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I. Introduction

N the “First Report on Eel Investigations”, vol. XVIII des Rapports et Procés-Verbaux du Conseil Inter-
Inational pour ’Exploration de la Mer”, published omthe 25th of November 1913, I have set forth the results
which I considered as having been obtained by my work in connection with classification of the European, Ame-
rican and Japanese fresh-water eels, at the same time making mention of the fact that the characterization of
the species necessitated the examination of a great number of specimens. As regards the characters to be con-
sidered in distinguishing the species, these were divided into two classes; a) permanent characters, com-
prising those which are present in their ultimate form at a very early stage in the life of the fish, and b) variable
characters, being those which in the course of growth are subject to greater or lesser alteration. Owing to the
very considerable labour involved by investigation of hundreds or thousands of specimens, I had not been able
to thoroughly examine more than a few of the characters in question. These were, 1) The number of vertebrae,
a permanent character, and 2) the ano-dorsal distance, or distance between the initial points of the dorsal
and anal fins, expressed as a percentage of the total length, which is a variable character. Detailed investigation
of these two characters showed that both were of systematic importance. Countings of vertebrae enabled us to
prove, that the European, American and Japanese eels belong to three different species. Only in the case of the
first-named was sufficient material available to permit of more thorough investigation, and discussion of the
important question as to whether or no several “smaller species” or “races” could be shown to exist within
this species. With regard to this, I arrived at the following result:

Countings of vertebrae of numerous specimens from different localities within the area of occurrence
of the European eel seem to indicate that we have everywhere to deal with one and the same species. This
is suggested, partly by the high degree of uniformity between the different samples, the averages of which exhibit
but slight variation, and partly by the fact that the slight variation occurring is entirely independent of the geo-
graphical distribution of the samples within the great area extending from Iceland to the eastern waters of the
Mediterranean.

A comparative investigation of the ano-dorsal distance for a large number of samples shows a slight

. =i . : ) : .
increase in the value of — 7— 100 from mnorth to south. The immediate cause or causes of this peculiarity I was

not able to ascertain; I did, however, arrive at the conclusion that it seems impossible to split up Anguilla vul-
garis into two or more races on the basis of this variation, since the extreme values are gradually connected by
all intermediate values. Of other variable characters, the length of the head (i; 100) and the length of the elver
stage were briefly referred to.

In the first report, the investigations there described were expressly designated as a first contribution
towards the solution of the problem in question, and it was predicted that several other characters would have
to be included in the work before this could be expected to furnish any definite result.

The present work is thus a continuation and amplification of the investigations commenced in the first
as to the classification of the fresh-water eel. The same three species are here dealt with: Anguilla vulgaris, An-
guilla rostrata and Anguilla japonica. In the case of the American species, the material has been essentially in-
creased, a large sample of elvers collected at W, Gloucester, Mass. in May 1913 by Mr. W. W. WeLsH having
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been received from Dr. Huga M. Smrta of Washington D. C., U. S. A. Thanks to this sample, I have been able
to deal with the American eel far more thoroughly than hitherto. Further assistance in this respect has also been
furnished by a small sample of elvers and young eels collected at the beginning of 1914 by the staff of the Danish
Commission for the Investigation of the Sea at St. Croix, in the Danish West Indies.

In the rest, the material employed has been essentially the same as that on which the frequently men-
tioned Report was based. This last, however, was chiefly concerned with two characters, viz.: the number of
vertebrae, and -?_Td *100') whereas in the present treatise, a number of other characters have been included.

By this means, the results have been rendered considerably more reliable.

The characters here particularly dealt with are the so-called permanent characters, (for definition of the
term, vide Report I, p.4—5). These are as follows:

1) Number of vertebrae (supplementary to the matter contained in Report I, 1913).

2) Number of anal rays.

3) Number of branchiostegal rays.

4) Number of pectoral rays.

5) Number cf caudal rays.

I will now proceed to the results obtained by investigation of the different characters. It should here be
mentioned, that all the measurements have been made by myself, the necessary calculations having been under-
taken by cand. mag. Aa. STRUBBERG and Frk. cand. mag. KirsTiNE SMITH.

II. The Characters investigated

1. Number of vertebrae

In Report I, 1913, the number of vertebrae has bheen exhaustively dealt with; only, however, in the case
of the European cel, the material available as regards the other two species being then but scanty. The large
sample of elvers from W. Gloucester, Mass. U. S. A., referred to in the introduction, has therefore also been em-
ployed for countings of vertebrae, with a view to obtaining a more comprehensive view of the variation in number
of vertebrae for the American eel than has hitherto been possible. A sample consisting of 502 specimens was
taken, and the number of vertebrae determined for each. The result will be seen in the accompanying Table I,
which further includes a summary of all countings of vertebrae of eels from the American continent and the West
Indies. It will be seen from the table, that the figure 111, which had not previously been found in the case of
the American eel, occurs three times in the W, Gloucester sample, which, however, lacks the figure 103 found
once in the earlier material consisting of 361 specimens. From all countings, of 863 specimens in all, we thus
find (vide Table I, summary), that the number of vertebrae in the American eel varies from 103 to 111, the figure
of most frequent occurrence being 107, the next in order being 108 and 1086.

The number of vertebrae is an excellent character by which to distinguish between the two species of
Anguilla which oceur in the region of the Atlantic. An idea of this may be obtained from Table 11, showing the
number of vertebrae in the first 266 specimens of the large elver sample from W. Gloucester, Mass., U. 8. A. as
compared with an equally large sample of elvers from Denmark examined for the purpose. From this we see,
that only one figure is common to both species, viz.; 111. This occurs but three times in the total of 532 spe-
cimens contained in both samples together. This is to say, that a mixed sample of Anguilla vulgaris and A. ro-

! Other characters were, however, occasionally referred to, as for instance the length of the leptocephalus stage (p. 25)
and the elver stage (p. 23), the length of the head (p. 21) the number of pectoral rays (p. 6) and anal rays (p. 6).
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Table I. No. of vertebrae in the American eel (Anguilla rostrata).

No. of specimens

No. of vertebrae & 2
W. Gloucester, Mass., Summary of all
U.S. A, May 1913 countings
111 3 3
110 19 31
109 61 96
108 131 221
107 [ 162 274
106 107 184
1056 16 45
104 3 8
103 ‘ 1
Total No. of specimens . | 502 ‘ 863
Average No. of vertebrae.................c....... 107-347 | 107-250
o (Standard deviation) .. ........................ +1:209 | +1:242
P. E. A, (Probable error of average).............. + 0-0346 ‘ + 00285

P. F. A. (Probable fluctuation of average).........

107165 — 107-529 ‘ 107-107—107-393

Table II. No. of vertebrae in 266 European and 266 American eels.

No. of specimens

No. of vertebrae L 2
‘ Nykjebing, Sealand, W. Gloucester, Mass.,
‘ Denmark, 1911 U. S A, 1913
" |
119 | 1 |
118 5
117 19
116 46
115 82
114 71
113 31
112 9
111 2 1
110 N
109 29
108 66
107 90
106 59
105 12
104 i 2
U T 114-680 \ 107226
o (SEanABEd, ASTIRHONY o e v snibim s g5 onfomannn o +1:280 | +1-185
P. E. A. (Probable error of average).............. + 0:0529 I + 0-0490
P. F. A. (Probable fluctuation of average).........

114415 — 114-945 ‘ 106-981 — 107471




strata, amounting to 532 individuals in all, would contain but 0-56 9, of specimens which could not be distin-
guished with perfect certainty, which again practically means that even single specimens of either species may
always be classified by the number of vertebrae. As will subsequently be seen, this is generally impossible with
other characters, even though the averages for these, as determined by examination of numerous specimens, may
differ greatly for the two species.

2. Number of anal rays

In Report I, 1913, p. 5, mention is made of the fact that the number of anal rays is very large and vari-
able; that they may be very difficult to count with accuracy, and that these purely practical difficulties had induced
me hitherto to dispense for the most part with the fin-rays, though I did not doubt that the number of rays might
characterize the species.

These difficulties have now been partly overcome by the employment of well preserved specimens of
elvers stained with alizarine. By this means, the rays, or at any rate their basal parts, in the unpaired fins
are rendered so distinct as to permit of their number being determined with absolute certainty, though it will
naturally always be a lengthy and laborious task to procure checked countings of elements occurring in such
great numbers. In addition to this, the difficulties may be greatly increased if the staining, for some reason or
another, should not be completely successful. The prepared specimens of European elvers were quite satisfac-
tory from a technical point of view, whereas in the only two samples available of American and Japanese elvers,
the staining of the anal rays was for the most part but poor, which rendered the work of counting far more difficult.

The material examined consisted of 1,365 European, 245 American and 73 Japanese elvers. The result
of the countings is shown in Table ITI. From this it will be seen, that the series of figures obtained for the three
species overlap. Closer examination shows that Anguilla rosirala has the lowest values, Anguilla japonica the
highest, the majority of variants in the case of the first falling below, in that of the last above 2151), whereas An-
guilla vulgaris occupies an intermediate position, with approximately equal numbers of variants above and below
215. Similarly, we find that the lowest average is that of A. rosfrata, (198-649), the highest that for A. japonica
(220-26), whereas the average figure for A. vulgaris, (215-224) is intermediary, lying nearest, however, to that of
A. japonica.

The table shows, in addition to the average for each sample, also ¢ (standard deviation), P. E. A. (pro-
bable error of average), and P. F. A. (probable fluctuation of average). This last is, as in Report I, 1913, cal-
culated by multiplying the probable error by 5, and thus indicates with a probability of 1300—1400 to 1 the
limits within which the actual average of an unlimited number of specimens of the single groups would lie.

We see from the table, that A. rosirala differs decidedly both from A.pulgaris and A.japonica,
its P. F. A. lying quite outside that of the two others. On the other hand, A. vulgaris and A. japonica resemble
each other more. Nevertheless, the average in the case of A. japonica (220-26) is far outside the P.F. A, of A. pul-
garis (214:223—216.225). The wide range of the P. F. A. of A. japonica (216.13—224-39), owing to which the P. F. A.
of the two species are not entirely distinct is doubtless merely due to the paucity of the Japanese sample as com-
pared with the European (73 as against 1,365). Even a comparatively slight increase in the number of specimens
of A. japonica would, to judge by the experience gained in all other similar countings, limit the P. F. A. for this
species, so as to let the P. F. A. of the two species fall clear of each other.

We have thus seen, that the average number of anal rays, like that of the vertebrae, reveals
a distinct difference between the European, American and Japanese eels. We have now to
consider whether local “races” or “smaller species’ can, by the aid of this character, be proved to exist within

! It must be regarded as due to mere chance, that no variants below 200 have been found in the case of A. Jjaponica; the

material however, consisting of only 73 specimens, is very small in comparison with that for the other two species examined, especially
A. vulgaris.
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each of these species. This point has been investigated only in the case of the European eel, owing to the inad-
equate amount of material available for the other two species.

The samples selected for investigation were taken from the most widely differing localities whence it
was possible to obtain such; viz; a Baltic (Sealand, Denmark), an Atlantic (Bristol Channel, England) and a Medi-
terranean (Cette, France). The detailed results are given in Table 111, 1-—3. The averages for the three samples
are, for Denmark 215.176, England 215-257, and France 215-24. Considering the extremely wide range of varia-
tion, 72, 62, 71 for the three samples, the averages lie surprisingly near each other; so near, as to render it imme-
diately obvious that no racial difference can be shown Lo exist among the European eels by
means of the number of anal rays. Examination of the P. F. A. for the three samples, as well as the fact
that the average for the Mediterranean sample lies midway between the values for the two from northern Europe,
both prove this to be the case.

The anal rays are, like the vertebrae, present or distinctly forming in their full number at a very early
stage in the life of the individual. This may be seen from the very extensive material of growing larval stages
procured by “Kommissionen for Havundersegelser” in the course of a cruise made in the Atlantic by the
M/S “Margrethe” in 1913. This material shows, that the larvae of the European cel have already at a length
of some 4 cm. their full number of anal rays?).

The number of dorsal rays has not been subjected to closer investigation; although there is hardly
any doubt that they may be used for the characterization of species in the same way as the anal rays. That they
have not here been thus employed is due to the fact that the still greater number of rays in the dorsal fin
would render the work even more difficult than in the case of the anal, in addition to which, the foremost rays
in this fin are small, and frequently difficult to count with certainty.

3. Number of branchiostegal rays

Owing to the small number of variants, the branchiostegal rays would at first sight appear but poorly
suited to the purpose of characterizing species. On the other hand, they are peculiarly susceptible to the alizarine
staining process, which fact, together with the smallness of the number, renders it possible to rapidly and easily
deal with a large amount of material. For this reason, they have heen included in the present work.

The investigations, which comprised the branchiostegal rays of both right and left sides, (for results,
vide Table IV, A and B) showed that these rays, despite the smallness of their number (8—13), may exhibit con-
siderable numerical variation. True, the figure 11 is in all samples that of most frequent occurrence; the distri-
bution of the remaining variants, however, exhibits characteristic differences. Worthy of note is also the fact
that a difference of one ray may frequently be found between the right and left sides of one and the same spec-
imen. There is no definite rule as to which side in such cases has the greater number; this falls, however, in most
cases to the right, as is evidenced by the somewhat higher average for this as compared with the left. In com-
paring samples from different localities therefore, the rays of the right and left sides should be separately dealt
with, as has been done in the table, (IV, A—B).

The table shows the averages for A. vulgaris (1—3), A. rostrala (4) and A. japonica (5) as for the right
side 10-777, 11-025 and 11-265 respectively, i. e., lowest for the European, highest for the Japanese. The material
in the case of A. japonica is but small (83 specimens) whereas in the case of the other two species it is considerable

L The following data regarding the larvae of the European eel may here be given: One specimen of 30 mm length exhibited
a very large part of the fin where forming rays could not yet be distinguished. In the case of three specimens of 36, 37 and 38 mm
were counted 201, 183 and 209 rays respectively; in the foremost part of the fin, however, the rays (or interspinous rays) were
not yet forming, or at least, not to be counted with certainty. In the following 5 specimens, all the rays were apparently forming;
length: 40, 41, 43, 47, 50 mm, with 215, 226, 213, 205 and 223 rays respectively. It may be added, that the full number of segments

is present at an even earlier stage. This it was possible to determine, both in the case of A. vulgaris and A. rosirata, in larvae of
abt. 2cm in length, not, however, in those 1—1'/: cm long.



Table Ill. No. of anal rays in Anguilla vulgaris, A. rostrata and A. japonica

No. of specimens

Anguilla vulgaris A, rostrata A. japonica
No. of rays - =
] 1 2 3 1—3 4 b
Nykjobing, Sea- | Bristol Channel, W. Gloucester, Kyushyu
land, Denmark England Gt Ere L Mass., U. S. A. S. Japan
\

253 it

252

261

250 Shia s

249 BrE 1 1

248 - 1 e 1

247 1 - 3 S

246 % oo 1 - 1

245 1 1 2 2

244 1 1 1

243 . ok Thn

242 1 il i 2

241 1 s 2 3

240 2 1 2 5

239 1 2 4 7 it

238 3 1 2 6 1

237 2 3 3 8 2

236 3 2 2 1

235 6 3 3 12 s

234 6 5 4 15 3

233 3 2 4 9 | 4

232 2 4 3 g 2

231 6 3 4 13 2

230 8 5 8 21 o, e

229 6 7 6 19 i 2

228 9 10 3 27 i

227 11 10 5 30 2

226 11 9 8 28 2

226 13 10 11 34 dhte

224 13 15 8 36 : 2

223 11 16 13 40 L5 1

222 14 12 13 39 1 3

221 18 12 15 45 1 2

220 19 19 12 50 2 2

219 17 14 18 49 ¢ 3

218 10 24 22 56 2 6

217 13 19 15 47 2 4

216 12 14 14 40 4 1

215 15 21 17 53 s 3

214 16 16 156 47 3 4

213 20 17 15 52 4 4

212 14 10 20 44 4 3

211 14 18 17 49 6 3

210 11 13 14 38 6 2

209 10 15 13 38 ] 2

n
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Total No. of specimens

[ 456

455

455

1365

245

73

Average No. of rays

215°176

215257

21524

215224

198-649

220-26

o (Standard deviation)

+ 11557

+ 10227

+11-120

+ 10973

+9933

+1046

P. E. A
(Probable error of average)

+ 0365

+0:323

+ 0362

L3

P. F. A,
(Probable fluctuation of average)

1213:349—217-003

213-640—216'874

+0.2003

+ 0428

[ +0-826

213-482—216-998

214-223—216-225

196:509—200-T89)

216-13—224-39

"
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Table IV. No. of branchiostegal rays in Anguilla vulgaris, A. rostrata and A. japonica
A. Rays from right side

No. of specimens

Anguilla vulgaris A. rostrata A. japonica
No. of rays — | =
1 2 3 f 1-3 4 l‘ b
Nykjebing, Sea- | Bristol Chan- Cette, France Total W. Gloucester, | Kyushyu,
land, Denmark | nel, England ‘ Mass., U.S. A.| S. Japan
13 . 1 4 5 12 1
12 101 52 53 206 170 27
11 300 926 253 779 406 48
10 194 147 164 505 - 153 7
9 ! 12 a 4 25 11
Total No. of specimens................ l 607 | 436 | 4w 1520 w2 | 83
Average No. of rays. .................. 10-807 ‘ 10:745 ‘ 10768 10-777 11026 [ 11-266
o (Standard deviation)................ + 0727 i + 0697 \ + 0684 + 0706 + 0743 + 0626
P.E. A. (Probable error of average) ... .. . +00199 | +o02s | +o0211 +00122 +00183 + 00464
P. F. A. (Probable fluctuation of average).. | 10-707—10907 ‘ 10°637—10-857 ‘10'663—10'873 10-716—10 838 10-934—11'116‘ 11-03—11-50
B. Rays from left side
13 3 2 3 8 9 ..
12 87 44 49 180 159 23
11 317 220 257 794 416 50
10 179 152 167 498 152 i3
9 : 12 10 6 28 10
8 1 3 ‘ 1
Total No. of specimens ................ 599 | . 428 482 1509 746 80
Average No. oF TayS................... 10-811 \ 10:7103 10-743 10761 | 11007 11-20
: = - |
o (Standard deviation)................. +0724 | +0698 +0677 | 4703 | 40721 + 0582
s i | S (N
P. E. A. (Probable error of average). . ... 400200 | 40028 | +00208 | +00122 | +00178 +0:044
P.F. A. (Probable fluctuation of average). . || 10-712—10-911 ‘| 10-596—10-824 |10-639;10-847 i10'700e10-821 10-918—11:096 | 10-98—11-42

(1520 and 752). Despite the fact that the difference between the averages is but slight, we yet find that there
is a difference, as regards the number of branchiostegal rays, between the European, American, and Japanese
eels. The probable fluctuation of the average (P. F. A.) is here determined with peculiar accuracy. We find,
that the true average for A. vulgaris lies between 10-716 and 10-838, for A. rostrata between 10-934 and 11.116,
so that the two fluctuations do not overlap. It may be as well here to point out that this is equivalent to a pro-
bability of 1400 to 1 in favour of the two species differing as regards the number of branchiostegal rays.

As already mentioned, 11 is the figure which most frequently occurs in the case of all three species, whereas
the figures next in order of frequency vary for the different species. Thus in the case of A. vulgaris, 10 is far more
frequent than 12; with A. rostrala, on the other hand, 12 is somewhat, and for A. japonica very considerably
more frequent than 10. Even in the investigation of small samples this feature is very soon apparent, the charac-
teristic view of each species being revealed at a very early stage of the work. A. vulgaris and A. japonica differ
considerably; to such a degree, indeed, that it is even easier to determine whether a sample belongs to the one
or to the other by examining the number of branchiostegal rays than by counting the vertebrae. On the other
hand, the difference between A, rosirata and A. japonica is less pronounceed. There is, however, approximately
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the same difference between their averages as between those of A. rostrala and A. vulgaris (0-240 and 0-248 res-
pectively), and the P. F. A. of the two species would most probably fall clear of each other if more accurately
determined by investigation of a somewhat larger material than the 83 specimens here employed.

As usual, an attempt was made to discover possible racial differences by examination of three large samples
from localities as widely removed as possible (Denmark, England, South of France). From Table IV (1—3) it
will be seen, that the investigation of this feature has similarly failed to bring to light any such difference; the
variations of the averages as found are independent of the geographical distribution of the samples, that from
the south of Europe (10-768) lying between the two from the north (10-807 ‘and 10-745).

Altogether; the result of the present investigation of the number of branchiostegal rays must be stated
as follows: it has been found, that specific differences may, by statistical means, be shown to exist, though the
variants occurring in each species be the same, or even when the variant most frequently occurring is common
to both. The investigations further show, that even very small differences may with perfect certainty be regarded
as important, as long as the accuracy with which they are determined is sufficiently great.

With regard to the length at which the full number of branchiostegal rays is present, it may be mentioned
that larvae of A.vulgaris measuring 38—42 mm. appeared to have the full complement of rays (11 in all).

4. Number of pectoral rays

In Report I, 1913, p. 5—6 mention is made of the investigation as to number of pectoral rays in a couple
of samples of older specimens of the European eel, and one sample of an East Indian, short-finned species. No
difference could be determined by statistical means hbetween the three samples, which fact is commented on as
follows (l. c. p. 7) “From this result we can perhaps conclude, that this character is not suited to the separation
of species. When species so distinet have the same number of rays, it is improbable that any difference will exist
in this character between the more nearly related European, American, and Japanese eels, but naturally nothing
can be said on this point until investigations have been made.”

The reason for investigating the East Indian species lay in the fact that there was not sufficient material
in the case of A.rostrata. Thanks to the frequently mentioned sample of elvers from W. Gloucester, Mass., it
has now been possible to include the American eel in the investigations. At the same time, a new investigation

of the pectoral rays has been made in the case of the European eel, in addition to which, a small quantity of mate- -

rial consisting of Japanese eels has likewise been dealt with. In the previous investigations, (Report I, 1913)
no endeavour was made to consistently compare the pectoral rays from one and the same side of the fish, taking
right and left separately, (cf. branchiostegal rays). And as the material previously available for A. vulgaris was,
in technical respects, not very satisfactory, I have thought it best to make the whole investigation over again.

The work was carried out in the following manner. The right pectoral fin of each specimen was removed
and stained with alizarine, cleared in xylol and examined under the microscope. The staining process is fre-
quently attended with some difficulty, especially in the case of young elvers, where the lower rays are often found
to be insufficiently coloured. On the other hand, older eels are somewhat difficult to deal with, owing to the neces-
sity of removing the adjacent skin, whereby the pectoral rays may be split lengthwise, occasioning some doubt
in the counting. According to my experience, it would seem that fairly old elvers, or especially young eels of
10—20 cm. in length, are best suited to the purpose of investigating the number of pectoral rays, and the present
work has also, as far as possible, been carried out with such stages. All the figures have been checked by having
the countings twice repeated.

The result will be found in Table V, which is drawn up in the usual manner. We see from this, 1) that
A. vulgaris and A. rostrata differ in regard to the number of pectoral rays, and 2) that no racial
difference within either of these two species has been discovered by means of this feature.

2'4‘
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Table V. No. of pectoral rays (right side) in Anguilla vulgaris, A. rostrata and A. japonica

No. of specimens
Anguilla vulgaris " Anguilla rostrata A. japonica
No. of rays —— >
il 2 8 1-3 4 5 4—5 6
Faxe Bay, Valentia, Palermro, Total ‘W. Gloucester, St. Croix; 1 Total Kyushyu,
Iceland Ireland Italy Mass., U. S. A. |Danish W. Ind.l S. Japan
' ! [ -
21 o 2 l; ) [ .. :
20 5 6 3 14 I 1 1 [ ;i
19 27 26 27 80 5 il 6 2
18 68 83 64 215 22 5 27 13
17 108 103 91 302 58 23 81 21
16 33 35 46 114 44 16 60 7
15 5 9 b ‘ 19 9 5 14 I 0l
14 * 1 1
Total No. of specimens ................ 246 l 264 ‘ 237 747 ¥ 140 . 50 190 44_-7
Average No. of TayB ..: vz culsienn suilon 17-382 ‘ 17409 ‘ 17:316 | 17.371 16:79 ‘ 1662 16-74 17:18
o (Standard deviation)................. +0986 | 1068 | +104 +1-033 0981 | 0880 + 0956 + 084
P. E. A. (Probable error of average) .. ... + 00424 R‘ +0:0443 | + 00457 + 00265 + 0r056 ‘ + 0084 + 0047 + 0-086
P. F. A.(Probable fluctuation of average). i17'170—17'594l17.187—17‘631 !17'088—17'544 17-243—17-499 | 16-561—17°07 I 16:20—17-04 | 16:51—16'97 || L6 T5—1T7-61

This need not here be further discussed; all that could be said would be but a repetition of what has been stated
in considering the figures obtained for the branchiostegal rays.

The supposition advanced in Report I, 1913, to the effect that the number of pectoral rays would be
valueless as a character for distinguishing between A. pulgaris and A. rosirafa is thus not found to hold good.

The small amount of material (44 specimens) available for A. japonica is hardly sufficient for a fairly
accurate determination of the average number of rays for this species, the more so as it consists of young elvers,
the pectoral rays of which did not take the stain very well. We find, however, that A. japonica occupies an inter-
mediate position between A. vulgaris and A. rosirala. As to how far its P. F. A. will fall clear of that of the two
others, this can only be determined by examination of a greater number of specimens than I have had at my dis-
posal.

With regard to the length at which the full number of rays appears, it may be mentioned that larvae
of A. vulgaris about 38 mm. long had apparently already their half number of rays, while a specimen 42 mm in
length showed 16 rays.

5. Number of caudal rays

The number of caudal rays is the last of the characters to be here dealt with at length. The caudal
rays, it is scarcely necessary to state, are those emanating from the last two hypurals. Their number has
been found to vary from 8 (a single specimen with 7 should perhaps be regarded as abnormal) to 12. Table VI
A shows the total number of caudal rays, whereas in Table VI B, distinction is made between the rays of the last
hypural (d) and those of the penultimate (v).

It will thus be seen, that the number of caudal rays is very nearly identical with that of the branchio-
stegal rays (cf. Table IV), the range of variation also being the same. There is, however, this essential difference,
that the frequency of the separate variants exhibits an entirely different character. If we compare, for instance,
the variation for the whole of the A. vulgaris material (cf. Table IV A, 1—3 and Table VI A, 1-—3) we find that
about 50 9, of the branchiostegal variants fall to other figures than that of most frequent occurrence, whereas
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Table VIA. No. af caudal rays in Anguilla vulgaris, A. rostrata and A. japonica

No. of specimens
Anguilla vulgaris A, rostrata | A. japonica
No. of rays
1 2 3 1—3 4 5
|| Nykjebing, Sea- | Bristol Chan- Cette, Fratics Total W. Gloucester, | Kyushyu,
land, Denmark | nel, England ’ Mass., U. 8. A. | §. Japan
12 ]; 1 1 3 2 -
11 36 12 16 63 8 2
10 693 413 530 1656 360 85
9 36 25 34 95 . 39 2
8 ' 3 3 7 13 [ 4 1
T s 1 el 1
Total No. of specimens ............ 768 ‘ 455 588 1811 413 90
Average No. of Tays ................... 99985 | 9956 | 9946 99696 9915 998
o (Standard deviation) ...... R + 0:333 | + 0367 % + 0370 + 0356 + 04058 =+ 0-299
P.E. A. (Probable error of average) ...... +0008L | +00116 | +00103 | +000564 | -+00135 | -+00213
P.F. A (Probable fluctuation of average) . . ‘ 9-953—10:034 \ 9-902—10-010 ‘ 9-897—10.,001 |9°9414—9-9978 || 9-848—9-982 || 9-87—10-09

Table VIB. No. of caudal rays (dorsal and ventral) in Anguilla vulgaris, A. rostrata and A. japonica

i No. of specimens

No. of rays, dorsal (d) and ventral (v) ' Anguilla vulgaris | A. rostrata A. japonica
1 2 5 3 P
Ty Nykjebing, Sea- | Bristol Channel, Cette, France W. Gloucester, Kyushyu
land, Denmark England Mass., U.S. A. S. Japan
3—6 e 1
43 1
4—4 1 B 6 b
4—5 9 8 8 12 2
4—6 i S ki b 1
6—4 23 | 17 19 23
5—b 609 413 442 319 83
5—6 12 | 4 6 2
6—4 =i 3 1
6—b 19 8 8 6 2
6—6 1 i) 2
Total No. of specimens. ............... ” 673 ‘ 455 490 “ 370 89

in the case of the caudal rays, only about 10 9, of the variants lie outside the corresponding figure here. Thus,
in spite of the fact that the range of variation is in both cases the same, the number of caudal rays actually varies
far less than that of the branchiostegal rays, and is therefore less adapted to the purpose of specific or racial
distinction; in other words, it is of less value in classification than the latter. Table VI A further shows, that
in spite of the very considerable number of specimens, no characteristic difference between A. vulgaris and A.
rosirala has been revealed; still less, as might be expected, between the different samples of European eels. In
all samples the figure 10 is absolutely predominant over all others, and we do not here, as with the branchiostegal
and pectoral rays, find that even the investigation of smaller samples quickly furnishes a characteristic view of
each species, with a constant order of precedence as regards frequency of the separate variants. It would seem
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that the average number of rays is lower in the case of A. rosirala than for A.vulgaris; the difference is, however,
so slight as only to be apparent in the second decimal figure. A noticeable peculiarity in the table is the fact that
a greater difference may be found to exist between two samples of A. vulgaris than hetween the one of these and
the A. rosirala sample. From all this it is evident that the number of caudal rays is a feature of little systematic
value, and that in any case, a far greater quantity of material would be required in order to demonstrate with
certainty a slight difference between the species. Nor does the distinction made in Table VI B between the rays
of the last and those of the penultimate hypural seem to indicate any characteristic difference hetween the species;
in addition to which, the material thus drawn up cannot be treated and judged by the usual statistical method.

The caudal rays are present even in very small larvae of A. pulgaris. Larvae of less than 215 em in length
showed as yet no incipient ray formation; this was, however, found to be present in larvae 3 em long, while the
full complement was not apparent until a length of 3145—4 ¢cm was reached.

6. Summary

If we now consider as a whole the results of all the measurements of permanent characters pulz.)lished
in Report 1 and in the present work, we arrive at the following general view:

It has proved possible, by means of the permanent characters, to distinguish between the three species,
A. vulgaris, A. rostrata, and A. japonica. All the permanent characters investigated have proved to be of im-
portance to the classification, this being, however, only to a lesser degree the case with the caudal rays, the varia-
tion of which has been found to be so slight as not to permit of any specific distinction on the basis of the material
available.

Tt has not been found possible to demonstrate, by means of the permanent characters, the existence
of “smaller species’” or “races” within the separate species; the question has, however, during to lack of adequate
material, only been fully investigated in the case of the European eel.

The number of vertebrae is, in general, the most convenient character for separation of the species, in
any case, when it is desired to distinguish between the American eel and the other two species?). Of 532 speci-
mens of American and European eels, equally mixed, all save only 0.56 % of the total number could be distin-
guished, with absolute certainty, while in a similar mixed sample of American and Japanese eels, all the specimens
could probably have been classified with certainty. Such cases are, however, purely exceptional. As a rule,
we find the same variants for the different species, only the distribution of these variants exhibiting any differ-
ence. It is therefore necessary, in all other cases, to examine a certain more or less considerable number of speci-
mens before anything can safely be said as to the species to which they belong.

A. rostrata is generally remarkable as having the lowest, A.japonica the highest values, while A. vul-
garis occupies an intermediate position, this being, however, much nearer to A. japonica than to A. rostrata. A
comparison between A. rostrata and A. vulgaris gives the following:

Vertebrae Anal rays Pectoral rays Branchiostegal rays

A.rostrala@ .. oo s s low low low high
A BULGOTIS cysiei i oo bt high high high low

It is here very remarkable to see, from the above, that A. rostrafa, which otherwise has everywhere lower
figures than A. pulgaris, suddenly takes up the reverse position with regard to the branchiostegal rays.

! If it is desired to separate samples of A. vulgaris and 4. japonica however, the number of branchiostegal rays, which
s far less than that of the vertebrae, is easier to work with.



III. Conclusion

We may now proceed to briefly consider the biological importance of the present variational-statistic
investigations as far as concerns the European eel.

The investigations entirely confirm the conclusions at which I arrived in Report I, 1913, to the effect
that all European eels belong to one and the same species, within which no constant local
races can be shown to exist.

With regard to the variable characters, the following have been examined: 1) ano-dorsal distance, 2)
length of head, 3) length of leptocephalus stage (Stage I), 4) length of elver stages (Stages V and VI). The investi-
gations made as to these characters will be dealt with in detail in a subsequent work.

The main results have, however, already been referred to in Report I, 1913; these indicate, that while
local differences may be found to occur in European eels as regards most of the above-mentioned variable char-
acters, at any rate at certain stages of developement, these differences do not furnish any means of distinguishing
between sub-species or races, owing to the fact that the extremes are connected throughout by gradual stages,
in addition to which, the values found are often entirely independent of any definite geographical order.

The permanent characters as treated here are all found to be fully developed, as far as their arithmetical
expression is concerned, even in half-grown larvae; the variable characters, however, are of necessity only dis-
tinctly marked at later stages of developement in the life of the individual. The larvae which proceed from the
spawning grounds in the Atlantic towards the continental slopes of Europe have, even before they approach these
waters, all their permanent characters fully formed. The variable characters, on the other hand, do not become
marked until after the individuals have penetrated into the waters in which their period of growth is passed, and
which differ widely in physical and chemical respects.

This point is worthy of notice, confirming as it does, indireetly, my previous statements (1906—1912)
to the effect that all European and North-African eels, whether found on the coasts of the Atlantie, in the Nor-
wegian Sea, the North Sea, the Baltic or the Mediterranean, have their origin in the spawning grounds of the
Atlantic Ocean.

We thus find, that the results obtained by biological methods are in excellent agreement with those
arrived at by means of the statistical method.

I must in this connection briefly refer to a treatise published in the spring of 1914 by B. Grassi, entitled
“Quel che si sa e quel che non si sa intorno alla storia naturale dell’anguilla” (What we know and what we do
not know about the natural history of the eel), (Comitato Talassografico Italiano, memoria XXXVII, Venezia
1914).

In this work, as in several previous publications') Grass1 attempts to depreciate the importance of some
of the results obtained from the investigations made by “Kommissionen for Havundersogelser” as to the biology

1 which appeared after I had commenced to publish the results of my investigations in the Mediterranean. These works
of Grassi will, in a subsequent paper, be dealt with in chronological order, in order to show what was known as to the biology
of the Mediterranean murwenoids before the cruises of the “Thor” in 1908 —1910, and what was brought to light by the work in
question. The material from the Mediterranean cruises of the “Thor” is being dealt with in conjunction with the Atlantic mate-
rial; the collections are, however, very large (already over 15,000 specimens) and will therefore take some time to thoroughly ex-
amine and describe. It should, however, be mentioned, that a survey has already be made of all the larvae available belonging
to the two Atlantic species of Anguilla.
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of the eel and the murznoids generally. These questions have also been treated by reviewers, and I have there-
fore thought it best to briefly mention Grasst’s statements here.

The writer in question deals with two points of more general interest, viz.:

1) Do the larvae of the eel normally belong to the upper layers? and

2) Does the Mediterranean owe its stock of eels to immigration from the Atlantic?

1 have, in my opinion, long since advanced sufficient grounds on which to answer both queries in the
affirmative. Grassi, however, here takes another view, and I have but little hope of being able to convince this
well-known zoologist, whose standpoint, as regards investigations in marine biology, is evidently very different
from mine. This latter fact, indeed, I take to be the main reason of our disagreement, and it is scarcely likely
to be removed until Grasst has had occasion to form a personal idea of the fishing capacity of the nets when worked
by trained men from ships specially equipped for marine investigations, of the conclusions which may then be
drawn from comparative hauls, etc. etc.

1) The first question is: At what depth do the larvae of the eel occur? As early as 1906, and
later, in 1909, I furnished data sufficient to show that the larvae of the eel normally belong to the upper layers
over great depths: the same is also strikingly evidenced by Hsort’s investigations with the “Michael Sars”
in 1910. The following new data however, may still be mentioned: In the course of the cruise made by “Kom-
missionen for Havundersegelser”” with the “Margrethe” in the Atlantic in 1913 over 700 specimens of Leploce-
phalus brevirosiris were procured. The depths at which these were found will be seen from the following table.
It should be added, that only those hauls are recorded which were made al stations where L. brevirosiris occur-
red. All the stations in question lie at oceanic depths.

Metres of wire out No. of specimens (°/o of total number) No. of hauls
from- 10 €0 TL0 ; s & spveis 3 mmm & o 97.6 104
e IB0 = ‘RO00 o5 s vwms caem v 2.4 39

We might now, I venture to think, reasonably consider this discussion as closed, and refrain from including
the sunfish, as to the biology of which opinions are divided. There seems, however, to be but slight hope of this,
as long as Grasst (l. ¢, p. 14) can attempt to explain the fact noted by Hiort and myself, that the eel larvae
are exclusively or chiefly taken in the upper layers, by suggestions like this: “. .. at greater depths, the conditions
of life may perhaps be more favourable for the larvae, thus rendering them better able to avoid capture!?)

Grasst has made some investigations in the course of a few short cruises on board the warship “Ciclope” round
about the Straits of Messina, and there found 4—5 larvae, which may have been taken at 50, 200, 400 metres
depth or perhaps nearer the surface. This, however, is nothing new; my earlier publications contain numbers of
similar instances. The point at issue is, whether the great majority of the larvae are to be found near the
surface, and this I consider as having long since been finally demonstrated to be the case.

2) The second question is the origin of the Mediterraneanstock of eels. As to this, Grasst observes
(. c., p. 30) “Schmidt’s hypothesis, that the eel does not spawn in the Mediterranean, is not, at present, suffi-
ciently proved’” and again (I c. p. 17) “the further I pursue my investigations the more I become convinced that
the eel must spawn in the Mediterranean”.

My contribution to the elucidation of the question consisted of two series of investigations, viz. 1) biolo-
gical and 2) a study of specimens of eels from the two areas.
Among Grassi’s arguments ad (1) the following may be mentioned:

1 The Cyclothone-species, and many other species were, on our cruises, regularly taken only in the deepest hauls, where
Leptocephali were not found. This fact we should then, according to Gmassi, presumably be able to explain by the theory that the
Cyclothone is in reality a surface fish, but finding better conditions of life near the surface, would there be better able to avoid
capture than in the deeper layers!
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My measurements of eel larvae had shown, that the size of the larvae increased from Gibraltar eastwards
in the Mediterranean: I found, that of larvae below 70 mm, there were about 60%, at Gibraltar; somewhat farther
to the east only about 59, and near Messina only about 3 9%, As against this, Grass1 states (. ¢. p. 13) that
he once, in March 1895, in examining a large sample from Messina, found no less than 89 9, of specimens below
70 mm (average 64:34 mm). Here, however, 1 may observe, that both my own measurements of material col-
lected at Messina during a period of 14 months?'), and Grasst's later measurements (1. ¢. pp. 34—37) indicate, that
the conditions in regard to size as stated by me are the rule, and Grassr’s find in March 1895 the exception. The
occasional appearance, especially in the spring, of larvae somewhat below the usual size as far east as Messina is
in no way remarkable; the immigration from the spawning grounds in the Atlantic, dependent as it is upon
variations of currents, etc., can of course take place with greater or less rapidity. Here again, the rule is the
main point, and the rule is, that the Messina larvae are large, and that neither Grassi nor I have succeeded,
despite all our efforts, in obtaining a single specimen as small as those which regularly occur throughout certain
large tracts of the Atlantic. (The smallest of several thousand known specimens from the Mediterranean
measures 51 mm).

I repeat, therefore, what I asserted in 1912, that the reason why these growing stages were easily dis-
covered in the Atlantic, but not, despite my continued efforts, in the Mediterranean — and it should be
remembered, that one of the main objects of the “Thor’’s Mediterranean cruises was to make particular search
for these younger stages — is purely and simply this, that they do not exist in the Mediterranean, because the
eel does not spawn in that sea. I maintain, therefore, that I have already, in 1912, furnished adequate proof
of the correctness of my assertion. In addition, I may here quote some figures from the cruise of the “Mar-
grethe” in 1913. In the course of this cruise, during which investigations were more particularly made farther
to the west and south than on the previous voyages of the “Thor” in the Atlantic, over 700 larvae of the
European eel were, as previously mentioned, found. Of these, 95 %, were less than 50 mm long, and 54 %,
below 40 mm!

Whatever scepticism may hitherto have existed with regard to the justification of my assertion as to
the origin of the Mediterranean eel, these figures compared with the figures obtained during the Mediterranean
cruises, leave, it would seem, no longer any grounds for refusing to accept the same.

That we found, in the course of our comparative investigations, fewer eel larvae in the Mediterranean
(cf. Grassr, L. ¢., p. 15) than in the Atlantic, is primarily due to the fact that fewer exist there than in the latter,
which again is a natural consequence of the fact that the Mediterranean larvae originate from the Atlantic. By
making farther hauls at those places in the Mediterranean where we found the larvae, it would have been easy
to procure a greater amount of material. As, however, the larvae were of the same size as those which may easily
be procured at Messina, it would scarcely have been justifiable to so employ the services of the steamer, and of
an expedition equipped for the purpose of procuring a comprehensive view of Mediterranean conditions.

Grassi refers (1. c., pp. 16—17) to some investigations which he has commenced with a view to demon-
strating the differences between eels from various localities. He has observed, that the last hypural of the elver
usually exhibits a longitudinal fissure, which may be long (“profondamente fesso’’) or short (“limitamente
fesso’), or entirely lacking (“intiero’””). Calculating the percentages of individuals in a sample having long fis-
sures in the last hypural, he finds, apparently, a somewhat higher percentage among samples from the Atlantic,
the Adriatic, and certain parts of the Tyrrhenian Sea than in samples from another portion of the last-named water

! From 1. March 1911 to end of May 1912, and further, from Sept. 1912 to 7 Jan. 1913. A sample from May—June 1911,
containing 97 specimens, showed an average length of 7579 mm, another from July—Aug. 1911, of 155 specimens (the latter taken
from the stomach of a sunfish), averaged 75'35. The other samples exhibited approximately the same conditions as to size, with-
out regard to the season of the year.

3
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(Pisa and Leghorn). The investigations have not, however, been completed, and the figures as given indicate
nothing beyond the fact that he has not succeeded in demonstrating any constancy for one and the same locality.
Now it happens, that we have in our material elvers from two of the places which Grasst has here included, viz.
Leghorn in Ttaly, and the river Severn in England. He gives the figures for Leghorn as 53.5 %, and for the Severn
as 66.4 9%, of long-fissured individuals. On examination of 104 and 114 specimens from Leghorn and the Severn,
cand. mag. STRUBBERG obtained the following results:

Leghorn Severn
NG fISSUTE: ; & vovese s 10 % 17 9,
Shiort —  «s vonie o vun 16 % 21 %
LONG -~ oo e o s 74 % 62 %

or very nearly the opposite of Grassr’s.

The fissure referred to is formed, as examination of young larvae has shown, by two parts fusing together,
and cases exist where no fissure, but only a line, is apparent. And it will in any case not infrequently be a matter
of judgement as to how a particular specimen should be classified. This “character””, can therefore only be emp-
loyed with the greatest caution. As MazzARELLI has emphatically pointed out (Note critiche sulla biologia dell’
Anguilla; Rivista di Pesca e Idrobiologia, 1914, No. 2, p. 52), it is only by using the statistical method (“valendosi del
metodo statistico”) that we can hope to demonstrate with any certainty the existence of differentraces. This method
cannot, however, be employed in the form in which Grasst has framed his investigations; it would for instance
be necessary to actually measure the proportionatelength of the fissure as compared with that of the hypural itself
in order to render the character available for statistical investigations. This has not been done, and Grasst does
not, indeed, draw any conclusions from the investigation, but merely observes that “by continuing the investig-
ations and extending them so as to embrace other characters, it may perhaps be possible to demonstrate the exis-
tence of a difference between the Mediterranean and Atlantic eels”. — As to this, it may be mentioned that the
investigations by means of variation statistics referred to in the present work show, that this supposition has not
been confirmed.

Finally, therefore, I consider myself justified in asserting, that Grassi') has advanced nothing which
can in any way affect the conclusions I have drawn as to the origin of the Mediterranean eels on the basis of the
investigations carried out under my supervision.

1 [ take the opportunity of pointing out that Grassi in certain cases seems to have overlooked the fact that the results
which he has obtained from investigations of Leptocephali and elvers have already been published by Danish writers. Thus for in-
stance, GrassI states (1. c. p. 17, note) "My latest investigations show, that the Mediterranean elvers are shorter than those from the
Atlantic*. The same fact is noted, in a somewhat more correct form, in my frequently mentioned Report I, 1913, p. 23, and is also
evident from measurements published by me in 1911 in the "Fischerbote® (see also OmseniGo 1911). — Grassi further states
(L c. p. 19, and 1913, p. 107) that the reduction in length which takes place during metamorphosis amounts, or can amount, to
about 1 em, a point which I had set forth in detail as early as 1909 (Meddelelser fra Kommissionen for Havundersogelser, Serie
Fiskeri, Vol. III, No. 3, 1909, p.7.) And in the last-named periodical, Serie Fiskeri, Vol. IV, No. 3, 1913, A. STrUBBERG has explained
at length the development of the pigment during the metamorphosis of the elvers, and furnished illustrations of the same. GrAssI
(L c.) treats the same subject, and his illustrations (on Plate IlI) correspond exactly to STRUBBERG's; he makes, however, no mention
at all of this writer’s work.




19

IV. List of papers quoted.

Jons. Scmminr, 1906: Contributions to the Life-History of the Eel (Anguilla vulgaris, Turt.) (Rapports et Procés-Verbaux

du Conseil International pour I'Exploration de la Mer, vol V, No. 4, Rjebenhavn 1906).
— , 1909: Remarks on the Metamorphosis and Distribution of the Larvae of the Eel (Anguilla vulgaris, Turt.) (Med-

delelser fra Kommissionen for Havundersegolser, Serie Fiskeri, Bind III, No. 3, Kjebenhavn 1909).

J. Huonr, 1910: Eel-larvae (Leptocephalus brevirostris) from the Central Atlantic (Nature, vol. LXXXYV, London 1910}

L. Orsenico, 1911: Intorno alla lunghezza delle anguilline di montata (Bollelino della Societa Lombarda per la Pesca
e I'Acquicoltora, No. 4, 1911).

Jous. Scumipr, 1911: Messungen von Mittelmeer-Glasaalen (Der Fischerbote, III Jahrgang, No. 5, Hamburg 1911).
, 1912: Danske Undersogelser i Atlanterhavet og Middelhavet over Ferskvandsaalens Biologi (Skrifter udgivne af
Kommissionen for Havundersggelser, No. 8, Kjsbenhavn 4. Juni 1912) (in English language in »Internationale
Revue der gesamften Hydrobiologie und Hydrographie«, V, Leipzig November 1912).

B. Grassi, 1912: La Talassobiologia e la pesca (Atti della Societa Italiana per il Progresso delle Scienze, VI Riunione,
Genova 1912).

A. Srrussere, 1913: The Metamorphosis of Elvers as influenced by outward conditions, Some experiments (Meddelel-
ser fra Kommissionen for Havundersaggelser. Serie Fiskeri, Bind IV, No. 3, Kjebenhavn 1913).

B. Grassi, 1913: Sullo sviluppo dei Murenoidi (Monografia I del Comitato Talassografico Italiano, Jena 1913).

Jomns. Scumipr, 1913: First Report on Eel Investigations 1913 (Rapports et Procés-Verbaux du Conseil International pour
I'Exploration de la Mer, vol. XVIII, Kjsbenhavn, 25. November 1913},

B. Grasst, 1914: Quel che si sa e quel che non si sa intorno alla storia naturale dell’Anguilla (Memorie del Comitato
Talassografico Italiano, no. XXVII, Venezia 1914).

G. MazzarerLy, 1914: Note critiche sulla Biologia dell’Anguilla (Rivista di Pesca e Idrobiologia, Anno IX (XVI), No. 2,
Pavia 1914).

Published November 30t 1914,

1!



Bd. I, Nr. 1

’ll,‘ 21

3 T2

it

» I, > 3

7 2 1N a4

» 11, > 5

Serie: Fiskeri.

C. G. Jon. PETerseN : On the larval and post-
larval stages of the Long Rough Dab and the
Genus Pleuronectes. 2 Plates, 1904. 13 p.
Kr. 1.00.

A. C. Jonansen: Contributions to the biology
of the Plaice with special regard to the Danish
Plaice-Fishery I. 12 Plates. 1905. 70 p. Kr.5.25.

Jomus. ScumipT: On pelagic post-larval Halibut.
(Hippoglossus vulgaris Flem. and H. hippoglos-
soides Walb)) 1 Plate. 1904. 13 p. Kr.0.75.
Jons. Scumipt: De atlantiske Torskearters
(Gadus-Skegtens) pelagiske Yngel i de post-
larvale Stadier. Med 3 Tavler og 16 Figurer.
1905. 74 S. Kr. 3.00.

Jons. Scamint: The pelagic post-larval stages
of the Atlantic Species of Gadus. A Mono-
graph with 3 Plates and 16 Figures in the
Text. 1905. 77 p. Kr. 3.00.

C.G.Jon. PETersEN: Larval Eels. (Leptoce-
phalus brevirostris) of the Atlantic coasts of
Europe. 1905. 5 p.

A. C.Jonansen: Remarks on the life history
of the young post-larval Eel (Anguilla vulgaris
Turt.)) 1904. 9 p.

Kr. 0.50.

AporLr SEv. JENsEN: On fish-otoliths in the
bottom-deposits of the Sea. I. Otoliths of the
Gadus-Species deposited in the Polar Deep.
4 Fig. 1905. 14 p. Kr.0.50.

Jons. ScamipT: On the larval and post-larval
stages of the Torsk (Brosmius brosme [Ascan.]).
1 Plate. 1905. 12 p. Kr.0.75.

C.G.Jon. PETERSEN: On the larval and post-
larval stages of some Pleuronectide (Pleuro-
nectes, Zeugopterus.) 1 P1. 1906. 10 p. Kr. 0.50.
Jous. Scamint: The pelagic post-larval stages
of the Atlantic species of Gadus. A mono-
graph. Part II. 1 PL. 1906. 20 p. Kr.1.00.

Jons. ScamipT: On the pelagic post-larval sta-
ges of the Lings (Molva molva [Linné] and
Molva byrkelange [Walbaum]). With 1 PL
and 3 Figures. 1906. 16 p. Kr. 0.75.

Jomns. Scamipr: On the larval and post-larval
development or the Argentines (Argentina
silus [Ascan.] and Argentina sphyrzna
[Linné]) with some Notes on Mallotus villosus
[O. F. Miiller]. 2 Pl 1906. 20 p. Kr. 1.50.
A. C. Jonansen: Contributions to the biology
of the Plaice with special regard to the Danish
Plaice-Fishery. II. The marking and trans-
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plantation experiments with Plaice in the
years 1903—06. 6 Pl and 10 Figares. 1907.
122 p. Kr.5.25.

Jons. ScamipT: Marking experiments on Plaice
and Cod in Icelandic waters. 2 Charts. 23 p.

Jons. ScamipT: On the post-larval develop-
ment of the Hake (Merluccius vulgaris Flem.)
1 PlL. 4 Figures. 1907. 10 p.

Kr. 1.75.

Jous. Scamint: On the post-larval develop-
ment of some North Atlantic Gadois (Rani-
ceps raninus [Linné] and Molva elongata

[Risso]). 1Pl and1Fig. 1907. 14 p. Kr. 0.75.

Jouns. ScamipT: On the posi-larval stages of
the John Dory (Zeus Faber L.) and some
other Acanthopterygian Fishes. 1 Plate.
1908. 12 p. Kr.0.75.

C. G. Jon. PETERSEN: On the larval and post-
larval stages of some Pleuronectide (Zeu-
gopterus, Arnoglossus, Solea.) 2 Plates. 1909.
18 p. Kr. 1.25.

I. P. JacosseEn and A. C. JouANsEN: Remarks
on the changes in specific gravity of pelagic
fish eggs and the transportation of same in
Danish waters. 2 Text-Figures. 1908. 24 p.
Kr. 0.75.

Jons. Scamipr: Remarks on the metamor-
phosis and distribution of the larvae of the
Eel (Anguilla vulgaris Turt.) 1 Pl and 1
Chart. 1909. 17 p. Kr. 1.00.

A. C. Jouansen: Contributions fo the biology
of the Plaice with special regard to the Danish
Plaice-Fishery. III. On the variation in fre-
quency of young Plaice in Danish waters in
1902—07. 12 Figures. 1908. 48 p. Kr. 1.50.
A.C.Jouansen: Do. do. do. IV. Is the
Plaice indigenous to the true Baltic? 2 Fig.
1908. 23 p. Kr.0.75.

Jous. Scamipt: On the occurrence of Lepto-
cephali (Larval Muraenoids) in the Atlantic
W. of Europe. 2 PL. & 1 Chart. 1909. 19 p.
Kr. 1.50.

Jons. Scumipt: On the distribution of the
fresh-water Eels (Anguilla) throughout the
world. 1. Atlantic Ocean and adjacent regions.
A Dbio-geographical investigation. 1 Chart.
1909. 45 p. Kr.1.75.

A. C. Jonansen: Bericht iiber die danischen
Untersuchungen iiber die Schollenfischerei
und den Schollenbestand in der astlichen
Nordsee, dem Skagerak und dem nérdlichen
Kattegat. Mit 10 Figuren im Text. 1910.
142 8. Kr. 4.50.
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A. C. Jonansen: Contributions to the biology
of the Plaice with special regard to the Danish
Plaice-Fishery. V. The supposed migrations
of plaice from the Kattegat and Belt Sea to the
true Baltic. 5 Figures. 1912. 34 p. Kr. 1.25.

Jons. Scamipr: On theidentification of Mura-
enoid larvae. In their early (»Preleptoce-
phalin¢) stages. 1 Plate. 1913. 14 p. Kr. 0.75,
A. STrRuBBERG: The metamorphosis of elvers
as influenced by outward conditions. Some
experiments. 1913. 11 p. Kr. 0.50.

A. C. Jonansen: Contributions to the biology
of the Plaice with special regard to the Danish
Plaice-Fishery. VI On the immigration of
plaice to the coastal grounds and fiords on
the west coast of Julland. 1913. 26 p. Kr.1.00.

P. L. Kramp: Report on the fish eggs and
larvee collected by the Danish research steamer
»Thor« in the Langelandsbelt in 1909. With
6 figures in the text. 1913. 39. p. Kr. 1.25.
Biarnt SzEMunpssoN: Continued marking
experiments on plaice and cod in Icelandic
waters. 7 fig. 1913. 35 p. Kr. 1.25.

Serie: Hydrografi.
MarTiN KNUDSEN: On the organisation of the
Danish hydrographic researches. 1904. 7 p.

H. J. Hansen: Experimenial determination of
the relation between the freezing point of sea-
water and its specific gravity at 0°C. 1904. 10 p.
N. BserruM: On the determination of Chlorine
in sea-water and examination of the accuracy
with which Knudsen’s pipette measures a
volume of sea-water. 1904. 11 p.

Kr. 1.25.

J. N. NigLsen: Hydrography of the waters by
the Faroe Islands and Iceland during the
cruises of the Danish research steamer “Thor”
in the summer 1903. 8 Plates. 1904. 29 p.

NieLs Bierrum: On  the determination of
Oxygen in sea-water. 1904. 13 p.

Kr. 3.50.

MarTin Knupsen: Contribution to the Hy-
drography of the North Atlantic Ocean. 21
Plates. 13 p. Kr.5.75.

J. N. Niersgn: Contributions to the Hydro-
graphy of the waters north of Iceland. 2
Plates. 28 p.

J. P. JacosseEn: Die Loslichkeit von Sauerstoff
im Meerwasser durch Winklers Titriermethode
bestimmt. 1905. 13 S.

Kr. 2.00.

J. N. NieLsEn: Contribution to the Hydro-
graphy of the north-eastern part of the Atlantic
Ocean. 3 Plates. 1907. 25 p. Kr. 1.75.
J.P. Jacopsen: Mittelwerte von Temperatur
und Salzgehalt. Bearbeitet nach hydrogra-
phischen Beobachtungen in danischen Gewis-
sern 1880—1907. 11 Tafeln. 1908. 26 S.
Kr. 3.50.

J. N. NigLsen: Contribution to the understan-
ding of the currents in the northern part of
the Atlantic Ocean. 1 Plate. 1908. 15 p.
Kr. 0.75.

Bd. I, Nr.12 J.P.Jacossen: Der Sauerstoffgehalt des Meeres-
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wassers in den dénischen Gewiissern inner-
halb Skagens. 5 Tafeln. 1908. 23 S. Kr. 2.00.
Gezeitenstroeme bei den
Feuerschiffen Vyl und Horns Rev. Mit 4
Textfiguren. 1910.- 23 S. Kr. 0.75.

Gezeitenstroeme und resul-
tierende Stroeme im Grossen Belt in ver-
schiedenen Tiefen im Monat Juni 1909. Mit
7 Figuren im Text. . 1910, 19 S. Er. 0.75.

Knupsen:  Danish hydrographical
investigations at the Faroe Islands in the™
spring of 1910. 2 Plates. 1911. 17 p. Kr. 1.00.
J. P. Jacoersen: Beitrag zur Hydrographie der
danischen Gewisser. 47 Tabellen, 17 Text-
figuren, 14 Taleln. 1913. 94 S. Kr. 6.50.

3 J. P. Jacoesen: Strommessungen in der Tiefe

in danischen Gewassern in den Jahren 1909
—1910 und 1911. Mittlere Werte des Stroms
und Konstanten der Geseitenbewegung 1913.
43.S. Kr. 1.25.

Serie: Plankton.

Ove Pauvrsen: Plankton-Investigations in the
waters round Iceland in 1903. 2 Maps. 1904.
41 p.

C. H. OsTenreLD: On two new marine species
of Heliozoa occurring in the Plankton of the

North Sea and the Skager Rak. 1904. 5 p.
Kr. 2.00.

Ove Paursen: On some Peridineze and Plank-
ton-Diatoms. 1905. 7 p. Kr.0.25.

OveE Paursen: Studies on the biology of
Calanus finmarchicus in the waters round
Iceland. 3 Plates. 1906. 21 p. Kr.1.75.
Ove Pavursen: The Peridiniales of the Danish
Waters. 1907. 26 p. Kr.0.75.

C. H. OstenrFeELp: On the immigration of
Biddulphia sinensis Grev. and its occurrence
in the North Sea during 1903—07 and on its
use for the study of the direction and rate
of flow of the currents. 4 Charts and 5 Text-
Figures. 1908. 44 p. Kr.2.50.

Auc. BrRingmann: Vorkommen und Verbrei-
tung einer Planktonturbellarie Alaurina com-
posita Mecz. in dinischen Gewdssern. 12 Fi-
guren und 1 Karte. 1909. 15 S. Kr.0.50.

Ove Pavrsen: Plankton investigations in the
waters round Iceland and in the North Atlantic
in 1904. 9 Figures. 1909. 57 p. Kr. 1.75.

AnpreEAs OrTERSTROM: Beobachtungen iber
die senkrechten Wanderungen des Mysisbe-
standes in der Ostsee bei Bornholm in den
Sommermonaten 1906 und 1907. 1 Fig. 1910.
10 8. Kr. 0.25.

C. H. OsTENFELD: A revision of the marine
species of Chmtoceras Ehbg. Sect. Simplicia
Ostf. With 24 figures in the text. 11 p.

J. P. JacosEN and OvE PAULSEN: A new
apparatus for measuring the volume of plank-

" |ton samples by displacement. 6 p.

Kr, 0.50.
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Jous. Scamipt: Fiskeriundersegelser ved Island og

Fereerne i Sommeren 1903. 10 Tavler. 1904. VI
+ 148 8. Kr.5.00. Udsolgt.
MarTiN KNupsEn: Havets Naturlere. Hydrografi.

Med serligt Hensyn til de danske Farvande. 10
Figurer, 4 Tavler. 1905. 41 S. Kr.1.75. Udsolgt.
Jonan Hiort og C.G.Jon. PETERSEN: Kort Over-
sigt over de internationale Fiskeriundersogelsers
Resultater med seerligt Henblik paa norske og danske
Forhold. 10 Tavler. 1905. 54 S. Kr. 3.50.

MarTiN Knupsen, C. G. Jon. PETeErsEN, C. F. DRECH-
SsEL, C. H. OsteEnNFELD: De internationale Hav-
undersegelser 1902—07. 1908. 28 S. Kr.0.75.

Biarnt Szmunpsson: Oversigt over Islands Fiske
med Oplysning om deres Forekomst, vigtigste bio-

8]

Nr. 6

Ul

logiske Forhold og ekonomiske Betydning. 1 Kort.
1909. 140 S. Kr.2.25.

ANDREAS OTTERsTRoM: Sildens Afhwzngighed af
forskellige hydrografiske og meteorologiske Forhold
i Store Bzlt. 2 Textfigurer. 1910. 52 S. Kr. 1.00.

A. C. Jounansen: Om Radspziten og Rodspettefiske-
riet i Beltfarvandet med nogle Bemarkninger om
de gvrige Flynderarter og Flynderfiskerier i samme
Farvand. 23 Tavler, 14 Textfigurer. 1912.'" 158
Sider. Kr. 3.00. '

» 8 Joms. ScumintT: Danske Undersegelser i Atlanter-

havet og Middelhavet over Ferskvandsaalens Bio-
logi. 3 Tavler, 5 Textfigurer. 1912. 33 Sider.
Kr. 1.50.




