grimpe assumed that the North-Sea individuals migrate westward during 	277 

October, and pass the winter at about the same latitude as the summer. Whether 

that is true also in the case of the individuals migrating north during the 

spring through the Strait of Dover cannot yet be establidhed. It is, however, 

clear that the situation in Alloteuthis subulata  differs entirely from that 

in Loligo  vulgaris e  which, as we know, appears in the north only late in the 

sea son.  

Even if additional details are still required, we are able to state that 

that  situation  reminds one of that encountered in several Central-European 

bird species. For example, the eastern Baltic starlings (Sturnus vulgaris I.) 

and the north-west-German rooks (Oorvus frugilegus L.) migrate westward during 

the fall and pass the winter in England and Ireland, while the Russian popu-

lations of the latter species also migrate in a strongly western direction 

(cf., for example, Niethammer, 1938). Like the winter quarters of Alloteuthis 

subulata  (i.e. the ones suggested by Grimpe) owe the relatively high winter 

temperatures to the influence of the Gulf Stream in addition to their depth, 

the mild climate on the winter ranges of the aforementioned bird species 

must also be attributed to the Gulf-Stream factor. 
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Like Sepia, officinalis, Loligo forbesi  will be treated in a separate con-

tribution. The migrations of that species, like those of the other North-Sea 

cePhalopods, have not yet been described in literature. 

Several data about related species occurring in other regions may be disaussed. 

The agreement in the migrations of Loligo vulgaris  and Loligo pealii,  is 

striking. The studies published by Verrill and Bigelow provide information 

on that North-,American squid, representing the common squid of the East,American 

coast between Cape Hatteras and Cape Cod. During the summer, that squid is 

bound to the littoral zone. In the Gulf of Maine, it appears during the spring, 

spawns during the entire sammer at depths between zero and about 50 m 9  and 

disappears during the autumn. 	It appears later in the north and disappears 

earlier than in the south. Since catches are missing from deeper waters ac-

cording to Bigelow, we venture to assume that this species migrates northward 

along the coast. 

The morDhological differences between L. pealii  and L. vulgaris  are rather 

minor. Since the biologies of these two species—as far as they are known-- 

also correspond in certain respects, the question arises whether these forms 

Should not be regarded as two races of one and the same  species. 

Migration from the south to the north have, furthermore, been described 

by aasaki (1921) in the case of Ommastrephes pacificus aloani  [the Japanese 

auttlefiéh], which during the spring follows the Japanese coast in a north-

eastern direction. 

We then know several examples of cephalopod species, which, like the mi-

gratory birds, migrate during the spring in approximately northern direc-

tion toward the temperate zones. However, it appears that additional migra-

tory types occur. 

278 

• 



25. 

(278) 

—87— 

8 . Su r:mary 

• 

1. The present report, which deals with a number of separate questions, 

relates to the research of the  •iolo;;y of Loliieo vule.aris Lam.. It is based 

on the investiation of about  12000 scuid cau:;ht in the neie;hborhood of Den 

1-:e1der. This species is _,,enerally present in this area from April to Aucust, 

and as isolated individuals during the other months; it reproduces re L:ularly 

in this area. 

2. Growth was determined by the analysis of ventral mantle len t;ths 

frequency curves. 

3. At the be:innini: of May, the length-frequency curves of the nearly 

one-year-old cS.. show a peek at 13-14 cm, and those of the almost two-year-old 

at 21 cm, while three-year-old animals rrobably are seldom. A schematic 

irowth curve of the 	is shown in Fig. 4. 

4. The w.  itrow about equally fast as the Je, until they reach a 

lenc:th of ekout 12 cm (t: .:at ir, 	they are about 1/2 - 3/4 years old). 

'2he second year of their lives, they p-ow much more slowly than the je; 

thus, their frequency curves, in the month of ray, show peaks at about 13-14 cm 

and about 17 cm. Slow growth durin:, te second year of their lives has also 

been fonnd in the co of Loli:9 neelii Les. and Senia officinalis L.. Three-

year-old oî of L._yul 7saris would seem to be seldom. 

5. The yearlins, on an avera_,;e, annear later in the sprini; than the 

two-;eear-old animals. Similar findins exist for many  fasces and birds that 

mierate to their metn .. ,.. er?e. 

The sexuel ratio of the spawning migrant animals is unequal; 

emon: the total of aniPals cave;ht, 57 % were &S. Initially, the percentajc 

of cm., on an avera g e,  is somewhat hiijler than later on in sumer; however, 
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this does not cpnly to each scperate year. The secluence of the sexes durinp; 

the miGration to the spawning area is discussed comaaratively, and the re-

lationships to the matinz bioloey are dealt with. 

7. Spawning lasts as long as the animals frequent the area in large 

numbers, that is, from April to August. It reaches its peak in the second 

half of May, when the majority of the anitals are present. 

8. The testes of the di'd born the same year contain uermatozoa 	( 279 

already in October. Testicular , -,rowth Lpes on during the winter, and reaches 

its peak in May to July, to decrease a_-,ain in August. It was not possible 

to determine to what extent it recedes . a:›ain during the second winter. All 

that can be said about the two-year-old animals is that their testes are 

stronly developed in spring and early summer, and that in August, they 

uicleeLo involution. 

9. The spermatophore sacs of the (.?8.1  born the same year contain 

snermatophores already in Dece;r:ber. Until they appear in April, the sperma-

tophore production of the  yearlin gs (as well as of the two-year-old e) 

exceeds consumption (which mi(.;ht then be set coual to zero). Yet, as soon 

as the enimals arrive, consumption exceeds production which, however, does 

not ceese. As a result Uereof, the si - e7(..e.tophore sacs get steadily emptier. 

10. The po born the same year have no ews in the oviduct in December, 

while in the ovary the eggs still arc very small. Accessory, nidirr.ental, and 

ovidect -;lands still are in the initial se je of development. Between December 

and A2ril, the ovary deeee conr;iderabl:; no decrees° in the :rowth was 

deterined et the end of .:lee-er. 

11. Before the enizeals  arrive in the srewnire. ; an:n, the ems incrca:ze 

in the oviduct, while none are deposited as ' et. Thus, the oviducts are 

filled more or less. Shortly after  arrivai, more e!::„;s are laid than the 
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veid,eL supnlies, ay.de nInber of flimals 	emnty or scarcely filled 

oviducts increases. However, after the end of Kay, consumption and supply, 

on an average, are in equilibrium. Probably, the egs are not laid on a 

continuous basis, but rather in batches. 

12. At Den Helder, the ee of Lolieo vul uris deuosit their spermato-
-chores emclusively on the mouth membrane of the ?, where the spermatheca 

(= receptaculum seninis) is found. In the larde ma,::ority of summer females, 

this organ is filled with sperna. From the occurrence of freshly deposited 

spernatophores, one may conclude that the ?? are.fertilized all through 

s=er, yet somewhat less at the be:inning and at the end of the mating 	• 

period than in the middle. 

13. Two-year-old snuid, in relation to their size, Lave fuller 

snermatophore sacs or more eggs in the oviduct than yearlings, which (ives (280) 

rise to comparisons with other animal groups. .Among the birds, older females 

often lay more eggs than younger ones. 

14. Various cePhalonod snecies, such as Loli:ro_vilearis reproduce 

periodically. For soe species, the srawninf; period lasts longer in the 

Meddterranean than in the Uorth Sea rer;ion, ,7hich night point to the in-

fluence of te:: ,aerabere. 

15. The reproduction of Lolio  vul( -aris in the North Sea, starts 

with the len -thening of daylight, in the Mediterranean (according to LO BIP.HCO's 

statements), with the shortening of daylight; this does not speak in favour 

of a narked influence of this factor which is so important in relation to 

the periodicity of bird  reproduction. On the other Land, a common cause 

for the neriodicity of re'eroduction and mi!yation is not unlikely; under 

int  18, it will be reen tat  the Deeer, probably, is influenced by the 

length of dayli-;ht. 
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1S.  One  of the mi2ratory functions is  the reachinr,  of the spawning 

areas. A classification of the mizratory types accordin3 to functions is 

unsuitable, since, .;enerally, several fanctions are involved. 

17. The periodicity of migration results from Fia. 13. Immigration 

is follo-Jed irmediately by emii:ration, without a stationary state in between. 

18. The immiration sLartiru:; dates differ only slijitly from year to 

year, which shows a relationship to the water temperature. In cold years, 

the animals arrive later tlian in warm years. The influence of temperature 

is only a s-abordinate factor; fer more important is the factor "time of year" 

(ricE), that is, probably the len2th Of dayli;Tht. 	The same discovery was 

made for mi2,ratory birds. 

19. The number of souid varies each year. Out of five comparative 

years, the warmer ones provided larger catches. L. vulraris a mirant of 

 southern oriin, probably reouires high temperatures, which prevents the 

species from miratin:: as far north in cold years as in warm -fears. 

20. L. vulraris is stronc:ly bound to coastal waters. At Den Yelder, 

it is seldom ca-lht more than 20 miles offshore. Its occurrence within the 

coastal zone will be subected to further analysis. 

21. In June, the bulk of  the  squid is found closer to the coast than (2E1) 

in 	and 1:, or Jul:: and Au's-1st.  Soue  winter catches, on an average, 

ori:inate from deener waters than the summer catches: These seasonal miGra-

tions probablz.,  are ca:Ised by the preference for hk-,her tcmprratures, as vill 

be mentioned under 23. 

22. The shallow coastal 	(area 7 of Fir. 14 (Ger:::an text)) are 

frenuented by the souid only when the salt content at the western inlet rises 

i.bove cboqt 3.03 % (Fi;. 	Gernan text), while the temuerature would aupear 

to have no influence. 
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23. T:le coastel-weter areas further offshore (areas 1, 3, and 5 of 

Fia.  14) are freouented mainly when the salt content is low (at the Eaaks 

lirhtsMp below 3.4 %), and the temperature r :radient  between the Faaks 

li:htship and the western limit of area 7 is low. The animals seem to dis-

like the unnixed, salty rorth Sea water, and to prefer the warmer areas. 

Both properties bind them to the coastal waters where the salt content is 

lower and (in sprinP; and surmer) the temperature higher than farther offshore. 

24. For the binding of the souid to the coastal waters, the water depth 

plays hardly more than a subordinate part. 

25. inc  dbe are relatively more.rnunerous in areas strou,ly influenced 

by land tLan in other areas (Table 8,  pale 261, German text). They Probably 

recuire a lower salt content or a hiCer temperature than the ??. 

26. The location of preferred snawning areas is described, yet without 

g.ivin„; rise to further conclusions. 

27. The rane of distribution of L. vularis extends over the Medi-

terranean and East-Atlantic coasts, bet:Teen 21 °  and 59 ° N. 

28. In the Mediterranean, L. vul,earis  does not disappear in winter, 

which eives rise to comparisons and discussion. The same applies to the 

Porueucse coast: there, however, the species is much more frequent in winter 

than in summer, which may be due to inieration. 

29. Aloree the Dutch coast, L. vul -aris migrates in spring from South 

to r.ortb. Its miratory speed is hieher tan the speed of the resultEnt of 

the va.ter movement; hence, the chen -e of location takes place in an active 

r-anner. 

30. .)st probably, L. vulearis reaches the Norh Sea throujn the 	(282) 

Streit of Dover, frem 	urel. 	Les alons the Bel ,dan, Dutch, Northwest- 

G(!).".'TU1  and Danih ceaste as fsr ee te Katteat and Skagerrak; here, the 

snecies appears only in late summer. 

• 
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31. It is uncerLain how the rorth Sea Lnimals depart in aueumn; also 

the location of their winter quarters is not clear. 
pm: Kttbmidtr, 

32. In the PortuDlese waters, animals  4r±î,ermatc that probably pass the 

summer in I:orthern 

33. The occurrence on the Eastern coast of England is not clear. 

34. The differences between GRInPE's species, L. vulr-aris breviceps 
si%htfiroomt 

and L. v. tyaica,  are dependent on growth, and are not -e-s-s-eet-i-ea-1. 

35. According to MOORE (1937), in the Irish Sea (as in the Mediterranean 

and on the Southwest coast of Europe, see above), L. vularis does not seem 

to leave durini_; the winter, which L;ives rise to comparisons with bird migration. 

3.") . The migrations of L,_vuli.la]:is are briefly compred with those of 

other ce -ohalorods, as well as with those of other animal species. 
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