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l. Growth and age; participation of age groups in wigration

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 fishes—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 fashion: 10.5 to 1l.4 cm to the ll-cm
group; 11.5 to 12.4 cm to the l2-cm group; ete.

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, should 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 sumarized. The freguency curves exhiblit the following peaks:

Up to 20 May 13 - 14 cm 20 - 22 om .
21 May to 20 June 15 cm 23 cm
21 June ‘o 20 July 15 - 18 em 23 - 27 cm
after 20 July 17 - 18 em ?
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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 cm, 21

july to the end of the period of observation). Xey: 1, 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 (PFigure 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 shown 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, 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 atiributable to the small size of our speci-

men material,
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Figure 2 - Length-frequency curves for males.

vidual years,

Data obtained in the indi-

Several very =small catches are not shown.

Key: Bis zum, Up to;
1, Number of animals; 2, Ventrel 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

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

groups ag the "13-cm group" and the "2l-cm group."
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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. XKey: 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 sble to estimate that the growth during
the next three months (zig; 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




-7 -

specimens belonging to the 1l3-cm group, thus, would exhibit a peak at 21 cm
during the period between 21 October and 20 November, and should—-if they
actually corresponded to the 2l-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 sauid just hatched, and
these observations indicate 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); o
about 3 cm between early October and early December; and to only about l.5 cm
between early December and early May. These considerations have convinced us
that the 13-cm group is identical with the 2l-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 1l3-cm group
was relatively frequent in 1933, and the 2l-cm group was relatively frequent
in 1934—a finding suggesting that these two groups are identical. However,
additional arguments either for or agasinst 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 fregquently in the aguarium 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 exhi-
bited ventral mantle lengths of 2.6, 3.5, and 4.0 cm according to the kind

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

217




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 cm. Finally, 19
males were caught between 24 November and 18 December 1939 exhibiting an av-
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 1 individual(s)

A male, measuring 12.% cm in length, mentioned by Hertling (1929), Deéein-
ber 1928, from Hasks 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
autm and winter animals 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 numerous weight values for juvenile Loligo vulgaris

caught near Naples. These specimens were also measured; unfortunetely, how-
ever, the length values have not been reported. Since we were umable to com-

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

ventral mantle length
weight

The Netherlands. That conversion yielded the following result:

found in

into length values with the aid of the ratio

July: ventral mantle length 1 - 4 cm, average 1 cm
Avgust: " n " l- 6 cm, average 3 cm
September: " n " 1 - 7 cm, average 4 cm
Oct., Nov.: " " " 4 - 10 cm, average 7 ca
Dec., Jan.: " " " 9 - 16 cm, average 12,5 cm

218
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The growth occurring there, thus, 1s identical with the growth we have
agsumed for Den Helder,

Lo 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 fashion, we are unable to
establish whether an arror may have occurred.

In this connection, we are interested also in the great numbers of Jjuven-
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 [Pulpito Baie, Villa Cisneros, and Angra de Cintra (Rio de Oro)]:
g

3 4 5 6 7 cn
1l 4 2 11 12 4 individuals

Just like the Neapolitan specimens, these juveniles were somewhat swaller
than the Dutch November squid, i.e. they either had grown more slowly or had
hatched later.

Figure 4 illustrates in diagrammatical fashion our observations regarding
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 & role in the breeding wigration. The frequency
curves of each one of these two year groups are plotted in Figure 1 on the
basis of estimations, with the agsumption that the distribution of the 1l3-cm
group is gymmetrical——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 growth of males. Xey: 1, Ven~
tral mantle length (em); 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 specimens: 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 220

older year group is smaller due to mortality. However, we have been measuring
only individuals participating in the breeding migration. It would then ap-

pear that a smalfcpercentage of one-year-old individuals participates in this
migration than of the two-year-o0ld ones. This disproportion between one-year-

0ld and two-year-o0ld 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-o0ld 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 exhibited no great difference to the above-described males of that month,
in that their lengths amounted to 6.0, 7.3, 7.4, 75, 8.0, 8.5, 8.8, and 9.0 em.
While 19 males caught during November and December of 1939 measured, on aver-

age, 12.1 cm (page 218), 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. VL. 14-15 cm,

21. VI.-20. VII.  15-16 cm,
After 20. VIIL. 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 that 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,




)"1

- 12 -

T
| bd- 4 —Hl [

' N .|
R ‘ L il i.‘«j.%-.ﬂ;‘
. : N 3::|?.-

o S g

' oy
T R

— — up_k i e 2 e 200

ZBIS

UM .
R B {*AA s e 100
w - s —— - ©
o

u

v =

g ...... i l—? ..... 500
= [

i ork

4 ] Lj ............ 200

—— e e ]

f?(nn-'

o TR S "
&, VENTRALE MANTELLANGE {uUn-XLASSEN)

Figure 5 - Length-frequency curves for all females, Key: 1, Nymber of
animals; 2, Ventral mantle length (in cm-classes); V, May; VI, June; VII,

July.

1933 1934 1935 1936 1937

Up to =20. V. 14-15 17-18 14-15 14-15 1I14-15 cm
21. V.—20. VI, 13-15 17-19 <15 14 14 cm
21. VI.—20. VII. 16 16-19 15-16 15 16 cm

After 20. VII. 17 ? 10 15-10 17 cm
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In the individual years, we find that the peaks are located at approxi- 221
mately the same mantle length; only in the year 1934, the peaks were shifted
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 yeaf 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 cn
on average: 13 - 14 21 e
21 May - 20 June 1934: 16 23 - 25 cn
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-
0ld males were relatively ver;ZETequent, vhich finding, however, does not per-
mit us to conclude that the brood fared poorly during the year 1935. 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 lerge length values
found in the year 1934 in the females must be interpreted, in our wview, 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 curveé 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, beceuse the females,
according to page 220, grow during the year of hatching approximetely a&s 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. However, 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 ﬁad 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 summer months: The lengths of the one-year-old meles increased during the
period between 5 May and 5 August by four cm (Figure 1), and those of all fe-
mwales, by only barely two cm (Figure 5). It is then clear that the one-year-
old females gain less than two cm in length during the period between 5 May
and 5 August, i.e.—~a8 in the above-presented estimation of anmual length
gain—1less than half the gain exhibited by the males. The summer observations,
thus, support the assumption of the existence of two year groubs of femnles,
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 specimens measuring 23 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, 1ike.the older males,
arrive somewhat earlier in the coastal water than do the smaller ones. On
average, the length of the females decreases somewhat 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

224
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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 lmown about the growth of Loligo vulgaris in

other regions, and we are unable to wmake comparisons. Reliable date are avail-
able in only a few other cephalopod species.

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

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

ealii, 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 cuttlefish, 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 vulgaris, 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 wish 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 Glupea harengus I%, Oncorhynchus tschwawaytscha [tshawytscha] (WALBAUM),

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

monopterygius (PALIAS), Merluccius vulgaris PIENM. ( Scheuring, 1929; 1930), and

among the birds, '"repeatedly in larger species" (Stresemann, 19273 1934) [for

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

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

ermore in Sturnus vulgaris L. (Kluyver, 1935; Van Dobben and Moerzer Bruyns,
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 individusl age groups

of the skylark, Alauda arvensis L. (Van Dobben and Moerzer Bruyns, 1939).

In the majority of these species, it theﬁ appears, a8 in Loligo vulgaris,
that the older individuals migrate earlier to the breeding grounds than the
younger ones,

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

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

Melospiza melodia, Kluyver (1935) and Nice (1937) have established 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

1
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 basgis of this situation existing in birds, we might expect also

in Loligo vulgarisg that the one-year-o0ld individuals mature later than the

older ones [what the author probably means here by maturing is 'getting into
the mating condition'—an annual process; Transl.]. We have been unable to
elucidate that particular aspect, since the number of specimené 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
caught; in 1934, 61%; in 1935, 60%; in 19%6, 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 migret-
ing males, but also on & 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 fashion to the entire species.

226



- 20 -

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 regerding 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 femanles, however, t;eing 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; 58+ 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,
after all, does not occur every year. Figure 8 illustrates the corresponding
data. In the years 1933 and 1934, fhe two sexes appeared at 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 (_V_&__Z_. 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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¥ ZAaHL DER TIERE PRO % MONAT

Figure 7 - Occurrences of males and females. Average values for 1932 to 1940.
Numbers of males end females to be counted from the baseline. Key: 1, Numbers
of animals per half month.
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P ZAHL DER MANNCHEN IN PROZENTEN
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Figure 8 - Sex ratios observed during individual years. Key: 1, Number of
males in per cent.
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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 symbol (& or ?)
appearing after "territoriogamlous)" indicates the sex of the owner of the
territory. Key: -gam, -gamous; A, Males before the females; B, Females
before the males; C, Males and females together. 1, Species; 2, Literature
on the order of appearance; 3, Pair formation; 4, Literature on pair forma-
tion; 5, « + ., Personal communication; 6, Pairing for life; 7, Pairing on
the winter range.
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dnasplatdivecka 1.0 NimiiasmMiRr 1y 35- 38 Paarung im
° iy Wintergebiet
Anas querquedwia Lo NierTvaMsir 1037-"38 - Paarune im
Wintergebiet
Charainan nabicuia L. LAVLS tygo ¥. ,50ziogam
Larwy crenitatus Punt. NOTisprrony murdl soziogam

Heixrotn 191
HEINROTH 111
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is furthermore of interest that the sequence of arrival of the sexes shows 228

relations to breeding biology. For that reason, we have included in Table 1
also data on that agpect. 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, respectively, the two sexes appear together on the
breeding range. On the other hand, species mating only on the breeding range

exhibit varying behavior. Their behavior depends on the manner of pair formation.
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For describing these differences, we may employ best the division into "terri-
toriogamous" and "sociogamous" species established by Maklkink (1942). Makkink
speaks of territoriogamy, where pair formation is consurmated 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 ﬁost species) occupies a well defined site and there performs
courtship activities, the function of which is the defence of that territory
againgt 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 venellus], which, without doubt, is territoriogamis, 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 J') 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).



- 24 -

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. Charadrius hiaticula and larus argentatus. Other

species 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
spring wigration 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, 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 & wniformly dis-
tributed population of males. However, he did not explain how that situation
would promote the success of reproduction. I+t does not appear to us that Ho-
ward's interpretation is a convincing one. However, we are not able to re-
place his interpretation by & more satisfactory one, and, for that reason, 229
can only conclude that the significance of the earlier appearance of the terri-
tory-occupying sex is as yet unclear.

The phenomenon of the established sequence may have two causes: Elther the
two sexes start spring migration at the same time, but migrate at different
speeds, 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 vulgeris, since the sequence can be demonstrated already at a short

distance away from the winter range. In the case of that species, it then
appears that the sexes exhibit different thresholds for the stimulus elicit-

ing migration.
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The mammalian group contains several species, which, like migratory birds,
migrate every year to their breeding grounds. Hilzheimer's (1929) monograph
demonstrates that these migrations in the cases of the southern elephant seal

[Mirounge leonina (L.)], the sea lion (Bumetopias sp.) and the northern fur

seal [Arctocephalus (actually, Callorhinug; Transl.) 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 regerding 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 ol 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 territorioganmy.

In the case of certain bats, the females, toward the end of the winter,
migrate to the summer range somechat 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
mted already during the preceding fall. A similar situation has been ob-
served in none of the species hitherto treated.

In the fishes, too, the sexes frequently exhibit separate migrations to

the spawning grounds. Scheuring's (1929; 1930) monograph, for example listis:

230
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dd before 9% ?? before dd Jdd and %% together
Clupea harengus L. Callionymus lyra L. Oncorhynchus gorbuscha (WALBAUM)
Alosa vulgaris (L.) Oncorhynchus keta (WALBAUM)

Oncorhynchus nerka (WALBAUM)
Fundulus heteroclitus (L.)
Pleurogrammus monopterygius (PALIA S)
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-
pie 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 aguarium observations (L. Tinbergen, 1939). This species exhi-

bits & 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 & greater extent in shoals than does Sepia. Today we then
know only that the inclusion of these aspects in future treatment of the

reproduction of Loligo wvulgaris will be rewarding.
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3. The Gonndi 1 Cvele end ils Relation to the Migretions (231)

Regular observetion of the gonedal stete is importent for two reesons:
Firstly, the enrmumal cycle of the sexurl orgens of the cephalopods is not vell
known. Secondly, these observetions may show to what extent reproduction
end mizroting behavior are associcted with each other. This associstion
exicts in many migretory enimals.

The observations of ihe gonnadel cycle of the males will first be

vag
e

s

stown. The stages described hercinafter are illustreted schematically in
The previously deseribed Ceticber ond Decerber young animsls (vage 217,
Goraen text) were alresdy surpricingly well developed. Six 24 October, 193h,
d3 1ed slightly swollen testes; microscopic exzmination showed that the testcs
conteined lerge nurbers of spermatozos. The spermatophore organ (25 designeted
by LREM, 1919), &nd the snermztophore sac were visible mecroscopicelly, but
they contained no spermetovhores es yet. In 19 63, wvhich were collected be-
1939
tween 24 Novermber and 18 Decemberq\%he development wes 8 food deal more ed-
vernced. The testes were 2lmost ¢s cvollen as those of the spivning migrents

in the spring. In smcers, large mubers of spersntouoa were feound. In 14 of

taY

these enimels, the sveractcophore sces elrecdy conteined low mubers of, though
small, sperrztophliores; those of the other 5 were emoily.

Thus, 2lthouzh in early winter, only young enimels with meturing
core és were obtrined, in tre sutumn of their year of birth, not all the
enimnls ere develoned thet for, for even the Tollowing summer, still quite (233)
irmaiure yerrlings cuonerr, @s will be scen loter.

From the veriod Je nusry to liereh, only very Tew enimals are aveilible.
Their condition poaints Lo i Sov Lot the pontds grecdually develop all

through winter, or et leest, that their development does not recede:

-
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Gonadenzyklus der o' ven Qktober des Geburtsinhres bis zom Ende des 2. Lebensjahres, Gld. == Gladiug, Hed. ==
S. org=s .\,pcrm.')_l:)phm‘cnm'gan. S. sa. = Spermatophorensack. Fullegrgradl der Spermatophorensacke: Mai (1. Jahr)
wvoll? Aug. (10 Jahr) hatbvoll™, Mai {2, Jahe) ,voll”, Jult (2. Jabr) |, vienchooli™,

s R 5 x4 . .

Fir. 9. Gonedzl cycle of the 6o, from Octeber of thelr year of birth to (232)
the end of their second yeer of life.

G1D. = Glzdius; ilod. = testis; S.org. = spemsstovhore organ; S.sa. =

sverrctophore sac. )
Filling desrce of spermetorbore sacs: Ney (1lst yesr "full", August (1lst
yesr) "ralf-full", Fey (2nd yesr) "full", July (@nd year) "filled one Tourth'.

21 January, 1937, 12.0 cm dﬁ testis Tully developed (5.3 x 1.3 cn). (233)
The spermatovhore scc conteins a small nurber of spermatophores.

12 Farch, 1935, 9.0 cim 3, testis fully developed, spermetophore sac

es chove,

. . s 7 : R . o X
13 ¥cren, 1935, 7.2 cn d, uncevelened, testis undetectadle, no sper-
relophiores, hectocotylus distinct.

In April, wvhen the 3/h-yesr-old animals appear in lerge nuicbers in
thie corstal erea, most of them hove stronzly swollen testes which, cven in

th of the enimals, ore lerger than the previous eutunn.

ce erounts of spormatozos are found.

—

In swenr preparctions, 1o

In i%e conrse of ithe surrmer, most of the yeorlinzs have well de-

J

wvelened testes. Only in e very swll munber of enimsls this orgen is
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undeveloped. Thus, emong 4511 meture 08 exrmined from fipril to fugust,
only 15 animals vere "immeturce".

In 3 of these &nirels, lhe testes were undetéctable; in 10 animals
they were hercly visible, end in 2, they were somewhat lerger, yel scarcely
swollen (in 2 13.5 crm animal, for example, it was 2.3 x 0.3 cm, that is,
tbout the seme size e¢s in & 6-9 cm young animel. 15 of these 16 enimels

nd fusust; hence, they were considerably later than

m

weré ceught in July
their meture ecuals in age. Their ventrel mentle length varied between 10.1
end 16.0 cm, £nd wes, on an everege, 12.6 cm, that is, substentially less

than that of the other yearlings whicﬁ, zccoraing to page 214 (German text),

&t this time, is 15-18 em. Thue, they were late-born or physically reterded
) J ’ I

. .
L

Ls seen &bove, part of the yeasrlings 6o not-errive here. ey

may
spewn eluevhere; they mey not even toke pert in the spewning migretion.
Should titls lrtter be the case, it is guite vossible thet a much higher
nurber emong them sre iv--turz then smong the investigeted yesrlings.

In July and August, the testes unacr-o involution; 'et.,, this mani-
J ~ 2 )

ests itself only by & lesser size of the arsan, meinly by decrcesed width

4

(eo. Fig. 9). Tie extent of this involution cennot be determined, since

.

winter cheervstiong of the 1 l/h to 1 l/2~;*ar—old eniels are lacking com-

4

the necund winter, the lestes mrintcin e rether hion develormeniel s

tage. [(234)

pletely. From obscervetions of young enimels, one may vresume that during ‘
|
|

Feverthieless, it is cbvious thet the testiculer docvelopment is subjeet to
an wexistrkuovle overicdicity, end reiches ils peoeX during tre menihs of ~pril

to June.

Daring the surmer rmonths, ihe Luo-pcir-old senid undergo & siniler
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develeopront ws the yeerlings derlt with Lere. Bwen their testes ere large
st the arrivel, end decresse in lete summer (Fig. 9). Mo undeveloped enimals
occur anong them.

Like the testes, slso ihe olher sexucl organs of the summer enimels

are well developed. The ves deferencs is Tully swollen, and hés & milky

aspect. JIn the spermctophore or;en, e few holf-developed spermetophores
ususlly cre found. The spermatorhere sac, senerally, is fully grown and

contains a considersbly lerger erount of svermatochores than that of winter
snirals. Thus, they Tormed between December and April. Only in the isolated
immature enimels, this formation does not take place; in these animals, &ll
the sbove mentioned orgens ere undeveloped and empty.

During the swmner months, the filling degree of the spermstophore
‘.—t '

FEAvolt) ‘nimals was receorded. It was determined by estimation;

1y

5aCs O

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

fourth", "elmost empty", end "empty", These designations do not relate to

[o)]

jthe

P

tre ebsolute emount of the content, but ruiher, to the relative cmount, U
is, they leke the size of the enimal into ¢ccount. BSome of these stludies
are shewn in Fig. 9.

Tt rceulted, first of =211, that the spermetopliore stes of the yeer-
lincs, et their crrivel, on en ecverage, and in reletive terms, are less

£illed wren ihose of the lwo-ycer-old snircls. This may best be seen from

the “ollewing values vhich relete to enirnsls caught belween 23 April &nd

an oY, o Tl
LR -1—..;. .
. Sives:
fhndirlas

10-17 cm 18-30 cn

k9 "full" 2k & 15 %
LG M Lo-fanl” 25 % 75 %
185 "1illed one Tourth" 39 % 51 %
b1 "ealmost cnply" 55 % 3 %
b Mempiy” (100 %) (0 %)
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The 10-1T7 cm cnd 18-30 em runzes were so chosen that the former
comprise the mojority of the yecerlings, the latter the majority of ihe two-
vear-old animzls.
This mey also be formuleéted in the followinz manner: (235)

Out of 138 10-17 cm enimzls: Out of 231 18-30 c¢m animels:

9% 16 % were "full"
16 % 29 % "helf-full"
53 % 4o % "filled one fourth"
19 % 6% "elmost empty"”

3 % 0 % "empty"

The fact that the described reletionship between animal size and
filling degree of the speri=tephore sees is statistically significant, mey
be seen from the Tollowing caleulstion which relates to the period 23 April
to 2 May, 1935. At that time, there were received: 39 "full" animels with
en cverege length of 19.5 em (stendnrd deviation oz = 0.64), &nd 37 "almost

empty" enimels with en aversge length of 15.0 cm (d- = 0.71). The stzndard

)

. aas s . . 2
devietion of the difference is, according to oé, = _\o ;- 1.0 cm, end

less then one third of the differcnce, which therslore is stetisticelly
¢icnificent.

1

Hence, in cerly summer, the sperm-tophore sacs of the two-year-old

anirals are Tuller than those of the veerlinzs. In other respects, the two
e rroups bLehave similerly; thus, hereinafter, they will be dealt with in
comron, the more so as one cannot delermine the age of cech cnimal.

It has elrcedy been seen that at the arrival of the animals, their
spermatophore, secs ¢re more or less filled. Soon afterwerds, the number of

cniwals with Jess filled sscs increases. Pig. 10 shows that this increcs

c2

ond nelf of Jure. 1In fuaust, there

N

m
(%]
fad)
f)

.

croe sonme diszcrepracics vhich nny be due to the low nurber of investipcted

animals.,
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furtter deall with 1p connection with the 33 Pig. 10, Filling degree
of sperrctophore seces during
The dirgrem of the Tilling degree of the investigetion period,

193k-19L0.

the spermatophore sacs therefore shows that

before the errival of the animals, the sperwatornhoare oriduction excceds the
conswiotion; afterzerds, consumption excecds production. This might imply
thaet duringy swwrer, no spermctophores are produced, and thet the enirmels use
wn ¢ rescrve they stored up ot the ve inning of the reyroductive period.
Tovever, this is delinitoly not the case; oll through surmmer, develoning

spernatophores 12y be found in the different scctions of the permatophore

; LEUARY ~ 7~
cr:n, s esteblirhed elresdy on page O.

ine revort on the Teriniion of swermctorlores by this species.

Ls mentioned before, the cbove said relutes to one and two-year-old

—
N

L)
ON

S

enirels to; e . Of beth ee grouwns therefore, the eniizels errive with nore
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or less filled sperraoteplore sces whieh predually empty cduring the summer.
Onc cannot say for certain whether the yecarlings that heave finished spown-
ing will meture again the following spring, or whether the mature two-year-
old &4 cre those sninzls vwhich, the Tirst year, may not have been mature,
and did not migrate to the spawning zrca (cp. pege 4). KHowever, in either

cese, it is obvicus that the sexuel zctivity is bound to a determined sezson

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

The observations regerding the gonsdal cycle of the females will
noww follow. One is faced here with the sene difficulty as in the case of
the dd, nemely, thet cdequate numbcrs'of animels remein only a few months
in the observation area.

Some of tre sieres to be described are illustrated semi-diegremmatically
in Fig. 11.

The Tew young autwnn end winter enimcls thet were availeble for
cbservetion, were reletively less develoned than the 34 caught at the same
tiwe. Both the animels w-ccived on 24 October, 1934, and in Decerber, 1939,

ch vas scarcely visible (237)

R

had very smell overies, the grenuler soructure of wh
nacrosconically. &t microscovic cxaminatiosn, the about 0.2 mn egis were
- 0 o ) 2

b A

clearly visible. The nidimental ~lcuds (cee Fig. 11) hed only started
paturing (thoush they vwere lerger in the Docorber animels Lhan in the Octcber
animals); the seme spplies to the sccesscry glands. The oviduct, of course,
contained no mature cims as yet, and the svrermatlicca was not visible rmacro-
scopically.

Even one of the lMarch cnivals was Lardly nore developed; yet, it

vos very stort, vhieh niy hwove cccounted Tor its dcolsyed development, with

respect Lo the nr Jurity of its equels in age.
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Abb. 11, Gonadenzyklus der € 2 vom Oltober des Geburtsjahres bis
zum niichtsten Jumi. Bst = Eiersfock, Ovd = Ovidukt, Nid = Nidimen-
taldrisen, Acc == Akzessorische Drusen. Fillungsgrad der Ovidukte: Mai

pvoll’, Juni ,,m%‘mig”:
Fie, 11. Gonedal ¢
until the Tollowin
Est = ovary; Ovad
accessory £londs.
Filling decree of oviducts: HKay "full", June "moderate".

vcle of G0 from October of the year of birth
o June. .
cviduct; Iid = nidirentel glends; Acc =

In contrest thereto, the ¢o eppeering in the second hzlf of April -
) 9Q &PpP g £

now nine months old - look quite different. The nidimental glunds are fully
grovn and swollen; the seme applies to the accessory end oviduct glends.
On the nouth merbrene, the spermatheca is visible as a small bulge, and the
ovary Tills part of the bdomen with its 1-2 rm egss. In front, teo the left
of this orgen, there is the oviduct lying in several loops, with clear, pale-
velleu cpss erranced in rows, which help to £ill tichtly the sbdominal cavity.

Until the enimels diseppear in late summer, the overy remeins fully

) '

Lo moderately developed; & decrcase tovard the end of this time, ©s in the

Y

cese of the testes, was not saefely estecblished.

The seccnd or third week of Moy, o small nunber of femcles apvear, (23

the e s of which are not &s tightly vacked in the overy as described before,

vhieh csives the oviry a strikinsly loose, disorderly aspect. This aspect
will be dealt with a 1little leter, where it will be secen that these are
prodebly the eo which have Jjust relesscd their c¢~5. The eppear all ithrou b

S\rIaeT.

Q)
>4




- 35 - 11.

Flgo erong the 29, there are yearlincs with undeveloped gonids.

£
Their overies resemble very much those of the winter animels (see sbove).
The szme ¢pplies to the nidimentel and accessory glands.

During 1935-k0, the number of thece immature Qg wes 16 out of 3505
examined animals. In contrast to the immeture dé which, eccording to the
cbore scid, evpcared only during the months of July end August, they appcered
rost freguently during May. Their length wes 9.8 - 4.7 em, on an average
11.5 em, thet is, the szme as in the case of the immzture dd, considerably
less thean that of the other yecrlings vhere, according to page 223 (German
text), it rcy, at this time, be estimoted ot 13-1k% cm.

Unfertanately, zutwan end winter observetions reszrding the further

dereleooment of the ovory are lacking. The Tollowing swwer, the tvo-year-
X © 2

018 oo, the same as the veerlinzs, have well develooed overies at the time

—~{-

of their arrivel. Even in these animels, no involuiion cen be dctected et
the end of suwmmer. Undeveloped individuals do not ceem to occur; this is

. . . B . - . N 4
in line with the Tirdings regarding the do.

‘,’)_‘
3!
wn

The oviduet, which acts as storage orsan Tor the mature egos,

considercbly vorving {illine derrees during the course of swummer. £s in the

cace of the srermatoniore secs of the 484, the fillinj degree was recorded

for ecch exewined indivicdual, znd the following classificobtion was nede Tor
2 )

the egss:  Mmeny" (= "full"), "moderate", "few", and “"none" (= "empty").
Also in this cose, to estimete the nwiber of erss, the size of the animal
wes teken inteo cecount.

4.3

As in ihe erce of the shorratophore sces of ihe &5, the Tilling
deree is associvited with the lensth of the cnimal.

Detween 20 f»ril end 11 Vay, 1937, for cxarnle, the following animels

vere cxomined:
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everage lensthe

16 §9 " 16.2 ¢m 3. - g4 cm
28 9% "1"0(‘:(;1":'."\'-0" 14.8 em

28 9 "Tew " 14.7 cm z, = 0.27 em
9293 cmpty 12.4 cin S, = 0 (m

Tre discrepencies in the average lengths between the of the |
- P &)

b

first eand tle third, the first and the fourth, and the third and the fourth

sroups are stetistically significont, since they exceed 3 x oa (caleculated
according to o, = f—VG§-+ G§~). Yet, betwcen the 00 with "moderate" (239)
numbers of cgos and those with "few" esis, there is no cssentiel difference.
According to poze 223 (German text), between 20 Lpril and 20 lay,
the two-yeer-cld op @re, on an averaje, zbout 17 cm long. Among the "full"
aninals of the &bove shown Tocble thercfore, there is a higher percentege of
two-year-old cnirels then cwong the "less filled" ones or, in other words:
the two-yeur-old QQ, even wirzen teking their size into account, bear more
eges in the oviduet than the ycarlings, as elso the two-yecr-old dd heave
relatively fuller spermatophore sacs than the yearlings (noge 7).
Also in meny fish svecies, the murber of eggs inercoses with increas-

inx age of the animels (&s, for instance, in fcanthias ~rulgeris Risso, c¢p.
J b 3

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

revroduce for several years during thelr lifetime. Thus, it is known tlat

the severcl-year-old Q9 of the starling (gipvnws vulraris) (KLUYVER, 1935),

the sonst sparrov (Melocoiza melodis) (NICE, 1937), &nd the redstart

“

(Procnicurus vhoenicurus) (RUITER, lth), ley more eggs then the yeaxrlin-gs.

2

Hoviever, &s vo wnethner the egs vroduction of vihesge three bird species - as

.

011l s of Iolizo vul aris - goes on rising with increesing age, is not

oviy;  nor can it reacily be debtemnined, siver Their average lifespan,

LR -
'\J-’U\’IJZ’

vhen free, is relevively short. One mishit cciocet thoet the e production

«
1%

.
LT

et the besinnins, To decrcane agein when the anirmals pet older.
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iercincfter, onc end two-year-old Q9 will be obscrved together,
gs was thc case for the 8. A separation may not even be feasible, since
the bwo arge groups differ oo little in size, znd no other characteristics
exist to evraluatce their ages.

The chances in the filling dejrees of the 29 oviduclts during the
investisetion vericd ave zrephicslly illustratcé in Fig. 12. The percent-
a~es of enimels with full to moderately Tilled oviducts are high at the be-
inning; however, ratrer soon after ithe errival of the animels, the indi-
vigquals ith less filled oviducts become more frequent. Presumebly, ana-
losous to the d8, tris is depcndent to a lesser degree only on the change
in the povulation comnesitvion; rether, the egg-leying may be the main ceuse.
¢ Luis time olso, the fishermen bring in the first esg clusters (1933:

. 7 . .
& HMey; 10936: 5 May; 1937: 4 Mav).

\C
™
=
’_l
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v. One mzy therefore conclude tihet

(]

oviducts ceoses in the second half of ¥

2

before tre arrival of the aniunls, ciz nroduction excecds consumpticon;  then,
uantil the cnd of leay, conswantion excceds procuction and, eventually, thcre

is ceconilibrium., efore the appearcrnce of the aninrcls, consurplion must be (2k0)
sco ¢oucd zero, since e enss ere lald enly in the corstel waters (vrere

the Tirst cnes sre found 2t the becinning of May). From May until about

the beginning of fumust, egps ere constantly being consumed, &s scen from

the dates of detcction of fresnly leid cits (Teble 2).

Trom boy to Tuly or fucust, thet is, elmost

w

Thas, cp-loyving lest

a Yhe onincls roredn in the ceonstel (rea, ond during all this time,

(4}
=
¢}
5

¢
~3
[ &]
c

the ovary sunplies the oviduct with ezis. (The nimber of spawning P9 reacres

Y

o in the second helf of ley, cs will be secn later).
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Teble 2. Developmenial stage of eiss
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It has been menticned before that at S B |0 EERD
0 ST
the middle of ley, females epvear, the overies of o W V VI VI VI X
I S
which have a loose ond strangely uncven aspect, Abb. 12. Verhaltniszahl oo
LA
) . . ] . und Fullungsgrad des Oviduk-
vhile their oviducts contzin few or no egas at tes im Laufe der Zeit,
: 1934-1940.
all. Ko doubbt, these fercles laid thelr eggs . - S .
) ? ¥ ‘ Lo Fic. 12. Retio ;=37 and
A ST T, Vel
Tillinz deIrce of

just recently. Moreover, a rather lerse per- A . X
oviduet during the in-

vestizetion period,

centace thereof have newly deposited sperma-
nLes ¥ act k 1934 -19%0.
tephores on the spermatheca mound, which in-

dicmtes that erg-laying often is followed by copulction. These femzles with

loose ovaries cnd scarcely Pilled oviducts, which occur from the middle of (2k1)

+1

ley on, and ere vresent &1l throuth swomer, never ere numerous; they always
form just a sr2ll perceniage of all the animels; they may be most frequent

in the second half of Mey, since, undoubtedly, ot thel mement, a lor_je nuiber
of 29 lay their ercs at the same time. Apert from these ¢Q with slack ovearies,
2eon the widdle of Mey on, a rether lorige nurber of other femnles ewpear wiich,
likewise, have only few e;zs in thelr oviducts, wnile their overiecs have

normaol asoect. These are probobly enimnls the ovaries of which, so ©
e been reocnerated, and the ovidacts are Tilling agein.  fppurently, the

a2

ermiyiny of the oviduelt now tekes plaee elready vhen the number of e:xri’s nhias




— g e e

- 39 - 15.

reret ea he "rmdereil” desree, for, efter the middle of liny, only very feu
9 vith M1l oviducts appear. llence, the animels apperently produce several
batches of enys, the first one being the largest. The number of egg batehes
cannct be delermined.

The oviduet develovment during euswmn and winter is not known. Eggs
are ¢efiritely not laid during ihis veriod. Whether the egg preduction goes
on in winter, or et what time the oviducts start filling in spring, is not
knoun. Dor is it noun whether eech Q reproduces once or btwice in its life-~
time. It would be possible thet the two-year-old animals are the undeveloped
vezclin:s of ihe previous yeer. Hovever, in the auihors' opinion, this is
unlikely.

Finally, the investigetion of the ferasle sexual organs also com-

nrised observetions regerding the condition of the spermatheca and the

C’)

prescnce of Treshly deposited spermatophores in its neighborhcod. From th
revorts of IAFORTS (1871), DREWS (1911), and VAL 0030TS (1939}, it is known

for Lolizo nmerlii Tes. cud Joli o xml ¢wiy Iam. that during mating the

1)

spermratonhores are deposited on the moutll membrane. ‘ere, ..o &re soon

erptied; the syeimaitoroa then reach the spermatheca (= receptaculum scminis},
2 -londelar recess in thet perdroire.  In filled condivion, this spermatheca (cu2)

has o milky white asmect. It is then called a "white mouth mound". The
clply or helf-ewpiy remeinders of the spermatophores first adhere to the

shin slime of ihe mouth meilbrene; then, they diseppecar, cven before the

content of the snermthceca 1is used up.

1) Yoreover, Tor Loling m . o (1910, ccted ratinzs vhere the 69
dcrosited the ~<::or,':' DAY ! crvity of vhe @. In The ¢o
rom the surro n.e of Den Helder, the authors never A
“7?“0“ in - spite the focv thal sevortl

IR

Lhonsend individials were exemine vieve ToRBAT cnl LOBIN (1845)
provide @n cccarate denerintion end jllusiretieon of @ ¢ of this kind,

carricd burst sperotoplores ei ile inrer wantle wall. The origin
s animnl is not knuown.




Y vpresent otsersotion
rature N Love £illed spermathecze.

ouency of mratin:s developed during the investise

metings

then relotively rany 09 with filled spermetlecae, yet without

1

roainders.

relatively many 9 which bear snex

ratio belveen

weke vlace, many 29 lose the spermatophore remainders.

On the other hand,

the nurber of $2
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¢ showed, Tirstly, that the rajorivy of

Secondly, they showed how the fre-

tion period. Wnen few
There are

sperms.tophore

in times of nwserous ratings, there are

By determining the

ratcolore remesinders.

with snmerratophore romainders and the number

o7 Q2 without spermeiophore rermpinders, yet with so-called white mouth mound,
T

less ccourele measure for the

o
1

1Lhe course o

and descends somewiat in Ausus

arrivel on,
vigor. This
present;

tne second ralf of

These ohservations resarding the

cloved, &nd no enxs &t

”
[
rn

sperrotonhore conglimn

in Oc¢clover, wiich ore

1) Tre cuthors Led v
otl.crvise, Ul.e pree

’
$$ wonld

this ratio.

and close to the departure,

the mumber of tote

tay, vlien the nurber of enimels pr

L TineG once more.

. S 1) .
iefly, ;FE , one obtains a more or
Vil

frecuency of matings. Tig. 12, top, shows

£t first, it rises repidly, then more slowly,

e animels rate with und

conclusion reletes to the munber of matings per mature female

11y occurring retinzs shows a marked nexiram in
esent reachtes its peak.
veriodicity of reoroduction will

In Decerber, tie ovary is still very little dev-

21] are in the covidnet et thet time. Bro-laying

m Auril to August, with 2 meximum in the sccond balf

eme pericdicity exists for the matinrs and, thus, the

tion. Yet, the tustis produces spermatonon alrecdy (2h=

ored elracdy Jow Decemver on in spermntophores.

. ~ S
¢ ravic ¢l =7, ¢nd not S :
AR Lotal of examined ¢
SNCC O RN

I:nve intluenced the values.

N e e moane ——_———
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¥ith recard to this latier point, other periodically maturing
anirsl species behave cuite differently. In bird testes, for example,
the spermatonoe develon only shortly before the mating period, to disappear
asain soon eftervards. One might assume that the early maturation of the
& souid - long before the maiting period - is in association with the ca-
vacity to store the specrma in sperrmatophorces. A comparison with other
animal species with spermatophores would be interesting.
it 1s interesiinc to corpare the reproductive period of

trese squid with scaid from other detection sites, as well as with other

ceghalopod specice. Unfortunately, only Tew data are availeble.

10 BIZNCO (1909) describes that in the lMediterrenean Sea the ecos

of Loliro ml.tris are caught between Kovember end July, and mainly from
Jaren to June. (It should be added Lzei in ithe Mediterrvoneon vhis sprelecs

is present 81l year round). lence, the reproduction lasts lonser, and slarts

carlier in the vear. Some olher con.all:ad species show periodic reproducticn

N

elso in the Medilerrencan arca. LO BL‘}CO rentions Senia officinalis L.,
Decurver vo July, seldem in fuzust, October, Fovember; egZs are Trecuent

Yledone mosclols T, Soril to July. For Szvin, as for Loli o vul-eris,

1

tie rewreductive veriod in the Mediterroncen is considerably longer than in
‘orth Sca where, eeccording to the authors' observations, it lasts only

frow oy wo Ju_ist. Ter. even spowns all yeer rouand in the

R BT oAy e PR . P TR N s 3 -1 e 3+
Pediborrancan;  cccarding Lo some catiors, this gpeccies is identicel with

sllothencis saedoie Lom, frem vie ferth-Sea rerion. This latter does no

ennun in winter. IL would epreny to be an example vhere the periodiecity
is very rerkxed in ihe Torth, while in the Scuth, it is almost or couiletely

o . . —~ \ . . . - - .
lecrine,  8.8.KI {1921) gives & siniler Cescriytion of ihe Japancse

.



.

e e .

18.

cru: I Souvhorn Suin, e reting periced is

C:,smirenies sl oed
stid to 7o on &1l rear romd (alihoush with a roximam in Scptember/Oclober),
while in Northern Junan, it would cppear to be limited to December. How-

ever, this latter conclusion would not scem to be final, since in Northern

Japan, during different months, only helf-grown animals were investigeted.
As uith any periodic pvhencrmenon, one may ask on wvhat externzl fTactors
the renroduciive rhiythn of Ioliro is dependent. Apperently, the conditions
are different then in reny Temperate-Zone birds, the maturation of which is
brought about by the increasinzg lensth of daylight (ROWAN, 1938). The scuid |

terts its reproduction in the South at decreasin: length of dsyvlight, in
N A S [ u O )

147]

the Forth at increeasing lencth of daylicht. A vperiodicity regulation would
gopear most likely winere a determined termerature ranze is necessary for
reproduction, the upper limit of which, in the Mediterranean area, is ex-

cceded vetween July and Noverber, while the lover limit, in the Hortl-See

area, is reachcd only at the end of April. This longer reproductive period (2kh)
in the Soubtlh, weriicularly, points in o c_avincint wanncr to the effect of

te eerewure.  This longer reeroductive weriod in the South is also found

in other aninals with Southern distribution (which therefore neced hich

temoerature for their renroduction), for exawmle, the jellyTish (VERNLY,

19h3), and {ishes (Jﬂ-lﬂdlis encracicholus (L.), Cluncea vilchardus Welb.

FAGE, 1920, peces 14 and k2).

As shown gbove, gnawning of Loliro wvul-aris starts on the arrival

of the anirals in the coastal area, and goes on until clese to the departure
of the last individuals. Moreover, it is known that reproduction does not
teke vlece, or rardly ever, outside of the coastul area. lience, arrival

and departure roushly coinecice witvh ti.e beginning and the end of revroduction.

<.

It is Turther known that in the spavmin arco, only very few immature
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indivicduzls occur. /11 tiis would apnear Lo point vo & direct relationship
betveen maturity and migrziion, as has been assumed Tor ycars already for
birds where, in one case, it was even proved experimentially that both matu-
rity and sprins mizration are deternined by the incrcesing length of day-
light (RGIAN, 1938). Initially, it wes assumed that the increasing length
of caylight causes sexual maturity which, agein, causes the awakening of the
micretion drive. If so, however, it is not clear how the sexually immzture

yearlings of many species {Senia, certein fishes, meny wading birds, ete.)

arc able to teke vart in tre micration. Since PUTZIG (1939) showed that

castrated crows take part in the spring misration, this phenomenon must

b

.

probebly be exolasined to the effect that sexvel meturity and misretion
drive are released by a comnon ceuse, nemely the increasing length of day-
lignt. In the same way, that is, that maturity end migration drive are
released by one and the seme cause, also the above mentioned relationships
ray rave to be lcoxed for in the case of Lolico.

Tins, during migretion, Uiz c¢adrrals reach their spawning arces.
Lecording to the function therefore, one may speak of Spewning migration.
Eovever, this docs not mean that the migration has merely this significance.
This vould even be very unlikely, since, ¢enerelly, several functions are
involved. Thus, for instence, the purvose of the known northbound spring

migrations of many enimal svecies (birds), for one thing, is to reach the

reproduction sites end, Tor another thing, to weke available to them the

blosseming resorves of the summer season, while it is likely that also more (245)

~

favonrable ternerature corditicis cre Townd. It ray be seen on paze 275
(Gerpon text) thet also Tor Loliso wul aris, mivation probably serves
several Tarceudonsd The foct uhat, senerally, scveral functions are involved,
mokes 1t dirmossible to swaintedn the offen used clasnifiection of aninal

misretions according tothe Tunciion.
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From tie dicgzram

v be concluded that at Den Lelder, from the seccond ha

zenerally exceeds emigration,

of My to the end of August, the conditions are reversed,

occurrence of a stationary stete, as this is the case for

birds. It may even be assumed that since earliest times,
been emizral and that, likewise, even after the second

ness 1nu1r1c:als.

i-ration of
of cotches allow only conclusions rewerdl
irmizration end emisration, and not recarding the ab
of enimels.

the wn

2rate on

The coicel. years,

same niclture, and ere not sroun here. It 1s siriking that

dates of mi-roticn over the different years vary only within narrow limits.
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Abb. 13 Fargzahlen von Kalmaren. Durchschnittswerte 1933-1940.
Toher of cedd er ot tUlL Arvere e velacs 1933-16h0.

It is *rue thet the dates of anpearance of the individual enirals show
- ~ 1T TR 5 s ~ 2 e "3 e 3
sidorinle dlilor o uces, o8 nuay be scont from Table 3. heowever, this is no
re2lly sararici. o, since, apnrs from the prescnce of ihe aninals, their
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vitdenh o gorenid Lore numerous arrival vas deterrined, are put togetner
for example the deys on vhich, for the first time, 5 or 10 animals each

vere brou:ht in, there is only e slicht diffecrence: in the first case,

13-30 £opril, in the second, 20-30 fpril. It may therefore be seen that
the bezinning of a more numerous arrival is restricted to the second half

of April, end it varies little from year to year. As is known, this

Nl

latter fect applies to the migration periods of several animel species.

The spring and auturmn mirations of a number of bird species provide rzny

exammles thercfor.

Teble 3. frrivel catves of Lolizo vul:al
ST T T T T
Jahr Wenigstens 1 btuck \\e ngslr.)s St. ¢ Wenigstens 10 Mt
vesr {ev leasyu 1 oaning. (u 7(("0 5 uh.au Jciiy_lo an.
. 1 .
1933 13. 1V, 20. 1V, 2o. IV, 20. 1V,
1934 21. 1V, 22. 1V, on. TV, 25. T\,
1935 20. 1V, 22. IV, 23. 1V, 23. IV,
1936 3. IV, 13. IV, 28. 1V, 2f. TV,
1937 2. 111, 14, IV, 20. IV, 20. IV,
1938 18111, 12, 1V, 13. 1V, 22. TV,
1939 15, 11, 6.1V, 22. 1V, 29. IV.
1940 27. 1V, 30. IV. 30. IV, 30. IV,
The arrival of the bulk of mi ruuory aniwmals, generally, occurs

rether suddenly, for in 5 o1t of 8 investirelion years, the dztes on which
for tne first lee 5 or 10 anirals ecach were canght, coincide. Only in the
yeers 1938 and 1939, there is ebout one week between the two dates. In both
vears, imsediately after ihe capture of the first 5 animals, therc vas a
period of windy vestirter vivieh lasted several days. Undoubtvedly, during
these deys, the coastal Tisvery, which provides the rescarchers with threse
gaudd, was interrupied. For this ronson, ithe dates the first 10 scuid vere
erarnt therce yooes cre execntionnlly late. Even thoagt the othor years,
ciniler occirrences iy love affected the errival dates of the firstv 5 souid,
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Tor (hie 10llovin roport, the détes on which, for the first time, 5 animals
cach were cauhi, will still be considered as the most reliable measure for
the bepinning of tre rzain migration.

It is worth scerching for relationskins between migration starting

date and cxternal factors. Table 4 therefore compares temperature end salt

content &t the Yaaks lishtship with the berinning of misration.

Teble h. Dates of Appearence and Environmental Fectors

' T
{ 1933 | 1934 | 1935 | 1936 | 1937 | 1938 tgzog 19405
o
! "IV
Femp. Haaks 1.-10.111. (°Q) 48 1 42 | 61 | 56 | 39 | 55 | 58 ?ég g
11.-20. 11 6.0 4.5 5.5 5.5 5.5 6.1 6.1 RE3 g5
21.-31.J11 6.1 | 52 | 6.1 | 6.4 | 58 | 68 | 60 &2 :Ef)
-0V, 190 | 50 | 64 | 681 65 | 73 | 66 52K, "
Arpival  at-z0dV. 7.6 | 56 | 7.2 7.1 7.5 t 7.4 7.8 \5':;';3'5:;
tave 21.-30.1V. 82 ! 6.4 | 81 7.4 | 8.0 | 7.9 | 835 Y% 5
Uncheinungsdatum (A pril) 20. 25. 23. 28. 20, 13. 22. '3 30.
salin. Haaks 21.-50.1\% (°/,,) | 34. 25[ 33.30 | 34-34 | 34-52 | 32.94 | 33.75 | 33.34] —
: &)

here is no relation to the

ct

It may be seen from this Table that

PRI

2lt content of the lasl decade of April. Hoiever, tinere cdoes exist &
correlaiion, thouch not & very good one, to the temperature, in that the
. SRR TOR R ~ z 3
three yeers in viich the last Aoril decade was cold {1934, 1935, ond 1S40),

srou tre lowent exyrivel cdetes. liewever, the tenpcratare is not che only

~

re wlatin faclor. If ibis vere tre case, iue animals vhich, in 193k,

arrived at 5.4°C, in 1933, wvould have had to avpear already at the end of

“he end of lexren, in

-

Lerei, in 19335 ¢o 2lie hednningy of 2pril, din 1935 <%
1937 ¢t Lie be inuing of foril, in 1038 in zlhe middle of March, &nd in 1839

Gl othe be duaing ol Lowil, winidehn: does nol correrraond to tne facts. lence,

(247)
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H

this bindin: Lo tie gecond bell of fpril; this stron:; inTlucnce on the
anirals vas deterzined by ROWWIN et al.

In conformity with the prescnt results are the Tindings of Mrs. NICE
(1937) vio throrou hly investicated the vhenoloy of tre Song Sparrov
(iielosvize relodia (Vilson)), en fucricen migrotory bird species. After

reving shown tiet in warmer years che anirels arrive relatively early, and

in colder years later, she shiows (pace 49) "That time of year is one of the (248)

N

funderental faciors in Son: Sparrow mizretion is shown by tiie fact that bigzh

Tn .

terperatures in December, January, and early February (that is, considereble
"o ~ ove ) ~ A . . i . . . o \
tine before vhe arrivel of the animals in the last third of February) ...

never brin: e migsretvion. Micration is conditioned by both increasing lenjih

s e [ LI S P .- P N n : . - e . N~ .
of daylirit cnd Sernersture. It ray be ecdded thet it would appear ithat the
ulc eatoblislied by VICE for the Sont Sparrow ennlies z2lso to the migration

of many ovher bird species.

5. Ire Loy of Syexmin Mi-rent Somivels in Differcnt

For a micretory aninal swecles as the present one, apari from ithe

revreductive results of the previous years, the frecouency @lso depends on

(e rercenic o of endncls teking pert in the mi retion to the investigation
arce. In tic prezent cose, it is not possible to separzie the tuo moments.
A Turther consideration tnercfore appears to be rather meaningless. However,
tie orlihsrs rearcred Tor connecilions vetueen the rurber of annually arpearines

" Treir calenlrtions

enircls ond Lo Tl.oewrelions in tre "under-uclicor clivate
vere resuricled Lo e ronthis of Cforil and sy, since, for technicel reasons,
the June nurchases supnlicd no relicble date. In Table 5, the nunber of squid

s caaanred ”“1n Lhe seli-conbent end temperature cifferences of the obscer-

jN

retion arca. > latier vere colewlabed in the following manner:
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Table 5. Freguency of Scuid in Different Years,
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6. Dispersal of Loligo vulgaris at Den Helder

(8) Selection of areas in dependence on environmentasl factors

In the case of each specimen delivered to the Zoological Station, the
fishermen reported both the fishing site and the number of their boat. Since
the purchage price of the squid was the same for all fishing 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 fished by Den Helderian boats is divided into several parts.
First, there are the coastal fishing areas, which are identified in Figure 14
by Nos. 1 to 7. All these grounds are influenced more or less by both fresh-
water and the nearness of the land. Pishing there is carried out with the
aid of trawl nets; in Area No. 7 (on the mud flats), fishing is dome 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 southern North Sea extending to the Borkum
Reef, Klaver Bank, Markhams Hole, and the Breeveertien abreast of BLgmond. In
all these areas, fishing intensity is lower than in the coastal waters. Fish-
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 Loligo vulgaris is strongly bound to that zone during

the summer half-year. From that zone, the Zoological Station received during
the years 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 showing the different
areas mentioned in the text. Depth in m. Xey: A, Mud flats (exposed at low

tide).
mentioned lesser intensity of deep-sea fishery, 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 RISSO [piked dogfish 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 fish 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 Loligo vulgaris specimens caught

outside ot 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
ship, 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 (Tesch,
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 exAamine the material landed by these ships, never see
fhe squid.

The factors causing this binding to the costal sea will be examined further
below. DPFirst, 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 summer 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 cateh. 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 cuestion, because the fishermen

251
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Figure 15 - (a) Catch numbers; (b) Intensity of fishing activity; (c) Fre-
quency of squid calculated on the basis of (&) 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, Relative size of the monthly "Report
number;" C, Relative frequency of Loligo 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 shows the result of that calculation
and, thus, represents the relative intensity of fishery activities at the
different fishing 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
Intensity of fishery (report number)
summer month and for each fishing site, and express the wvalue found in per-

calculate the quotient for each

cent of the monthly total of these quotients. These percentage values are 25

'\

|

presented in Figure 1l5c. 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 fishing was done there at
certain times. Area No. 7 also had to be excluded, since fishery is carried
out there in a mammer entirely different from the fishing done in Areas No., 1
to no. 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 or

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, exhibits a minimum during June.
Area No. 4 exhibited a distinet maximur during June, and & minimum toward the
end ol the season. Area No. 2 exhibited lower values at the start and, in
particular, toward the end or 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 & 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.Z2 as
well as Area No., 4. The squid then move more or less 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 shown in Figure 14, and to dis-
regard to some extent the depth data shown 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 shallower 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, where
water depth, in part, is just as great as in Area No. 3. Furthér below, it
will become evident that the squid are guided in the first instance by an-
other factor, viz. the temperature of the water.

The squid, thus, apparently perform movements within their summer range
that are similar to those lkmown, for example, in the case of plaice. However,
while the plaice visits the warmest sites already du?ing May, the squid 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 ol fishery 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
numbers of squid were caught, and at another one, almost none at alll. 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 averageuvalues 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
(with the exception of June of 1938 and June of 1939, when no observations
were carried out).
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Table 6 - Habitat selection nesar Den Helder during summer and during winter.
Key: 1, Areas far from the coast; 2, Areas close to the coast; 3, Summer
animals (April to September); 4, Winter animals (October to March).
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IMGEBIET 7.

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, Blinity « «

These values have been calculated on the basis of daily .surface observations
made on the Marsdiep dike Yeare indebted to Mr. Ir. F. Liebert, Rijksinstitut
voor Visscherijonderzoek, Den Helder, for meking 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 Loligo. It appears that the {emperature does not guide the
squid at all; at least, the plots representing observations do not indiecate
the existence of a correlation. That statement, however, is valid only for
the temperature range of our observations, and cannot be generalized without
reservation.

Scheveningian fishermen 1t0ld P. Creutzberg in the year 1941 that Loligo

vulgaris was caught abreast 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 aspecis just outlined,
since the 3.0%-salinity line as well as several of the other isohalines run
closer to the shore near Den Helder tha8n near Scheveningen (Atlas, Cons. Int.,
1933).

On the basis of this particular correlation between occurrence of squid 256 |
and salinity, we are, however, not able to draw conclusions regarding the ‘
"mechanism" of this interrelationship. I+t appears to us to be most probable
that the squid orient themselves directly toward the salt 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 that the latter,
more complex mechanism is wvalid.

The variations in the location of the internal boundary of the area vi-
sited by sguid, thus, are determined near Den Helder by selinity, i.e. the

salt content of the water. There arises the question whether the location of
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Pigures 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 amounted to 70 to 200 squid. e: Observations made dur-
ing months where that catch amounted to more than 200 squid. In Figure 17b,
we have applied a reduction, which is explained in the text; in Figure 1lTc,
"temperature difference" means I’Marsdiep - Ioaks® Eey: 1, Areas No, 1,

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, Slinity; 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 comnection,

we have compared, for each month of observation, the average salinity and
average temperature values recorded at the Haaks ligh ship with the relative
sizes of the catch in Areas No. 1, No. 3, and No. 5 (expressed as percent of

the total catch in Areas Wo. 1 to No. 6) (cf. Figure 17).
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JBlinity exerts & certain influence also in this case (Figure 179.). The
squid were most frequent in the more distant areas when salinity at Haaks

light ship was relatively low, viz. < 3.4 per cent. However, the correlation

to salinity was less warked 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 determine 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, 485 in June, 54% in July, and 77% in August. In order to resolve that

particular question, we have multiplied the monthly numerical values (catch

numbers in percent of the total catch in Areas No. 1 to No. 6) with g?{ for |
|
April, 48 for May, 48 for June, 48 for July, and 4?, for August, and, 258

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 ship. The correlation 48 again in evidence.

This particular correlation may be interpreted in two ways. We may assume
that the squid are repelled by water exhibiting sslinities > 3.4 per cemt.
However, it is also possible that the influence of salt content in the distant
areas is only an inélirect one. For example, we can imagine that the squid,
directed by some other factor, attempt to approach the coast until the sali-
nity threshold of about 3.0 per cent is reached. During "less saline' months,
when that threshold 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 threshold, and-——in our case
—be associated with the slt content of the Marsdiep water. Since the a1t
content at Haaks light ship, on the whole, exhiblts 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 ship, 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 Hasks light ship and low slinity in the Marsdiep, with catches

being low in Areas No. 1, No. 3, and No. 5 as well as in Area 7.

Relative size Salinity Slinity in oiative size
of the catch in at Haaks the Marsdie of the catch
Areasg No. 1, 3, 5 P in Area No. 7

April 1935 27% 3,441% 2.89% 2%
June 1935 4% 3,44 3,02% 6%

It then appear that the squid are forced in the Marsdiep in the direction
of the open sea, but at Haaks light ship 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 exeried by salinity is a di-
rect one in the more distant areas, and that the squid avoid water exhibit-

salinities < 3.4 per cent.
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Among the other environmental factors, it appears that the absolute value
of the temperature does not affect the squid (Figure 17¢). That finding,
however, does not yet indicate that the temperature of the water exerts no
influence at all in this comection. 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-
bér, 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 174 gives the cor-
responding monthly values as furrbtion of the difference jMarsdiep - jHaaks' 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 15c) 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
show & preference for the warmer areas. In our observations, this preferen- 260

ce had to be more marked with increasing difference in temperature between




Table 7 -~ Occurrences in the areas far from the coast and environmental fac-
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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 1l5c¢c; 3, Difference
Hyarsdiep ~ Jaaks (1933 - 1937); 4, Slinity at Haaks (1933 - 1937).

4. Monat

: }v4§ V.o VIO | VIL VL
e —fpte—{(ay o gy Ay,

2. Relative Hauligkeit in den kustenterne-

ren Gebieten Nou 1, 305 11933-1937). : ,

Nach Abb. 15¢. 67 61°, © 48, 514%, " 7%
3-”‘”‘.'“"""‘.\i;n.sdicp”‘Huuks (1933-'37) o no° 8" 2.0 1.3 0.5°
& Salinitat Haaks [1933-1937) 1 33.92 33.81 133.08 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
~—at least, during the summer-—dwell only at shallow 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 squid 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 mey well exert & 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 squid., The
area preferred by the squid is determined near Den Helder, at the shore-side,
by the salt content (salinity) of the water, which cannot drop much below
approximately 3.03 per cent. A% the sea-gide, the threshold shows connexions
to both the salt content of the water and the temperature gredient 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 saquid; 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, Lo
Bianco (1909) has mentioned the nature of the bottom as an influencing factor:
Near Naples, this species reportedly prefers 2 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 Loligo, and
does not permit us to draw conclusions regarding the nature of the responses
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.

261
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(v) Occurrence of males and females separately

In their habitat selection the two sexes exhibited a small difference.
Relatively fewer meles 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.

ot ‘ 29 4auf 100 Q 9 fallen:
2.
Gebietsteil No. 1 448 370 g = 3
No. 6 368 23 126,
No. 355 2G5 131,
No. 4 2301 1806 ) 131,
Nu. 3 i 1218 867 ' 140,
No. 2 ! 642 420 153 o
No. 7 : 1045 632 165

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 & role in this connection. We
could think of the salt content, buf also of the temperature. In the former
case, the males would prefer & somewhat lower salinity than the females; in
the latter one, a somewhat higher temperature. When giving consgideration 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 remember that the less saline and
(during the summer ) warmer mud-flats water flows southward when flowing out
from the Marsdiep into the North Sea (low tide). For that reason, the sou-

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 chennel also drains southward (the Eyerlandse Gat), 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 interrelationships.

(¢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 available 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 H@lder during the

sunmer 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 small. For that reason we do not venture to employ these

data for further analysis.
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T. Geographical course of the migrations

In this Section, we will make an attempt to reconstruct the course of

the migration of Loligo vulgaris on the basis of both the data available in

literature and our own observations.

The range of dispersal of Loligo vulgaris encompasses the littoral zone

of the Mediterranean Sea and of the eastern Atlantic between 21° and 59°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 (Locard, 1886; Dautzenberg and Fischer, 1925; Cuénot, 1927),

Great Britain (Plymouth Marine Fauna, 1931; Storrow, 1932; Moore, 1937), Bel-

gium (Adam, 1933), and The Netherlands (Tesch, 1908; the present paper); in

the Deutsche Bucht (German Bay), in the Skagerrak, and in the Kattegat (Grim-

pe, 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 alia, along the coasts of Frence

(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 reéords of Tunesia, "calmars" are reported durirg
the entire year; cf. Table 10; on the basis of Gruvel's (1926) commmication

we know that we are dealing in that case with our species, In that respect

1
Adam (1937a) has mentioned two specimens from the West Indies, but doubted
the correctness of that find report.
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Table 10 - Iandings for the market in Tunesia. Totals for the years 1932

to 1936, after Bulletin Stat. Océan. de Salarmbd, Nos. 31, 33, 35, 36, and
3T Key: 1, Month; 2, kg Squid.

L\h.m LI HL IV, Vo' VL 3\"11‘%\'111‘: x| x. !xx. ;1—1

Qre Kalmare 5327 46264849 914813137 8792 4466 3973 - 518117916639114170
the squid of the Mediterranean region, thus, differ greatly from those of
the North Sea, which we kmow 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, Loligo vulgaris appears every year

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 specimens 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 nets,are 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.

264
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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 meke certain that the results are
not teinted by the chance selection of a subdistribution.

H April

i May
. ! ! S P
Period Cb-100 11 —l 16 ~20.! 21.~25.,26.-30., 1.-5. | 6.-10. ¥1.-13.
Breskens . o ! o { 7 ' 5 22 g 55
Den Helder o I | 46 ' 27 o124 75 | 215
! | |
. [}
Period 4+-8. " 9.-15. 1418, 19.~23.  24.-28. . 2g.—3. 4—8 l 9.~13.
Breskens o 1 ’ 28 18 3 7 51 74
PDen Helder o 0 o 1 40 17 . b3 163 : 101

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 Schouwen 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
to five to ten (3.aysl .

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 straight 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 cage, 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 Bresgkens, the squid pro-
bably are there relatively more frequent than on 20 April near Den Helder. The
difference, thus, probably amounts to more then 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.
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the coast. Since the latter is not the case, we assume that the squid migra-
te northward parallel to the Duich coast. That conclusion 18 in agreement

with Grimpe's (1925) suggestion to the effect that Loligo vulgaris reaches

the southern North Sea from the south.

On the basis of the observations outlined above, we are permitted to con- 265
clude that the squid-——even if the difference in the dates of appearance éannot
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-
eagtern 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
Loligo 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
Ijuuiden (four km away from the coast), on average to 10,7 km per tide or
2l.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,% nautical miles
per day. If the squid stay in the surface water during high tide, &nd close
to the bottom during low tide, they would cover, on average, 8.5 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 nuwmerous travelling planktonic organisms

in the water and many insects in the air (Fraenkel, 1932)—are transported passively.
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In apparent contradiction to our assumption of a northern migretion 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 1literature )y while it is, without any doubt, common along the Dutch _2@3
coast near Breskens, Scheveningen (cf. page 255), and Den Helder. However, !
ag Mr. 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), & finding that
has subsequently been confirmed by Gallien (1934, quoted in the 1iterature3)
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 kmown in 1925; by adding the ones listed by Hertling (1934,
quoted in the 1iterature), we arrive at the list presented as Table 12. The

majority of these squid was mature.

 jir Adem has 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
spewns also in the Belgien waters, and juveniles are caught there during the
fall.

aThe numerous personal commmications (received by mail) mentioned in the fol-
lowing part of our paper were received in response to an inquiry wade by the
Zoological Station in 1934. In that connection we mailed questionnaires to
institutes of marine biology in western Burope 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 inguiry.
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Table 12 - Dates of squid finds in the Deutsche Bucht (German Bay) (53°56' -
550 36 north, 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
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 caught at a
rather large distance from the coast, i.e. in & region, where, according to
the findings obtained at Den Helder, only a swall 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 & few specimens 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) nhas described several specimens,

which had all been caught along the Swedish coast between the gre Sund and
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the Norwegian border. According to Prof. Jaegerskiold's (1937, quoted in the
literature) commmication 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 18723 and 5 September 1872 (Jaeger-
skioeld). Loennberg, furthermore, has mentioned a commmication offered by
Hansen, according to which this species has occasionally been caught during
the fall near Streomstad. More recently, Dr. Blegved (1934, quoted in the 1li-
terature) has stated: "My working district is the Kattegat and the Skagerrak.

Loligo vulgaris is not coumon there."

Only a very few observations are known from the Baltic Sea: 24 September
1872, one male (approx. 30 cm without head tentacles, i.e. probably two years
0ld), 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

p&per . )

It is not certain that Loligo vulgaris reaches the coasgt of Norway. Grileg

(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 268

Jeffreys (1869), who did not yet distinguish between ILoligo vulgaris and
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Loligo forbesi [the northern European squid], describing all squid as Loligo

vulgaris IAM. Por that reason, we are forced to omit from consideration, for
example, McIntosh' (1875) observations in the fauna of St. Andrews (pege 89:

"Loligo vulgaris IAM., The spawn of this species is frequent"). As sole posi-

tive report, we find Storrow's (193%2) commmnication to the effect that Loligo
vulgaris was landed regularly during August of 1932 by fishermen from North
Shields (Tyne estuary). In addition, we present several negative reports:

Stevenson (193%5) does not mention this species in The Cephalopods of the York-

shire Coast; neither did Russell (1922) find it in the waters along the coast
of Scotland (Goldseeker material), and Hoyle (1902) was umable to find any
specimen in older English museum material.

We then realize that the observetions available to us for reconstructing

the migrations of ILoligo 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 Swedish squid was lkmown also to Grim-
pe (1925). That author was inclined to assume that the Swedish squid belong-
ed to a different subspecies than those of the southern North Sea, and, in
comection with that view, interpreted their late arrival in the sense that
they reached the North Sea by way of its northern entrance. 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." Purther below we will demonstrate that the racial [or subspecific]

269
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Table 13 - Occurrences of Loligo vulgarlis during the course of the year. Key:
1, Month (January to December); 2, Den Helder (average catch numbers per month,
1933 to 1940); 3, Germen Bay (all catches, cf. Table 12); 4, . . . (all catches).

4. |2 Den Helder 3. Deutsche Bucht |
Monat [{mittlere Fangzahlen| (samtliche Finge |
ipro Monat 1933—’40)‘ siche Tab. 12) |

Skagerrak, Kattegat
simtliche Fange;
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v, | 181 ! - -
:"-I 1204 : 3 (+ 3?) -
T 506 1 -
\'II. l 325 2 1
VL 122 - 3
‘I\\ 3 _ S
A 2 t -
XI. 1 2 -
X1 ; - -

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 Loligo catches in the waters off Norway and off Scotland, we arrive more
readily at the conclusion that this species actually reaches the Kattegat

ana 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 Danish waters chiefly or exclu-
sively by way of the southern North Sea.

How do the squid leave again in the £all? Loligo vulgaris occurs in our

waters up to the end of August, and in the Swedish waters up to September.
On the basis of these findings, one might be tempted to assume that the Dutch
squid wigrete 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 reasom, we assume that the squid

of the southern North Sea migrate in the fall back through the Strait of Dover.
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It is completely uncertain which route the Iwedish 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 subspecies question.
Steenstrup (1856) was the first author to report thet specimens caught
in Danish waters have a shorter head than those from the Mediterranean. He

named them Loligo breviceps. Grimpe (1925) spegks of Loligo vulgaris brevi- !

ceps and asserts that the squid of the southern North Sea resemble the Medi-

terranean form. He named the latter L. vulgaris typica. Reportedly, the

typica form was bound to the spring, and the breviceps form, to the late summer
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 "esiuwply 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 fashion
that we are dealing in the case of this male with a typical specimen of L.
vulgarig;" 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 No. T:
"also belong, without doubt, to the typical form."

As criterion in this differentiation, Grimpe employed the ratios

Ventral mantle length and Ventral meantle length
Head length Tentacle length
value appears unreliable to the extent that the non-chitinous tentacles may

« The latter numerical

ghrink in non-uniform fashion during fixation. For that reason, we have given
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Figure 18 - Relationships beitween relative head length and ventral mentle
length in male squid. e (not encircled): 15 to 28 August 1936, Den Helder;

o (encircled): narch, November, December, Den Helder; o: April to Junme, Den
Helder; x: Grimpe's (1925) measurements. Key: 1, Ventral mantle length/Head
length; 2, Ventral mantle length (in cm).

congideration 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 numericsl
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 18). 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 forums.

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 Grimpe's
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 comection 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 renge 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 fishery 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 Sea. Immature sexual

glands have been found by us in the majority of Loligo forbesi STSTRE [the

northern Furopean squid] caught along the Dutch coast, so that there arises
the question whether L. vulgaris has been confused with that species in this

particular instance.



- T8 ~

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 & column headed "lulas." According to both
Girard (188%) and Nobre (1932), that name refers to both Loligo vulgaris

IAM. and L. media L. (= Alloteuthis subulata IAM. [a dwarf squid]). On the

basgis of Girard's discussion, we are able to conclude furthermore that L.
forbesi I ITRP. is not distinguished from L., vulgaris on the Lisbon market;
that species, apparently, also is called "lula." 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 trés rarement sur le marché de Lisbonne," and L. forbesi has been
described by the same author as "rara esgpecia."

Table 14 gives the average monthly catch numbers for the years 1928 to
1937; in Figure 19, these numerical values are represented in diagrammatical
fashion and compared with the numerical values from Tunesia and Den Helder,
regpectively. The Iisbon 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 & very prominent
peak during the months of April to June, instead of a reduction. For that
reason, We agsume that the Lisbon summer landinges are spall because this spe-~

cies occurs there relatively rarely during that period of the year.
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Table 14 - Iandings for the market in Iisbon. 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 . ; ] |
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Figure 19 ~ Average monthly catch numbers for Tumesia (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, 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 sumer, it
is not improbable that that migration is a northern one., Evidence supporting
that suggestion might be found, in the first instence, in the French fishery
statistics; unfortunately, however, these statistics do not report squid

landings wnder 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 our interpretation viz. that the Iisbon 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 paris 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): "Taken frequently in seine
nets in Port-Erin Bay and according to local fishermen said 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, showing
no apparent seasonal fluctuation, « . + All the above data are optained 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 comnection with our subsequent discussions (ef. 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 fishermen probably represents the simplest method
leading to that goal. DMarine-biological stations usually 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 wvulgaris does not leave the Medi-

terranean during the winter, but certainly does leave the North Sea.

Sepia officinalis L. behaves is similar fashion. In the Mediterranean,

that species is found all year round (Véreny, 1853; Jatta, 1896); in the
North Sea, however, it is bound strongly to the early summer according to our
ob:s;ervza‘l:ionsl .

Several bird species exhibit a siwmilar difference in their migratory be-
havior. In these species, the populations of northern Burope behave differ-
ently than those of southern Burope; in addition, the populations of Central
and eastern Europe differ from those or maritime western Furope. 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 0Oddi, 1929) and Sardinian (Tschi, 1939) breeding birds are residents.
-~ In the eastern Baltic region and in Central Germany, migrants predomi-
pate; in The Netherlends, chiefly resident; in England and Ireland, resident
(Witherby, 1938; for additional chaffinch literature, cf. Tinbergen, 1941).

Sturnus vulgaris L. (starling). In Scandinavia, in the eastern Baltic

region, and in south-eastern Germany more or less migratory (Schuez and Wei-

gold, 1931). 1In northern and Central Italy, resident (Toschi, 1939). ——

lIn contrast, Loligo forbesi ST'S'RP. is & migrant in the Mediterranean region
ag 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 way mention: Alauds ar-

vensis L., Lullula arborea (L.), Regulus regulus (L.), Phylloscopus collybita

(VIEILL.), Sylvia atricapilla (L.), Erithacus rubecula (L.), Accipiter nisus

(L.), (Arrigoni Degli 0ddi, 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

resgident (Witherby, 19%8); Sitta europaea L. and Troglodytes troglodytes (L.),

both species are residents in The Netherlands (Eykmen, c.s., 1937), but fre-

quently migrate from Central Russia (Grote, 1940); Certhia familiaris L.,

in England resident (Witherby, 1938), in Central Russie at least in part mi-
gratory (Grote, 1940). Finally, Grote's 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
(cr in the east, respectively) as well as in the Mediterranean region (or in
the west, respectively). However, we Imow 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 camot 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 wartime part of the ranges of dispersal, reSpectively),
but that the resident birds do not respond to them: The northern forms of
several of the above-mentioned species pass the winter on the breeding renge
of the southern 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
individuals having migrate3w§Zom 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 un8ble to provide any evideﬁce 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 northerm

individuals of this species migrate, while the Mediterranean individuals do

not. We are able to state that the Mediterranean individuals either are in-
gsensitive 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 stimli may be different for the individuals
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in the Mediterranean than for those from the north, which—as we have seen 276
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 iis associates phenomena. However, it is not possible to estab-
lish 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 Europesn 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-Erin then at Hasks light ship in
the North Sea; however, Bruce's observations were made at & point close in-
shore in one or two fathoms of water. The actual difference between the North
Sea at Haaks and the Irish Sea near Port-Erin, 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-Erin.

All that remains is to compare the course of the migration of Loligo vul=-
garis with that of other cephalopods. Let us first consider several species

from the North Sea regions.
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Sepia officinalis exhibits extensive correspondence with Loligo vulgaris;

it is, however, treated in & 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 agsumed that the North-Sea individuals migrate westward during 277
October, and pass the winter at about the same latitude ag 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 established. It is, however,

clear that the situation in Alloteuthis subulata differs entirely from that

in Loligo vulgaris, which, &s we know, appears in the north only late in the

season.
Bven 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 L.)

and the north-west-German rgoks (Corvus 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.,y for example, Niethammer, 1938). Iike the winter quarters of Alloteuthis
subulata (i.e. the ones suggested by Grimpe) owe the relatively high winter
temperaim;-es to the influence of the Gulf Stream in addition to their depth,
the mild climate on the winter ranges of the afore-mentioned bird species

must also be attributed to the Gulf-Stream Pactor,
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Like Sepia officinalis, lLoligo forbesi will be treated in a separate con-

trivution. 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 discussed.

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 coumon sguid 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 summer at depths between zero and about 50 my, and

di sappears 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 épecies migrates northward
along the coast;

The morphological 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 certein respects, the question arises whether these forms
ghould not be regarded as two races of one and the same species.

Migration from the south to the north have, furthermore, been described

by Sasaki (1921) in the case of Ommastrephes pacificus sloani [the Japanese

cuttlefish], 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, wmigrate during the spring in approximately northern direc- 278
tion toward the temperate zones. However, it appears that additional migra-

tory types occur.
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8. Surnmery

1. The present report, which deels with a2 nurber of separate guestions,

4

relates to the rescerch of the bioloity of Lolivo vulreris Iam.. It is based

on the inveestisotion of aboit 12000 sauvid censhit in the nei:hborliood of Den

relder. This species is generally present in this area from 4pril to August,

and as isolated individuals during the other ronths; it reproduces regularly
this area,

2. Growth ves determined by the analysis of ventral mantle lengths
freauency curves.

3. At the bejinning of Mey, ithe length-freguency curves of the nearly
one-ycar-old &S shicw a veek at 13-1h cem, &nd these of the almost two-year-cld
dd, at 21 cm, while thrce-yezr-old animals vrobably are seldom. A schematic
crowtn curve of the &4 is shown in Fig. L.

4, The QQ grov about ecually fest as the 56: until they reach &
length of zious 12 e (Ehat ir, uvil they are about 1/2 - 3/& years old).
The second year of thelr lives, they grow nuch more slowly then the 533
thus, their frequency curves, in tr montﬁ of lay, show peaks at ebout 13-14% cn

and about 17 cm. Slow urowih duriag the second yeer of their lives has also

been fouand in the ¢ of Loli-o neelii Les. and Senia officinelis L.. Three-

ould scem to be sclden.

year-old 0P of L. ul-

5. The yearlin:s, on an avera e, anvpcar laler in the spring than the

[t |
two-year-old animals. Similar Tindings exist for rony fishes end birds that

mi-rote to thwedlr matin: erooc.

-

2. The sexuel retio off vaxning migrant eniwals 1s uncaual;

ct
[0}
<]
—

-
T % wvere 88, Initially, the percente e

L0

emony the total of enimals causnt,

of 5\5‘, on &n averare, is somewnat hisher ithan later on in surmer; hovwever,
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inis docs not eonly lo euch seperete yezr. The senuence of the sexes during
the mifretion to the spevwning arca is discussed comnaratively, and the re-
lationshiops to the mating biolory are dealt with.

7. Spavning lests as long as the animals frequent the area in large

v

numbers, that is, from April lo August. It recaches its peak in the second

nelf of May, when the majority of the anirals are present. i
n N 2K .
8. The testes of the &J born the same year contain spermatozoa (279}

already in October. Testicular srowih goes on during the winter, and recacles
its peak in May ‘to July, to dcercase azain in August. It was not possible
to determine to vhat extent it recedes e zin during the second winter. All
that can be szid sbhout the two-ycar-old animals is that their testes are
stron:ly develoned in spring and early swmer, and that in Lfugust, they

- N e, P AP I . SRUN
WAL LU 50 LNvOoL UG Uds

B a - g s .

9. The spcrmatodhore sacs of the 43 vorn the sane year contain
soeratlophores alrcady in Deccaber. Until they appear in April, the sperma-
N 1 o 2 TONN ) . Y L ~ 7
tonhore producition of the yearlings (es well as of the two-year-cld a8)
exceeds consumntion (vwhieh mirht then be set coual to zero). Yet, as soon
as the enimals errive, conswpiion exceeds production which, lLcowever, does

a2

not cease. As & result thercof, the cperrsicevhore sace cet stecdily erutier.

(SN )

10. Tre o bhorn thie seme yeer heve no egys in the oviduct in Decerber,

while in the ovary the esgs still are very small. [fccessory, nidirental, and

ovicduet -lands 03111 2re in the initinl ol2 ce of develcoment. Betveen Decorber

hl;  no decrease in the Zrowih was

8l

et Lhe ond of owuvier.
the anirals arrive in the spaming eros, Uhe engs increace
in the oviduct, wihile none are denwsited @s yet. Thus, the oviducts are

filled mcre or less. Shortly after arrivel, more cegss are laid than the

-
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wel sapnlies, ardoice nmber of ¢nimals witll, emply or scercely filled

ovicducts increases. liowever, after the end of kHay, consumption and supply,

on gn averanse, are in equilibrium. Probably, the esgs are not laid on a

continucus basis, buvt rether in batches.
12. At Den Ye

< b . . . .
lder, the 438 of Loli<o wvul eris deposit their spermato-

prores exclusively on the mouth membrane of the Qs where the spermatheca

(=

this orfan is Tilled vith

receptaculum seminis) is found. In the large mejority of swmmer females,

sperma. From the occurrence of freshly deposited

- - -

sprermatonhiores, one may conclude that the Qg are. Tertilized 2ll through

suner, yet sonmewhalt less al the bezinming end at the end of the mating

period than in the middle.

13. Two-year-cld squid, in relation to their size, Lave fuller

spermatlophore sacs or more egss in the oviduet than yearlings, which cives (280)
rise o comperiscns wilh cother enimal groups. Smong the birds, olcder females
often lay more ejss tian youn er ones.

1. various cenhalonod snceles, such as Lolirso wal-aris, reproduce
verioGicesll; ror scue scecics, the sprauvning period lasts longer in the
Mediterrancan than in the lorth Sea region, which misht point to the in-

flucnce of Tenmerature,

15. The reproduction of Jolizo wvulearis, in the North Sea, starts

(RIS

with the lengthening of daylisht, in the

Mediterranean (eccording to IO BIAKCO's

siatements5, with the sihorvening of daylight; this does not speak in favour

of a marked infTluence of thils factor widich is so important in relation te

the periodicity of bird reprodiciicn. On the other hLand, a common cause
Tor tne neriodicity of rerrcaucticn and micraiion is not unlikely; under
codnt 18, it vwill be seen tlat ilie lalier, probably, is influcnced by the

lenzeh of dayli-ht.
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TN AT WY




- 90 - 28.

15. One of the mi—ratory Tunctions is the reaching of the spavming
arecas. £ classification of the mizratory typres according to funetions is
vnsuitevle, since, jencrally, several functions are involved.

17. The veriodicity of migration results from Fig. 13. Immigration
is folloved immediately by emigratvion, wilhout a stationary state in between.

18. The irmmigration startine dates differ only slizhtly from yecar to
year, waich shows a relationship to the water temoerature. In cold years,
the aninals arrive later than in warm years. The influence of temperature
is enly a subordingie fector; fer more important is the factor "time of year”
(;iICE), that is, provably the len-th of daylight. The same discovery vas
rade for mi-sratory birds.

19. The number of squid varics each ycar. Out cf five cowparstive

vears, the warmer ones provided larzer caiches. L. vul{aeris, a migrant of

southern origin, probably reauires high termeratures, which prevents the

vecies from migrating as far north in cold years as in warm years.

¢

20. L. "mlreris is strongly bound to coastal waters. AL Den lelder,
it is seldom cauarnt wore then 20 miles offsiwore. Its occurrence within the
coastel zone will be subjected to further analysis.

21. In June, the bulk of the squid is found closer to the coast than (221)

in Jordl end ley, or July end Aumist.  Some winter catcelies, on an average,

[
[N

oriinate from deever waters than the swmer catches: These seasonal migra-

tiens probably are cansed by the preference for hichier temperatures, as vill
be menvioned under 23.

22. The shallow ccosbol walvrs (orea T of Fig. b {Germon text)) ere
frenuented by the scuid only when the salt content at the western inlet rises
cbove cboat 3.03 ¢ (Mi. 1%, Germen text), while the temperature would appear

to have no influence.
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23. The cacstel-weter orcas Turilier offsihore (areas 1, 3, and 5 of

Fic. 14) are frecuented muinly when the salt content is low (at the Foaks
(=

hip below 3.4 @), and the femnerature cradient between the Haaks

Lstip and the western 1limit of arca 7 is low. The animals seem to dis-

like tlie urriixed, salty Tlorth Sca weter, and to prefer the warmer areas.

Botl: rroperiies bind them to the coastal weters where the salt content is

lover and (in spring and surmer) the temperature higher than farther offshore.

2. For the binding of the sguid to the coastal waters, the weter depth

pleys hardly more than a subordinate part.

25. The d¥ are relatively more. muscrous in areas stronsly influenced

en in other arces (Teble 8, vpaze 2561, Germen text). They probably

s

require 2 lovwer salt content or & higher temperature than the 00

civing

>
2 e
CCYryan

wivien

Porvusucse coast: $here, however, th

26. Tre location of preferrcd snawning arcas is described, yet without
rise to further conclusions.

27. The renge of disiribution of L. vul:eris extends over the Medl-

ean and Zast-ftlantic coasts, bebwveen 21° and 59°H.

28. In the Mediterranean, L. vnlzaris does not disappear in winter,

sives rise to comporisons and discussion. The sare applies to the

i

e species is much more frecuent in winter

tlan in swmier, which way be due to irraisration.

29. Alon: the Dulch coast, L. vul-eris migrates in spring from South

ot

to florth. Its mirpatory speed is hiter than the speed of the resultent of

yonnnr,

Geronn

snccies

.o vnter novanent;

hence, the chene of location takes place in an active

3C. iost probedbly, L. vul-eris reacuhes the lorih Sea throush the (282)
of Dover, from where 10 03 rntes along the Beleian, Duteh, Noruhwest-
ond Donicsh corols ¢s for oo #lo Katte at and Skagerrak; here, the

crmears enly in late sumer.




3).. It is uncertein now the lorti: Sea eninals depart in auvtumn; elso
the location of their winter cuarters is not clear.
pua'&taﬁdtq
32, In the Portusuese waters, animals hibc;F&te that probebly pvess the

swramer in lortlern regions.

3. T™he occurrence on the Dastern coast of England is not clear.

w

3%, The aifferences beiveen GRIMPE's species, L. vulraris breviceps
m%uﬁfﬁnit.
and L. v. tvoica, ere dependent on growth, and are not esseniiet.

35. According to MOORE (1937), in the Irish Sea (as in the Mediterranean
and on the South:est coast of Burope, see ebove), L. vulcsris does not seem

to 1le

A%}

ve during the winter, which gives rise to comparisons with bird migraticn.
35. The nigrations of L. vuliaris are briefly compzred with those of

other cephclopods, as well es with those of other eniiel species.
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