XIV.—CONTRIBUTIONS TO THE BIOLOGY OF THE RHINE
SALMON.*

By Dr. I. MirscHER-RUSCH.
Professor of Physiology at Basel,

.[Repl‘int from the Swiss literary contributions to the International Fishery Exposi-
tion at Berlin, 1880. }t

The following description is based on various statistics and on—

(1) Measurements, weighings, and notices as to the external appear-
dnee of 1,933 Rbine salmon, taken between Basel and Laufenburg, and
229 Lower Rhine salmon from Holland and Wesel, 2,162 fish in all; which
o_t)Servations were continued without interruption from November,1877,
41l the spring of 1880.
~ (2.) Observations, weighings, microscopical, and also chemical inves-
1“‘gations relative to the condition of the muscles, intestines, and espe-
Cally of the growing sexual glands (made at all seasons, of the year,
dm’ing the years 1876-1880) of 97 male and 99 female salmon (196 in
all) ; besides numerous observations—made for the sake of compari-
80n—on sea salmon. ' ’

It is well known that the salmon caught in the Rhine at different sea-
Sons of the year vary greatly as to the looks and coudition of the flesh.

n. comparing, in December or Jaunuary, a male salmon, the so-called
w@?%ter salmon, with the well-known hook salmon—the former with its
brlght; bluish scales, its well-rounded body, its short nose (about 4 to &
Per cent, of the whole length of the body, measured from the nostrils to

28 root of the tail), without the slightest trace of a hook and hardly dis-
tinguishable from a female; the latter with its nose of twice the length,
an. entirely difterent physiognomy on the front part of thehead, with its
thick skin resemblin g in its red apd black spots a tiger’s skin, made dark
by the superabundant development of the epithelium, and with its flat

0dy and thin flabby abdominal walls—it is difficult indeed to become

onvineed that these two fish are specimens of one and the same species.
P —
Zur Lebensgesohichte des Rheinlachses im Rhein. Translated from the German by
ERMAN JacoBsoN. )
TS’atiatischo und biologizche Beitrédge | zur Kcnntniss | vom Leben des Rheinlachses, | unter
; lt“”i"kll-n!] von | Herrn I. W. Glascr, Sohn, | Fisehermeister in Basel, | bearbeilet von | Dr.
L;_tMleacher-Riiach, | Prof. der Physiologie in Basel. | Separatabzug aus der schiweizerischen
te"ahltr sammlung zur | intcrnationalen Fisoherei-Ausstellung in Berlin,
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In the female the difference is less apparent. There is not much dif-
ference in the length and shape of the nose; the red spots on the body
and head, which are entirely wanting in the “ winter salmon,” are not
as strongly developed in the fémale as in the male salmon; the skin i8
dark and looks as if it was covered with impurities, but is not as thick.
The priucipal difference in the outward appearance is caused by the
different development of the ovaria, which in the winter salmon weigh 4
per cent.,and in the spawning salmon fully one-fourth of the total weight
of the body, so that they bloat the belly very considerably, making the
back appear particularly thin. -As soon as the eggs have been emptied
out, the thin, limber walls of the abdomen make the leanness still more
apparent. )

It is well known that there is a considerable difference in the quality
of the flesh, which in the winter salmon is peculiarly red (caused by
coloring matter, which is soluble in alcohol and ether, but not in water,
and which—partly at least—is inherent in the muscle- -fibers) and inter-
larded with strips of fat; in the spawning salmon it is of a dirty white
color. After the spawning season it becomes more transparent. The
intestinal ‘canal of the winter salmon is covered with fat; the append-
ages of the duodenum are actually enveloped in layers of fat, whilst in
the spawning salmon it looks as if all the fat had been peeled off and
at the same time the intestinal canal itself thinned, so that in the former
the entire weight is about 23 per cent. and in the latter one-half to three-
fourths per cent. of the total weight of the body.

Although it cannot have escaped an attentive observer that between
these two extremes (the winter salmon and the spawning salmon) theré
are different intermediate varieties, the mutual relations of all these
fish have not yet been perfectly cleared up. Although it was known
long since that those salmon which immigrate from the sea do not reach
their full maturity till they have reached the Rhine, some people think
that their stay in the fresh Wwater is confined to a few. months, The cir-
cumstance that in November and December there are caught, besides
the mature fish, a foew very fat fish, with very small and hardly devel-
oped sexual organs, has led people to suppose that hesides those sal-
mon which ascend the Rhine for the purpose of spawning, there aré
also found, temporarily or permanently, barren fish, which for some very
strange reason oceasionally stay in the Rhine, and which, when caughty
of course, do not thereby interfere with the propagation of the species

This opinion seemed to be further corroborated when Barfurth* brought
to the attention of science a view which had long since been entertained
by practical men, such as Mr, Glaser, and which had also been made
known to the scientific world by His,t viz, that the Rhine salmon, durind
its stay in fresh water, does not take any food. Barfurth has reached this

*TROSCIEL'S Archiv fiir Naturgeschzchtc, vol. xlj, i, 122, 1875.
tHis: Untasuchungen iiber das L2 und die Ezcnlwickeluny bei Jnochenfischen. LeiPZig’
1873, p. 4.
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Opinion by the examination of a number of intestines, and, in view of
the enormous increase in the size of the ovaria, he reaches the conclu-
8ion that the winter and spring salmon and the spawning salmon do not
pelODg to the same immigration. The stay in the Rhine of both kinds
18 much shorter than had been supposed hitherto. Immature salmon
Come and go, and are finally replaced by almost mature salmon, which
ascend the river direct from the sea. ,
) -TFor my own part L feel that, after having for 4 years examined the
!utestines of Rhine salmon of both sexes, at all seasons of the year, I
cannot but agree with the opinion expressed above, that the Rhine
Salmon, from the time it ascends the river Jrom the seca until it has finished
8Pawning, never takds food, and that, as a rule, it does not take any food
%terwards. Even in winter and spring-salmon from Holland I have thus
far looked in vain for any remnants of food. In comparison with the
Wide stomachs of the salmon from the Baltic and the North Sea, which
had thin walls and were generally stuffed with fish almost to repletion,
® Kralingen (Dutch) salmon had universally a contracted esophagus,
3nd’ the walls of their stomachs were laid in folds; the opening was
Very narrow; the appendages, not taking into consideration the con-
tents and the layers of fat, were likewise thinner and not nearly as large
38 in the sea salmon. Occasionally I found a small stone, a piece of a
"ade of grass, or a-stalk of some plant, which had entered with the
Tlver water and had been swallowed. Once I found in the small intes-
Flnes a tolerably large larva of an insect, but entirely undigested and
tact.,” Of secretion I found in the intestines proper sometimes a small,
and at other times a large, quantity of slime, of more or less bilious
Color, although the gall-bladder was invariably empty. The bile, there-
Ore, seems to flow from the liver direct into the intestines. The ®sopha-
8us-and stomach did not, in most cases, contain anything, at least noth-
0g but a faint trace of a sticky and almost transparent slime, which
Wa:s only occasionally more plentiful and somewhat thinner, but never
%0id. The duodenum, with its appendages, occasionally (but not always),
Moreg especially in very flat fish which had recently come from the sea,
Contained a more plentiful secretion in the shape of a sticky, slimy mass,
Which, by numerous detached epithelium cells, had become turbid, and
Somewhat resembled pus. But in no case did I find traces of digestion,
of g Softening and dissolving influence on the walls of the stomach and
8 intestines, of these secretions. Although the glycerine extract from
18 pus-like substance, when dissolved in diluted hydrochloric acid,
°?°&Si0nally dissolved fibrous matter to a small extent, it must be said
tha,t, With the exception of the bile, no effective gastric juice is seoreted.
tis, moreover, worthy of note, that even in the Kralingen (Nether-
&n.ds) salmon there is no tendency whatever to early putrefaction, such
a 18 found in the intestines of every animal which, with its food, intro-
‘Auces from outside germs of putrefaction. This seems to indicate that
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the salmnon have not eaten anything for some time prior to their ascend-
ing the Rhine.* .

So far I have only found one exception to this rule. On the 3d of
January, 1879, I received from an Istein fisherman a male salmon which
had been caught in the Rhine. It weighed 1.5 kilograms, had emitted
all its milt, and was exceedingly lean. The transparent flesh had the
smallest percentage of dry substance ever found by me in any tish—but
13.56 per cent. In its flabby, wide stomach it had two tolerably large
fish, to judge from their scales, Cyprinoids (probably Leuciscus), whose
forepart had been digested. In another male salmon, which had emit-
ted its milt, I found no remnants of food, but at least a somewhat
extended stomach, containing a small quantity of & thin secretion pos-
sessing acid reaction. In the majority of male fish, however, as well a8
in all the female fish of this stage, I found nothing ot the kind. Neces-
sity, which is the mother of invention, and which occasionally teaches
the male salmon to eat, is probably not felt so much by the female
salmon, because at the time when they begin their homeward journey
to the sea (December to the beginning of February), they find a substi-
tute for food in the numerous eggs which have not been emitted, and
which often number several hundred. : '

I have been repeatedly assured that during the spawning months
salmon are occasionally caught with the hook and line in the small
streams such as the Wiese near Basel, whilst otherwise they will not bite.
Although T have not been able to obtain positively trustworthy data
with regard to this subject, I caunot, when thinking of my own experi-
ence, deny it entirely—ouly, however, for the time after spawning.t

Although it has been settled beyond a doult that the Rhine salmon
does not take any food whatever during the time it is ascending the river,
including the spawning season, the facts which are given below compel
me to maintain that at least in that portion of the Rhine which extends
from Basel to Laufenburg all Rhinc salmon are of onc and the same kind
and that all of them, from the (supposed to be) barren winter salmon to the
emaciated spawning salmon,'represent stages of one and the same develop-
ment, which—without an interruption—is completed in the Rhine.

I base this opinion upon the following facts: . »

(1.) There are in the different stages of development of the male and
female sexual organs of our Rhine salmon no gaps which might jusﬁfy
the supposition that the barren winter salmon are replaced by com
paratively much maturer salmon ascending from the sea. Barfw’t"
has noticed this fact, but he has not followed it up to its last conse
quences. Theinstances given herewith in Table I show how the ovarit®

S

* According to my experienee, I mnst urgently advise to clean all sea saulmon whiol
arc destined for a long journcy, whilst with viver salmon this is not necessary.

t According to Mr. Glaser it scoms to e more certain that in the basin bLelow f:he
falls of the Rhine, near Schaffhausen nearly svery year 1 to4 salmon are caught wit
sho hook and line, sometim®s us carly as October.
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Steadily increases in weight in geometrical progression. Table IT con-
tains an analogous tabular statement, relative to the increase in weight
of the male sexual glands, in whiclrstatement small individuals, weigh-
Ing less than 4 kilograms, and actual giants among the salmon tribe
afe not taken into consideration, as they exhibit an abnormal propor-
tion Letween the sexual glands and the weight of the body.

TapLe I.—Growth of the ovarium.*
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raK Dec. 31, 1877 0.52 17 |. .l Aug. 17,1870 3.13
H Mor. 30, 1880 0.77 18 |. .| Aug. 23,1870 | 11.63
8 May 8, 1880 1.13 19 |. .| Aug. 25,1870 i 6. 52
7 May 10, 1880 | ~ 1.14 20 | Aug. 27,1879 6. 60
8 Juno 9, 1670 1.81 21 . Au%'. 27,1878 0. 81
9 June 14, 1877 1.03 22 .| Sept. 4, 1877 8. 50
0! June 22, 1878 3.44 23 |. . Sopt. 6, 1877 9. 80
ul June 26, 1870 2. 84 24 - 90})t. 6, 1878 0. 84
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I

1 * A8 to tho wei ighing of the ovaria of sulmon in different stages of developmont see
Blso His, 1, 28,

Mature ovaria, November 1 to 16, 1877-1879,
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—

A"emge of the 11 ovaria = 23.09 per cent. of the weight of the body.
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TaBLE 11.—Increase of the male sexual glands in percentage of the total weight of the body:
[Fish of 3,500 to 10,500 grams.]

‘| Per Per

Date. cent. Date. cents

_ D

Mar. 12, 1680 0.105 || Sopt. 16, 1870 2.07
May 3,1880... 0.183 18, 1878. . 4.01
12,1880 .. 0. 099 19, 1878 1.84

26, 1880. 0.106 10, 1878 3.90
June 4,1878.. 0.20 20, 1874 2.48
5, 1879 0.26 24, 1874 1.£9

26, 1879 0.23 26, 1874 1,54
30,1870 0.31 26, 1870 4.76
July 17,1879 0.41 27,1878 5,68
Aug. 51879 0.58 27,1879 4.28
18,1877 0.18 28,1878.... 2.32

20, 1877 0.00 || Oct. 1,1876.... 5.00
23,1877 0. 69 1,1879 28,81

23, 1877 1.57 4, 1879 5. 58
24,1377 0.86 6, 1870 5.31
20,1870 1.15 7,1876 3.80
80, 1877 . 0.43 11,1872 35,90

. 80,1877 1.45 15,1878 4.94
Sept. 2, 1878 10,48 16, 1872.. oo e
8,1876 0.82 18,1878 L 5'3
113 || Nov. 41870 ccunnnnmnniienianiacaanaanns 4.

13,1870 ..
.

'Few spots ; small hook. *Fish only weighed 4,350 grams. sQctober 14, 1872, 3.33:

The October weights are equal to the weights of mature fish, very
probably even larger, but contain less firm substances. The highest
grades of maturity (November and December) have not been taken into
consideration on account of the loss of milt.

From these two tables it appears that during summer both testicles
and ovaria of almost the same stage of development can show very col”
siderable differences of weight. But the greater and lesser weights, each
classed by themselves, can be chronologically arranged, and it will thep
be seen that the differences gradually cease with the females in August
and with the males at the end of September and beginning of Gctobel
leaving those differences, however, which are found even among mature
fish, and which, especially with the males, are very considerable.

According to Mr. Glaser’s experience, which extends over many years
and which is corroborated by my own observations, extending over &
period of eight years, the normal spawning season at Basel for the oyer
whelming majority of all fish may be said to last from the middle of No-
vember till the middle of December. From about the 1st of Novemb‘?r
Mr. Glaser keeps his fish alive in fish-boxes (tanks); at that time their
ovaria do not emit anything when pressed. Generally about the 10tk
to the15th of November artificial impregnation may be begun. As early
as the 16th to the 24th of December it will be hard to find many, if 807
full females, and thé occurrence of eight full females from the 5th to the
13th of January, 1880, and of one as late as the middle of Februarys
must be considered as rare exceptions, caused possibly by some irreg’
ularity consequent upon the unusally severe cold. The occurrence ¢
an empty female on the 26th of October, 1877, must also be considere
a8 a very rare case. .

According to mny own observations, the maturity of the males gots 10
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Somewhat earlier. Begimning on the 20th of October, some seed may
be squeezed out of a few, and from the 1st of November out of nearly
all normally-developed males, which, however, cannot be considered as
4 8ign of absolute maturity in the whole organ. All the data relative
%o the spawning season of both sexes have been fully corroborated by
Mr. Glaser. '

To return to the development of sexual maturity, it is very instructive

compare the respective tables with the following table, showing the
onthly results of the fisheries in the Rhine between Basel and Lau-
fenburg:

TaBLE III.
Of 100 gg)
mon Avorage of all
fﬁ““ht during - the monthly
© year, there | 1872, | 1873. | 1874. | 1875. | 1876. | 1877. | 1878 | 1870.

Were caught in ¥ercentngee,

he montie gp 872-1878.
‘{rz'{)“nry U IR - AU 0.14| oo08| 061! 016| 040 0.28
MpTuary ..U 0,03 (ool 0.14 [-en.en.. 1.85| 0.32] 0.49 0.20
Apich.lL 0.86] 0.19| 065] 871| 163 1.28 145
gL 5.41| 087! 284| 803| 898 130 262
T, 5.78| 212 4.72| 68| 804 204 6.11
Jole 27.36 | 18.40 | 6.89 | 15.20| 14.26 | 7T.57 14.24
Al 1834 | 10,05 | 19.67 | 20.38 | 19.82 | 11.86 18.41
Repfost..... 14.24 | 1201 | 862 10.28| 10.60 | 24.08 12.21
Octoomber. 19.64 | 814 | 20.24| 17.18| 16.09 | 21.40 17.69
Noober ... 1.88 | 24.80 | 10.18| 817 17.24 | 19.42 14.60
Degember .. 001} 16,06 | 9.69 | B.10| 20.89 [ 7.25| 4.45| b6.81| 9.03 9.41

ember ...)0000 4.98| 287 88| 065| 257| 6.79| 260! 1.46 3.78

If, really, as Baefurth supposes, the spawning salmon ascend the river
sf°m the sea only a short time before the spanwing season, ¢ with eggs the
126 of peas,” why does the large increase in the numberof salmon caught,
amounting to six times that of April, appear in June and July, at a time
¥hen the ovaria have reached 1.3 to 5.3 per cent. of the total weight of the
0dy—therefore only about 5 to 22 per cent. of their weight when fully
ma‘tu.red—and not in September and October? Do these July salmon
;nake way again for other salmont If, furthermore, in August and Sep-
.ember, there is in the Rhine a mingling of returning salmon and new
:)I:mi‘grants, why did the individual differences in the weight of the
aria decrease instead of increaset
. Lam therefore of opinion, and shall adduce further proof of my asser-
00, that our winter salmon, which arrive in the neighborkood of Basel
om November to March, remain in this neighborhood all during summer
m’:)d a“.tumn, and that they reach their sexual maturity gradually, in com-
O% with the large sohools of later immigrants, which begin to ascend the
ver from May on, 80 as to spawn at the same time, from the middle of
:O%mber till the middle of December. Mr. His, in his varied observa-
18, 1?88 reached the same opinion.*
We suppose, by way of approximation, that the majority of the

I, § 25.

. 8. Mis, 29 28
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Basel spawning salmon* have again reached the sea about the middie
of January, and if we, moreover, take into consideration the period of
migration from Holland up theriver, I feel justified in maintaining that
the large majority of our Basel salmon stay in the Rhine between 6
and 94 months, a small number staying 93 to 12 months, and a few evenl
15 months, their sexual organs developing all this time, whilst they
abstain from all food. I cannot, of course, positively deny that, in
exceptional cases, a few individuals return to the sea in an immature
condition; but nothing which has come under my observation points i
that direction. )

I shall also, for the present at least, be careful not to apply my data
to the Lower Rhine. As I have not been able to observe the Dutch an
North Sea salmon during this season of the year, I cannot decide
whether, as Barfurth says, numerous large salmon in an almost matureé
condition immigrate from the sea late in summer and during autumn:
Al I maintain is this, that such belated immigrants, with the exceptioDs
perhaps,-of a few male fish, do not come up as far as Basel.

The great differences in the degree of development of the sexusl
organs I interpret as indications of the dates of immigration. The
later immigrants very possibly have entered upon the first stage of their
ovarian development whilst still in the sea,t but still they seem to 188
behind the earlier immigrants, and only catch up with them very grad-
ually, but under all circumstances by the time the spawning seaso?
commences. Thus, two Dutch salmon had, on the 31st May, 1879,
ovaria weighing 0.61 per cent. of the entire weight of the body, there
fore less than half the weight of the ovaria of Basel salmon of the same
period. The smallest fish furnished particularly numerous instances 0
this catching up of the young with the older iinmigrants. On the 19th
of August, 1879, I found in three small salmon from Wesel ovaria weigl”
ing 0.56 and 0.80 per cent. of the entire weight of the body ( therefore
corresponding to the Basel March and April salmon) and testicle$
weighing 0.91 per cent. of the weight of the body, therefore correspon®
ing to the Basel June testicles. The hook-formation (according to 2
measurements of the length of the nose) had been decidedly retarded:

Five weeks later another bateh of fish of the same size from Wese
- -—/

* Mr. Glaser supposcs that the time occupied Ly the salmon in returning i8 very
short, because, owing to the impetus which they receive, many of them land on san
banks and in shallow places, and thus fall into the hands of man. o
tHow far this development has advanced can only be decided by data from th
Lower Rhine. Ifow many per ceut. of the total weight of the body are ocoupi
the ovaria of salmon caught near the mouth of the Rhine from the beginning O
till the middle of June? How many per cent. of the male organs from May ti
middle and end of July? 8o far, only one individual (caught August 1, 1879)
giveoun rise to the suspicion that it had finished a considerable period of its ovaﬂ‘:
development while in the sea. This fish (differing in this entirely from other bt
caught at the same time) had an ovarium weighing 7.2 per cent. of the total weif
of tho body, and muscle-flesh containing mueh (18.7 per cent.) albumen and fat. *

od

£ May
11 the
ha8
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8howeqd ovaria and testicles of at least the same degree of maturity as
th‘? Bagel fish (testicles weighing 7.7 and 6.1 per cent. of the total
we{ght of thebody); and the small male fish of the spawning period,
Which had reached us, were fully matured.
ofThe weights of the respective organs are not the only proofs in favor
" the further development, in fresh water, of the semen and the oval
al;‘(;n- The microscopic examination of theseorgans shows lively growth
0d transformation, the detailed description of which, however, does not
Clong here. As regards the ovarium: Mr. His has, as early as 1873,*
w‘?scl‘ibed the different stages of development, from the protoplasm-net
1th pale pellets in the meshes of the small eggs of the winter salmon,
s Tough geveral stages, to the mature egg, the size of a pea, with its
v 1 delicately marked with small vessels, with its germ ready for im-
h regnatiou, and the live plasy skin, half-sticky and half fluid, which .
W:}:}’Ses the clear and highly concentrated egg-flaid. I myself have
in hed the transformations of the male organ through all the vary-
§ seasons, When still resembling an insignificant, shriveled-up little
ap, the testicles of the winter salmon often weigh only & to s
v:he total weight of the body; with the first warm spring-days, how-
ee;; towards the end of March—sometimes not till May—new life
the 8 to be imparted to this organ; more blood is introduced into it;
ra 8mall one-grained cells, in the diminutive shriveled-up canals, sep-
. %8, become larger, form several grains, and finally form large bodies,
ar repletion with numerous grains. TFrom June to August we find
e%i‘\ryed organs, looking as if they were inflamed, and the looks do not
Dartime; for numerous pus-cells—probably originally colorless blood
¢ en ¢S—are at this pe?xod found, l)et.,“*ee.xl the seminal cells proper, in
gro\v(t Ea-ls:; through the.lr decay they furnish ample food for the further
rgan of the mauy-gr:}med bo<‘lies, m‘ul for the further swelling of the
growi At.the same time the inter-tissue and the walls of the canals
Ning O?Xurlantly. Rather late, in September, and even in the begin-
threg g October, after the organ has reached a weight equal to one-half,
5 pey c(;ul'ths, and even more, of the total weight when matured (about
o at. of the weight of the body), the transformation of the imma-
Place i:lsses, of the many-grained cells to genuine seminal cells, takes
mOnt{; 8\0113) merely by bundles or ‘“nests”—as occasionally in former
ig accom 11§ on a large scale. This is a very'interesting process, and
Maliy tpharfxe(l by the most radical chemical changes, new substances
Yove mgb eir appearance, whilst old ones vanish. In the beginning of
sem :P the.test-icles are snow-white, and consist of.ha,rdly anything
Ognize thl‘l, which at every cut oozes out like creum; it is difficult to rec.
Vious," s }S organ as the same which was observed some month§ pre-
O neay) )tﬁbout the'beginning of October, when the testicles, though
Same organ ° Same size, were a gray jelly-like mass; and still it is the
~—___ 5%, which has only undergone a change.

*In the work already quoted.
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From what has been said, it must be supposed that the early,and very:
immature, immigrants complete their entire sexual development in the
Rhine. For the present, however, my assertion that this also applie®
as a rule to thelater immigrants, lacks proof. There, is however, still &
possibility that, besides these, more mature fish immigrate from the sea-

THE LOSS OF MATTER SUSTAINED BY THE BODY,

In order to decide with absolute certainty whether this course of
development in fresh water, applies to the Rhine salmon from Basel t0
Laufenburg, not only in many cases, but in all cases, we followed another
course. '

The building-up of the mature ovarium of the winter salmon from very
insignificant beginnings, is—viewed merely as a material process—?
most astonishing performance. The weight amounts to from 19 to 27 per
cent. of the total weight of the body, with 40 to 43 per cent. dry substanc®
(at 1109), of which, taking the average of two fish, not quite one-foul‘t.h
(equal to) about 9 per cent. of the fresh ovarium is oily fat. As at this
period the muscle substance of the body contains only about 20 per cent
and often even less, dry substance, and as the fat of the intestines sl
the skiv has nearly vanished, the assertion that fully one-third of all the
- firm substance of the body is, during the spawning season, found in the ovd
rium makes the proportion too low rather than too high.

If the entire development of the ovarium, in fresh water, is going 0%
while the fish is fasting, the body of the average spawning salmoD
compared with the body of the average spring or summer salmon, must
show a decrease of the matter in the other organs, at least sufficient for
building the entire ovarium, and even (on account of the self-consumP”
tion) more than sufficient for that purpose. As during the few months;
from the end of July to the beginning of November, when the ovariu”{
increases from 4 to 25 per cent. of the total weight of the body, the ver
tebral column of the fasting fish will hardly grow much in length, and
as there are no indications (hyperdermic) to be seen in cuts, with the
naked eye, all that should be done would be to examine fish of equé
length at different seasons. : .

Those salmon, however, which bring a three-fourths or entirely m#
ture ovarium from the sea, produced by the ample and rich food fol‘“d A
there, must, oven if the muscle-flesh were somewhat leaner and reduc®
in weight, show a larger weight and a greater amount of substance (-
cluding the ovarium) than the spring and summer salmon of equ?
length and equal ovarium. ‘

There would, moreover, be noticed a very decided difference be
such spawning-salmon and those which (according to what Las bf”e
said above) undoubtedly supply the substance for the entire ovariu®
from their own body. But this is certainly not the case. There ar® 11.0
two categories of spawnin g-salmon. Whenever a spawning-salmo? 5
exceptionally, somewhat stouter when compared with its length thé

tweel
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the rest, its ovaria will certainly be found to be below the average size,

and ijtg eggs will in some cases be small, probably retarded in their

growth,’

: If, moreover, it could be shown that these salmon, which Lave reached
eir sexual maturity in the sea, constituted an anyway considerable frac-
‘0N of all the salmon which ascend from the sea, it ought to be impossible
0Prove that the summer salmon, up to the spawning season, lose as much flesh

they gain in ovarium substance; there certainly ought to be a deficit on
‘€ 8ide of the summer salmon.

0 account of the extraordinary scientific importance attaching to a

ain proof of such a change of substance in the animal kingdom, I

8:1"9 for two and a half years (since November, 1877), as long as the

&nénon fisheries lasted, with hardly any interruptions, daily weighed

8 Measured salmon, and portions of salmon, on the most extensive

ca’l"j; the rich material on which I could operate being very kindly

"Tnished by Mr. Glaser. In weighing I used altogether an adnyirably
Ustructed pair of English spring scales, which through many years

eagwed Do sign of variance, and which in 10 kilograms distinctly .indi-

Vered a difference of 20 grams. The measurements were made with a

it Y simple apparatus, consisting of a board with a scale marked upon
' Ad another piece of board attached to it at a right angle, which

fx?“]d be moved up and down until it reached.the back point of measur-
ta% (now recognized as the most reliable)—the point where the body

SIS off and where it again begins to spread a little to form the caudal
N From September, 1878, I also invariably determined the length of
in anos(? (respectively, its horizontal projection, when the head is fixed
of 1, Orizontal position). In the male fish I considered as the ¢ Iengt:,h
he Bbﬁsh_” only the distance from the mnostril to the root of the tail.
eig Servations were taken very carefully every morning by Mr. Jacob
™. G”ll‘mn, the assistant of our Physiological Institute, generally in
wa as.er’s bresence, and were tested by frequent obsegvations of my
&s’ (;th(ﬂl were entirely satisfactory. No error of any conseguenc‘e
stag 18covered among a hundred figures thus examined ; and if ever
Stical qaty, deserve to be called reliable, this term must certainly
ro:lo the data obtained in the manner described. .
Ning witﬁmODg the female fish of one and the same year (1878), })egln-
Selecpeq May or June, when the sex could be distinctly recognized, I
diﬁeren Specimens as nearly as possible of equal length, th(.a greatest
o tot:? of length not amounting to more than 10 to 12 millimeters.
Ogica] o Dimber was divided into 2 to'4 groups, arranged in .chrono-
mparisraer »and for every group the average date was calculated. The
Weight(‘m of the averages of th@roups furnished the average change
Samg ope "Of ‘the figh in the periods included in the average dates. The
Iengths c”@‘“{ Was gone through with six groups of as many different
ang gy ' COmprising in all 470 fish, all belonging to the same year (1878),
- faught between Basel and Laufenburg. From the changes of
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weight (in per cent.) of the six groups—the weight on the 1st of Novem-
ber being counted as 100—the average weights of different periods were
calecnlated, and from these data a curved line was constructed gshowing
the average changes of weight.

The large figures are by no means superfluous; for from June to ‘No-
vember the individual differences are very considerable, and salmon of
the same length, the same date, and the same state of maturity fre-
quently differ 25 and even 30 per cent. The question is not one of de-
grees of emaciation, but of differences in the build of the skeleton:
There are thick-set and slender figures among salmon as well as among
men. Not until we compare all six groups are the differences sufficiently
equalized, and do we realize the change of weight, which in its almost
mathematical regularity bears the undoubted impress of absolute truth-
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The following table, with its different horizontal lines, will give a
8till clearer view of the subject. On these lines, counting from the
Starting points of the six groups, placed perpendicularly, the figures of
the excess of weight (in per cents) over the final weight (=100), reduced
for the 12tn October, are given in intervals proportionate to the differ-
€nees of time
TasLy V.—Adverage change of weight of female Rhine salmon, caught beiween Basel and

L‘f"Jb'lbury, from the beginning of June till the 12th of October, six divisions, each con-
Iammgjish of equal length, in 3-b groups each, 470 flsh in all.

GROUPS OR
DIVISIONS.
| I I Division L
108. 05 1006.88 100
Juno 10. July 20. . Oct. 12.
1005 | I : I I Divieion I,
. 83 -
103. 97 104.45 105. 80 100
Mny L Jume G. July 6. Aug. 4. Oot. 12.
I I ] | | Diviston IIL
108. 80 108.12 105. 81 105. 67 100 .
May 22. Juno 26.  July 19. Avug. 23 Oct. 12.
| | '
-Divialon IV.
110. 34 108. 40 100
June 2. Jualy 17,
l l : Divisien V.
107. 30 . 108.46 - 100
May 25. July 18.
I | Division VL
107. 62 107. 16 100
Juneo 2. July 26.

The figures show the weights of the respective average date of a
oup when the weight on October 12 was 100. '
toof(’ sul)p0§i11 g that the change of weight betweex? two average dates
Pro 1>1flce in a straight line, we calculate approximately the average
I?Ortloll to the final weight (October 12 =100) for a number of suit-
fon-z)"syglected periods of time, of all the six .divisiom.s, we obtain. the
ences\mg course of changes of weight, in which the 1nd1v1du.a1 d.lﬁ'er-
ence ;“‘0 very well equalized; so that, in spite of .the refiardmg influ.
N e°‘ .later immigrants on the emaciation (as indicated .ln figures) of
very ﬁ‘hfn‘ C:nes, a slight decrease in weight may be perceived ft:om the
Vox tOeglmnm g, which, resembling a parabf)la, desc?lbes acurved line con-
< éo“’dl‘ds the top.* If nothing else, this form, instead of the line (at
tion |, f‘ﬁa\’e towards the top and then straight, indicating the emacia-
Tica] p)r ““ge.r), points to a connection of an organ growing in geomet-
Ogression, with the demand for subsistence.

8r

*The large tables of curves have not been reproduced.—EDITOR.
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TABLE VI.—Adverage ckange of weight of female Rhine salmon.

Date. May 22. June4. June19. July4. July19. Aug3. Aug23. Oct. 12.
Days from May 22.... 0 16 30 45 60 75 95 140
Welght eeceeereo..... 10817 10774  107.33 107 08 108.66 106.7 -104.61 100

A=0. 0287=0. 0233=0. 0207 0. 0280=0. 0393=0. 0730=0. 0822

The principal result, which is apparent in all six divisions, obtained
from Tables IV to VI, is this, that from the end of July or the beginning
of August, when the ovarium weighs on an average one-fifth of its
mature weight, till the spawning season, there is, in spite of the growth
of the ovarium, not only no increase of weight, but even up to October
12 a decrease of weight of 6 per cent. (weight on the 12th October
=100); for every pound of ovarium more than a pound of flesh has
vanished. As the intestinal fat has mostly disappeared about the be:
ginning of August, and as the changes of the intestines (as has been
proved by numerous observations of weight) are of very little conse-
quence, the muscle flesh alone must be the source from which the sub-
stances come. )

The quantity of albumen contained in the large side-muscle of the
body was, therefore, determined by observations taken on a number of
July and August salmon and compared with a series of similar obser
vations taken on November salmon (i. €., the quantity of the dry resi-
due which, at a temperature of 110°, remained, after complete ex
haustiod by means of hot alcobol, ether, and water).

TABLE VIL-—Decrease of the quantity of dry substance and albumen in the large gide-musclé
of the female Rhine salmon from July and August till November and December.

2 ! Contents of the
IS side-musclo:
8:§ -
By b - g X
Bl A8
W3
. k] B 5 | B2
= ,‘.3 ,—_,‘s E =} E 3
B % gE £8 “
g8 |8 |2 | F
« al
Milli-
meters. Grams. .
Duteh salmon, March 18,1880 «_....uveenmnsnsrnscaceosnnss 885 | 9,580 | 0.045| 188 o]
Basel salmon, March 80,1880, ...ocvumueiairieiencennanes 860 | 9,030 0.077 | 18.1 t
_/
¢
AVEUREO «eenvecensrennrsnnsroacsssemassimmasnaasoos s i ttiteattstanrat it n e 18.45 8s.
-—-———'/
2
July 9,1877 s0s | 8700 | 4.04 | 17.2 “z’é 5
, 1879 874 | 8,660 3.40 | 18.2 20
21,1870 .. 908 | 10, 270 3.82 | 17.7 20
Aug. 1,1879 .. 940 | 11,130 7.21 | 187 5.0
. 4,1870 858 | 7,840 4.20 17.3 2.7
878 | 8,930 313 | 167 08
883 | 17,740 6.62 | 165
L
0.8
Avorage of the Bascl salmon during July and AUGSE «..veeeumeerrrense st a8 | s | 2
N
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TABLE VII,— Decrease of the quantity of dry substance and albumen, do.—Continued.

3 . |Contentnofthe

Ry slde-muscle.

5 2§ b | 5

:§ Eo 2 L

. ge Sy §°

ot - I=3 3

A 2 g ?."" £ l -§§

@
T :& EE g § i =g
D euv-s o Eg‘
§1 8|8 2 ]A
Milli- o
 meters. G’“""“ !
Empty, }: |
5,530 ovar%O}; 18.5 i 19.3
JT8. °
7,740 | “20.37 | 16 198
9, 620 18.060 | 16.2 21.4
8, 800 10.21 ; 13.0 18,3
7,650 | 26.72 | 13.4 18.4
7,200 "I%mpty..! 13. 4 20.2
- mpty.Q:
6,865 | éssl;;rys.}: 12.7 16.8
'y Empty,

4,930 l{ e gm'g‘ 1.0 4.1
Average of the salmon of Novomber and DeCembeT. . «c.cvnrrvrsemseaeerensrseenasss: l 18.2 18.5

Cousidering all the circumstances, viz: (1) the positive decrease iu
the weight of the flesh, and (2.) the decrease of the remaining flesh of
the body by 4.3 per cent. of its contents of albumen, we find, from a
Cmparison with the composition of the ovarium, that the loss of albumen

TOm the gide-muscle is suffioient to meet the entire consumption of albumen

the last four- of the growing ovarium. ‘

. In order to determine this matter more accurately, the weight of the
Slde-muscle of two fish of average sizet was ascertained, its substance
?‘nalyzed, and the decrease of its albuminous natter compared with the
Mereage of albumen in the ovarium.

Of these two fish the second may certainly be considered as an- abso-
lntf’ly normal fish, weighing 8,930 grams. It had almost the average
Weight (8,926), and, measuring 878 millimeters, it had the average length
9f'the group to which it would have been assigned according to Table1V,
w l.t had been weighed and measured on the same day of the year 1878.

his coineidence, though intended, had been reached only by an accident.

he head, vertebral column, the bones of the shoulder, and the ven-

: “%118 of this fish were prepared, and freed from all the portions of
'l‘ @ side-muscle attached to them, whilst the other muscles were left.
. © this must be added the heart, liver, spleen, and kidneys (according
e determination of another and very similar fish). The surface of

© skin, apart from that adhering to the head, tail, and fins, was care-

»
- The empty females had yielded their eggs s few days previous, for piscicultural
T'Pogeg, .

v:'h;:. these and other experiments Mr. Schncider-1Firz, dealer in table luxuries, has
a r:,h 'lndly furnished the fish during those seasons when Mr. Glaser only sold fish
Olesale, _
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fully measured on the split fish, by laying a thick sheet of paper over it
and cutting this sheet so0 as to fit exactly. The skin, from a cross-cut
of the body, measuring 8 or 9 centimeters in breadth, was prepared and
weighed; and, by comparing the weight of a piece of paper of equal size
with that of the large piece of paper mentioned before, the approximate

weight of the entire skin was determined.
Grams.

The weight of the fish was . .......cooiiins toniniieiinan. 89. 30
Subtract the above mentioned portions (the blood which had run
out being estimated at 47 grams, and the mature ovarium at

D2 1S ¢ 10 ) U 25.90
And there remains for the MUSCIE .« .« o« v oneeevmeeneonnnennn. . 63. 40

‘We will now endeavor to find whether the probable loss of substance
which, according to our average figures, will be sustained by the muscle,
is sufficient for building up the ovarium. The decrease of weight of the
entire animal, with the exception of the loss of some intestinal fat and
part of the liver, will almost exclusively be a decrease of muscle, as the
skin does not show any visible layer of fat, and, as is well known, the
head and fin muscles hardly decrease at all.

Table VI shows us a possible way of calculating the probable de-
creaseé in weight, at any rate till the 12th of October. From thé 7th of
August to the 12th of October its weight would probably decrease from
105.78 tq 100 grams. The spawning season, however, does’ not com-
mence till the middle of November, and the fish which we had beforé
fore us (with an ovarium weighing 279.5 grams=3.13 per cent. of the
eutire weight of the body) would be classed among his cotemp0-
raries which had been examined (see Table I), among the less advanced
as to its sexual maturity, and would probably not have spawned till
the end of November or the beginning of December. We may there
fore, further calculate the decrease of weight on the Dbasis of the lasb
period till the 11th of November = 30days, all the mnore as just as many
fish after the 12th October, as before that date, have been used for cal-
culating the &nal weight. Going on this supposition, 2.77 per cent. will
yet have to be subtracted from 100, and the final weight sought will be

ag 07.23 90192 .
to the weight of the 7th of August (8, 930) T0578="100 " The prob
able loss of weight 8.08 per cent. of 8, 930 would be 722 grams; the final
weight at the spawning-period would be 8,930 —722 =8,208 grams. The
probable weight of the ovarium will be 23 per cent, of thxs final weigh?
(Group V, Table I), 1,888 grams.
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The loss of weight of liver and intestines should also be taken into
account :

Liver. |Intestines.

w . 'le Grams. Grams.

elght of these organs, AUZUSE T «oeeeeeenensaaeaceecenecenrernrensnmnrennens 119 | 1255
%rhél makes, calculated in per cent. of the final weight, November 11 ......... 1.46% | 1.53% |

Vm this subtract tho average weight of the organ of mature female flsh in

BT T2 P P 1.08 i 0.70

Loss of weight of the body, in PO CONt....eu.eeraecncersreaeeeinivenens 0.40% | 0.83%

\_ N [

In building up the ovarium the following muscle substance has dis-
3ppeared entirely :

(L) Weight of the OVAIIUM «x.vvr veneeeeennncrcnen S 1, 880

'{2.) Decrease of weight apart from liver and intestines (722—-92). 630
H K01 7Y " e aaieameaeaaeaaaan 2710

With 16 per cent. albuminous matter .......ccceeeiiiiano.n 452.G

(8.) The remainder of the musele (6,340—2,710) = 3,630 must, from
16.7 per cent. albumen, go down to 13.2 per cent. Loss 3.5 per
Cent of 3,630 .....e.ieit niannaeennens e e 127.1

Total 1oss of albumen .....coveovrieiuinnranennananaaonn 579.7.
. '-ljhis quantity of albumen would very nearly correspond to the nour-
Whing matter contained in 6 pounds (3,000 grams) of beef of medium
qlla.lity_ .

Of its total quantity of nourishing albumen (6,340 x16.7) = 1,058.8
8ramg, the muscle has lost 54.74 per ceut., or more than one-half; a
Tesult which wgll be interesting in many respects.

Of 100 parts muscle (“salmonfﬂesh,” as understood by cooks) 43 per
cent. have entirely disappeared ; the remaining portion has sustained a
083 f’f albumen, and has therefore lost 21 per cent.
acisdh-n greater is the relative loss of fat, whilst the loss of phosphorie

18 about equal to the loss of albumen.
s °Tom thig material there had to be formed the ovarium, calculated at
ténso 8rams, less that part of the ovarium already in existence (the con-
u ts of which, in firm substances, is almost equal to the mature ovari-
) 280 grams, leaving 1,608 grains to be added to the ovarium.
¥ eflnde'ed, the demands made by the ovarium are very great! The clear,

“OWish fluid, which forms by far its greater portion, is so concentrated

oa 1t dries very soon, and forms a sort of amber-like substance, which

sse“.ses such a strong refraction that the firm portions (little pellets
Pleces floating about in it) look like holes (vacuolen).

intenemically considered, this fluid is nothing but “liquid caviar” —an

the liiz}y concentrated solution of a substance entirely analogous to

i © yolk-disks of the sturgeon and other fish; it produces the re-

18 of albuminous bodies; by boiling it in alcohol about 20 per cent.

p
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of a phosphoric fat (Lecithin) is produced, and by digesting it with '
artificial gastric juice, another phosphoric substance is obtained, viz, the-
nuclein, otherwise known to form the nucleus of the cells. This is of in-

terest, in as far as both these substances, especially the last-mentioned

one, are only found. in the muscles in very small quantities. The forma-

tion of the liquid part of the egg can, therefore, not only be accomplished

when muscle substance ie taken from the flesh and is deposited in the

egg, but the new combinations peculiar to the egg need to be produced

from the albumen, the fat and the salts of the musecles containing phos-

phoric acid, by means of the most radical chemical changes.

I do not, at the present time, possess a sufficient number of albumen
caleulations from the ovarium, which would be useful in this connection.
Taking from the figures at my command (which are probably somewhat
too high) 30.0 per cent. of substance not soluble in boiling aleohol, ether,
and water, I reach the following result :

Probable 1088 of the MUSCIe ... .evvomrnreeeraeneen nn. e 579.7
Probable amount of albumen consumed by the ovarium ........ 482.4
Albumen left ...... e eemeeeieeeeeeeesiataaen 97.3

to be used either as food, or for increasing the ovarium beyond its av-
eraze size, or for spawning flesh containing more than 13.2 per cent. of
albumen, not counting the loss sustained by the liver and the intestines-
The other fish to be examined was-a decidedly lean one (we had pur-
posely selected such an one). It was canght August 4, 1879, its length
was 858 millimeters, and its weight 7,340 grams; therefore a,lmo%t 700
grams less than the average weight of the division to which it belonged,
according to its date (8,028). If in this case, where the conditions weré
less favorable, we could also succeed in showing a sufficignt loss of sub-
stance, our proof would be doubly sute. The results obtained in the
same manner as with the first fish are given in the following table in &
tabulated form. As the development of the ovarium was farther ad-
vanced, I calculated the decrease of weight only to the 18t November:

TaBLe VIII.—Albumen balance-sheet—Growth of the ovarium at the expense of the muscle
~in a salmon caught near Basel, August 4, 1879.

MUSCLE, Dr. MuscLg, O
3 5 2
=2 i3 = 3
[o=]
Grams.: Grams. Gramas. Grams.| Perct. | Gram¥
Woi;iht of body Au[zust L AN (R 7,840
Final weight, calculated for November 1:
7, 840100
H = ) ] 6, 806
; 107. 84 ) :
Total probablle loss of weight of Lody up
toNovember 1l .ooviniiiiiiiiiiiiiiie]icenece]ieoannas 534
Liver of 108 grams=1.68 per cent. of
weight of body, November 1, less
1.06 averago liverof the maturoe fish in per !
cent. of woight of body........... S 0.42 |
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TABLE VIII.—Albumen balance-shest—Grotwth of the ovarium, §o.—Contintied.

Muscry, pr, ' MUSCLE, Or.
=1 . ! ! ) . .
2l | BEE
2 . . .
z | g | £ |2
- ! 13 . =

U N S N e N M

G’Gmc.! Grams Gramas. Per ot. | Grama.

Stomach, intestines, &c.==1.21—~0.70 per
cent. of weight of body

Loss of liver intestines in per cecnt. of i i |

wolght of body .......oouiiiiiiiiiiine viieennt 0.92 63
| —
There remains, as ahare.of the muscle, in i

decrenso of weight of DoAY coceevivniiin]ienannis eenn o . 471 @171.3 8l. 4
1,570 i Probable weight of mature ovarium=0.23 i : )

- | X6, 804. : i .

430 Subtract from this: Ovarium in existence | i :

i August 4. . !

344

-7 1,140 Ovarium still to be Jormed, @ 30 por cent. |
¢ _albomon (maximum). !
Lossof musele ... ... ... . .. ... .o.feceaiiiiiiiiiil 1,149 | 217.3 198.9
Determnination of the romainder of i
musclo November 1: : !
Woight of hody August s ......ooveeeeeee|eunnnnn. | 27,340 :
Subtraot from’ this: Hcads, ins, ovarian .

skin, various intestines + 80 cc. blood...| 2,400 .
Subtract from this: Reduced decrease in i
woight of body up to November1....... 413 .
Subtract from this: Replaced by ovnrium.] 1,148 |

Total amount subtracted from weight of ; | i
T R PN 1 8,082

' There remains as romainder of musclo, i . \ !
Noveruber 1, with probable decrease of . ' i
74 the albuwmen from 17.3 to 13.27 percent..|........ cce..... 3,318 @4.1 138.5
L3 Balance in tuvor of muscle. : | t
4 | | Ramypra
18.8 | Total 1088 0f MUBEI6 cvvverveeennnna]eneeenasfoeneann. lieeae. ! " 418.8
| i

In Spite of the unfavorable selection of the fish used for the experi-

:)nvent_y and an improbably high figure of the quantity of albumen in the

-, 'arlum, we also get in this case more than sufficient to cover the loss.

As regards the fat, the relative decrease of the quantity thereof can

e, 4pproximately determined from the difference between the quantity

i albumen and solid substance, under certain highly probable condi-

wens- If this difference is made the basis of caleulation in very lfaan .ﬁ.sh,

en shall get, very near the absolute truth by either making this differ-

- '¢6 greater in proportion to the quantity of albumen, or by subtracting
rom the total difference. :

—
- R e A — .
| 835 | 288 | 4
£33 SEa | B3
SRaw 1 2=
¥ o0 > uui‘ld B
R A P R o ©
8 o EE o o« e
&8 =] 8:13 @ B0
8222 cfge | ¢
P R 2
~— - g 8 &
Vem
Dutcc of two fomale March salmon (sco T'able V), onc of them a .
Avemg;ﬂeh .......................................................... 15.1 44| 1207
ghlm()n 09f fomale salmon during July and August (Tablo V). 0.3 4.1 6.2
almg,, O August 7, weight of body 89300710 13.0 4.0 9.q
Avorgg Ot August 4, woight of hody 7,340 . 0.3 4.1 5.2
Vory 21 fomale salmon during November (Table V) weeeveeeennn.n 5.3 8.1 2.2
“voy und two oxcoedingly omacintid fomale stlmon, in whoso flosh,
' the microscope, no trace of fat conld be discovoered. ... 2.7 2.7 0.0
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In the lean salmon (Table VIII) there is, therefore, the following

quantity (approximated) of fat: )
: Decrease of -
Grams. percentage.

Probable decrease in weight of body ...... 413 at 9.3 = 38.4

Replaced by ovarium ... ....c.o.voiun ... 1,149 at 9.3 = 106.2
Remainder of muscle, November 1 .. ...... 3,378 at 4.0 = 135.1.

. ’ S

Probable total loss of fat ...... e 280. 4

Subtract consumption of fat of 1,149 ovarium, at 9 per cent. (max-

Fre10] ) P 103.4

. PR

And there remains for self-consumption ............. - .. 171.0

‘We cannot form an opinion as to the use made of the excess of albu-
men and fat, or as to the formation of phosphoric fat from one source or
the other, until we have reliable average figures showing the quantity
of albumen contained jn the ovarium.,

There is no doubt that the muscle contains more than emough phos:
phoric acid to supply all necessary phosphorus for the ovarium, at 1.1 ,
per cent. phosphoric acid in the fresh ovarium against 2, 3-2, 6 per cente
of the firm substance in the muscle.

By the agreement of all these figures with my hypotheses, I consider
it proved beyond a doubt that our salmon of the beginning of August
are identical with the November salmon, and that, with few exceptionsr
there is no addition to their number of more mature fish with more sub-
stance in their bodies.

The microscopical examination fully corroborates the opinion that th®
side-muscle is really the most important source from which the food of
the fish is derived, and which aids in advancing sexual maturity, Eve®
the winter and spring salmon (especially the thin ones) show more or
less distinct rows of little drops of fat between the fine elementary fibrils -
of the considerably thicker muscle-fibers, such as are known as indic8”
tions of so-called deterioration of the muscular tissue. About midsu®’
mer, the very time when the ovarium commences to grow more rapidlys
the number of these drops of fat increases considerably, and even goes
80 far as to make some of the tibers quite opaque. The most prominent’
example of degeneration is in a separate thin muscle plate, which lies
on the side of the body directly under the skin (the skin-muscle). There
remain, however, almost intact and free from fat, all the other musclesy
pectoral fin, neutral fin, dorsal fin, caudal fin, the muscles of the javw
and tongue, the upper and lower long muscle, and the tail muscles
proper. Only the ventral fin showed in some places faint indications 0
degeneration. ' .

With this, I find there agree the numerous figures obtained by me w
weighing the fin-muscles, of which I will give, as a single example, the
data relating to the pectoral fins, :
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TaBLy X.—Proportion of weight of the muscles of the peotoral fin (of one side) to the
weight of body of female summer salmon and spawning salmon.

1,000 parts contain peo-
Weight of body— Weight of | toral fin calceulated on
muscles weight of body—
of the
peotoral
With Withont fin. With Withont
ovarium. | ovarium. ovarium. | ovarfum.
DUTCH FI8H,

May 31, 1879, ovariom 81 oeeeennnnnnnn .. 6,800 6,760 1.1 2,808 2,825

SALMO!\' CAUGHT BETWREN BABLE AND b

LAUFENDBURG.
J01y 1, 1870, ovarium 208 ...cuvevenne.ne 9,760 9,550 34.23 3,511 8, 584
nly 2, 1870, ovarium 800 «vevrunnnneennns 9, 700 9, 400 32.41 38,841 3,448
Juls 9, 1879, ovarium 201 .....oeeennnnnn. 8, 660 8,270 30.45 3, 657 3, 682
Tup, 2L 1870, ovarium 341 ............... 10, 270 9, 030 35. 30 3,487 3,535
w28, 1870, ovarium 304 ........coo..o 7,440 7,050 2614 3,618 8,708
AySust 1, 1870, ovarium 802 . .. 11,130 10, 330 32,72 2, 940 8,107
Angllst 4, 1879, ovarium 429 . I 7,840 6,010 25.10 3,420 3,632
ApEuet 7, 1879, ovariu 270.5 & 130 8, 650 30.03 3,363 3,472
gust 25, 1879, ovarium 605 7,745 7,24 26, 69 3,446 3, 686
AVOrage. ..ooeeennecieeeeeaeeneas i L 3,302 3,548
§gzember 8, 1870, ovarium 20.40. ........ 7,940 | 6,700 25. 00 3,358 4,600
N°v°mber 4, 1879, ovarium 18.18......... 9, 620 7,800 84. 30 3,685 4,307
Noyomber 8, 1879, ovarium 20.44. ........ 8, 000 7,190 84.02 ! 3,802 4,732
Noyomber 10, 1870, ovarium 20.44 -..... 7, 050 5,610 24.85 3,248 4,429
N°v°mber 15, 1878, ovarium 16.10........ 6, 760 5,130 24,71 3,601 4, 81?
ngg'ggr gg 1879, ovarium 85 ...... ... 7,510 ; gg z:g ;} ............ 2 :gi
T 22, 1879, 117.5. . ccuueeennnnnnn. 82,22 ... .. X

Novewber o5’ 10 1 28, 4,067
Average 4,607

'It will be seen from Table X that the muscles of the pectoral fin main-
10 the same proportion to the weight of the body from summer till
OvVember, or even—corresponding to the decrease of weight of the
Sh—increase somewhat, thus furnishing proof that the ovarium takes
© place of muscle-substance which has been used up.
The decrease of albumen in the fin-museles is either very small or
'eTe i3 no decreaseat all. The very muscles, therefore, which are most
2&?88"“‘)’ to the fish for its motions, remain singularly free fr<.)m ema-
th 100, and are even built up at the expense of substances furnished by
® muscle of the body. On the other hand,the fact that the fins re-.
Oth the same—in spite of the increase of the ovarium—_furnishes an-
as ’er Convineing proof that the ovarium cannot be cons1flered merely
sta‘m addition to the existing body, but is really a substitute for sub-
1¢e (belonging to the body) which has been lost.
exce t.hG above facts prove, with absolute certainty, that (with very few
rmf’t']lons). all the Rhine salmon caught between Ba:s'ol and Laufenburg go
riumg L their. entire sexual development, and the entire growth of the ova-
1 4t the expense of the body, whilst in the Khine.
tioﬁ: x‘e'ga.-rds the male fish I have not such full and accurate calcula-
+ The fow given below will show, however, beyond a doubt, that

fI‘Om . :
Weighltmdsmnmer to October there is a very noticeable decrease of

8. Mis. 29—_29
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TanrLe XI.—Average change of weight of male Rhine salmon, from summer ill autumn,
1878; two divisions of cqual length,79 fish in all.

ot G A —
5 8 & s £ S ‘ 3 -‘é :g g |Dally decrease
£ E gﬂ g8 |2 | 4 2 s | B of weight.
£ 2= o g2 (€ | W £ L] BEg 1
;g 82 | Limitsofdatesbo-| $ | g% | &l g6 | 85 |uf £32 N
w«| Ew tween which the 3 =8 ~3 | By E| 2E%8 + | 8%
Sl Ex fish were caught. | 9 o8 | Bl oB| B |83 885 | ¢ (B SE
5| 58 & 0l |8 tn 8% | £52 SE
B § ge 12 ] [ o g_ §
El ¢ = |2 E|E |2 |9 | % <83
P < |« =9 & |8 |& g | S5=%
- | § June 4 to July 18..] June 26 | 22 | 850.4 9723 108. 85
I..| 844-853 July 22 to Nov. 4.} Sopt. 1 }81'°<.{ 16| @01 | ool foo2 § 10000 :§7-80 | 0.8%8,
une 1 to Aug.10..! July ] 67.8 | 10857 106.74
II.| 803-874 i Sept. b to Nov. 4..| Oct. 4 }‘“'7 i{zo 808.1 | 9984 § 013 { 100,00 §7-38 | 0.7
¢ ]

The average decrease of weight of the male fish would be still more
striking if there did not arrive in the Upper Rhine (late in summer) 8
good many male stragglers, not quite as emaciated, and which some- -
what covered the decrease in older immigrants. But even in these fish
a cousiderable decrease of albumen can be noticed in the muscle of the
body. The flesh of two March salmon, caught near Basel, showed 17.9
and 19 per cent. of albumen, just like the female fish of the same period ;
a September salmon (caught September 19) which certainly belonged
to alater batch of immigrants, and whose testicles were one-third formed,
showed 16.6 per cent. albumen, and 25.7 per cent. dry substance. Threé
salmon of Janunary, 1880, which had ecjected their milt, showed (in
their muscle) 13.0, 14.3, 13.3 per cent. albumen, respectively. The de-
crease might, therefore, well be compared with that of the female fishj
possibly it was somewhat smaller. But, as the sexual glands need
much less albumen for their growth than the ovaria, it seems that the
male fish, corresponding to their greater animation and excitabilitys
consume more albumen than the female fish.

The influence—just referred to—of these stragglers on the figures
showing the degrees of emaciation makes itself felt with the female fish
also, but at an earlier period. Whilst those groups which were com’
posed of April and May salmon showed considerably greater averag®
weights than summer salmon of the same length, there was almost &
stand-still in the average weights from June till the end of July or the
beginning of August; in some groups there was even a slight increasé
(seemingly accidental); but from that time on a constant and consider
able increase was noticed. Infact there is among the salmon from thes®
months—middle of July till beginning ot August—a very distinct dit
ference between the older salmon (older as to the time of their arrive
and those recently arrived, such as is not found among-early spriné
salmon. These last-mentioned fish have dark red and the former P#™
red flesh; the latter have considerable, and the former very little fat;
the duodenum of the latter is enveloped in fat, while that of the for™®
shows but little fat. When the ovarium has reached one-fifth of its B%
ture weight Ly far the larger mass of this fat has disappeared.
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difference is often; but not always, caused by the differences in the de-
8reo of development of the ovaria; for the July salmon , which contained
the smallest quantity of fat (of o1l those examined by me July 9, 1877),
2d an ovarium which was only developed one-half of that of a very fat
8almon of August 1. ' ‘

This difference gradually vanishes from the beginning of August; the
female September salmon, but still more the October salmon, are, apart
fl‘om individual differences of bodily build, equally lean as to flesh and
Intestines,

To follow up these data, as regards the male fish, the measure of the
°Ngth of nose, which, since September 1, 1878, was taken in fish of
both Sexes, is important. While in the female fish the average length
°f nose remains the same, an elongation of the jaw can be noticed in
ost male fish at an early date, and makes it possible to determiue the
86X (with the exception of a small percentage of doubtful individuals) as
¢arly as April and May. .

hilst in the male June salmon {(length—exclusive of nose—=800 to

Centimeters) the length of the nose, in nine cases out of ten, varied
®tween 5.4 and 6.4 per cent. of the weight of the body, and once in an.
Xceptional case rose as high as 7.0 per cent., the same or very nearly
the Same minimum figures occur during the whole of July and August,
:lthough not very frequently, while the maximum figures become higher
tnd Wmore frequent. From September on, and all through October, both

© minimum and the maximum figures increase, whilst the difference

© extremes decreases to some extent. Butcven in November there

3 very considerable difference of length of nose in fully matured fish,

1086 size and shape are otherwise very nearly cqual ; and Iam inclined

e°f18ider these differences as indications of different dates of arrival.

his will be the proper place to make use of the data relating to the
Wei ?Wl Proportion Letween the two sexes, which I obtained from the
‘oIghing.ligts T had kept without regard to individual differences. Tor
frop I have made my calculations with the aid of the length of nose
¢ e'n June 1 whilst for 1878 I did not do this until July 1, at which time
of bSex may easily be determined, even without this aid. The average

n Oth years shows as the average proportion of the sexes: 62.6 per

St females, ang 37.4 per cent. males.



452  REPORT OF COMMISSIONER OF FISH AND FISHERIES. [26]

TaBLE XIL.—Numerical proportion of sexes among tho Rhine salmon caught semi-monthly
betweon Dasel and Laufenburg.

1878. 1879,
Of 100 salmon there , Of 100 salmon thore
Number | Nomber are— Number ‘ Number are~—
of of of of —
females. | males, females. t males.
Females.| Males, ( Tomales. l Males.
b i
{ ]
July1to15........ 07 44 68.8 31.2 4 off 85,2 14.8
July16t0381....... 104 41 7.7 28.3 12 ) 38 76.0 2.0
August1to15..... 78 22 78.0 22.0 15 48 75.8 24.6
August 16to 31.... 87 13| 4.0 26.0 20 ! 71 710 20.0
September 1 to 15.. 62 29 84.2 35.8 17 { a7 68.5 | 1.5
Septomber 16 to 30. 37 42 46.8 53.2 34 | 41 54.7 45.8
Octobor 1to 15 ... 64 33 66.0 34.0 79 70 50.0 50.0
October 16 to 31.... 53 55 49.0 50.9 45 37 45.1 64.9
November 1 to 30.. 47 19 7.2 28,8 52 83 54,8 45.2
' 560 208 65.0 34.4 311 , 460 59.5 40.8
.

From the above table a corrésponding change will Le observed in
both years in the numerical proportion of the sexes. Till the end of
August the female fish are in the majority ; during September the males
“gradually increase so that the numbers become almost equal, and in
October the relative proportions are about the same. As there is notb-
ing in the quality of the fish, in their color, length of .uose, and qual
ity of the flesh, to point to such a late immigration in great masses; a8
the October figures show great irregularities, and as, moreover, the
females are again more numerous in November, I consider it probable
that the females during the last stage of the ovarian developmeﬂt
keep much quieter than the males, and are therefore not caught 88
frequently. Mr. Glaser shares this view. It is not impossible, how"
ever, that a larger number of such males as have hitherto roame
about in the Central and Lower Rhine immigrate into our region at 89
late a period.

There are instances of direct immigration of fresh fish. In 1877 and
1879 I observed (as an entirely exceptional case, however) male fish
which undoubtedly were late immigrants. They had the appearance ¢
summer salmon; their skin showed red spots, but was not quite as
thick and dark as that of summer salmon; the nese was short (5 to

. per cent. of the length of the body, instead of 8 to 11), the hook was
less developed; there was a considerable quantity of intestinal fat, 20
the flesh was still red. But these fish, of which I took note during the
period, November to January, were ncver (sexually) mature. (Noticef

‘regarding the testicles of 4 fish, among them 2 by-Prof. His, 1379)'
The weights and the degrees of maturity, ascertained by microscopic?
observations, differed very much, and corresponded to the normal orgal®
from August till the beginning of October. The question here was

' . 2
*Mr. Glaser remembers only two cases in 19 years where he succeeded in squee

ing a littlo semen from such late-comers, during a late spawning season.
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N0 means one of barrenness, but one of retarded formation of normal
€lements. These fish are, as a rule, called winter salmon, and fetch
Prices like these; but they must by no means be confounded with the
genuine winter salmon described above, which do not spawn till Novem-
ber and December of the following year.

The observations which I made relative to these late-comers are, in
ly Opinion, a certain proof that for the male fish the short migration-
Period from the sea to Basel does not suffice to complete the entire sex-
ual development up to the point of maturity, much as the rate at
which this development goes on may vary between individual fish. The
Probability, therefore, becomes still greater than would appear from
What has been said above, that the entire spawning generation of one
Year consists of fish which have staid in the Rhine several months
Obger than the shortest period occupied by the migration from the sea.

Neither during the spawning season nor later have I seen female
Ush whose general appearance stamped them as fresh immigrants ; it
8 a matter of doubt with me whether the very rare, full-ripe female
fish which occurred in J anuary 1879 and (in 1880) even as late as Feb-
Tuary 20 belong to this category. I had my suspicions regarding a
Very lean fish, of the middle of November, 1879, which had a clear
3%in, and an ovarium only weighing 16.5 per cent. of the weight of the

o_dy » and containing comparatively small eggs; all this, however,
Dight have been caused by the unusually small quantity of flesh.
he different links of the long series of internal and external changes,
Y Which the spring salmon is transformed into the spawning salmon,
Un, ag g general rule, parallel, but not with mathematical accuracy.
Lie gristle of the nose and chin begins to grow before there is any sign of
evelopment in the testicles; and before the testicles have reached one-
JIghth of their mature weight the skin often shows very distinct red spots.
Wwould algo frequently lead to mistakes if one were to determine—
2y in August or September—the stage of development of the sexual
Blanqg by the degree of development to which the hook formation has
Attaineq, On the one hand we see the influence of the different seasons
gh_migration, and on the other hand we see the effort (notwithstanding
8 18 dlfference) to finish the sexual development for the same fime of
PaWning, In short, the development of the sexual organs is not the

‘ u‘)l‘ect cause of external influences, but is only indirectly connected with
em

ex}:_‘n.ally,l have to make brief mention of an iuternajl organ which
e raﬁbltﬂ some very curious phenomena. The spleen, x.vlnch 18 now gen-
- 1Y considered as a gland forming blood, appears in the winter sal-
as a tough, brown, insigniticant organ, weighing about rgg to

com of the weight of the body. In May a swelling is observed to
h-fnel_‘ce in the female fish, in the shape of dark-red raised knots,
U increage iy gize and number, and combine, till, about the end of
"8 Or sometime in July, the organ has reached 15 to 20 times of tho
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weight of the spleen, then at its smallest, and has become smooth,
shining, dark-red, tender, and resembling coagulated blood. From that
time on it shrivels again, and at the beginning of September is smaller
than it ever was before, weighing now zsy t0 sy of the entire weight
of the body. In this condition it remains till the spawning season,
and begins to increase shortly before the fish return to the sea. The
volume of the spleen likewise changes in the male fish, but not in a8
regular a2 manner as in the female; it decreases and increases several
times during the summer, until the largest size is reached, in the begin-
ning of October (as much as y4y of the weight of the body). Dauring
the spawning season it again decreases in size and weight. ,

This swelling is nothing else than a filling up with liquid blood. Under
the microscope we see a net-work of beams, which, combined, form a sort
of sponge. The outermost branches of the arteries open (as has been
proved by injections) into the meshes of this sponge, and from this very
same sponge the capillary vessels of the veins receive their supply. But
these meshes may be either nearly empty or filled to repletion, accord-
ing to the degree of contraction of the muscles of the arteries. This
blood (as has been shown by comparing the coloring quality of the
watery extract from the spleen with blood from the heart) is much richer
in blood-particles than the circulating blood from the heart; the sponge
acts upon the ‘blood like an imperfect filter, partly retaining or keeping
back the blood-particles, and at the same time, acts like a basin in the
sea, in which the rapid current becomes slower, and drops its heavy accu-
mulations. The whole mass of blood which is retained may, under differ-
ent mechanical conditions, again join in the gencral circulation. As i8
shown by numerous comparisons between the veinous blood from the
spleen and the blood from the heart, colorless blood-cells are formed in
this stagnant blood, but, as it seems to me, not in such a degree as t0
thereby exhaust the significance of -so remarkable an occurrence
Weighty reasons lead me to the opinion that such a temporary retaining
of one-fourth to one-third of the entire quantity of blood, during certai
phases of the sexual development, formns an important link in the chain
of causes by which the great change in the internal economy of the en-
tire body, described above, is introduced. This is not the place to enter
more fully upon the discussion of this question. I only mention thes®
curions phenomena of the spleen as further proof that the most radical
changes in the formation of the salmon go on during its stay in fresh
water.

STATISTICS RELATIVE TO THE MIGRATIONS OF THE RHINE SALMON‘

The question of age—At what age do the salinon, for the first timé
migrate and spawn? Do they spawn every year or at greater interval8
Do they perhaps only spawn once in their life, and die soon after? )

Such and similar questions have often been asked from a scient}ﬂ"
and from a practical point of view; and I feel it my duty to examin®
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Whether the factsat my disposal—especially the numerous measuremonts
—Wwill throw any light on these questions.

For thig purpose I divided the salmon caught between Basel and Lau-
J enburg, keeping the males separate from the females, and also sepa-
Tating the fish of 1878 from those of 1879 into groups of 20 millimeters

lﬁ’erence, accepting as a constant their length (counting this with the
Males from the nostril, and with the females from the front part of the
ead, to the root of the tail), and from these groups constructed curves,’
he abscigsas of which corresponded to the lengths of the fish, and the
Ordinates tothe figuresindicating the dates of occurrence of theselengths.
© regularity of these curves* shows that they rest on a reliable basis,
30d at the same time proves the accuracy of the measurements.
_The first thing to strike us, with both sexes, is, that certain sizes are
Cither entirely or almost lacking. If any further proof were required
at not a single salmon goes through its entire development while in
e Rhine, this fact would furnish it. From the line indicating 0, or
I'om.a slight elevation above this line, the curves showing the periods
Iigration rise like finely-shaped mountains with a maximum height
r:(:i S19pes ou both sides. With the males, three elevations may be
Ognized in both years, resembling each other. The first gives the
aj) 8almon, the so-called St. Jacob’s salmon, weighing 1,500 to 3,000
la &mﬁ- {&s will be seen from the Dutch market reports, these are mostly
Ay Immigrants, which do not occur on the price-lists until July and
. 8ust, and which, though in comparatively small numbers, reach us
“Ptember or October. The height of this curve, therefore, does not
i li?Sh ar‘1 exact standard for estimating the numerical proportion of the
ize Igration of these young fish. The second elevation contains such
Wi slias are found with us in S.eptember. and October, with an average
moilgf t of 3,800 to 6,600; the third elevation shows the fish for the same
hs, but with an average weight of 6,600 to 13,000. If we had more
3 We would probably be able to construct a fourth elevation. Before
eding any further we give the statistics in tabulated form:

* These curves are not reproduced in the translation,—EDITOR.
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In examining the three elevations we are, first of all, struck by their
very considerable breadth. This points either to very great individual
differences of growth, especially in youth, or—which appears far more
plausible—to an unequal age of the fish when they first immigrate. Per-
sons who have raised trout will be better able to decide than I whether
differences of 20 to 30 per cent. of length and 80 to 100 per cent. of
weight occur in fish of equal age, or in younger fish of otherwise normal
conditions of life. It is improbable that these differences are merely
produced by differences of food, because (according to Mr. Glaser’s and
my own observations) the smaller St. Jacob’s salmon appear to be well
fed, to judge from their shape and the condition of their flesh.

Is it, moreover, merely accidental that both the starting points and
the maxima of the first curve are at an exactly equal distance from the
~ second as the second from the third, and, therefore, show exactly the
same increase in length? As it can only be a question of whole years,
either the vertebral column grows between the first and second period
exzactly two or three times quicker or slower than between the second
and third, or (which seems to me more probable) the increase of length
of the vertebral column takes place at the same periods, and to the
same amounts; and this equal distance would then be an indication of
equal differences of time between the three fresh-water periods.

The heights of the curves likewise deserve some attention. - The small
St. Jacob’s salmon of the first curve are of no account in this calculation,
as they do not come in our neighborhood. On the other hand, it is
surprising that the third curve corresponds to twice as many fish as the
second, whilst (by fishing and mortality) one would expect the older fish
to be much less numerous than the younger ones. Is this caused bY
the greater ease with which they can escape from the net? Inthatcasé
~ the St. Jacob’s salmon must be still more rare. Do not these male fish
of average size migrate to the Upper Rhine as frequently as the larger
fish, or does only the smaller portion of the St. Jucob’s salmon of one -
year which have returned to the sea again appear during the next sca
son? and does the greater portion come a year later, and perhaps mako
their appearance in the Rbine for the first time¥ Nothing but further
observations as to the relative frequency of the different sizes, made o
the Lower Rhine, can solve this problem.

As regards the difference of time (always supposing that the same fish
occur in two successive curves), it will not be proper to class all fish under
one and the same category. As, for instance, the male fish of tho
spawning season 1878 (middle of November till middle of December)
could hardly have again reached the Rhine before the beginning o
middle of January, it is self evident that the exceedingly fat wintef
and spring salmon, with very short nose, which immigrate into Hollan
as early as November, 1878, to March, 1879, and reach Basel from Jan-
uary to May, must have skipped the spawning season of 1878, Thi8
possibly also applies to one or two later months. On the other hand,
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do-net consider it impossible that among the later immigrants of 1879
there are many inale fish which have still gone through the spawning
Period of 1878, This supposition would be the easiest explanation of
® fact that—the length being equal—the winter and spring salmon
A8 80 much fatter and heavier than those among the August and Sep-
Mber male fish (near Basel) which show indications of recent immi-
8ration in their color and nose, because the former have had more time
fatten in the sea. The same proportion would also apply to early
04 late salmon if the recent immigration of male fish from the spawn-
INg period 1878 would be placed in the year 1830. Supposing that the
atiol‘ity of the male salmon returns every year, there results a lowest
88ible minimum age for a male salmorr begotten on the 1st December,
874, and hatched on the 1st February, 1875, which participated in all
o8 migrations, viz:
8t migration (a8 young salmon) to the sea, spring of
.1876 ........................................... About 1 year.
1rst Spawning season (as St. Jacob’s salmon), near
asel, purtly in December, 1877, and partly in 1878. 23 to 3§ years.
Ctonq spawning season (as salmon proper), weighing
T 3_‘1’ to 63 kilograms, December, 1878, and 1879 ...... 3% to 4% years.
! rd Spawning season (as salmon proper), weighing
6% to 13 kilograms, December, 1879, and 1880 ...... 43 to 53 years.
Dust, however, consider it just as probable that every interval be-
“en the three last stages is one year longer; for I must confess that
Saeallnot, willingly accustom myself to think that so fine a fish as the
itshnon should be destined to starve throughout the greater portion of
.S adulg stage, and should only eat with feverish voracity during short
I'vals between the starving periods, and yet grow during such peri-
$ 8% an enormous rate. '
ov ¢ ink, moreover, that the influence of the feeding-procgss is. rather
‘restimated, by supposing that, in 14 years, the small migrating sal-
ehon’ Weighing only 20 to 25 grams and measuring 7 to 9 centuneters'," .
°uld be transformed into the St. Jacob’s salmon, which returns in
wl}l:.]e Or July, and is seven times as long and 100 to 150 times as heavy,
st the two-year old salmon of our waters which has remained with us,
WI:)‘uIWhich I occasionally observed, weighs about 80 to 100 grams.t We
the d, therefore, cortainly have to allow 2} years for development from
Sma]) Mmigrating salmon to the St. Jacob’s salmon, and for the large
8Cob’s salmon probably one year more.
si%ut Vf'hy should we trouble ourselves with suppositions regarding a
Which can e accurately determined according to our methods?
.AB I di
Ugg of an

tw,

4 not have an opportunity to personally examine any specimens, I make
8timato by Mr. Glaser, which may have to be corrected,

TY 8uccessfu] experiment wos made to produce impregnation with-the semen
lll!ski.nd',l salmon weighing abont 100 graome, I have never seen maturc females of
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About 100 or 200 small salmon should be measured in the sea, and near
the mouths of the Rhine, at a certain season of the year, if possible in one
certain month (as the length does not always remain the same). These
fish would certainly—as to their length—be classed among those the
catching of which is forbidden by law; but the result would justify an
exception; as the arrival of the great mass of the young fish is Jimited
to a certain season of the year, the different migrations would show on
the curves constructed from such measurements, like annual rings. S0
far all attempts to obtain such a determination of the age by the mark-
ing of young salmon have been in vain. But even supposing that fish
thus marked are canght again, the result of the statistical method i3
much more valuable, because it alone can select from among the numer-
ous exceptions and variations which doubtless occur in the conditions .
of life of these fish with absolute certainty, those fundamental rules on
which everything depends.

From these and other reasons, to be considered later, I prefer to
designate the timme which elapses till the young salmon had Dbeen
transformed from a small fish into the St. Jacob’s salmon simply by ¢;
and by introducing this unknown quantity to designate the following
determination of the age of the fish as the more probable one in most
cases in as far as fish which participate in all migrations are cou-
cerned:

Migration of the young salmon to the sea ...... 1 year.
First spawning period of the St. Jacob’s salmon: '
Small specimens. ... . e i 14t years.
. Large specimens .. ................... ... 2 4-t years.
Second spawning period................., .... 3+ tand 44 ¢ years.
Third spawning period ...... ................. 54 ¢ and 64 ¢ years.

The curve indicating the sizes of the females is much easier to under-
stand than that of the males. Here, likewise, three elevations may De
noticed. Female salmon of the first migration are very rare near Basel,
and the data had to Le supplemented by measuring St. Jacob’s salmoB
from Wesel (September 23 to October 13, 1879). Here the females are
likewise in the minority; the Wesel salmon referred to (which were
distinguished by the length of their nose) showed one-fourth females
and three-fourths males.

The curves of the second and third immigration are very distinctly
shown in the Basel salmon of both years. I am inclined to ascribe the
considerable breadth of all three curves, just as with the male fish, first
of all to differences of age in the first immigration which return at every
succeeding migration, and to other differences of the intervals between
the years of migration; and only in the second plice to individual differ”
ences of growth, Attention should also be directed to the circumst:anc_e
that the maxima of the three curves are not, as with the males, equi
distant from each other, but that the proportion of the first distance to
the second is as 10 or 11 to 7, or 3 to 2. Its proportion to the distanc®
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between maximum Iand 11, with the males of 1879, isneither 1:1 nor 2:1,
but nearer 3:2 than either of the two former proportions. This decid-
edly favors the supposition that, with most males, the interval between
the first and second spawning period is two, and with most females
thiree years; the interval between the second and third spawning period
!Jeing two years. It is also probable that the age at which the first
Immigration takes place differs greatly.

With the females the numetical majority of the third immigration
Over the second, and—considering the small number of femnale St. Jacob’s
salmon—probably also over the first, is very marked: )

Number of fish |
of the— - To every 100 of
the second curve
T the third ourve
Second | Third ocontaing—
curve. i curve.

— - H
1878
2 7 e e | o2 86 748.0

303 l 64 552.0

In 1878 not less than 277 fish, or 38 per cent. of all the fish of that
Bea,s(m, are found included in the narrow limits of length of 861 to 900
ll{illilneters (average weight on the 12th October about 8.0 to 9.3

llogramg),

Is this only caused by the circumstance that the majority of these
lnet:lium-sized fish do not go as far up the Rhine as Basel? My numer-
U8 measurements of Dutch salmon, taken at different semsons of the
Year during three years, do not seem to favor such a supposition.
Ahﬂlough on two different occasions I found a small number of Dutch
Salmon measurin g 700 and 800 millimeters, the large females were, next
to the St. Jacol’s salmon, decidedly in the majority. Mr. Glaser, whose
exI_)erience as an old importer of Dutch salmon gives considerable
Veight to his opinion on this subject, is prepared to corroborate my
View, Until we obtain more exact data regarding the salmon of the
‘OWer Rhine, therefore, I consider it highly probable that many of the
femaleg of the third curve (measuring 800 to 960 millimeters in length)
tad only migrated once before, or even were now visiting the Rhine for

€ first time. Such fish will, of course, grow into the limits of the third
curve at an earlier age, because they escaped the disturbing influence
t:°_ theipr growth) of one or both of the former migrations. What they
8ain thereby will not, however, be sufficient in wany cases. Some of
W 8top at this intermediary stage, and thus the lack of a deep de-
Pression between Curves II and III (making it alinost appear as if the

&I‘p. lines between the two main curves were obliterated by the inter-

Olation of a third and smaller curve) is explained by the supposition
San?uch an immigration which has been retarded onc year. If these
¢ fish immigrate once more, we shall find them in the right lower

Portioy of Curve 111,
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I therefore consider it probable that the spawning period of the
salmon of the second curve (length, without tail, 680 to 790 millimeters)
is for the majority three and for the minority four years later, and with
the salmon of the third curve (from 791 millimeters on), four, five, and
8ix years later than the spawning period of the St. Jacob’s salmon, to
determine the age of which I feel utterly incompetent. On the other
hand, it seems strange that everything comes to an abrupt close with
this powerful third curve and its steep slopes. Females of exception-
ally heavy weight, weighing more than 12 kilograms (during the spawn-
ing period), are very rare. I consider this as a proof of the truth of the
assertion that the salmon fisheries certainly interfere with the keeping
up of the species. I believe that but very few of those female salmon
which have not gone through a spawning period as St. Jacob’s salmon
. 8pawn three times during their lives. The circumstance that most fish
do not participate in every spawning period to which their age would en-
title them is perhaps the only cause which has saved the salmon fisheries in
the Rhine from complete decadence, and which has kept the average
weight of the Basel Rhine salmon at about 8 kilograms.

In reviewing this whole subject I feel compelled to warn people not
to apply the experiences gained in other rivers to the Rhine salmon, and
vice versa. Among many imported river salmon (with empty intestines)
which I had occasion to observe in the course of many years, and which,
according to Mr. Glaser’s statement, came partly from the Oder and
partly from the Elbe, the fish of the second curve were decidedly in the
majority ; and this could hardly have been brought about by the char-
acter of the orders for these fish. The Swedish salmon, on the other
hand, were very much mixed, and among them I found more exception-
ally large fish, weighing 16 to 21 kilograms, than among any other kind.

The habits of migrativn, therefore, seem to vary in the different riversy
perhaps according to the length of the route traveled and the extent
of distribution in the sew within which certain kinds are found.

From what is known relative to the salmon fisheries of Scotland and
Norway, the habits of life of the fish, even, seem to vary. Very prob-
ably the flesh does in all cases furnish building material for the ovarium
but doubtless in greatly varying degree.

WINTER SALMON.

After the curves, showing the length of the fish, have led us to the
view that the conditions of migration of the Rhine salmon can shoW
various exceptions from the general rule (supposing, of course, that any
such rule can be laid down), we'shall feel justified in using this circum
stance in explanation of various striking phenomena. The appearanc®
of the so-called winter salmon has always been congidered as a. mys
terious problem in the biology of the salmon. These winter salmqn_
immigrate from the sea simultaneously with the last spawning salmoD
.from September on, in small numbers (Dutch market reports), and fron
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October on in larger nummbers, and are nearly every year caughtin small
Dumbers near Basel in November ; they are tat fish, with red flesh, and
Tetch 2} to 3 times as high a price as the spawning salmon. These fish,
With their diminutive testicles and ovaria, have by many people been
Considered as a sort of barren variety of the salmon. * But I have said
1)ef01‘e, that already during the first spring months, March and April,
When the salmon increase innumber), the ovaria increase arithmetically
slow, but in a very considerable geometrical progression, until the large
S¢hools of summer salmon, which appear from May till July, show them-
Selves as the undoubted candidates of the next spawning season. Soon,
OWever, no former winter salmon can be distinguished from the sum-
ey 8almon, at least not by any less development of the sexual organs.
Wwe observe these winter salmon closer—from November to March-—
%6 are first of all struck with the fact that, with few exceptions, they
are very large fish, belonging as to length to the fish of maximum length,
‘204 {0 the gecond half of the third curve (length exceeding 860 milli-
meters)- Also the Dutch fish—January and beginning of March—of
Which I have measurements, were, with few exceptions, within the same
its of size (861 to 970).* Among 99 Rhine salmon, the sex of most
°f which had not been determined (there being no decided difference of
Doge between males and females), from the months of January to March,
1878 ¢4 1880, only five measured between 835 and 860 millimeters, whilst
All the others measured more (as much as 975, and one even 990 milli-
mebers); whilst during May and June, 1878 (just as in 1879), the salmon
of the Second curve came in large numbers, the St. Jacob’s salmon mak-
8 their appearance from July on.
Y comparing nine winter salmon, which (by opening them) have’
bffen found to be females, and which are all of one and the same size,
the highest average weight (of & group) of the next division or
g‘roup, comprising salmon of the same size, I found (although there are
th “ourse slight differences of shape) an excess of average weight over
ore Summer salmon (June, July, and Auvgust) amounting to 990 grams,
10 t0 11 per cent.
hat this cannot merely be ascribed to differences.of “shape,” but to
thea'CCUmula.tion of reserve matter will be seen by a determination of
Bty mu&ples of the pectoral fin of a Basel female salmon, made on the
o thApnl’.Whi ch show these muscles to weigh 3.06 per cent. of the weight
o S entire body (these same muscles in a Dutch salmon. of March 18,
theg:,upg very nearly the same, viz, 3.03 per cent.), whilst (‘>therwise
ver allght of these same muscles in eight Basel salpon (excepting, how-
' H08 strange tigh caught August 1, 1879)t varied between 3.3¢ and

hd i
ua.h:: Bigher Prices are paid in the Dutch markets for large salmon than for small
can hn’ Wwhile in the Basol market there is no such difference, no mercantile interests
?Co:6 ¢ome into play. .
80y 8!‘&:11, this figh (length 940 millimeters, entire weight 11,130, and weight of ovarinm

migmitod?o};e]a:’; ’individuul which was intended for a winter salmon, but which im-
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3.56 per cent. And still the great increase of the salmon fisheries in
Holland during March and April, and near Basel from May to July,
shows, without a doubt, that among the July and August salmon there
must be many new immigrants, which is also indicated by the differ-
ences in the degree of maturity.

TABLE XIV.—Female winter salmon from the Rhine, near Basel.

a0
JE 28 &
= 3D g
3 ) k8 =
3 B | sgs | B
e @ E"E.«: g
Date. = & 558 -
£ os | B d
a - -]
) ® | £%8 g
a K - |
i - o] =}
Rl
December 10, 1877 875 | 10,200 9,100 1, Olg
January 80, 1878 ......veeennes 878 | 11,200 9,190 2,01
November 9, 1879. .. . 907 { 11,210 | 10,233 9”"50
November 16, 1870.. 870 | 10,140 9,190 9
November 25, 1870. . . €88 | 10,880 0,700 1,000
March 13, 1880........... 885 | . 10,300 9,700 530
March 20, 1880... 884 , 820 9,190 445
March 20, 1880. .. 807 | 10,000 | 10,044 %
April 5,1880. ...._......... 885 | 10,050 9, 100 1.8/
‘ Averago difference. .......oooiiiiitiiiiiiiiiiiiiiae. AR PO PN I .......... l o0
i

In other words, the winter salmon and the early spring salmon are fish
whicl, to begin with, have brought a larger amount of fat from the st
than the summer salmon. They need not, therefore, as Barfurth thinks
return to the sea, but their condition permits them to starve half a year
longer. In view of these differences, the similarity (as to leanness
of the spawning salmon is very singular, as is (ignoring the rare late
comers) the relative constant difference between the amount of albume?
and fat as compared with the greatly varying differences of the sut®
mer salmon. The lowest figures correspond to those fish which have al
ready spawned, and which in consequence begin to grow lean very
rapidly. I therefore agree with Barfurth that a certain degree of em®’
ciation is, from causes regarding which we can as yet hardly venture &
supposition, in both sexes a necessary, or at least profitable or favorablé
condition of the complete development of the sexual organs, or of the
act of copulation. And the different conditions of migration aim 8
reaching a comparatively normal spawning condition at the right tif"e’
and at the same time for all fish, no matter from what different poi?
they have started in the race for life. The fat fish, therefore, a8 &
general rule, immigrate earliecr than the lean fish.

As the causes, to which the constantly recurring typical (1*11’1'01‘611""’"5
of natural phenomena may be traced, become simpler as the sta,tis’ﬁl"”’_
data, which show thewn, become numerically larger, I consider the aife” .
ent length of the fattening-period, viz, of the scjourn in the sea, 88 f’
simplest cause of the varying quantity of fat found in the immigmtlng
salmon,
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) The winter salmon are, in my opinion, therefore, fish which have been
0 the sea for alonger period of time, compared with the majority of their
future companions in spawning, either—

(1.) By having skipped the entire spawning period by a period of
Wore than one year; or, '

(2.) By letting one more years intervene between two spawning peri-
ods.  Possibly both cases oceur.

The fish have thereby become longer than the majority of their future
Companions in spawning; they consequently belong to the right half of
the third curve (showing size), but they have also becowe fatter, and
therefore immigrate earlier, in order to reach their normal spawuning
Condition, The gain in time which they have made is divided into an
Increaging and a decreasing phase, whereby they again reach the level
Of the rest.*

There may also be smaller fish, which go through the same course,
becausq during the normal period they had an opportunity to fatten to
an extraordinary degree. It is also possible that some fish which, as to
age, correspond to the winter salmon,t on account of not having ready
Access to suitable food, join the later immigrants.

In reviewing this whole question one should not be led astray by dif-

Srencs of shape, which may occasion great differences of weightin fish
0se length is the same. I would therefore recommend not only an
Malysig of the flesh of the body, but more especially the proportion of
© Inuscles of the peth)ral fins to the weight of the body, as a standard
f)'dWhich to measure the amount of reserve substance contained in the
Y.
It will also appear from the above remarks that it would be a mistake
determine the emaciation by two series of data showing the weights
° Sh at any two periods differing about two months. The influence
stiugrea't masses of salmon coming in July would disarrange the curve
inthmore’ if the new immigrants were not gomewhat l.ea,ner to begin
to th. We therefore (possibly) owe the plausible result, in part atf least,
i dd? fact that various mistakes neutralize each other. Not till the
i € 01‘. end of July, when from other causes I must consider the
closégratlon of females into.our waters as almost ﬁni.shed, can. I pa.y
ig Onf a_ttention to the figures indicating emaciation; in my opinion it
<om Y from that time that the actual change of substance (Stoffwechsel)
Menceg,
' Winttave finally to direct attention to a sort of cou.nf:el.‘pa,rt of the fat
sﬂhnor Salmon. In reviewing the six groups (or divisions) of female
n,. each containing fish of equal length, considerable variations

of

-

8o : -
Vaaionu;e ex“{eptﬂonally lean spring salmon had fallen off very much owing to an in-

the fing : lee(}h“? they had gatherings in various parts of the body, and the rays of
23 Proof 5 Pegun to fester. Not everylean spring salmon can, therefore, be adduced

tOn ﬂf“lnst the truth of my view. , K
*he rayg o f°3° muscles which form the bones of the extremities extend to the basis of
the fing. ’

8. Mis. 2930
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must be looked upon as perfectly natural, but in some groups (not till
July, however) some individuals attract attention by their exception-
ally small weight, whilst there is no difference of length. Such fish,
(some of which I myself have seen) occur only in isolated instances,
one or two being found in a group, and they differ from the next small-
est by 500 to 1,000 grams. Wo cvidently have here extremes not pro-
duced by natural causes, but by some extraordinary cause. I have
sometimes thought that these fish are possibly the counterparts of the
winter salmon—impatient fish, which, after their return to the sed,
do not skip the spawning perjod, but wbich immigrate as early as the
summer of the same year, though their quantity of substance is as yeb
incomplete. Against this, however, speaks the very small weight of
the pectoral fins (3.26 per cent. of the body) in a November salmon "
which I examined. If, moreover, we take those fish from all groups
which differ very considerably from the average weight, and place thetd
in groups, each varying from the other by 100 grams, we find no tend-
ency whatever in these figures to form an independent curve; they aré
and remain scastered and disconnected figures. I thereforeconsider iv
probable, at least for the present, that these are pathological cases—
fish which, during an invasion of leeches (much feared in early sum-
mer, especially when the water is low), or owing to some disease, hav®
lost some of their substance. Supposing this to be the case, I have
excluded these scattered figures from the calgulation of the averages-
Their number is very small (about 15 among 470).

The emaciation of the Rhine salmon in fresh water, which is really
the main point of our entire investigation, has now been viewed by us
from two standpoints, viz, as self-consumption, in its relation to the
length of the starving condition, and as a yielding of substance for the
building up of the ovarium. Both these processes require albumen &lfd
fat; both draw albumen and. fat from the muscle of the trunk, which B
March salmon, and even in winter (December) salmon, shows distinc®
traces of fatty degeneration. But whilst the self-consumption ases
much fat, but very little albumen, as is shown conclusively by a cott”
parison of the spring salmon with the midsummmer salmon, the growi“g
demand of the ovarium for substance makes considerable inroads 0%
the albumen of the wmuscle of the trunk in a progression which i8 no®
quite regular, and has the same effect as a wasting disease, no matte’
whether there is much fat or not. Where, therefore, are we to look for
the analogy, and where for the difference of these two processes ¥

The solution of this problem is, in my opinion, found in the condi
of the wmusecles of the fins and of the head, regarding which I haveé ot
merous data, showing weights and quantities of albumen; these mus
cles but rarely share in the fatty degeneration, and they decrease
little, if any, in weight and albumen. What can be the ciuse? j
it cannot be a so-called “morphological cause” (which, to me, is 88 er
tirely vague idea, though some other people‘'may be able to fathom it) 1%

tion
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clearlysshown by the circumstance that the muscles of the ventral fins,
Which most assuredly are not homologous with the muscles of the trunk,
form an exception to the rule. The muscles of the ventral fing degeu-
€rate in a moderate degree; and, though they show a marked decrease
of albumen, it is by no means as striking as that of the muscles of the
trunk,

At first sight one would feel inclined to think of the nerves on which

¢ condition of the muscles dopends to a large degree. But in vain
Jave I sought for degencrated nervous fibers; and, moreover, how can
16 bo possible that primitive bundles, some-of which are greatly and
Others byt little or not at all degenerated, should be found close to-
Sether, as—considering the very small number of nerve-fibers entering .

Tom the spinal marrow—Ilarge masses of muscle are supplied by
Dranches of primitive fiber?

. It therefore seems necessary to turn in another direction for the de-
Sireq explanation. In soaking portions of different muscles of a salmon
(Whicp have been carefully weighed), such as those of the peetoral, ven-
tra,l, dorsal, and anal fius, and those of the tail and the tongue, in equal
q‘lantities of water, wo find—as the result of numberless experiments—

b, without exception, the muscle of the trunk produces the extract

AVing the least color of blood. Next to it comes the ventral fin, whilst

© reddest extract, often possessing a threefold coloring power, is pro-

Ucedfrom the pectoral fin.* The same result ig obtained with sea sal-

0, whose trunk muscle shows no signs of degeneration. It is the ox-

Tession of the varying wealth of blood-vessels, which is also noticed in
I)reDi:lI‘ing fish. . v

.AS the fish in question is a starving fish, the blood cannot be con-

‘dereq g4 5 food-giving liquid, but can only come into play in as far

S 1t ig of importance for breathing.

€re the aceepted axioms of physiology leave us in the lurch. When-
iVer .it Wwas reported that the organs of a famishing animal figcreased ?n
t}‘:‘r)‘mg degrees, these were principally supposed t‘o be differences in
Ofe self-consumpt,ion of the organs. In view of this, the grand cffort
the Rhine salmon—the building-up of its ovarium from the muscle

lo Y€ trunl, will hardly be considered by any one as an isolated bio-

Slcal curiosity. Iissentially analogous occurrences probably take place
w dousa.nd times under circumstances which are far more difficult to
Wit }frsband. In my opinion the experience which we have gathered
of thmga-rd to the Rhine salmon is destined to extend our knowle(.lge
anothee;lefpendence of t-h(? lit.'e of .tho ce}ls on c‘ax'tl;z]rna;n(,;;wu;e:l,] by ad;lix:ng
Dortang 1;:‘1'1sdgtl‘nental principle, 113 w"h}ch, posmi 1y, of the mf)s

nature as to the formation of portions of the animal body
2y lie concealed.
ere iga, period in the life of the cells of active animal tissue in

.
T " . . NN
°0nta1;f\ :ﬂusc]c of the skin cannot be considered in this connection, because its fibers

® coloring matter of blood.
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which this tissue decreases in quantity, not only by self-disintegration,
but by protoplasm (organized albumen), being transformed to not or-
ganized, soluble albumen, which is absorbed by the juices of the body
(‘liquidation’). .

The same tissue may to-morrow absorb, under different circumstances,
the same substances which it has given up to day, and grow at their
expense.

The conditions of the giving up of albumen are insufficient breathing, in-
sufficient in proportion to the energy displayed in the dividing processes
(Spaltungs-vorgiinge), and, more than anything else, an insufficient sup-
ply of oxygen; this supply must not, however, go below a certain mini-
mum for any length of time* If this is not the case, the decrease con-
tinues until the equilibrium has again been restored between the de-
mand of the decreased quantity of tissue and the conditions of breathing:

The conditions of growth and absorption of substances are, amongs®
the rest, an ample supply of oxygen and the proper evacuation of the
products of disintegration. :

Tho substance which is formed is, besides salts containing phosphori¢
acid, principally albumen, for I have never found pepton either it
the muscle of the trunk or in the blood of the summer or autumn sal-
mon; whilst I have found in the serum of the blood more globuline thatt
could in any way be supposed to come from the colorless blood-particles:
This albumen may play the same part in the organism as the albumen
contained in food which is absorbed by the intestines, Wherever the
conditions favor disintegration it becomes disintegrated, and wherever
the conditions favor new formation it forms new tissue.

The former (disiutegration) is more frequent in male salmon, especially
late in summer and in autumn, when the products of disintegratiod
(protamine, guanine, sarkine) gather in considerable quantities in tbe
seminal ducts.

The latter (formation), i. e., the economical use of albumen from the
muscle of the trunk for building a new organ, is more frequent in femal®
salmon, as their absolutely necessary consumption of albumen is very
small. )

We, therefore, have here ‘“stock-albumen,” as Voit terms it, contal!’
ing substances which became disintegrated, if there are no organs whi¢
quickly absorb them and draw them away from the current of juice®
I have always favored the distinction which Voit makes in this respe"t"
It only became open to objection when, more through Voit’s pupils thas
through himself, they became unnecessarily mixed with rude me,ch&nic’.’”
hypothesis, relative to the ¢ current of juices rushing through the cellsy
&e. Whenever this ‘“stock-albumen” becomes rapidly disintegr@

*The insufficient evacuation of carbonic acid or of other products may possibh_' L
one of the principal causes of sndden death. Tissues with strongly alkalino reactio?
such as the immature testicles of the Rhine salmon, can at certain periods stal
extraordinary loss of blood, which continues for some time a8 o norwmal phononlonou'
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Ve cannot tell whether this process takes place in the liver or in the
¢olorless blood-particles. It is not at all necessary that the bulk of it
Shoulg circulate through the blood, if only it is capable, when required,
of bEiDg rapidly absorbed by the blood, like the ¢ glycogen” of the liver
Or the fat ot the fatty tissue. However this may be, there is in the body,
ndependent, of nutrition, a certain quantity of albumen which, owing
0 the locality where it is found, becomes quickly disintegrated, unless
€re are organs which rapidly assimilate and, so to speak, saveit. Simi-
4T in its course to nutrition is the “liquidation” of a large organ con-
Aing plenty of albumen, if this process can be carried on in such a
8nner ag not to affect the vegetative functions of the heart, nerves,
breathing apparatus.
I_n the salmon, therefore, it is not only the growing sexual glands
Ich derive advantage from “liquidation” of the muscle of the trunk,
Ut even the gristle of the nose grows, large wounds become cicatrized
30d a]) tpe muscles of the fins which are necessary for moderate motion
Proper steering decrease hardly at all; they seem to live on sub-
0ces from the muscle of the trunk. In short, apart from the muscle
he trunk, the fish lives like an animal which is scantily fed. The
fause of this is that it has in its body genuine “stock-albumen.”
And still we canuot speak of it as of a ¢ reserve substance,” for there is -
© muscle of the trunk hardly any intermediate tissue. It is the
su t3:ble and contractile fibril of the muscle which, from its protoplasm,
tispl)lles substance. It is not a falling to pieces of entire elements of
m SUe ang an absorption of their broken remnants, but the fibers of the
p lls?le remain alive. With the exception of a few places (the convex
tion of the tail-part of the vertebral column) I have, even in cases
cleeg‘e degeneration had far advanced, never found entirely empty mus-
the | ers. Nor have I ever found in large sea-salmon—even when, by
ine Chgth of their nose, or by the ovarium, they showed traces of hav-
fop recently passed through a spawning period—any signs of the new
Dle’:;atlon of entire muscle fibers. Perhaps not & single fibril is com-
1y assimilated with the muscle of the trunk.
0 not think it has been proved beyond a doubt that the fatty
o n_el‘ation and the ‘liquidation” of an organ always go together,
Witll: 1f, according to the weight of the fins, this seems to be the case
the Rhine salmon.
Sty e. may well agk here: What is the principal cause which, when the

af, Ing period commences, compels the muscle of the trunk to act as
Ceder ¢

0xcj

Sge

thatam here reminded of the technical rule laid down by physiologists,
T0gs should be fed on meat if the circulation throu gh their various

org
pegans Was to be clearly demonstrated. What is the faint pulse of sick
Ople

bug g » BCompanied by serious disturbances of the process of nutrition,
VGSSeixls IIll)d‘c&tion that, insufficiently elastic, owing to the tension of the
)

ut little blood flows into the heart before every pulsation, and
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is expelled by contraction, so that the entire quantity of blood requires
a longer time to pass through the heart?

I am, therefore, of opinion that when the starving period commences;
circulation first of all becomes less energetic, and continues in this
course until in some organ or other, owing to insufficient respiration 0
the tissues, a state of ¢liquidation” is produced. As soon as vitel
organs are attacked in this way, death takes place. But if there is &
solid organ which does not contain many vessels, but is rich in albumen’ .
and may, comparatively speaking, be easily spared, it serves as 8
feeder, first of all to the vegetative central organs, and in the second
place to the rest of the body, thus making it possible to maintain life:
Besides the innate encrgy of the dividing processes, which is depend-
cnt on the temperature, conditions like the ones described above areé
in my opinion, mainly instrumental in imparting to animals the greatly
varying ability to stand hunger. )

Such nutrition, however, must never reach a degree which would
again render the energy of circulation normal, for in that case the stat®
of “liquidation” would come to an end, and the food-supplying source
would cease.

We thus find in the spring salmon, and more especially interpers'-’td
'with the thin musele fibers, rows of fine grains of fat, until in the early
part of summer the growth of the ovarium in geometrical progressio?
leads to a positive monthly consumption of substance, the demands 0
which, in addition to the self-consumption proper, become very urgeﬂf"
If indications do not deceive, the swelling of the spleen, the extension 0
its arteries, the filling up of its net-work with blood, are powerful aids_
in causing the pressure of the blood to sink furtber, of increasing the
state of “liquidation,” and extending it to a constantly-growing number
of musele fibers, ¢ven such as are in a relatively favorable position wit.
regard to the blood-vessels. At the time, therefore, when the monthly
growth of the ovarium hasrisen from the thousandths to the hundredth®
per cent. of the weight of the body—from the middle of June till the
¢nd of July—we notice that the filling up with grains of fat becom
more intense, some of the fibers becoming almost opaque; and we 8
those black, shining, jelly-like spleen, resembling large clots of blood:
which cause a decreased circulation of blood, less abundant in blo
particles.

Meanwhile the ovarium is growing steadily, and the capillary nets
the follicle, numbering 10,000 to 20,000, begin tomalkesuch an abunda?
collateral blood-channel that its influence on the pressure of the blo0
renders the spleen superfluous. We thus see the spleen gradually dimi?”
ish again, beginning in August, and remain at its minimum gize 10
September till the spawning period. The ovarium, owing to its chané’
ing quantity of blood, is now able to regulate the intensity of the pro
of “liquidation.” This seeming change of the phenomena, however
this rule in common, that, in some way or other, the pressure of b10O

of
t
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8inks til] the consumption of,matter and the loss of matter are equalized,
Still leaving something for self-consumption.

Sometimes, however, circulation sinks very low, like fish which in spring
have been entirely sucked out by leeches. Some salnton show shortly
before and during the spawning period small and large alcers, with lim-

erundermined bands and adhesive yellow scabs, at the bottom of which
II.luscles; and bones are laid bare. Such ulcers are not only, as in former
mes, found back of the lower jaw (where they may have been caused
¢ lf constant rubbing against rocks or stones), but more particularly at
© basis of the rays of the fins, at the tail, and sometimes on the oper-
f:t‘luln- Sometimes an entire ray becomes gangrened and falls off. In
her parts of the body, especially on the jaws, there may be seen raised,
zgno“", opaque spots, void of blood, which are probably the forerunners
th t}le uleers. Tfish in this condition are positively sick, and the epi-
ceehum’ gradually tearing to shreds, indicating a disturbance of its pro-
is:s of nutrition, may .well be compared to the tongue of a patient who
ish ery low with a fever. The flesh of the trunk is entirely opaque, whit-

» and full of“little grains of fat. Lven tho heart, which has long re-
g:“_“ed intact, shows in many cases numberless fibers filled with little
inams of fat, and to the naked eye shows a brownish color, whilst the

Ber layers of its flesh are quite tender.
the at a fliﬁ'erent appearance is presented by fish which have passed

R 8pawning period ten days, or, better still, some weelks (empty female
o n’ F&tht at the end of December or in January; but also one speci-
on rom Mr. Glaser’s fish-boxes, which certainly had lost its eggs not
theglflr than ten days ago). The skin is again bluish, clear, and shining;
ent cers have become cicatrized or are healing; the flesh is transpar-
hea’r;’ntll‘ely or pem-]y free from gra-iqs of fz}t; even the ﬁb‘ers of the
of foq, (21“‘0 b?glnnlng to be purified, and in the mtcst,mes.thex:e is no tra,fze
2 Serg + The ovarium contains more or less eggs, which, 1mbedded. in
skin 1;18 and occasionally somewhat suppurated sccretion of the folh(?le
ther,e ? rivel in.the most manitest manner, angl become absorbed. It is,

urnore’ a sort of mutrition, as it were—a little pocket-mopey.for the
aserily voyage. The greatest importance, however, I am inclined to
channglto the pale, shriveled-up follicle skins. The collateral blood-
Sely) 'ls‘ of the ovarium have become closed (by contraction of the ves-
i)e he salmon resembles a patient who, after Esmarch’s bandage
“il'(mla:n Placed on his log, has bad that linb amputated. Its blood
'S“Dplie:s within narrower lilI.]itS, thereforewith a hlg.her pressure, and
the eir(}uzlb Sr.naller q.uantlt'y of substance than ever before with oxygen;

o trunka,tlon. again satisfies all demands upon it, and the muscle of
©xtractg again becomes normal. But the difference of color of the
ang g, With waterz DLetween the greatly reduc:,ed muscle of the trunk
alurmingImUScles of t?he fins which have remained intact, has become
tritive mftsma;ll. Vital organs are now attacked, and what little nu-

ter is farnished by the ovarium is partly consumed by the
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convalescent muscle of the trunk. To all appearances hunger, in its
most threatening aspect, does not make itself felt till this time, and com-
pels the fish to enter upon its return trip. These late travelers, on their
return to the sea, often show little knots in the spleen again, sometimes
even considerable swellings. We know now what this means; some
organic albumen has to be ¢liquidated.”

Mr. Glaser is inclined to consider the period of this return journey
as very short (shorter than I have estimated it), because these fish, ib
their haste, dash against the sand-banks near Ste in, and there rup
aground, which at other times does not occur. We must also remem-
ber that nearly the same weight of fin-muscles has to move a mucb
smaller mass of body, and, what is also in its favor, down the stream.

As regards the male fish, the spleen, owing to their greater self-con-
sumption, seems to be drawn upon as early as May and June, when not
much weight can be attached to the increase of the testicles. During
the summer, and up to September, there are many changes; we some-
times find small, and at other times average-sized spleen, with variou#
intermediate sizes, as it seems to me, in some way corresponding t0
the varying quantity of blood in the sexual glands; but my investi-
gations of this matter are not far enough advanced to lay down any cer-
tain rule regarding it. It seems somewhat singular, especially when wo
compare with it the striking regularity of this change from small 0
large spleen in the female fish ; which regularity remains the same, n0
matter whether some of the female fish are more belated than others:
Could varying conditions of sexual excitement have an influence 0B
the consumption of matter? One thing, however, is certain: in Oct0-
ber, generally early in the month, we find as a rulelarge (and the ]argest)
spleen. All the maximum weights (as high as 0.86 per cent. of the
weight of the body, or sixteen times the smallest weight observed iP
males) belong to this period. During the spawning period the weight
of the spleen again decreases gradually.

The maturing of the sexual gland of the male fish does not require 88
large quantities of albumen and fat as the ovaruim +f the females, bub
as far as my experience goes,* the sexual gland needs all the more
phosphoric acid salts to form the various substances of the semen whieh
contain phosphorus. Taking the weight of the mature testicles asb per
cent. of the weight of the body, with 25 per cent. dry substance of 113
per cent. phosphoric acid,t we find that the growing testicles must tf{ke
away from the blood 0.141 per cent. phosphoric acid; a larger quantl
than is contained in one-half of the mature ovarium of a female fislt ¢
equal size, Why should not the hunger for phosphorus with the male
fish produce similar effects as the hunger for albumen with the female

0
* Dio spermatozoen ciniger Wirbelthiere (The spermatozoa of some vertebrates), in b

Transactions of the Bascl Society of Natural History, vol. vi, part 1, p. 147.
t The same work. '
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This demand can only be met by the *liquidation” of muscle-substance
containing phosphorus. ‘

The falling off and the degeneration of the heart of the females de-
8cribed above I have also occasionally noticed in males, but not nearly
a8 frequently. The purification of the skin, however, and especially the
disappearance of the little grains of fat from the muscle of the trunlk,
I have often met with in a more or less advanced stage. One of the fish
Inade an exception from the rule (as has been mentioned before), and

ad taken food. Though to a less extent, similar conditions may have
to be taken into account, as with the females. I am inclined to lay con-
s.iderable weight, as regards the improvement of the respiration of the
tissue, on the reaction and consequent decrease in the consumption
of oxygen and substance, which certainly follows the strong excitement
of the spawning period.* The low temperature of the months of De-
cember and January, following close upon the spawning period, may
also do its share of the work. It may safely be asserted, moreover,
that when the season of extraordinary excitement is over, the blood-
Vessels of these lean fish have to supply only about two-thirds or even
Only one.half the original quantity of muscle, and that the demand and
Supply of oxygen have become nearly equalized.

. ,The proof of the “liquidation” of organs and the description of the con-
ltions under which this process takes place, which have been furnished
Y the investigations relative to the Rhine salmon, will, I think, very

800n bear fruit on a more extended physiological and pathological field.
any interesting facts are scattered all through the literature of the sal-
on, but they were disjointed, and there seemed to be no proper connec-
On between them, because the important element of ¢ liguidation” was
Wanting; and because whenever there was a question of the dissolution
of deaq elements of tissue, the positive loss of matter by an organ was
ermneously considered identical with a change of matter. 1 will here
Only remind the reader of the intensification of the disintegration of
2lbumen by phosphorus, as shown by J. Bauer,t which fact has been
Corroborateq by the investigations of 0. Frankel.} Bauer attempts an
*Xplanation Dy speaking in a somewhat vague manner of “an equilibrium
®tween organs and juices.” Frankel quotes an attempt at an explana-
Ol by L. Traube, which very correctly lays stress on the difference in

o f'An observation made by Mr. Glaser, about 15 years ago, shows how high the pnsf;ions
. 8¢ fish run during the spawning period. He had placgd o trap contalning a
: m:}e fish in the Rhine, directly above Basel, near to a 8pawning female salmon. A
in tl(: 8almon of medium size, prompted by jealousy, ma.de violent attacks on the fleh
old © trap, and was cought, the iron prongs piercing l‘ns Dbody. But as the trap was
tig 2nd did not worl very well, he succeeded in getting 19050. He returned thr?e
Whi?l,, towever, and tore himself loose as muny.times, until a new trap was set, ;n
wollndg,e was ﬂup,lly caught, his whole body being torn and bleeding from t.wen y
?Z"."'“""iftﬁzr Biologie, vii, viii.
rchow's Aychiv,, 1xvii.
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the disintegration of living and dead albumen, but only supposes that
there is an increased mortification of elements of tissue. How much
easier can these and other phenomena be explained, as soon as we know
for certain that it is not a question of life or death, but only one of dis-
turbance of the equilibrinm of normal conditions of life; and as soon as
we take into consideration the circumstance that even organs like the
obliquely-striped fibers of the muscle, without losing their excitability,
and without—so to speak—making much stir, throw enormous quanti-
ties of albumen into the juices delivering them to disintegrating pro-
cesses, under conditions which can at any time be fulfilled through the
system of the vascular nerves? 1s it certain that the few milligrams of
phosphorus really produce the well-known and extensive fatty degener-
tion by exercising a direct influence on every fiber and cell of a mass of
muscles and glands weighing many kilograms? May not this influence
be exercised by means of the system of vascular nerves, and by a radi-
cal disturbance of the circulation? And, finally, we should seriously
inquire if this same anomaly in the distribution of the blood—caused by
a feverish process and in a nervous way affecting the retention of heat
in the body—does not also produce the state of liquidation of the mus-
cles, the consequent intensified disintegration of the albumen, the di-
minished desire for food, and the consumption, which no feeding can
check.

These hints will sufficiently explain why I have made the conditions
of life of the Rhine salmon the subject of exbaustive investig@ions. We
are here confronted with the strongest and most effectual tendency to
starvation known to physiology; owing to the supremacy exercised by
the mass of one organ over all the rest, we are favored with a clear view
of the internal economy of the substances of the animal body, such a8
we shall rarely find in any of the other apimals which are generally made
the subjects of such experiments. To find such objects as will aid in
solving the different dark problems of life is, in my opinion, the proper
aim of comparative biology.



