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
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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
2| July 1, 1870 2.08 25 .| Sopt. 5, 1878 10. 38
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.| July 2.1 18790 3.82 ‘ 28 ‘ Y s U4 SR | Sept. 30, 1878 16.23
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.






