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On the Biology of some Danish Gammarids

and Mysids.

(Gammarus locusts, MysiS flexuosa, Mysis neglecta, Mysis inermis.)

By

H. Blegvad.
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\1;',15114. In the 0:ybnrg Fjord tile anllual production ma)' be esti!l1~tted at about
10--1:) ~ (rough \\'ci~;J1t) Pl'. sq. Illctre (p. S-t\.

Tile: food is partly detritus and partly fresh plant food Jnd animal food, The
Oalll/lltll'/ls loms/a is casil,\ kept in :1quarium 'x-hen fed \I,'ith the meat of /HytilllS
{'dulis and alg~. It has heell proved that the allimals in thc aquarium eat less
during tile \\'inter tlun dming tile summcr. recding experimcnts kn"c substantiated
that thc ..useful effect", i, c. tile I'cbtioll betwccn tile increascll1cnt in weight of
the gaIllnurids and tile amollllt of food constlmed, \'aries bel\\'een 1/5 and 1/2;

(P, 51).

In comparisoll \\ith :lIlJphipods from other countries. our Oafll/llartlS locus/a
corresponds in refercnce to bio!ogicll conditions nearest \\ith the three American
gatJJ!I1Jrrd species examinee! by [m bod y. It occupies an inkrmediate position between
the AOr\\"t:gian Oafll!1larus jJulex, e:\amined by 0 a III, on the one side, and the
Bavarian Oa/lllllams flulex, examined by Ilaempel, :md the English Oalll111amS

cllt'vreuxi, cX:llnilled by Sextoll f.,: ;\\atthe\\"s, all the other side, All the obser-

vations hitherto made tend to prove tint the temperature is one of the most
important biological factors in the life of tile a!l1phipod; it is the:refore very
probable that a suitable keding and breeding of Oallllllurus IOCllsla in shallow
reservoirs \('ou]d be profitab!e during tile warm time of the year, as this animal
is an excelient food-object for fi~h.

"-------

1\11ysids (Mysida?).

The 1110stfrequent tn)'sids in the Nyborg f"jord are the three species M)'sis
jlexllosa D, f, i\1Clller, Mysis negledll O. O. Sars and Mysis inCrtllis Rathke; less
frequent arc j~lysis I'ulgaris Thompson, Mysi.s spiritus Norm., and MacropsLc;slab-
berl \'. fknedelJ. Imtnediate!y outside the fjord llIysis mixta is found in great
numbers in the deep \\'ater of the Great Belt, \x'here OastrosaCClls spill(ler Goes is
2.150found on the sea bottom. '

In Of'Position to Oammams lvmsta, the life of \\'l1ich is closely related to
~he sea bottom, plants, My/dust stones etc., \\'hile only the younger individu3.ls
e~pecial!y during the night move freely about in the surface of the \vater, the
above rr:entioned species (If m)'sids (excepting perhaps Oaslrosacclls spillifer) are
s\vimming animals a11 their life, and seldom rest for a moment on the leaf of a
Zostem or algzr; if they are pursued, tl1ey try to save themselves like the shrimps
b\' hOj~ping back\x'ards through the water in lon;::- leaps, which they perform by
suddenly drJ \.;-ing the tail i:l ag,linst (he body. \\'l1cn they are not disturbed, they
fiock togeif:<::r in larger or smaller numbers, keeping float almost in the same spot
by means of quick \\;hirling movcments or the peraeopods w'ith their well developed

s
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and re:\I"\\'ardl)'; after the<;e a fc\\' more Ltrger and \\TII-deveJoped, ouh\'ardly
puintin,g spines are foltnd (see' fig. ()). The colour of the hairs on thc 'last pair of
pJcopods of the li\'ing /lcg/ata is a!\\'ays a bright violet, \\'hcreJs the corrcsponding

Inirs of the !7t'.wosa an: 1J1osth' cnlourlcss or on1\' \'ery sJi~'htly coloured. finall\'. . .. ~
'-'

J
"the elongated forill of the body as well as the s]ight pigmcntation, \\'hich is especi-

a]1\- fOllUd Jl1longst thc younger individuals, oiten :lffords :l good distinction mark
for flcxllosa in opposition to the sltort and strongly piglncnted Illglcda. By means
of these distinction marks I ha\'l~ been cn;lb!cd to deterll1ine nearly tile whole
makriJI re1ating to the II1)'sicb; only in a fc\\' single cases (see the tables of
measurements for June 25th amI July 3rJ 1(17), which referred to newly hatched
young. have I becH obliged to gi\'e up sep:trating the 2 species.

The investigations of the biology of the three NJ'sL'I-species may, as in the
case of Oa1lllllarus lomsta, bc di\idcd into l11eJsurcment investigations, aquarium
observations an~ invcstigatiolls relating to the size of production.

- ---

Nleasurenlent Investigations.

The investig'atcd. nwtcrial originatcs partly and most essentially from the
Nyborg f"'jord, and p:!rlly froIll other places in Denmark, being coIJected in the
course of the years 1916--19, The measurements are taken from the front edge
of the eyes to the point of the last pair of plcopods. Of 9025 JHysis i/lcrmis col-
lected from the r\yborg Fjord, 2S measuremcnts \\'ere made, and of 19-12 individ-
uals gathered from different places outside i\yborg fjord, 12 measurements \\'ere
made. As it \\'as observed that the conditions altered very littlc from the one year
to the next \\'ithin the same season, and that they \\'cre about the samc in the
Nyborg r:jord as outside it, only 15 of the most complete and representative mea-
surellients from Nyborg fjord of the h\'o years 1917-- is are given in table 3 at
the end of this book, these se1cdcd measurements giving a sufficiently clear picture
of the changes, \\'l1ich in the course of the var.\'ing seasons take place in the size
of the'individuals and the com position of the stock. For the same reason table 4
includes only 16 of the 28 measurements {of 7310 individuals) \'i'hich wcre taken
of ,Hysis jlexllosa collected from the t\yborg Fjord, :'tlld table ,5 only 15 of the 27
measurements (of 51,15 individua1s) taken 0]] the Alysis Ilcg/ecta from the Nyborg

fjord" The column" '5 II comrrises all the individuals with distinctly elongated
pleopods of the -lth pair, e\'Cn if they had not reached their ful1length. The column
)) ~ with eggs or youngll comprises :dl the females, which carry eggs or young in

their incubatory pouch, while the column" Q \vithout eggs or youngll comprises a11
the other Q Q, as \\cll those with sma11 unde\"eloped incubatory lamella: as spent
fenuIes '\i"ith large cmpty incuLJatory lamella'. In the column "Youngll al1 the young
indi\'iduals, the sex of which it has not been possibJe to determine by means of
exterior distinctiol1 marks, even \\'hen seen through a binocular microscope, are gathered,

As it soon became appar,.:;nt that fishing at one or more certain places was
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less than 2/1 nlln since i\pril. On JUlie 25th fig, 7 5110\\'5 that a great number of
young have 110\\' been hatched; the YOllng fortl1 a group distinctly separated from
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Fig. 7. Measurements of Mysis inermis.
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There is ('()!jtinu:rilv ,1 \"Cry LlI.,~:cgroup ()I ynllng- \\'hidl CO:11j)rlSeS110 less than
SS ",-, of the \\ 11O!c 111Jteri:11.

On Octoher 10:11--F):11 the 1)J'(~('dilJ~~Ill.rind is nearl~' Jt :111end) only -1-%

of the stock h"'ing hccJillr~ '. ~, :-:!1dIJCJi"I\":1:1of th:sc h:nc ~'oung - not eggs -
in tileir illCIlhatory P8ucl1cS. The it\\" C,' \,"i:iIollt eggs are 5pent indi\"iduJ]s \\"ith
!~rge, str.1ngel~ co!L1l'sed incul)Jtur.\- );IIneJLr; neither these Ilnr the (c: carrying
young ha\"c dt\'e]OjlCd e~!;~s ill their 0\"arie5. The increa5e in the J\'crage size of
U:e stock as a \,"hole SIIO\\~ :dsu tInt pr::diclily no nwrc YOllng arc produced.
Strange enough a sillgle breeding; l11C;I:-::1ring13 Tnm, :dld which undoubtcdly
belongs to the' \1 inter-stock hZlS been fuund 50 late in the year,

In the s:l1l1p!e of l\ovel11ber 1()l7 no Illore breedil1~~ ~:;; are to be found.
TIle ttverage size of the slock has increased \\ ith 1 II11II, ::md the young form no
less than 92 "°. of tIle entire stock; ncar!:" all the-' ~:' Ilwc only undeveloped
j~leopods of the -Hh pair, and the few c: l~ \\j!!wut eggs have .111small incubatory
brnella~.

In De ce III be r conditions \\"ere aboul urulkred. The stock as a \\hole has
110t increased perceptibly ill length; there a..c, ho\\'e\'er, comparatively fe\\' YOllng,
because the lugest individuals can now be determined as to sex, though they are
stiil far from fll!!Y den:Joped.

Tile sample from JanuJ.ry 1918 (see tal~le -1), in \\"!lich still IIIare individuals

- especially~;':~: --- could be determined in reference to sex, forms a transition
to the condition in February already described. iHysis ini'rll/is does thus not breed
throughout the winter.

As mentioned above the !11C.1sureI11cl1tsJ1lJde in the Olher years of 1916 1919
ir:dicate that the conditi01lS described for :l sir!g1e year are repeated from year to
year in the l\yborg fjord. ,\1e:lsuremcnts fronl other places than the !\"yborg Fjord
(different places in the Limfjord, the Kertcnlil1de Fjord, S\"cndborg Sound) show
too that the conditions arc the S:lme evcry'"\.h:rc in all the inn:stigated \x"aters. The
only difference islithat /Hysis illi:rmis becomcs :lbout :2 nun longer in the Limfjord
[:l~n in I\yborg fjord; thus the figures repr\:senting females \\'ith eggs in a mea-

surement from Sundby Ilage by Aa1borg on July :2f1th 1916, formed a fine t\\'o-

crested curve \\ ith maxima 2t 12 111m and 15 nun, there being at this time breeding
~~.; of the surillller-stock (aHrage size :ibr. 1:2 111111)as \x"ellas of the \\'inter-3tock
(:l':erage size abt. 15 111m).

The results of the measurelllent iIl\e.:;~is~:ltionsare shortly the foJlO\\"ing:
Mysis illemzis is at the hi~hest annu:d, heGlUSE the \\"intered stock dies off

e':ery year during the months JU]Y-r\ligl:S~. The breeding period lasts from
late April unti! I:1te Octoher, t1!C \\"inter-s:cck breeding from late April until it
gradually dies off, the SUJll!1ler-stnck breeciing- from the beginning of July until late
October. Tile period of incubation fa; l;le broods hatched early in the year is
abo~it 1 month, 'the first YOling appe:lril1g ,-:~'Olltthe end of ,\1ay, It was evident
from lhe brge Q\"arial eggs tiL'lt each "~ \'::s :~ble to breed severa! times, the
l.?S"gs beii1g Illo;t promilie;lt \\'jth the c; .~ IL:~.c~1rricd young in a very advanced stage
or dc\'elopment in tht:ir incub;::ory pouches. .\3 :0 the grO\\II! the measurement curves
3\10\\ tInt the .~:;: are I;:rger cvcry\.:here (i. e. they grO\\" quicker) th8.11 the-5 c" and
furthermore tInt the growth proceec.1s sI0\\:.:. during the \\inter than during the war-

.~
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mer part of the yeJr. Fig,7 sho\\'s tJLlt the J\'er;1~e size of the stock during the \\illter-
season -- from tl](' middle of Octoher till the t!Jidd1e of ..\pri! -- only increased \vitl!
21,;1111111,whereas in the course or tile fo!lo\\'ing ~ liJOnt1Js - .\priI1..fth tiJl June 4th --

it incrc.1seu \x'ith I1C;lrly the SJ11I~>1\'i/, ~,I~ 111In, It is difficult to calcl11:lte the grO\\'th of
the youllg durin.Q' the summer. as nc\\' young contirltlaJly appear; but as it may be
asslll11ed that the t.1rJicst born young are to be sought among the largest individuals of
the sttIJlmer-stock, it apl'ears from fig, 7 that the yotlng born in bte .\by h.1\'e rea-
ched 011June 2jth or in the course of :thout :t month, a lenfc,rth of S 111m; as they were
2 U1m in length \\'!Jrn born they h1\'c t!n!s during this time grO\\'11 aJtogether 6 I1l1n;
011 July 3rd the l:1rgest indi\'idlla!s \x'Cre fully developed, and the C;"9 nnturcd at
a length of 11 tI1l11, the;":; at 9 mm, The first-horn young of the summer-stock
reach tln!s maturity in the courSt' of hardly }I

~ months.

There sti]1 relllains, ho\\e\'t?r, the questiolls regarding gro\x'th of the latest-born
young, the number or gencrations, ho\\' mJny timcs each c; can breed, the dura-
tion of the period of incubatioil in the summer time, and final!y \x'hether the breeding
individuals of the summer-stock after \\'intering can again breed the fo!1o\x'ing spring,
These questions CJn only be ans\x'ered by the aquJrium observations,

-- ~ ,_.._.

~

"

2, Mysis t1ex tlosa.

-...

The measuremcnts of this species, \\'hich is our largest Afysis-specics, \x'ill be
found in table 4 at the end of this book. Fig, S comprises a graphical representa-
tion of the measurement:> from the ~yborg Fjo;cl during 1917, It \x'ill be obser\'~d
that the conditions in this instance :1reabout the same as in the c:lse of JHysis i/lcrlllis.
In February there is a stock of l1lysi::ls not yet matuH', and of which the greater
part can be determined in refercnce to sex. In j\\arch (table 4) the J\'erage length

of the stock has increased, and there \vas only one individual of the measured 164,
which could not he dctermined as to sex, In A p ri I the sex of the entire stock
\x'as c!etermitJed, but none of the m)'sids had yet got eggs or young in their incu-
batory pouches, This did not take place before the month of A\ay; in 1918 the
first breeding 99 \x'ere obscn'ed about ,\\<1Y9th, :tnd on ,\\ay 1jth (see table -4) the
most of the Q Q had eggs or YOl\!Jg in their incubatoT)' pouches, the remainder (13
of 33 C;;) had smaJl incubatory lamcila.', and \Vere therefore not yet mature; on .\\ay
18th 1016 only 2 of 36 ~ h.1cI not reached maturity, In the beginning of June
1917 no yotlng had yet been hatched and none of the many 9 ~ carrying young
had fully developed young in their incubatory pouches; not before June 25th of
the same year do '\i'e find a group of ne\\'ly born mysids, and in this group it was
not possible \\'jth any certainty to distinguishbet\\een flexllosa and negleda,. it was,
ho\';'ever, certain th,1t both species \x'ere included, Vastly different in size from this
group \\'e find the \'i'intered mysids, \x'hich are in fuJl breeding activity; only a very
few of the Q c; han not yet readied maturity.

That each (~ of M)'sis flcxliosa as well as of Mysis inermis breeds several



18.,"
1;3

20tG@

5~)

2t,,.,

6

21,13

.5

21,/1

61

Ii
~.)~;...38

~33
Ii

I

.~
.' .'~'"

;'"... ,~,-."",~ ,.u;."'4~.<i;::_~,-~~~':~~~~'.i~";-"';"..-".i>:.',;;?U:'~4.,~.;...:...i--~1Ji;~.:.:.~.~'J'~~~;:''''f.'

~; : ;~~\;.~~~~~?~i~:iw.~~~~~!ii.a.;..,,~~~~~~,;;'~~':"":;~'&;-4I:~'

,.t
feer. 10, L

I!lji
~.~

I
,.~

IAprd I.t.
"
.

r1(117
".~

JJ~:;,'
:1

A
June '2~. "l,

IflJ I "'~I,.r
Ju:y 10.

'"
Ifill

.!:1 ~)" i ~ 1 -; _!

2.3-31. -r

Aug. LO.~t

1:IJ ;
"'~,J.

.
1

.,~
S, p. 13.' ~r

1:)17 .-r..,
f

"'f
Oct. "LI

E..-P.
':t.

J\)J; I
-~
:i'.'];'~t)~ ,.~

i ~q"l ~r
T

D,or. 11. :1] ~I! -; !

()7 ---

times in succession \X',1Sobsen'cd in thc ca:,c of the lll:lIlY J11y..,ids, \\'hich carried
young nearly ready for h:ltcl1ill~ in tIH.:ir ir:cubatory pOlIchcs, and I:1rRc and nearly
ripe eggs in the O\'aries; these eggs \\cre of about the sa1l1e size as the eggs in
the incubatory pouch of tile; '; with J1C\\Jy laid eggs (abt. 1 111111 in diameter in
the c; Q of the \\inter-stock). \\/ith the Mrsis /kxlIosa, \\'hich is oftcn only slightly
pigmented, the ovcrial eggs are exceptionally easy to follow through their derelop-

Fig. 8. !'rleasurements of J'rlysis flexuosa,
:\'yb,'rs rj~"rd. I'!I7.
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ment, as o\x'ing to their rdLlctillg Cju:1.lity they ;lre e:l:,ily distin,~1!i~l1cd throug-h
the skin of the li\'c :mim:tI. The oLlries of the -; ,; c;lrrying ne\i1y J:1.id eggs in

the incubatory pouch are only secn as indistinct stripes close bc!m\' the back, but
as the dc\'elopmcnt of the eggs proceeds in the incubatory pO\1CI1,tile eggs of the
fo!Io\\'jn;< brood bcclJi11e l1Iore ;md tIlore distind; \\hen the eggs in the incub.:"dory
pOlich have developed into young, the O\'arial eg,~s in the me:1ntimc becomc so
large t!ut they fonn a hrgc n:fracti\'(~ mass in the fore part of the body, stretching
from'the lateral part of the mastic-ltmy stomach to the lateral edge of the thorax.
The l.1rger and more de\'cloped tile YOllng in the incub:1.tory pOlich are, the larger
and more distinctly separated do the O\:~rial eggs appear. In (; ':;, the hatched young
of \x'hich have just left the incubatory POtIc1l, the ovariJI eggs arc: so \xdl dc\-eloped,
that tl1ey can be counted through the skin, and the number of eggs of the lIext
brood can be predicted; the Ilucleus of the eggs are distinguislJ:l])Je as lighter spots.

On July lath 1017 only yOlln~~ ha\'c been fished, there not happening to
be any adults in the sl1oJI, \\hich \ns collected for ill\'estigation; tllat adult breeding
individua1s of the \\inter-stocK are still to be found, \\'ill be seen from the other
measmemcnts in tJble -l uken at about the saInt time of the yea I'. The group of
young has increased to an average size of no less than 5,~ IJJI1l since JUlie 25th,

and the largest indi\'iduals measure 1J nll11; lIone of them are, however, mature
yet, though~se\'eral or tile !Jrgest by means of the lens can be separated in:::' and
Q. Already at about the end at' July a brge group of breeding (~ is found, differing
greatly in size from the breeding c;:' c;: of the wimer-stock. L\S in the case of iHysis
incrlllis the only expJanation of t]Jis is that they belong to the sUl1Imer-stock, the
largest individuals of \\'hicl1 have gro\\'11 into maturity; the breeding .~.Q of the sum-
mer-stock average in length 17,9~ nlIll, \x'hile the average length of the breeding, c;-Q

of the \\inter-stock is ~-l/"j IlJm; the dying off of the breeding ,~ -;; of the \x'inter-
stock and the fact th:~t the .~.~ of the slImmer-stock for the greater part have not
hatched their first brood of young, are the natural causes of no ne\x'ly hatched young
being found in this sample.

In A tI gu s t the same 1\\0 groups of mysids are found again, and of these
the group ,of the \x'irter-stock is atuut to disappear; the-}".:.~, \\'hich have continually
been inferior in number, are almost gone; in the -sample from August 15th 1917
there is only 1 0' and 6 '; of the \x'inter-stock left, \\'hile many of the summer-
stock's C G without eggs in the incubatory pouch ha\'e now large eggs in the
ovaries, [n Se p te IJ1b er all the indi\'idua!s of the \vinter-stock have disappeared
from the measurement ]iS1S,and there are only a few of the breeding g 9 of the

summer-stock Jeft. That ,Iil.:my of these breed more than once in one brceding
period \ns substantiated in the samc manner as in the foregoing is described in
reference to the \x'imer-stock. Conforming \dth the smaller size of the breeding <;'

Q

of the summer-stock, their eggs were also smaller than those of the \\'inter-stock,
viz. only".! I11n~in di2meter. In 0 eto b er the breeding acti\'ity ceJ.ses; the stock
grO\xsand de\'elops slmdy throughout the \x'inter, and in f-'ebruary it has rcached
the same stage, at \\bell the \\'(nter-srDck stood in february of the preceding year.

12 me:Jsurel11ents , cO!1wrisinu altoQ'ether 1781 individuals coJ1ected from different
I b

'-'

other places than the :\yborg fjord (the Lilllfjord, the J(~ttegat, the Isefjord, Kerte-
minde Bay and S\'cndborg Sound), show that M)'sis /!exllosa hecomes larger in the
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northern Kattcg:1t ;md the {jj)Jfjord th:m in the Belts, but t!JJt the conditions other-

\\"!se are the same c\'cry\\'l1ere. III 1915 the first young appeJred already ill June
by !-Jals, and in S\'endhc ir,:..;Sound the largest young meJ5!1red on JlInc 23rd' no
Jess than 13 111111in len.L:tl1. Fro!Jl the :\ybor~ fjorJ no I11cJ.surei1lems are published
from June EnS, but from the journ:lIs I note that the first young \\ere found in
the Zostera during t]le first (hys of June, ~JJd that on June 18th tile largest yotlng
measured S mm; in 1918 the Yotlng thus seem to !1:l\'e Jppe::.rcd some\dJJt earlier
than in 1917.

The resuJts of tile measurement investigations of tlle ,Hysis p{'xlIosa can briefly
be put dO\'\'j] 35 foIlO\\'s:

A'fysis Jlc:wosa is at the highest a l1n u aI; the \\'intercd stock dies off in the
course of July and August c\'cry year. The breed ing period lasts from the middle
of .\\ay tiJl some time in October, and lasts JccordingJy about a month shorther
th:m the breeding period of /Hysis iilcrmis. The \\'inter-stock breeds from the middle
of :X\ay until it graduaJly dies off, the slIlJ1mer-stock from J little past the trJiddle
of July until some time in October. In 101S lhe first hatched youn,f:' appeared at
about the beginning of Junc (the period of incubation la::,ted thus abt. 3 \\'eeks),
in 1017 they appeared J little bter in the samc month. The; gro\\'s quicker and
2;:,"omes l:lrger than the c:; the gro\\th proceeds sJO\dy during the winter and
quickly during the slimmer. It \\'jJl be obser\"C:d from fig. S that the a\'erage size
or the stock on October 16- 19th \\'as 16,,;: nun, on April Hth 1g,~o Inm, which

gi"es a gro\\'th of 2,;.s JJ1m in the course of 6 months, but from April 14th till
juile 25th, i. c. in the course of J litt!e more than 2 months, the average size of
the \x'inter-stOck increased fro III , 19,:'11 J1]m to 21,~:~ 111m, or about just as lIluch. On
July 10th, i. c. in the course of a little more than a 1110ntil, the first-born yo l! n g

had reached a length of 15 nun; as the young measured lj II1m \\'hen baril, they

ha\'e gro\\n 11,5 IllI1l in this time. A little pJst the middle of July the first-born
young ha\'e reached IIIa t II ri ty, the ~ c;; at a size or IS mm, the 65 at a somc-
\\'hat smaller size. The young reach thus maturity in the course of about 11/2 months.
Similarly ',,;-ith the young of iHysis inemzis many of the r;;:;; of the summer-stock
.15 \\'ell as of the \\'inter-stock breed marc than once during the same breeding period.

There is, hO\'i'ever, an essential difference bet\xeen tIle cun'es of groYdh relating
to the J{vsis i/lermis and iU)'SISjle:mosa. In the case of Afysis inermis a ne\v and
large group of young appe,1red in August :1nd September as a result of the breeding
activity of the summer-stock, \x'hile the .1.\'Cragesize oi the stock \\'as considerably
reduced (::eee fig. 7). In the C.1.SC of Mysis /kruosa, hO\\'c\'er, there is no sign wJlat-
e\'er of a mass-production (jf young. There may be in both August and September

a fe;x' single sma!] young, but they do not differ from the 01der individuals as to
form a sep:lr3te group and are of no importance in relation to the many large
and immature individuals of the summer-stock, which \\'jthout doubt are the off-
spring or the \~'inter-stock. The J\'crage size of the stock as a \\hole (see fig. S) being
unaffected by the appearance of young, ince,lses from July till the month of June
in the follo\,;'jng year, \\ hen rhe ne\\' young appear. Comparing this \\'ith the fact
that J{:-sis flexllosa breeds later tl1an iHysis iru:rmis, and that the young require
longer time in reaching maturity, the conclusion is ob\'ious that a considerably
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larger part of the stJiill11er-stnckof Mysis illcrmis. perhaps :111 the young born by
the \\'inter-stock, are ab!e to brc(d before the \\'inter, \\'hereas this refers to only
J. smaller !lumber of ,Hysis f/!'.rtlosa, perllJpS only the very first broods.

This question \\'ill be tr(':ited further in the report of tile aquarium observation.

3, Mysis neglecta.

The measurements of this species ar.e given in table 5; the measurements from
the Nyborg fjord dming the )"(':11'1917 are givcn in graphical form in fig. 9 as
an extract from table 5. [\s the conditions of this species remind very much of

"Uysis jlexllosa, I shall not treat the curves and tables in detail, but directly state
the results, which m:1Y be deri\'ed therefrom.

It \\'ill immediately be seen Hut JUysis Il([(lecta like the othcr mysid species
is an nu a I; the wilder-stock dies off during July and August, even though single
individuals may be met \x'ith as !:tte as October (jig, 9; see also table 5, Sept. 27th
1916). The winter-stock reaches maturity at the end of l\tay and the beginning

of June. On June 4th 1917 there \\'ere found among 55 Q with eggs, only 10 indi-
viduals with embryos (without pigmented eyes and thus only a fcw days old), the
remaining having quite newly bid eggs. They continue to breed until they gradually
all die off in the course of July and August; the young appear about the end of
June; the ne\\'!y hatched young measure about 3 mm, but already on July 3rd the
largest of this group meJsure 9 mm in length, and in the last days of July the
largest have reached maturity at a size of IG mm (Q) and 15mm(d). The 99 of
the \x'inter-stock as \\'eIl as of the summer-stock breed several times, as might be seen
by the \vell-developed ovarial eggs in the animals carrying eggs. The period of
breeding ceas~s at the end of October. III the Limfjord this species is a little
larger than in Nyborg fjord; in 1918 newly hatched young were found in the
Limfjord already at the end of 1\1ay and in the beginning of June.

According to the above, A1J'sis !leg/ecfa breeds much later in the year than
,Hysis f!exllosa, and similarly \x'jth this species ail the young born by the \\'inter-
stock do not seem to reach maturity the same ye3r in which they are born. Owing
to t!1e appearance of the ne\\'Jy hatched young, there is certainly (see fig. 9) a slight
decline in the average size of the entire stock from August till September, but there
does not appear, as the case \\'3S \x'ith the 1\'1)'5isi/lermis, a new large group of
young in the autumn as a result of the breeding activity of the summer-stock. This
matter \\'ill, however, be treated later on.
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Fig. 9. Measlirements of Mysis neglecta.
Nrbnr;,: l'jorc.I, 191i.

Th~ (ordinates ;uc numbcr of individuals, thc Jhs(is,;~ their lengths ill mm.
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Aquarium Observations.

The majority of the:;c obsci\'.1tions are made in the glass aqu:tria described
e:trlier, and in \x'hich there \\'as \clt~r irum the :\yborg Fjord containing some fine
alga~; the mysids \\'ere fed \\'ith fresh J~I'!i!llS, \\'hich \\'cre remo\'ed from their shells

and cut illto small pieces, To begin \\ith the ne\\ly hatched young seemed only
to li\'c on Ddritus, \\hie!! ahC1y's g:nhered at the bottom of the J.quaria; but \x'hen
they reached a size of (j

-- 7 mm they eagerly partook of the meat-food, This they
gcnerally dcvoured by SCi/il1g a IiWe riece of the mc:tt \\'ith their mouthparts and
front pair of per;ropods, and \x'jth a strong back\\'ard spring removed it from any
piece attached to it; floatil1g in a \'ertical position in the water and stii! holding
the meat \\itb the front pair pfr:-eopods. they cou!d dcvour the meJt in peace.

The s~lpervisio!1 of the aqt1JriJ \\<lS carried out in the follo\\'ing manner: The
mysids \\'t~rc first iisl1cd out Jnd th~n plaeed in a small jar, from \x'l1ichthey were
taken up and placed one by one on a \x'atch-glJ.ss containing a Jitt!e \\'ater and

placed under a binocular microscope; tile degree of de\'eIopment of the ovaries
and the eggs or young in the incu!ntory pOllch could tJlcreby easily be examined,
as the thin Jnd most often only slightly pig-mented thorax and incubatory lamellce
of the mysids are very transparent In opposition to GU/lllllarus lucl/sla the mysids
are difficult to keep alive in the aquaria, and it is sti!\ more difficult to make them
breed there, Though in each experiment scveral fully developed c~0' were placed in
the aquaria for each adult '~, m:1I1Y unsuccessful attempts had to be made, before
I succeeded in getting a single; to breed, as the following \,:ill show.

As mcntioned in the chapter 011 measurement im'estigations, it is also possible
\\'ith reference to the mysjds to distinguish beh,'een a \X' in ter- s to c k, \\'l1ich breeds
in the spring and then dies ofi during the summer, and a slim mer - s to c k, com-
prising al1 the young born in rhe COl1r3e of the spring and summer. for this reason
a distinction is continual1y !1ude ill the following bdween these t\\'0 categories,
\~'hereby tile material is easier to surrey.

I, lVIysis inermis.

.<

In the table given belo\\' the results of the aquarium obsen':ltiolls of Mysis
illermis arc gathered, They comprise sc\eral experiments, part1y \\,ith 9 Q of the
\x'inter-stock and parUy \\-ith .-:;~ of the summer-stock. \Vhere the experiment includes
ollly a single indi\'idu:d, the columns "eggs", "young \\'ithout eyes", ,.young \,<,jth

eyes" and "empty" are supp1ied \\ith dates, referring to when the indi'.:idllal in
question was fOLlnd \\ith eggs, ynU!1g \.:'ithout distinctly pigmented eyes, young \'\'ith
distinctly pigmented eyes in the incubatory pouch, or \I:'ith empty incubatory pouch
respectively, \Vherc the experiments comprise several individuals, the dates are
arranged to the left, ;'dld the number of ~;, \x'hich on the day in question had
eggs, young \:.:ithout eyes etc, ir,1 the incubatory pouch, is placed in the respective
column opposite to the date s::lted, It must, hO\\-ever, be particularly mentioned
that the dates given are not ahnys expressions of the rate of devcJopment of the
eggs or the young ill the incubtOry pouch. Such is only the case with the experi-
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ments made in lqll); thc\' \\-ere nude in small ,~lass jars. which couJd be carried
about and attcnded to J:l:1y on bO~lrJ tJJc Station's steamer. :\11 tile other experiments
\X'ere nude in aqturia ~1sj]()rl.>,\\-lIie]] cou]d !lOt be attended to ever.\- day; o\\'ing to
this the tables of the::e experiments most often on1y give infornution of the con-
ditions on such and such J liJy, compJred \x'ith the bst supervision of the aquaria.
The c.wse of the number of illdi\'iduals in m:1IlYof tile experiments being reduced
so quickly is due to the above mentioned high rate or mortality in the aquaria.*)

The Results of the Aquarium Observations 011 /Hysis inermis.

!

It is obvious that great care must be tJ.ken \x'hen transmitting conclusions
dra\x'n from the aquarium observations to the conditions of the rree nature; but the
numerous conrormities bct\\'t~en the aquJriu!1l observations and the measurement
im'estigations, tend to pro\'e the probability that the general resuIts of the aquarium
obser\'Jtions may refer to the actual conditions of the free nJture too. This is
therefore taken into consideration in the rollo\x'ing,

As mentioned in the chapter of The measurement investigations the questions
to be solved by the aquarium obsen'ations \\'ere: the duration of the period of incu-
bation/ 110\\' often each; could breed, the gro\x,th or the young, the number of
generations and finally \x-hether or not the breeding mysids or the summer-stock
can live throughout the \\'inter and resume breeding the follO\dng spring, As to
the first question, the measurement im'cstigations showed that the hatching of the
broods born earliest in the year laskd about one month. The aquarium observa.tions
conrorm hereto; tints Experiment V 5hO\\-s that a brood of young, produced from
eggs laid about May 2nd. did not !ea\'e its mother's incubatory pouch before about
1\1.1Y2:3th. According to experiments I and V the development rrom egg to young
\\'ithout pigmented eyes lasted at this time or the year about S to 9 days*"') and
another 10 days elapsed before the young obtained pigmented eyes; furthermore
a \\'eek passed by before they left tlleir mother's incubatory pouch. Later on in
the summer the de\'clopment proceeds much quicker. Experiment VI shows thus

I."

I",

*) A detailed account of 1;0\\- the aquarium observations proceeded will be foulld in the Danish
edition of this book :J), 82 - S7),

H, It must be ren'cmbered that \\hen a mysid is cau1J;ht in the free nature with e. g. eggs in
its incubatory pouch, and thereupon p~aced ia an aquarium, one does not 1-.:110';"to a certainty
of one or bo days, 110'-":!..ingago the l';,;gshave been laid, as usua1ly it is impossible through the
incubatory laIne!\;{: to substantiate the stage of c:e:l\'age in "x'hidl the eggs arc, It being of importance
to get :\s viable mysids as possible in the aqllari:t, the only thing to be done \\'ithout injuring the
al:irr.a!, is to convince oi1f,eJf by me.111';of a binQcular microscope as to whether the incubatory
pouch contains 1) eggs, 2) yOlln:; \\-i~hollt 1'1:;mented eyes, 3) yo:mg \x'it]} pigmented eyes or ,1) is
empty. \\hether the eggs ale at the beginning or at the end of an}' of these stages it is most often
j:npn~sibk to judge from 3\:l 11a qnic~ im'estigat:on; this call only be determined by obsen'ing the
c1crelopmc:nt in the aquaria, [n cases \,-here it is expressively stated that a mysid bas ne\d)' bid eggs
this st:,tement is based U:'':'It the eg:,;s be::lg tranparent and spherical, which experience has proved
always to be the case \\i~!] ::c',dy laid eggs,
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that in eJrly June only 5 day's c1:lpscd bct\\'ccn cacll of the :3 dc\'clopment stages,
\\'hich results in a period of incubation of about 17 days; and according to experi-
ment VIII a r.;;, which carried eggs for at \cast the second time Ofl June 2~th, got
eggs again just before July 17th, given a period of incubation of 19 days. Experi-
ment IX shows a pcriod of () days bct\\'cen each stage of developmcnt and a period
of incubation of 17 days, 'liz, from June 2'2nd to July 9th; finally experiment X
gives in the case of one individual a period of incubation of only 14 days, viz.
from June 2Sth till July ()th, Reverting to the summer-stock, experiment Xl gives
the exact dates of the time of development from egg to young from the beginning
of July till late Odober. The first brood was hatched in the course of 16 days,
2nd brood in 18 days; from 3rd brood no young were produced, but 4th brood
of eggs was laid 21 days after .3rd brood and the hatching of 4th brood lasted no
less than 2;) days, and the hatching of 5th brood 20 days. In accordance herewith
5, 5 and 6 days respectively ebpsed bet\\'een each stage of development of the
eggs and young in the first half of July, 5, 7 and 5 days in the last half of July
and the first half of August, but 6, 8 and <) days ill the end of September and
6, S ~l1ll 6 days in October. Experiment XIII shO\\'s that during Scptember--October
even 2 weeks can elapse before the young, \vhich have already pigmented eyes, ,

are ready to leave the mother's illcubatory pouch.
\Vith Mysis inermis the duration of the period of incubation is thus

dependent upon the season, as in lhe warm summertime the young are hatched
in the course of a EttIe more than 2 weeks, but in the spring and autumn not
before 3 - 4 weeks have elapsed after the eggs are laid.

In reference to how often each Q can breed, the aquarium observations of
the \\'inter-stock show several instances, where aile or more mysids have bred
twice, \viz. experiments II, W, IV, V, VI, VII and IX. In t\vo other experiments,
VIII and X, some of the mysids \\'ere seen to bred three times in succession.
According to experiment XV some mysids of the summer-stock breed twice and
others (experiments XII, XIV and XVII) three times, but experiment XI shows an
instance \\'here one 9 produced 110 less than five broods. In accordance \x'ith the
fact that in the free nature mysids \vith empty incubatory pouch are very seldom
met with, the aquarium experiments show that the mysids most often got a new
brood of eggs in the incubatory pouch immediately after the young of the preceding
brood had left it. Only in experiments V and XI a longer time elapsed bet\\'een
the hatching of the young and the subsequent oviposition, viz. 26 and 20 days
respectively, or about the same time, \vhich at that time of the year is required
to ripen a new brood of eggs in the ovaries. for this reason it may be concluded
that the brood of eggs, which normally should have been laid immediately after
the hatch ing of the young, has for some reason or other died! and a \\'hole period
of incub.ltion had to elapse before a new brood of eggs could ripen in the O\'aries.
Looking at the matter in this light. there should be nothing to prevent a Q of the
summer-stock in breeding 6 timcs in sllccession, as e. g. the '; in experiment XI
got eggs five times and that a whole period of incubation passed betw'cen the 2nd
and 3rd laying of e.~gs. Unfortunately [ had no sllccess in substantiating this number

of ovipositions with any of the mysids, though several trials were made, and for
this reason I consider in the fo!lo\\'ing 3 sllccessive ovipositions as regards
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the \x'inter-stock :till! :J successive ovipositions as regards the summer-
stock, as being maximum. \Vithin these limits it holds good to ;1S\\"ellthe summer-
stock as tIJe \\'inter-stock that the c:uJicr in the year the my:;ids reach maturity, the grea-
ter is the number of broods they arc able to hatch. According to the measurement
investig:ltions a number of the c:9 of the \x'inter-stock cannot norma!!y breed more than
t\x'icc, because s('\'eral of the Q~. of this stock 11:1\'enot yet reached matu:ity in late
June; as the \x'inter-stock by the end of July h:15 practicaJJy died off, the most of
these individuals Gltl at the highest produce 2 broods of young before they die.

Regarding the growth of the YOllng, the aquarium obsePJatio11s supply various
information, \x'hich is indicated by the cUr\'es of gro\x,th given belo\\;' (fig. 10). The
occuring uneveness of some of these cUr\'es is due to the fact that the increase in
length of the Inysids, as will be know11, only takes place at the time of moulting',
and the gro\\'tl1 should therefore really be represented by se,,'crallIorilOntal curves
connected with vertical curves, \vhereby each curve of gro\dh \\;'ouJd form a step-
formed ascending clm'e. As, however, the separate measurements of the mysids
\x'ere carried out at irregular intervals and without reference to the moultings, these
measurements are just set off on fig. tO, and the points obtained tllereby are con-
nected with straight lines. The curves obtained by this proceeding do therefore
not give a quite exact picture of the grO\'dh, but the deviations are not great,
especia1!y \x'here the measurements are taken at short interv<l1s of time. It mtist
also be taken into consideration that the measurements, related as tlIey are to live
animals, \\;'hich might not be injured, cannot claim absolute exactness; they are,
however, quite serviceable for mutuaJ comparisons. The curves of gro\,\.th of the
mysicl5, \'\'hich reached maturity in the aquaria! are continued \x'ith thick lines from
the time tlIe animals commenced breeding,
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The curve farthest to the left indicates the gro\\th of a m)'sid, hatched in aquariullJ On i\\ay 28th

1915, It pro\',:d to be a Q, \\'hich reached maturity, at a length of about 11 mI1J, on July 10th or

hardly 11 ; month ~,fter being hatched. It bred three times and c\:t.:d in September of the same year
at a length of 1:3 mm (l11l'n!ioIH'd in eX[1erimcl1t XII;. The Clines of tbe .i () lileiltiol1ed in experi-

ment X.\'I 1 (r:ot included in the figure) coincide \\'jtb those of the mysic! just mentioned, as upon
being p1:lced in the aq uarju III on July Lud Ihey measured 10 - - 11 111m and OIl .-\ugust cHh of the
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".an:e year 12 I!1!ll; thl~\" !lllL~t be rOl1:':l..h~rt'1.1 ~\~ hJ\';n~~ l'c<.:I1 born ~1btJilt Sil:il1:t:l.nC(I\I~~Y \\"1tl1 thIs

l1i\sid, and they cOr1l1n':I:~'ed hrce-liilg' ,It ;1~k>111 ;he 5::n,(' ti!1:e \':7. :lb(\t!t July :I';h, The r,'stIlts ob-

t:;1Ta,d by the r11L:t:':'U;t:i:t:nt!tl\'(:S!!~:lt;UIlS J:'e th~js confi:-:r:(~dt J.S the~~ 1t'st.1!s ::t:1te th;1t the j~:~ii\'idtia1s

bCriJ in the earl;,'''! r:;r! ,'i the yc.11",:::1\<:'.\\;~<' re,1\:h m::wr:!y in the c'.'t;rse of :1bo1Jt 11: III0nths,

The ~:io\\'th of the I:lysids conform t\,) n:ry \\e:! \\ ;,h the 1:1c';i~tnTme11ts:Sl'e I'J;:e (I,): onh" durillg
the J",ui1ths or Ju1y 1:11.1.\l:guct the grc,,;,:h of tIle ,'; ;" or 1110:s'un!!:t'r-~!O',:,; in the free n:\1ure at the
same time of the year pr\)(('c.lc(\ s(lmc\,;].;! qni6:er. Tl:e (tlr\'t~ imn:cc!;Jtl'iy below the former and
\\-hich cnln;l1~I~ce~ n!l JU:j~ 17th illdll:~\~C~ rhe g~(,\\-th ()f th~ L1rg~st of the I:1YS:ds fnrntinned in ex-

w'rh:t'nt :\\"1: it \,ii! be noted that this !11ys;d, \\hil.'h, ;).ccnr,.!;ng' to the cnrn: of gr(j\~.th, must h:1\'('
bCt'n born a jilt;c LilLr th:111 thoo,' n:cnti"l1,d ;1bl>\'C',;\:~') re.1cl1c,1 I:i:ltmity :1 Iitt(e later th;]11 these,
yiz, on July 2211d. ;\l1o:her (111\'(' (1; ~<ro\\th co;nmC!1C(S 0:1 JUI1C 2Jrd. at \I"hie!! time a brood of
YO!,i1;.;\C\S DOin in the aquarium (C\j1c:-::l1cnt 1\', On lu1)' ht there \\cre lllwc:ct!J:::r~) young irom
this ['1"00-1, all me:\suring -l JIII\1 in !en'sh, but in the cour~,: of jn!y 31](1 .\11gUSt the 6 died, and on
September 12th :1notl:u" one, measurillg S', 111m.dicJ: there remained tiI:;s only 2, bOlh of \\'hich
\\erc",::, The"e 2 :} ii',('d until !\:o\'en;b.:r J )th oi Ihl' "'1111eYear, \\'hcn Ib.'y had reached a length

of 11 mm. As t1:e curves $110\\', this br(,n,j~rc\\' ~k\\l:r th:w the brood of .\1:1)'28th, 3nd nut before
t;~e t!ld of .\ugl:~t. i. c. t\\'o months "ftl'r the h:\tchi::g. did the l11r).;l:st(If the 111)'sidsrt'ach !11aturity.

-- C';n;orming- hlTc\\ith 11number clf Y°tlng. rL\ccd in an :1ljuJriul1l 01\ July 11th at a length of

6- S ml11, the ctJr\'Cs of growth of whi(11 \\ili be S(C;\ i;1 fig. W, beil1g COilIiCCtcd by me:\liS of dofted
lines, H.\lched !11:1tl\riry on August :2')t1l. It JIlust be :lss\!Incd th.lt they \\efC !latcheJ at about the s:une
lin:e as the earh:r mC115:c)J]cd !11}5ids. TIl,' bSI t\\'O cur\',s show the gro\\th of T!\ysids born in
a,::13,riuJ:1 on c\t1~t1st 3r\.1 and 5th res!,luin'l:,": none of these mysids rClched maturity- The curve
w'1:;:11commences on r\tlgust 5th indiC:1lcs the g-n'\\'th (,f J brood of young nUl1lbering 6 individu:1ls,
all born on the (hte stated (experiment :\1), Uu OctoL:er 11th tll\: brgest of these yOU!1g measured
<) Ii1m: thOUg!1 they \\'ere still ui1dc\'cloped, they could be dcterll1ined as 9: the smallest 01le rnca-

smeJ S 111mand CCi:ild not be deter'mined as to sex- On :\o\'einber 15th the conditions \\we thc
S~lme,bm before December 23rd the (\\'0 LIst i;lJi\'!du;ds had died off; the one of these \\'as an UIJ-
dC\c-l,\;'ed:';' me.iSur;!:g (;:!~ 111Jil,!lIe e"her :\ YOU11!,;:J~t:,surin~ s:'~ mm. The other curve indicates

the gro\nh of a 9 burn in the aquarium (1!\ Auzust 3ill 1917 :,e\perirnent :\IV:; it li\"ed through
the \('in,er in tile aquarium :lnd di,'d in the be~il1ning of ,\1:1rch 1918 :l! :1 length of 10 111m, but
had as yet O;1\Y quite smail incubatory b!1~ell::e; it will be noted that the gro\~,th was much slower
during the winter than during the summer.

Thus fig. HI shows that the growth proceeds quicker \'\'ith the young
born early in the year than with those born at a later date, and further-
more that the latter reach maturity quicker than the first named.

\\' e have tJO\\' certain 1101dsfrom \\'iJich to judge the question regarding the
number of geneL~tions that Mysis i!lcrJlzis produces annually. Designating the young
born, by the \\jnter-stock as GcncLltion I, it can be proved that most of the mysids
of this generation reach maturity before the slimmer is over. \Ve saw' that each 9
of the '~'inter-stock breeds at the most 3 times, and as the breeding period com-
metices already at the end of April, all the ;) broods of one of the ear1y breeding
rnY:3ids could be hatched before the end of June; in the above \'\'e saw further-
more that mysids; \\'hich \\'ere bom on June" 2Brd, reached maturity before the
\x'inter. However, several females of the \x-inter-stock continue breeding some time
in ,\ugust; and of course the latest born young of these do not reach maturity
bdore the wiliter; but as the nDin portion of the \'.inter-stock has already died off
in the beginning of July, it \'\'ill be understood that by far the greatest number of
(Jeneration I are able to produce yotlng before the \\'inter. The earliest born young
of Generation I appear about the end of .\\ay and reach maturity in the beginning
of July of the same year; their first brood of young (Generation II) appears a little
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past the middle of July (cxprriment X/). Unfortunately it has been impossible,
notwithstanding' se\'cral attempts, to keep a brood of young, born at this time, in
the aquaria; but as it has been provcLI that the young, which were born as early
as June 23rcl, did lIot reach maturity before the end of August, and tklt further-
more the time till maturity was reached as \vell as the duration of the period of
incubation lasted the longer as the autumn approached, it can safely be assumed
that only a very fc\v, viz. the earliest bom m)'sids of Generation II, \\'ill be enabled.

to produce new young (GcnerJtion /11), before the breeding period ceasesabout
the end of October. In accordance hereto it was observed that the earliest born
individuals of Gener.1tion 1/ did not reach maturity before the \vinter.

Thus no more than :1 gencrations can come into consideration, and the que-
stion now arises as to \x'hether the breeding individuals of th~ summer-
stock may live throughout the winter and resllme breeding the fo/low-
ing spring. In tile aquarium observations mentioned hitherto, I hJVC not succeeded
in maintaining any of the breeding mysicis of the summer-stock alive throughout
the winter; the most of them died before, and the remainder a short time after the
breeding period had ceased, Only in the aquarium observations mentioncd page 94,
comprising .1 stock of lJ1ysids of the summer-stock, did I succeed in proving that
some Mysis !!cxllosa (and probably also at least one Afysis Ilcg/eda), after breeding
at the end of the breeding period in 1917, lived through the winter and commen-
ced breeding again in the folIo\ving spring. It must therefore be assumed that also
MystS i!lcrJ/zis, the biological conditions of which are so closely related to the other
two species, is able to do so too. Tile gTe:ltcr part of the individuals, which breed
earliest in the spring (the largest), are \\'ithout doubt such wintered mysids that
already once before have been breeding, viz. at the end of the preceding breeding
period, \vhereas the individuals of the \vinter-stock, which breed later in the year,
are the mysids born at the end of the preceding breeding period, and which
therefore did not reach maturity before the winter. Only a very smal1 percentage
of the mysids have the opportunity to breed in 1\\'0 breeding periods, this being
evident from the fact that only a very few of Lhe o~d are found during the winter
months with fu1ly developed pleopods of the Jth pair; for it is not probable that
ad, which once had \vell developed pleopods, should loose these again, and in
the aquaria such cases have never been observed.

I have never succeeded in observing the mating process of the mysids,*)
though I have often kept mature mysids under obselvation for hours; probably it
lasts only a very short time, and furthermore I believe it takes place during the
night. \X!hen many mature o' 0' were kept together in an aqu::trium, it could be observed
in the morning that \x'jth some ~f them the spermatozoa were seen hanging like
a fine threJd from each of the two processes into \\'hich the vasa deferelltia
terminate. The elongated pleopods of 4th pair so characteristic for the mature d cJ
are generJlIy assumed to be mating organs; but about this we, too, still know no-
thing. As with Oallllllarl!S locllsta the 99 moulted with every ne\V' oviposition,
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*) Van Bcneden (3, p. 23) says: "Les lIl)'sis s'accollp!mt et la fecol/dation des omfs a
lieit dans l'i/lt{~'icllr dll corps de la fane/Ie", but unfortunately he gives no further informations
;lbout this most intercsting subject.
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i. L \\'jth a sJwncr or a longer period h:t\\cc!1 each liIou1t ;h~cordil1gto the season
In cnnformit\, \\ ith the gro\\th bein,~ qui.:ke:r \\'ith tile young 11I."sidsthan \\'ith the
oldcr ones, the moulting L1kcs 111.:1(emore often \x'it!! the )TIling than with the
adults, but the Cist cuticles are oftcn consumcd immediately after the moult, making

it \'Cry diffkuJt to control. The cast Ci!ticks were usually split along the posterior
and bteral edges of tile thorax; ti1rol:gh thc opening thus formed the mysid has
e\'ident1y released itself from its old skin.

The number of young CJch .; produces is dependent part!y upon the
size of the mother.a!1imal (Apqein (~)) and partiy upon the scason; thus the results
of a number of cOllntings on eggs and YOllng from the incubatory pOlich of Jlysis
(Ilamis colIected in :\yborg Fjord \\'ere as fuilo\\'s:
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The figures of this table sI10\\' the J\'crage !lumber of eggs or YOllng found
in the incubatory pouches; the figures in brackets state the number of individuals
examined. It will bc observed that the number of eggs and young \\'ithin the
samc d;1te increases \vith the length of the mother-animal, but \\'ithin the same
length decreases more and more from June till October. To form an idea of th e
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production, \x-hic!J ()111.: pall' of .11)'5;s ;,ztr/Tfis in the most favourable rase

c:ln produce in the course of:t breeding period, a si!11il:lr ~(heme as \x'ith

Ollllllllams loms/a C111 be made, the IlypotJ;ctic:t1 character of \\~1ich mtlst .:1g:t1ll
be em ph;tsized-

1

In the .1bo\'c scheme Cit'ncr:lt:,)n (1inJiC:lks 1111':p:I;r 0; <::1:1\'brl'edifl~ !l1y~ids of the \,-iilk:-,t~'ck; the)'
get :3 l'roods of )'O:!fl~: from the c;"i ,)' ,\\3\' ril! the C!:,j of .1~in<:: :JssuIl1;r,g th:!t tbe (' to kgi!! with

I11cJ.stlres 12 nUll, the lir;:t brocd ::'!l1(1\::~:S I(I .2(; yO!lng ("l'l' t~,l' table p,79. ,\ceording to the nwasnre-
men! imc:,tigatiofls th n,othL'r-;1flin::!! n1:l)" in the lW~;:1I1i::g pf June be a."sun:cd to lun:' growl! to

13 111!11,for whic11 t(':,sun the SI'C"I,d brood, \\I1;eh is hO::1 iI: the midd:e of j\lI1l', amounts:o 22 young.

and the third uroe,d born in t!:e cr:d (,f /t:I:e, \\hl'n the mOi:1U".aniJ11:il m('a~urcd 1.+ JIml, an10unts

to 2.+ )'nt:ng. Generation I c(\n~;:'ts ::JliS
()f threc b:-uc,:s lif Y()UJ1~; (1r «() J:J}s:d'S altogether. Assuming

the haii of the hatched mysi,:s to b,' ~:':,' and tlIe or1:l'!' hair' to be C;. , thc 10 c;:of the first brood
of Oeneraiion I \\iil in the (,'llr:'l' c.t J::1\'--lJcr,~ber e:.-::;1get S brood" of YOU;1g; if in using the
13th: p. 7t) we rCcl;011 tJut on In a\'t'~.h:;e S youl'g :1:e bom in each of these bi'oods, the production
of the first brood of n~'nl'rati011 I \\i:! ~Hn{)Unt to S:,,-SCi m)"sids. The 11 c;: of the second brood of
(jl'!1Cr:ttioll I, bnrn a period of inn!b:1ti()n l:itc: that ,he first brood, \\'ill al the 1I10st not get more
than -l broods of yOl1l1c.;,each br(\()J of S indi\'idu:\b, cr .L<SS JJJ}sids::.ltogether, before the breeding
pc'riod is over. The 12 C; of the ti1ird brood of GCJlcr.1tiol1 I get in the S:1!11emanJ1er only 3 broods
of youug, e3.ch cOlJ1pri~ing 8 Indi\ idua:s, or 3x06 my~;ds :llto,<.;ctber. Gener:lti(\11 II totals tl1\IS 10-l0
m)'sic!s, bnt of these (1111)'thc broo,1s born in July and \\'11:-::11comprise -10 C;;, call be assHmed to
reach maturity and be able 10 br-ced rei0[!." th(' brl'('din.~ period C(':lSt'S. Asstlming that these measure

9--10 !11m in length \\'he!! maturity ;s 1'..:3c11c<1,tbe)' '.Ii:] each get :5young :tbout the ene! (If October,
whereby Generation III wiIl comprise :1ltogt:ther ~CO 111ysids.

"OW

',i

The production of a p:lir of '~~I'st<;illfrmis \\'ill in the course of one breeding
period at the highest comprise 66-f--l0-l0+2UU-.::.cc1306 individuals, even if they a1l
live until the end of the breeding period. In reference to the C;;Q, \x'hich though be-

longing to the \\inter-stock do 110t reach maturity before late June (see page 76)
and therdore only get 2 broods of young each before dying off, it can in the same
manner be reckoned that they at the highest produce 4-l2 individuals (2 generations)
before the breeding period ceases.

2. Mysis flexuosa.

A general view of the 2quarium obsen'atiol1s is included in the table given
below. The remarks stated page 72 relating to the table of observations on Mysis
inermis, refer to this table as ,,'ell. ..\ further account of these observations \x'ill
be found in the Danish edition of this book, pages 93 - 97.
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The Results of the Aquarium Observations on ,Hysis flexlIosa.

.-

The questions \\'hicl1 the aquarium observJ.tions 011 Mysis jlexlIosa should treat
are esscntially the Sallle as sd forth in the results of the observations on Mysis
!/lemus.

The duration of the period of incubation \'o;-asalso here dependent upon
the season. The measurement investigations sho\\'ed that the first young appear in
the begiTlninR of June, and that the hatching of these lasted about B \\"Ceks. Experi-
ment I sho\\'s, in accordance herewith, that a brood of eggs laid on ,\by 9th,
devc10ped into YOUl)g \dih pigmented eyes in the course of 12 days, and experi-
ment IV that in the course of 10 days 5ucl1young \\"erc able to leave the incubatory
pOllch; the period of incubation lasted thus altogether 22 days; Experiment II shows
that another brood of eggs laid on i\lay 19th \\'as hatched to free-living young in
the course of 2-!- days. The best information regarding the duration of the period
of incubation is gained from experiment III, \\'hich sho\\'s the stages of eggs and
young in a Q, caught on ,\\ay 31st in the free nature, and \\'hich in its incubatory
pOllch carried young with pigmented e.n:s. Already on June -!-ththese young had
fully pigmcnted eyes and left the mother-animal's incubatory pouch on June 10th.
Comparing these two last dates with the corresponding dates in experiment II, it
will be noted that the C;' in experiment III mllst have got its fiist brood of eggs
about j\1a1' 17 -18th, which gives a period of incubation lasting 23-24 days; the
next brood of eggs had a period of incubation lasting 22 days, and the third brood
20 days. It will qlso be observed that the development from egg to young \v'ithout
pigmented eyes lasted 5 days, from young \\'ithout pigmented eyes to young with
pigmented eyes 10 days, and from young \vith pigmented eyes to free-li\ing young
::,.--7 days. Experiment V gives seemingly a period of incubation of only 113days,
\'il. from June 7th till June 23rd, but the eggs have evidently not been newly laid
when the rnysid was placed in the aquarium; the same refers to experiments VI
and VIII, \\'here the periods of incubation, according to the table, are only 19 and
18 days respectively at the most; in this instance a couple of days must be added
in order to obtain the correct period of incubation. In experiments VII and VIII
on the other hand the lutching of the second brood of eggs was delayed notice-
ably, the period of incubation lasting at least 26 days, viz. from July 9th tiJI
August 4th; it is cspeciaJly the development from young with pigmented eyes to
the free-living young which has lasted unusually long, viz. 14 days; in experi-
ment III, 3rd brood, this development only lasted 5 days. Experiment XI shows
that in August and September the hatching of young also lasted a considerable time.
The Q 9 0Jo. 1 and No.2 (see D~mishedition page 96), which on Augllst 1Ith carried
eggs, had thus 21 days ]ater, on September 1st, only young \vithout pigmented
eyes in their incubatory pouches; even when reckoning that on the foJlowing day,
September :2ncl,the young had reached the next stage, i. c. had become young with
pigmented eyes, at least [) clays must elapse, according to the foregoing, before
they can leave the mother's incubatory pOlich, and this gives a period of incubation
of altogether 27 days; Q No. (j, which carried ne\vly laid eggs on August 15th,
hatched young of this brood in the days between September 10th and 16th, the
period of incubation being at the least 27 days and the most 31 days; nor had
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9:; Nos. 7-9, \\'hic1! got eggs between ,\ugust 15th and 20th, hatched this brood
of eggs before the days bet\\'cell Septcmber 100h and 15th, \\'I1:(h gives a period
of incubation of at the least 22 days, at the most 31 days. Filially 9 No. 10 was
cmpty on August 20th, but Inei ripc cggs in its ovary; it has probably 1 or 2 days
later got eggs in its incubatory pOlich, \\'hich corresponds very \\'c!! \x'jth the bct that
on September 1st it h:1(.1youn~~ \\'ithout pigmented eyes, and on tlie }(Jth of the
same month young \x'ith pigmcnted eyes. On September 1~th it had hatched all
its young, and when pulling Augllst 22/ICl clown as the date for the oviposition,
a period of incubation lasting :!T days is obtained, Even thOlIQh these figures are
only approximate, they show nevertheless that the duration of the period
0 fin cub a t ion, \X'h i chi n 1\\ay all d j UIIe xva s a lit tI e :J.h a vet h r e ewe e ks,
and in j u IY d e c rea sed t a 2 0 cIay 5, in c I'e a sed in A u g u s tan d S e p t e m b e r
ta ab a l\ t .t \Ve e k s.

Experiments I and III of the aquarium observations show that those Q 9 of the
winter-stock, which commence breeding in i\\ay or june, can hatch
th ree bra cis of eggs before they, at the latest in the cour~e of August, die off.
According to the measurement lists there are a good deal, which do not breed so'
often; thus the lists (table ..\.)show that on july f)th 191G there \x'ere still some 9 Q
of the winter-stock, that had not yf't reached maturity; these would tllliS at the
most be able to produce 2 broods of young before they expired at about the end
of August. But as by far the greatest 11l!ll!ber of mysieis of the winter-stock reach
maturity in the course of june, it must be assumed that the most of the 99 of the
\x'inter-stock norma1ly get 3 broods of young- before they die off. On the other
hand experiment III showed, that a 9 of the winter-stock which still lived 25 days
having had its 3rcl brood, was not able to breed any more; 3 broods of young
can therefore normally be assumed as maximum for the \'\'inter-stock. As regards
the summer-stock the mcasurement investigations show that the earliest born
individuals reach maturity a little past the middle of Jlily; unfortunately I have not
been able to keep any such individuals alive in the aquaria long enough to ascertain
how many days the hatching of first brood lasted; according to the foregoing, how-
ever, it can not be far \'iTong to set the period of incubation at about 26 days)
after \x'hich the eggs of the ~nd brood are laid at the earliest in the days immediately
following August 11th. But experiment XI shows, that of 10 9 of the summer-stock
the f) individuals, \v'hich on August 11ih had eggs or young \'\'ithout pigmented
eyes, produced only one brood, whereupon the want of ripe eggs in the ovaries,
and the fallen-in incubatory lamell~ distinctly showed that they were not going to
breed any more in that breeding period. The other 5 individuals, \\'hich on August
11th had young nearly ready to be hatched, got new eggs in the days bet\veen
August 11th and 20th} but \\'ith that their breeding activity ceased. One seems
entitled to conclude that the ~9 of the summer-stock breed at the most
twice in one breeding period.

The growth of the young in the aquaria is explained in the form of
curves in fig. 11. The general remarks pertaining to fig. ]0 serve also for these
curves. In opposition to Mysi~ illfrmis non e of Mysis fLexllosa bar n in the
aquaria reached maturity. Not before the larger aquarium experiment mentioned

~
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page ()-)"did I slIcceed ill ohtlining any J~rsis f/c:wosa, born ill aquarium, that
reached m:tturit)' in th: samc year.

from J brood oi YOll!1~hatchcd on JUIIC 10th l()lc) (experiment III) 2:'~ lived
until January -Hh 1~\2(); they gTe\\' about eqm!ly fast; their curve of g-ro\\th is shown
to the leit in fig. II. III the first dars of I\Ugust their sex \\'as easily distinguisl1able,
the -Hh pair' of plcopods beginning to become elongated; they \\'l're, ho\\'cver,
not fully de'.elopcd hefore the breeding period cCJsed, :llld both of them died before
reaching full maturity at J length of ) S m111. Tile next curve of growth sho\\'s the
gTo\\,th of some mysids hatched in aqu:lrium on June 19th 1917 (experiment V).

lhe all gre\\' aboul cqua]!)' fast until August, \d1en the diiierence ill size between
the d c; and ,; (~ became evident; the 2 bra!1cllCS of the curve of growth show the
gro\\'th or the sma]lest~:'j' and the largest r; Q; all these mysids died in the course
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Fig, 11. Gro\\,th of .Hysis j/exllosa in aquaria.
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of the autumn before reaching maturity; before this the largest o~o~'had nearly fully
developed pleopods of the .lib pair, but the 9'? had only very small incubatory
IamelI.:e. The bifurcated curve of growth, \;\'hich commences at July 3rd, sho\'\'s the
growth of a brood of mysids numbering S individuals born in the aquarium on
the date stated (experimcllt III); the one branch represents the smallest, the other
the largest' individuals. III October the sexes \\'ere easily distinguishable, but though
they \\'ere still 5 individu:l1s aJi\'e on November 15th, they all died before February
of the following year; thc' '53, \\'hich were the last to die, \vere not yet fully
developed. Fig. 11 includes also the curve of grO\\'th for the brood of young from
experiment III, \\'hich \~,as born on July 23rd 1UHj. Originally this brood comprised
altogether I:? young, but already on August 13th there \\'as only one live individual
left. This individual died ill January 1920 at a size of 131/2 mm, but its sex could
not be determined In:\croscopic:tlly., The same \\'JS the case with another mysid
born in aquarium on September 4:th 1919 (experiment X); this mysid died on De-
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cem ber 16th of the S:l1llC year :\t a length of 9 m111; its curve of grO\dh is shown
in the lo\ver right-11and side of fig. 11.

The upper curves represent thc grO\vth of 2 Ci ',; of the summcr-stock, mcntioned
in experiments X and XI, alld placed ill the aquarium w'hen mature; it \vill be
observed that in this installce the grO\dh is vcry sli,f;"ht.

Upon comparing these curves \\:'ith the curve, \\'hich would be obtained by
inserting ill fig. 1I the measurements of the largest young to be found in the free
mtme in the months of June and July (see page 50), it \x'ill be noticed immcdiately
that this curve would ascend much steeper than the others. from this can be COIl-

cluclcd that several of the mysids born early in the year grow quicker in the free nature
than in the aquaria; on the other hand several of the mysicIs born in June rcached
such large sizes in the aquaria, that they, as far as size was concerned, very \vell
could have commenced breeding in September; nevertheless as mentioned none of
them reached maturity; a similar instance is described in connection \x"ithOa/lllllarus
IOCl/sta (page 28).

In order to judge the matter of how many generations A1ysisf!exllosa
produces an nually, it mtlst first of all be understood, that only very few rnysids
of the sU!J1mer-stockreach nnturity the same year in which they are bonl. Calling'
the winter-stock Generation 0, \\'e saw in the above that the first born young of
this stock, i. e. Generation I, appeared in the beginning of June and reached
maturity a little past the middle of July of the same year. These produce new
young (Generation II), each 9, however, only 2 broods. It may now be assumed
that some of the young, born a little past the mid die of June (belonging to Gene-
ration I), also reach maturity before the breeding period is at an end, as such
mysids, \\'hich have been kept in aquarium, reached at the end of the breeding
period (in September) a size corresponding to that, at which mysids in the free
nature have been found breeding. This \vas 11O\X'CVernot the case with mysids born
later than the end of June, for which reason such mysids must be assumed to
reach winter without having commenced breeding. Thus only the first broods of
Generation I reaches maturity, and as the winter-stock continues to breed throughout
the month of July, and some individuals even in the month of August, it will be
understood that less than the half of Generation I has been able to produce a new
generation (Generation II) before tJle breeding period ends.

None of the mysids of Generation II, which at the earliest begin to appear in
the beginning of August, reach maturity before the winter.

Regarding the matter of whether the mysids of the summer-stock, after
having been breeding during the autumn can live through the winter
and thereupon resume breeding in the following spring, the aquarium
observations mentioned here give no information \"\'hatever, as al1 the breeding
indi\'iduals of the summer-stock die off a fcw months after the breeding period has
ceased. Not before the aqu:l.rium observation mcntioned page 9.:l \\"as it proved that
this question, as far as Mysis f!{'xlLosa is concerned, could be replied in thc affirm-
ative. Regarding the matters of moulting and mating thc information given
page 78 pertains also to this species.

Only 2 new generations of Mysis flexllosa are thus produced every year, and
this in connection with the fact that more than ha1f the !lumber of Generation I,



-,
e;'~';' of

I

-----
I

mot'he; ail im:l!:
I 7 111 III

I I S 111111
;

19m111 I ::0111I1I ~I111111 22 rnm 2j Ill!l1 2~ !11m
! i

., t
1917 27.~ (3) 2\/ (i) 27 (-l) '30'1 (5) 37'2(5) 38., (5) .10.:. (5)!o

~;,' 31,s (5) 33" (5) 3-!," P)t;
31)

19W l.f (5) IS..; (5) 1 S~ (5) 23 (1) :2::) (2\ 27 (2) 25 (1).,

"- 86 --

live throug-hout the \\'inter \\ithout hJ\'ing been breeding c\'Cn once, will exphin
tile conJitions stated !'Jge ()o, aCL'ordin;...:to \\'11ic)] the supply of ne\\I)' born young
of /'~I'sis f/l'x!losa in pj'!'osition to Mysis inrrmis, is comparativcly small in the free
future during the months August-September.

The results of a numher of countings on eggs and young from the incubatory
pouches of JI)'sis flc.wosa coJlccted from the ~yborg Fjord are given beIO\X'.

/

The figures in brackets indicate the number of examined Q c;?; the other figures

in the table are the average number of eggs or young, \\'hich \vere found in the
incubatory pouches. It \\'ill be noted that the number of eggs or young as a \vhole
increase \\'ith the length of the mother animal within the same date, but decreases
from Jnne till August \\'ithin the same lcngth of the mother animal. All the examined
individuals from Junc belong to the \\'inter-stocK, \\'hidl most probably also refers
to the mysids from r\ugust 30th, measuring:? 1- 23 nun; all the others, hO\vevcr,
belong to the summer-stock.

In order to fOrtn an idea as to the number of descendants of one pair of Mysis
jlcxllosa ill the course of a breeding period, assuming that all the young live so
long, the folJo\ving scheme may be arranged:

i\\ay June July Aug. Sept.

1 rJ l
"I 9, 21 mm 1

I
I] S j'1

miL) c ri
- !

Gen. 0: 1o~ _:- 1 9,

116'51 ! }Il':)'
-\1691- --\179 Gen, 1: 48 0' i--!S Q.

- ----

-

,

J1125

l
~1112

~'

",,-~~~';~~! 117 0
}

Gen,

1105 Q 11179

II: 33-! cJ -;- 334 9.

Gen. I-II total 3S2 o' -- 332 Q ::,:c:76-! individuals.

As Generation 0 a pair of the earliest breedil'g mysids from the \\inter-stock is assigned; ihe Q
gets 3 broods of young- ;(J(:lieratiol1 I., which are hatched in tj~(' beginning of June, the end of June
and the middle of July respecti\'C>1y..-\S~UT11;r:Sth:1t tt;e mentiu!1ed ~ of Generation 0 in ~1ay mea-
sures 21 mm. the 1st breod \\'ii!, according to the table 0n the number of eggs Jnd young, comprise
about 30 yOt,jlg; if the mother animal incrc::.st-s in (ength with I 111mafter each o\'iposition, the 2nd
and 3rd brol~\ds will, according to the Sarj1'~1:>.1)e"(the figures for June 25th 1917) amount to 31,s-
and 33.> young respecti\'e1y; assuming th3t the ha:ci1ed yotln;:; comprise equal numbers of d and C;?,
a rounding up of the figures \\'i11 for Generation I gi\'c -!S 5 and -!8 <;: or altogether 96 mysids.

i
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[:1('h of the 15 q of <Jcl1cration I, 1st brood, will only be able to produce 2 broods "f \oung e:1ch
(Gl'ncratioll II;, the 1st about AUf;ust 10th and the other in the beginning' oi Sl'p:emhlT, !\cckoning
that the mentioned 15 9 upon reaching maturity measure 17 ml11 in length, the \\j!! :1.ccl'rding to

the table each get 1,~ young in the 1st brood, amounting altogether to 2Jn ynUI1~, or 10:1 d :1nd
105 Q, If the motJlCr animals lx'fore the hatching of their 2nd brood ha\'c reached ,t size of IS mm,

the)' will according to the table each g'd 15,,; young, or altogether 2J! young. oi \\hich 117 are ,}
and 117 9. It is \'cry doubtiul whether all the young of (Jencration I, 2nd brood, \\hidl are born
in the end of JIII1<', reach matunty before the breeding'period ceases;asmentioned abo','cthe :tqu:uiul11
obscn'ations have, however, pro\'ed th:tt there is a pnssibility that sllch mysids ma,\' re:tch maturity
in September, Assllming therefore that the 16 Q of Geucr.1tion I, 2nd brood re:1ch maturity in Sep-
tember at a size of 17 mm, they will e:tch be able to produce 1 brood of 1.~ young (the table p. 86)
or altogether 22-1 young (Generation [I) before the breeding period is at an end. Cicncr:ttionil con-
sists thus of alto;icther 668 lI1ysicls.

The offspring of one pair of hlysis flcxllosa in one breeding period \x'i1lthere-
fore at the most comprise 764 individuals. It must be remarked that the appearance'
of the many young in August and September, \x'ilh which is reckoned in the scheme,
does not, as earlier mentioned, correspond to the actual conditions in free nature;
the reasons herefore are variolls. hrst of all many of the young of Generation I
die before reaching maturity, and secondly many of the mysids of the \x-inter-stock
(Generation 0) in the free nature do not breed so early ~s assumed in the scheme,
but only re~ch maturity in June or even in July, for \\'hich reason their young are
not able to produce a new generation before the winter; a (,,' \vhich reJ.ches maturity
in the beginning of July wi1l, according to the method of reckoning em !110yed,at
the highest produce 37 individuals before the end of the breeding period, even if
it produces threc broods of ,young itself. fina1ly the schcme assumes that a1l the
my-sids born as late as June reach maturity before the breeding period ceases in
September; the samples from September (see table 4) show, however, that this is
far from the case with al1 the mysids in the free nature, the mature\; C) in the said
samples comprising at the highest 1 % of the total number; as the main quantity
of Generation I in the free nature is already hatched before the end of Junc, the
percentage of breeding 9 9 should in September be much higher than it is, if al1
these mysids reached maturity in September. It is most probable therefore to assume
that only a few of the quickest growing mysids born in late June reach maturity
the same year in \'\'hich they are born.

"

3. Mysis neglecta.

The results of the aquarium observations on i1fysis nc.r;lecta are included in
the table given below, the manner of proceeding being the same as \'\'ith the
mysids mention cd before. A more detailed account of the obsef\'ations is to be
found in the Danish edition of this book, pages 103--105.
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Winter-stock.

/\~Fsis rzeglccta.
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The Results of the Aquarium Observations on J£.1)8i8 ueglecfa-

Of the mysid species treated here, iVIysis Ilcglecta is the most difficult to keep
alive in the aquaria; many experiments have been commenced, qut O\\:'ing to the
death of the mysids shortly after being placed in the aquari:J., they have been inter-
upted w-ithout result. It proved stiJI mar edifficult to get the 99 to lay viable eggs
in the aquaria; this \Vas only obtained in glass bells suspended beIO\\;' the surface
of the water (experiments V and VI). Comparatively little information regarding th~
duration of the period of incubation has therefore been obtained through the aqua-
rium observations. b:periment I 5ho\\'5 that in the case of one of the earlist breeding
individuals of the \\'inter-stock, 1 month elapsed bet\x'een the first and second ovi-
position; as normally' the new oviposition immediately succeeds the hatching
of the young, the duration of the period of incubation at this time of the year may
also be put do\\'n to 1 month. According to experiment VI the 2 of the 7 Q, which
011 June 22nd carried newly laid eggs in their incubatary pouches, had ne\vly laid
eggs the second time on July l!;th, i. e. 24 days later; at this time some other 2 had,
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however, already young in their incubatory pouches; as they still \\"Cre without
eggs on July ~tth, they cannot have got eggs the 2nd time beiorc July 10th, \x'hich
is 18 days after the 1st oviposition. 011 August 4th 1 individual had Jgain newly
laid eggs, and another one had young \x'ithout pigmented eyes; they were thus in
the same stJgc JS the -1:individuals were on Ju]y 16th, there being it whole period
of incubation of 19 days betwecn these two dates. III experiment V only 17 (bys
elapsed before a 9, which was placed ill the aquarium on June 22nd carrying YOllng
\vith pigmented eycs, !Iad reached this stage the 2nd time; but the course of the
experiment showing that the mysid \vas at the end of this stJge already w'hen
placed in the aquarium, 2-- 3 days must certainly be added to get the correct period
of incubation, w'hich will therefore be 19 - 20 days, Experiment IV show's that in
the case of one 9 of the winter-stock, 2-1:days elapsed in August before all the
young were hatched. finally experimcnts VIII and IX show that in the case of the
latest breeding Q of the summer-stock the period of incubation Liming September
and October lasted at least 35 to 44 days. At the end of May and in the be-
ginning of June the period of incubation lasted thus about 1 month,
d e c rea sed the I'e u pan g r a d u a II y d u r i n g J un e a 11d Jul y to a b out 1 8 day 5,
to again increase in August to 24 days and in September-October to
35-44 days.

The greatest number of broo cis produccd by a 9 of the winter-stock
was 3 (experiment VI); during other observations each 9 got only 2 broods (ex-
periments II, V and V); in experiments II and III ~ Q Q produced only 1 brood of
eggs each, though the one of tbem hael lived more than 3 lJIonths in the aquarium.
The QQ of the sLllJlmcr-stock produced each at the highest 2 broods of eggs
(experiments VII and XI). /\ccording to the measurement investigations the earliest
breeding Q Q of the summer-stock reach maturity first time about the end of July;
the period of incubation at this time of the year for the \x'inter-stock lasts about
19 days; this refers most certainly to the summer-stock too, coinciding as it does
\x'ith the fact that the earliest breeding female of the summer-stock in the aquarium
observations got eggs the 2nd time 011 August 10th (experiment VII); other mysids
of the summer-stock got eggs the 2nd time in the days between August 11th and
September 1st (experiment XI), and of all these mysids it holds good that after
the 2nd brood 110more ripe eggs were found in the ovaries, though several of them
lived in the aquarium for lYlonths after. It must be assumed that normally the 99
of the summer-stock breed ut the highest twice in succession; the few egg- or
young-bearing mysids, which according to the measurement investigations (table 5)
are still to be found in the free nature at the end of September and during Octo-
ber, can therefore not belong to the earliest breeding individuals of the summer-
stock, as \vith a period of incubation of 24 days in August, these must have hatched
their second brood already in the beginning of Sepkmber.

Regarding the gro\vth of the YOllng these observations give no information
\\"hatever, as all the YOllng hatched in the aquarium died in the course of a very
short time, usual!y before they had increased perceptibly in length. On the other
hanel the measurement investigations and the aquarium observations 011the maiure
mysids have ShO\'/11that the growth of Mysis neglecta proceeds somewhat slower
than the growth of f1;[ysisflexllosa,. but as the former, consonant to its being a

12
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smaller species, reached maturity when of a size inTerior to the latter, the t i III e
which elapses bdurc the YOllng of the 2 species reach maturity is about the same.

The number of generations is tllllS the SJme as \x'ith Mysis jlcxllosa, as
the earJiest born )'OltIlg of the summer-stock appear so late in the year, vii'. about
the middle of ,:\ugllst, that they cannot reach maturity before the breeding period
ceases. Also as n.:gards moulting, mating and their faculty of breeding in more
than one breeding period, Mysis /ltg/ecta corresponds to JIysis jlexllosa.

The results obtained from the counting of eggs and young of Afysis /leg/eela
from the Nyborg fjord are as follows:
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With this species too the number of eggs thus incrcJses with the length of
the mother animal, but decreases from the beginning of the breeding period till it
terminates. The examined individuals from JlIne :111 belong to the \vinter-stock, and
the examined individuals from August and September measuring less than 18 mm
all belong to the summer-stock, whereas the remainder, as far as could be judged,
belong to the winter-stock.

Similarly to w'hat has been clone earlier and based upon the present material,
we may calculate the production of a pair of the earliest breeding Mysis /leg/eela
in the course of a breeding period.

J'l'lay

I o~ L
1 Q, IS mill I i.

!nn

JI6 0' I
116 Q Ii

June July Aug. Sept.

Gen. 0: I cJ -' 1 Q.

---.----.---

117cJl : 1180'
')17Qli-\18Q Gen. I: :51 -:;' -'-- 51 9,

--~-----

I JSI CJ
.

~ '

[
151 Q

=:~~ ~-::::; g I

Oen 11: 2-r3 0' ~ 2.*3 9.

Gen. 1-11 total: 294 0' .c- 294 9 = 5SS individuals.

In the abo\'c scheme Gcneration 0 indicates a pair of mysids of the \('jnter-stock; at the end
of :\\ay the Q I11C;\surcs, when it gets eggs the 1st time, IS 111111in !en.~th. According to the table
of egg-countings for JUlie .lth 1917 such a 9 contains about 32 eggs; the 2nd brood or eggs of
Generation [, which is laid about the ('nel of June, \yili, according to the table of egg-col1ntings of
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JUl1t' 21t11 1~11T', 'J)/11prise 3.! el.:~~, beCtlhe the muther anil11al ill the illt'.ltHimc h:ls increased in
lw~t!j to If) nUll. The 3rd brood, !:1id in July when the m)"5id !J1l':1SU,t'S2') 111min length, comprises

37 l'~~-> Jccordi]~~; to the t.1b1,' j11~e (1(1. .\ssUllling tInt equ:lI Ilumber of:';' alld r; C;:':,1'e hatched in
t:;1(fJ brood, the 1st brood of (It:ueralion I, hatched at the cnd of JII!~e, ...dl comprise 16 9, \\'hich
r.::,ch m:\turity il; !att' July Jnl! prn,lucl' their fir~t brood ill Augl1c.t: JS'\lmin~ the mother animals

the.. tp be I') film !Oll;'::, the'Y \\ili each gd I (] young (s('e tab1c p. lJU; or a! toc;ctlier 160 illdivictuJIs, of
\,hi(11 SO are ,} JIid SO r;. Thl' 2nd bronc! of eg(s, which is laid in .\l1gust, will according to the
Lib1e ("nge 90 comprise I.! eggs. tht: mother animals in the meJntiIl1e l1a,'il1g increased ill length to
hi 111m;the 10 \ nf li'?IJention I. 15t brood, ",ill thus hatch altogdhcr 22-! young, \\'ilich appear
in September as 2nd bro(:d of Gener:ltion II.

\\'hether the 17 c;: of Generation I, Lnd brood, \('bich 3re born abont the middle of July r('Jeh
l1L:turit)" before the \xinter, is a question that tht' ob.:,en'atiolls IIIade do not ans"'er directly, As,
110\\'(:\'er, .Hrsis lI(g/cClil l'OrreSjkJnds in so m3ny ways \\'ith Jlfysis f/c,wosa (the brecdili~ period of
tile former spec:rs onl)" commencin:.; about 10 eJJys !ater than that of the other species), the 2nd
brood of Gener:ltion [ may be considered to reach !11Jturitybefore the breeding period ceases In
:lccorJallce here\\ith it has been ubct'r\'t'd that during September in the frce mture (~ 9 are often
met \(ith, which still ha\'C small incll1\:\tory !amelLe, but their large (\\':1rial eg~;s tend to prove that
they will be breeding in the nearest future before the breeding period ceases; as the case is ,,'jtb

J(1'sis f!ex(fosa, the 2nd brood of Generation [ does not reach maturity bdnre September and accord-
ing!)" only succeedsin pmducing Oil(' brood of YOllng, AsslIming the mother animals to be IS nU11
in len::;th ,,'hen the t'ggs arc laid, th<,)' '.\'ill, accorJing to the table pJge 90, only get 6 young each;
altogether the 17 9 "ii1 thus be able to hatch 102 young, ,\s nOnc of the m)"sids of Generation II
p,ndllce new young before the follo\\'ing )'ear, the prodnction of one pair of ,\'~v,'is /leglcda

d u r i 11g 0 neb r e e tI i n,C; per i 0 c\ tot a Is SS S i 11d i \' i d u a 1s,

The description given above relates to only a pair of the earliest, i. e. in
late .\\.1)', breeding mysids of the winter-stock. As the measurement investigations
(Llble 5) show, a great number of mysids, \vhich survive the \\'inter, do not reach
maturity before late June or early Juiy. According to experiment VI such individuals
\\ill still be able lo produce 3 broods of young, viI. 1st brood about the middle
of July, the 2nd brood about the beginning of August ane! the 3rd brood late in
.\UgllSt; probably, hO\'.;'e\'er, the most of them die before the middle of August, and
they \\'iJi therefore only produce 2 broods of young; me:1surcment lists for 1:>/" 1917,
:~), 1916 and ::1',;; 1917 (not included in table 5) show tl11t only 1 breeding 9 of

296 measured mysids of the \\'inter-stock remained. Each of the young produced
by these late breeding mysids, the first-born of which according to the above reach
niatuirty at the earliest in September, \vill tints at the highest be able to produce
1 brood of young before the breeding period ceases, and the most of them, viz,
all of the 2nd and 3rd broods, do Ilot reach maturity before the \,,'inter. As furthermore
only a fe\\' eggs and young, according to the table page 90, are produced by each
Q :10 late in the year, it \\i!! be understood that the latest breeding c; Q' of the winter-
stock produce an offspring, \x'hich is much less Ilumerous th:1n the one just ca!culated.
A r;. measllring 18 mm and breeding first time in the late June \\'i!! thus, even if
it produces 3 broods of young itself, at the most produce an offspring amounting
to 172 individuals.

"j h the present schr':ne of the pr,)d~(.tiu!1 of onc paIr of my.;id>, as "'e1l a5 in l~e preceding OlltS of the samc kind,
the superscriptions ~\ay, June ere. (,nl)' ;nc;ica.e l1:e time when the young appear, lI(lt \1hen the egg> are laid,
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The Size of Production.

A. In the aquaria.

i

IiI analogy \\'jth tile cX[1erimCIH mentioned pJ~'e -!S reJ.1ting to Oalll!llarl/s
lomsfll, a feeding l'xpcriment \\"as made \\'jth a ::tuck of mysids during J \\'hole

year in one of the L1rge cement reservoirs, \\hlch measured 1 sq. m at the base.
On July 31 st 1917 Jbout 300 mysids, all be!()ngin,~ to the summer-stock, \\'ere
caught in the :\yborg fj()rd. Tl1l"Y \\'ere roughly divided into hvo equal portions,-
the one of \\hich \\'as placed ill the aquarium, \\'hilc the other was preserved in
alcu!wl for later mcasurement and \\'eighing purposes. The results obtained are

included in column.July 31st 1917.. of the bystanding bble; for comparison the
\\'eight of the aniI1lals is computed to rough \\'eight. ,"\s \\'ill be obsen-cd the sample,
\\'hich on account of the manner of proceeding employed cannot claim to represent
the exact number, but certainly tl1e size and sb~e of development of the mysids in
the aquarium, contains represcnt:ltj\,"Cs of the 3 Nrsis-species hitherto mentioned;
only a fe\\' of the Lir;.:cst '~c;: are breeding .'-Tt, the (Jther <;.:r;; nut having reached
maturity. T\\'o months !ater, on October 1st, aJl the mysids \\"Cre taken out of the
aquarium, measured and \\'cighed \x'hile Jli\'e, and thereupon returned to the aquarium.
The table sho\\'s that the breeding period no\\' hJS ceased, there being only t\\'O
Q of Alysis intrlllis stiJl breeding, There \\crc iOl!l1d 10 adult '5 of Mysis flexlIosa,
the 6 of \\"hich had fll]]Y dcx-eloped pJeopods of the -tth pair, Jt1d 18 Q of \\'hlch
the 16 had large fa1lcn-in incubJtory lame1Ja-, plainly shO\ving that they had been
breeding quite recently; most probably a number of the originJlly immature Q Q

placed in the aqilarillm hJ\'e in the meantime reached maturity. The same refers
to JHysis negleda, the.W 0' of \\hich all \\'ere fully developed; of the 21 Q the 18
largest indi\'iduals had fallen-in incubJtory Jamel1a-. Like\vise all the klysis in£r/llL'i
indicated as Q or~)' \\"ere mature or had recently been breeding. .-\ great number

of Yotlng had been hatched in the aquarium, so that the number of iHysis flexllosa
and nrgleda in thc course of the :.2months had increased to the five-double, whereas
Alysis i/lermis had only increased to the double, The aggregated weight of all three
species had during the same period increased from -! g to 7 g, as likewise all the
mysids had increased considerably in size.

To distinguish bet\\'een Mysis flexllosa and Mysis /legleda \\'as already on Oc-
tober 1st a very difficult matter in reference to the group of young, because many
young of the latter species, which are strongly pigmented in the free nature, had
turned an exceptiona!1y light colour. which \\'as nearly identical to the light colour
of the bottom of the cement aquarium, and for this reason they \vere very difficult
to distinguish from the young of JHrsis flexllosa. \~'hen the mysicls again were
takcn out for exarnin;1tinfl on April 25th 1918, it was observed that a sorting be-
txx'een iHysis jlcxllosa and /leg/ecta, especially in reference to the small individuals,
\vas no\\' impossible \\'ithout the aid of a microscope; this is the reason why they
are not kept apart in the table. On!y 6 live indi\'iduals of IHysis i/lermis remained,
and of these the 5 \H:re c\ measuring 10-- 11 mm and the 1 a C measuring 11 mm;
these mysids are also counted together \\-ith the others in the table. The largest of
the mysids, 'liz. the small group of Ill!:;: developed c}0' measuring 20 - 22 mm and
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the small gruup (If (, ~ mca~uring 23 - 25 Jilin, were true flexllosa.. onc of these
c. r; \\as secn t(l be carrying egg's in its incubatory pouch, tllOUghin the free nature
the breeding period h:1<.1!lot yet cOl1lmcnced; the remainder had large breeding
IamcllJ: and l1eJrly ripe eggs in the ovaries; they' were thus guing to breed w'ithin
a short time. :\ltogclhcr there \\-ere 10 such large jlcxllosa- (:', and from xx'hathas
been expericnced earlier, there can be no doubt but that they are identical \X'jth
the 10 of the 1S jlcxllosa- (~, \\'hich on October 1st 1917 measured 19~-22 111min
length and in the table are separated frU!D the others by a little space, As stated
in the above :1.11these l1I)'sids, 2 indi\'iduals excepted, \\'cre spent indi\'iduals of
the summer-stock, which had been breeding at the end of the breeding period,

. viz. during August-Septcm her 1917. Likexx'ise at the le:1.stsome of the 9 ,5 measuring

20-22 mm mu:;t be individuals, xx'hicll \\'ere mature already 011 October 1st 1917.
This is therdore the first instance \vhich prcwes that mysids of the summer-stock
can breed in the aquariul1I in more than one breeding period. It is e\'ident that
the 10 mature or nearly mature f/exlIosa- (; fro111 April 2Jth cannot be]ollg to the
group of young from October 1st, as in this case some of these lI1ysidsshould
have grO\\11 frolll 12 to 22 nlln, i. e. 10 111111,in the course of the XXinter, \vhich
is contrary to tIle experiences gained earlier; likewise if aJl the c~c! belonged to
the group of YUllng from October 1st, some of them should have grO\\'n 7 !11m,
which is a l1Iost improbable quick growth for the cold season. Of the true neglecfa
only one 9 was ne:lrIy mature; this one too seems to be one of the spent indivi-
duals, w'hicl100 October 1st measured 15-17 mm in length. In the course of the
winter season no young had :lppeared and a great number of the mysids had
furthermore died off, whereby the stock \\'as reduced from::; 13 individuals, \nighing
7 g on October 1st, to 152 individuals, weighing 4,~g on April 25th. 361 individuals
have thus died off in the meantime; their average weight can be put down as

( 7'0 + 4", ) ) 0
.

d
. .

d I I' tl
~ .

0 t b~5i3- ~j52~: :."= ,02031 g pr. m IV! ua, or a toge IeI'I ,:13g; Sl1lce coer 1st

the weight of the stock h:1.sthus in reality increased to 7,3~ + 4,2 = 11,;;3 g in the
course of the xx'inter-season.

'W'hen the stock on June 21st 1918 ,,'as ag~in taken out of the aquarium for
examination, the breeding activity was in fu!I s\ving. There were no\'\' only 2 JIysis
illcrmis left, viz. 2 0' me:lsuring 11 and 12 mm, Among the other mysids the 2
largest d and the 2 largest Q without eggs, \\'hich were spent individuals, as well
as 6 breeding c; measuring 20--24 mm in length, could all be determined as
Alysis j7exl!osa,. of these 3 of the breeding <;: measuring 2-1: mm and 1 of the spent
Q measuring 25 111m were survivors of the group of mature or nearly mature

flexllosa- 9, \\'hich on April 25th of the salTle year measured 23- 25 mm. The other
adult mysids \x'ere true A;[vsis /leg/eda, but amongst the young both species were
found mixed together. There were altogether 66 adult wintered mysids; 86 jndividuals
have thus died off since the last examination. As the entire stock no\\' \\'eighs 4,1g,
of which the young take the a" g, each of the 86 dead individuals must have

\nighed approximately (-f~~ + ~6):2 =--= O,O115~g, or altogether 3,.iig. The 4,2g

mysids from April have thus in the course of :! months increased to a ,,'eight of
-l,~ + 3,5i = 7,"j g.
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On September 23rt! IVIS .111the m~-sids \\"t're taken out of the aquarium, kiJled
in alcohol and thereupolJ measured and \n~igi1ed carcfuliy; there \\Tre no\\' only

JI)'sis jlfxllosa and llo:lt'cla Icit. The entire \\-inkr-st(lck was g-()!lC,and 2 9 of the
slimmer-stock were foulld breeding. these being 1 ,\lysis Ilfglccta Jl!(:asuring 17 111111
ami 1 ,\1)'S{~)jlt:xllosa measuring 20 111m;this is the first time I h;l\'e succeeded ill

getting mysids of these t\\'O species. born in aquarium, to become mature before
the \\inter. ..\Iso among the ~ ,; \\'it!Jnut eggs a fc\\' \\'ere found with signs typical
for mysids, \\'hich have recently been breeding. .\s \\'e!l here as in the group of
young, ,\lysis jlcxllosa and ,11)'sis Il(t.;!cail \\'ere found, though the latter species
predomiIJ:J.ted, but it \\'as impos:::ibJe to distinguish thcm \\ithout counting the spines

on the uil plate. The 285 mysids totJlled in weight 6,:! g; it is to be noted that
the gro\\'th of the summer-stock in the aquarium, \\-hen compared \x.ith the gro\\,th
of the aquarium's stock during August -September 1917, has been comparatively
small. Also the number of yuung, \\hich ha\'e appeared in the aquarium in the
course of the breeding period 1918, has been comparatively small, as a production
of 285 mysids from 69 r; only gins .t young to each.

In conformity with O{]mllZarus locus/a the quantitative result of the
rearing of mysids in aquaria does not at all correspond \\'ith the theo-
;etically calculated size of the production stated pages 80, 87 and 91,
especially on account of the heavy rJtl' of de,1th among the animals in the aquaria.
As furthermore the mysi<.lsaltogether are much less prolific than Oallllllarus loCtlsta,
a rearing of them as food for fish \\'(m1d hardly pay.

In the aquarium observations described above the mysids \\'ere fed \vith \x'eighed-
off food comprising partly the fresh minced soft parts of mussels, and partly of
fresh alga~. To prevent the latter in grO\\ing, the aqu.1rium \\:'as kept dark by being
covered \\ith a lid. The figures sbkc! belt)\(- give information l'egarcling the quantity
of mussels and algze consumed in the course of the different months throughout
the year. It \\'i1I be observed that a much less amount of food is consumed during
the \x'inter months than during the summer months, \\'hich conforms with the
gro:wlllg of the mysids proceeding slo\\'er during tile willter.

Weight in g of food consumed and of mysid stock in aquarium.
From July 31st 191i till September 23rd 1918.
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The "u~eful effect" during the months of August and September 1917 \\';1S
about I,

,:" there being during this time produced 3,0 g mysids, \\'hose dry matter
percentage is £I,;;,from a quantity of fOJd amounting to 129,,; g aIgze and mussels,
the dry matter percentage of \\'hich is about 16, ham October 1st till October 25th
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there \\'ere consumed altogether IJIg mussels and 1,;1,~ g alga', xx-hereby the \\'(~jght
of the mysids increased from i,o g to 11':'3 g; t!\US 4.';,3g mysids \\'ere produced,

this giving a
"
usciul effect" for the \x'inter of only) 11:;' from April 25th till June

21st 1918 there were consumed altogether 54 g mussels and -10 g alga:. hom this
\\'as produced 7,~" -;- .t,~ g ~"'-:::;},,7 g mysicls, which gives a ,.useful effect" of II~' Upon
the concJusioll of the experiment OIl September 23rd 19]5 the entire \\'inter-stock
had died off; the summer-stock, which on June 21st of the same year only consisted
of the group of YOllng, \\'eigl1ing 0,. g, had gro\\'11 tIp to a \\'eight of (),3 g, xx'hereby

there since June 21st has been produced 1;,:\-;-- 0,7 == 5,,, g mysids. As at the same

time 143 g mussels and 60 g alg.:c had been consumed in the aquarium, \ve get
a "useful effect" for this period of 1/"1'

In the course of a little more than a year there has altogether been consumed
403,B g tnttssel-meJt and 317 1-':algx, and in the course of the same time there
\vas produced altogether lO,l!g mysids in the aquarium, \x'hich gives a "useful effect II

of about l/j~' The "useful effect" is thus much less among the mysids than among
Oallllllarus loolsta. It must, ho\\'Cvcr, be noted that minced mussel-meat is much
!TIore liable to decay than whole opened mussels, with which OaJlllllams IOCllsta

was fed; though it was not found necessary 011 account of the development of
bacteria to change the water during the experiment with the mysids, it is evident

that a parC of the food has not heen consumed, but has decayed; the stated figures
which indicate the "lIsefu! effectll are therefore ol1Jy minimum values. \Vhen at the
end of the experiment tire water of the aquaria was taken out, it was observed

that some detritus had gathered at the bottom of the reservoir; it \\'as, however:,

only a matter of a few grammes.

The relation between the increase in weight of the mysids and the

food con s u med, both val u es being co n pu teel to dry J]] a tter, varies thus

behveen I/\~ and l/U:\; it \\'a5 greatest during the spring and sma1!est during the
winter, at \vhich timc the mysids consumedabout \l; of what \vas consumed during the
summer. In the aquaria \V'hich covered an area of 1 sq. metre, 16,~ g mysids were
developed in the course of 14 months.
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B. In the Nyborg Fjord.

~
Besides gammarids a number of mysids were caught in the quantitative fishing

experiments mentioned page 53, and similar to the gammarids the hatched young
mysids sought the surface of the water in the evening after dark. In the table
below the results from the 11J.nd-net draggings mentioned page 53 are gathered, the
3 Mysis-species being here counted together.

During the months April--1\~ay and November-January hardly anything but
adult mysids were caught; the samples from June comprised most]y newly hatched
young of A-1vsis inert/lis, and during July- September the majority of Mysis-young
\x"ere newly hatched individuals. As estimated minimum-value, the an n u a1 p 1'0-
duction of mysids in the Nyborg f'jord may therefore be reckoned as the sum of
the largest figures for each of the months Jline -September 111the table, i. e. 0,23

+- 0,09 + 1,13 -I- O,7~ = 2J;'!g per sq. metre. Probably it is somewhat larger, as a
gre3.t number of mysids, which are devoured by other animals, are not included in
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these figures. I-Io\\'ever, there is no doubt that the annual aggregated production
of the 3 M)'sis-species is less th:lI1 the annual production of the Oallllllarus lomsta
:llol1e; partly the mysids are ml1ch less prulific animals than OUllllllarus locllsta,
partly the aggregated offspring of a pair of e3ch A~l'sis-species is far less in number
than the offspring of one pair of Oammarus IOCllsta, and partly the mysic!s are
comparati\'ely small animals, and their \\'eight is therefore a]50 comparatively small.

The periodically repeated examinations of the Zostera-regions in the different
Danish fjords by means of a quamit.J.tive hand-net as mentioned p. 1 have pro\'ed
that the greatest numbers of our 3 common Mysis-species are met with in the

. autumn, during August and September, \\'hen the young of as well summer-stock
as \\'inter-stock ha\'e appeared. In the Nyborg fjord during this season 473 indi\'id-
ua!s were found per sq. metre, in i'\ykobing Bay, ;\\ors, 573, in the Holba:k fjord
271 and in Svendborg Sound 213 individuals per sq. metre; another year no less
than 8,1 g mysids per sq. metre \\'erc found in S\'endborg Sound. The investigations
have been carried on during 3 years (1914-1916) and gave the following figures,
\\'hich represent the average of mysids found during these 3 years (all the figures
are mug hweight):

The Nyborg fjord I/:; m depth: 1,50 g
Svendborg Sound ~/3 - 4,93

The I-Iolba:k fjord \':; - 3,30 -
The Limfjord 1 3"3 -

The figures may be used for mutual comparison as minimum values for the
annual production; this production is of course some\\'hat larger; thus the figure
page 96 for the i'\yborg r':jord, viz. ?,jl g per sq. metre, is certainly more correct.
Assuming that the l11ysids of the :\yborg fjord only are to be found from 1he shore
to a depth of 5 01,the last mentioned figure (see page 5.1)gi\'es an annual production
of the 3 Mysis-species in the \:yborg fjord or 12700 kg, \\'hich is only a quarter
of the amount calculated ror Oa11lmarus locllsta, viz. 50000 kg.

---, ~
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Other Species of Mysidre.

The srccies mentioned page 57, \\'hich appear in the Nyborg fjord together
\\'jth the 3 species mentioned above, have occasionally been subject to measurement
investigations, \\'hich 5ho\\' that in reference to biological conditions they conform
with these 3 species.

TI1l1s unly brge indi\'iduals of M)'SlS spirdlls \\'ere fOLlnd on April 17th in the
Nyborg Fjord, and they had not yet reacheu maturity; the '; C; had, hO\Hver, ovarial
eggs and the d u' \\'ell developed plcopods of the 4th pair. 011 !\\ay 8th large
breeding (.'

':'" \\'ere found; in July all tlle \\'intered individuals had rcached maturity
and numerous young \\ere hatched. On August 1Sth many breeuing individuals
\\'ere still found, :l1ld judging by their size (55 measuring up to 16 and c;: 9 up to
17 111m) they must belong to the \x'inter-stock; a. few smaller 99' measuring 11 mm
and cf:f measuring 10 mnl, all of which \x'ere ne:lrly mature} suggested that also
a part of the summer-stock reached maturity before the breeding period ceased.
This species is not coml11on in the Nyborg r-jord; as an instance of the great num-

bers of \x'hich they Gin be found else\\here, especially in sha1!ow bays \\ith clean
sand bottom} it may be stated that in the rIaske Bay 4000 lHysis spiritus within
an area of 100 sq. metre were caught by means of a quantitative fishing implement
on September 1st 1913; the mysids weighed altogether 24,8 g.

In the Nyborg fjoru several breeding Y g of iHysis l'ulgaris were found already
on April 14th; on .\\ay 11th the most of the \\intered individuals had reached
maturity, but no young h:ld yet appeared. In July and August large breeding cJo~

and 9 9 measuring 12 and l.t mm respectively \,\'ere found, and besides these also
a number of young, the must of which \\'ere nc\\'ly halched; in a sample from
Kerteminde the largest YOllng measured about 6 mm on August 18th. During No-
vember and January no mature Mysis I'ltlgaris were found; \\'hether the sut11mer-
stock reached maturity before the breeding period ceased could nut be substantiated.
This species is found in the shallow water close to the shore; during the winter
this more hardly form predominates among all other crustaceans in the shallow
\'\'aters of Svendborg Sound and the Nyborg Fjord.

.

The wintered stock of Macropsis Slabberi in the Nyborg fjord had on April
11th not yet reached maturity. On June 30th only large breeding individuals mea-
suring 10--12 mm and all belonging to the \\'inter-stock were found by Sams0,
but about the end of i\UgUSt, when this species immigrates in great numbers to
the low \vaters of the Nyborg fjord, a great stock of smaller breeding individuals
measuring 7-10 mm as well as se\'eral breeding individuals measuring lip to 14
mm in length \I"ere found; the former of these belong without doubt to the summer-
stock. The breeding period ceased in October! as no breeding individuals were
found during the winter months.

/H)'sis mixta has becn examined earlier by Apstein (see page 2); by means of
a quantitative fishing implement about 6000 individuals of this species were caught
outside the Nyborg fjord on August 25th 1913 just above the sea bottom on an
area of 50 sq. metres} \dlich gives 120 individuals per sq. metre.

~-.--
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Resume.

Our 3 COmm0i1 species of Mysida:: Mysis inerllli<;.j!l'XllOSa :Ind ncg/cda are
all annual. The breeding period of the first namcd species lasts from the end
of April tili the end of Oct()ber, of flt'xllosa from the middle of ;\b\' till some time
in October, and of ll(fI/cda from lhe end of J\\ay tiIJ tJle end of October. The
\\;intercd il1di\'iduals-- the \\;'inter-stock - all die off in the course of July--
August; before this each (; hatches up to 3 broods of eggs. The \\;'inter-stock of
Mysis inerlllis produces at the most :3 generations, the other t\\;.o species 2 gene-
rations. In opposition to the \\;'inter-stock aJJ the mysids, which have 110tyet wintered,
are called tl1e summer-stuck. The young of these 3 species born earliest i'1 the
year appear at the end (If .\\ay, the begil1ning of June and the end of Junc respect-
ive!y; they reach maturity in the beginning of July, the middle of July and the
end of Jul)' respecti\'ely. The earliest born (? 9 of thc summcr-stock of Mysis intrill is .
may each produce up to :5 broods of young, \vhereas each 9 of the slimmer-stock
of the t\\'o other species can only hatch 2 broods. The 99 of the summer-stock
ah\'ays reach maturity at a IlIuch smaller size tl1111 the 9 '2 of the \\'inter-stock, and
for this reason the first namcd \Vere usually very easy to distinguish from the last'
named. A number of the C;:.9 of the summer-stock IlIay, ho\\'ever, be assumed to
\\;"inter and resume breeding in the beginning of the breeding period of the fol-
lo\dng year. ,

During the \\arl11e5t summer-time the period of incubation of lHysis il/er-
mis lasted a little 1110re than 2 \\"Ceks, and of the other two species about 3 \veeks,
but at the beginning and at the end of the breeding period most often about 4
\\;'eeks, and at times eHn 5 wceks elapsed. Immediately subsequent to each hatching
in the breeding period a new depositiun of eggs took place.

The g ro\\'t11 (figs, 11 and 12) proceeds slc)\vly during the \\;'inter and quickly
during the summer. The 9 9 grow quicker and become larger than the cJ 0'. The
mysids born earliest in the year reached maturity in the course of about 1'/2 months;
in regard to those born later in the year a longer time elapsed before maturity
was reached.

The In at in g has not been obscrved. Every new deposition of eggs was combined
\\'ith a moulting of the 9. The n u IIIbel' of eggs, \\;'hich each Q deposits, is
dependent partly on the size of the mother animal and partly 011the season of the
year; the larger the .~~" \\;'ere at the same time of the year, the greater was the
number of eggs to be fO~li1cl in their incnbatory pouches, whereas the later in the
year the egg-laying took placc, the smaller was the number of eggs each 9 of the
same size got. See funhermore the tables pages 79, 86 and 90.

According to calculations made, a pair of mysids of the winter-stock \'\'ou!d in the

course of one breeding period be able to produce the following number of young:

Mysis i!l/'rmis: 1306 individuals {3 generations)
fitrsis flcxllosa : 764 (2 )
J{rsis Ilcgleda: 588 (2 )

The fo oel consists uf detritus, fresh plants and animal nourishment. On feeding
the mysids in aquaria \\'ith mussels and fresh alg~ it was observed that less \vas
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consuiJJed durint'o the \\intl'i than duril1~( the sut!lmcr. The ..!15cill1 effect" varied,
'--'"

bet\\ct'n !
;~ and 1

'I, (j1Jge <J5-(0).

The annual pruduction in the ~yborg Fjord can be cstimJkd at abt. 2,:" g
(rough \\clt~ht) per sq. metre as a minImum Ldue. III other f);1Ili~h fjords there
han: been found tip to S,I g mysicls per sq, me;re. The bio!ng~' of different other
DJnish m~:-ids corresponds \'cry closely to tiut uf tile species treated here; the same
refers to ,1~l'sismix/a c\Jmined in the Baltic Se:! by A ps tei 11.

On the Biology of some other Crustaceans from fresh
and salt \Vaters.

.t

.\s a comp:uison to the biu10gy of the abc)\'e tr(,:lted amrhipuds Jnd m)'sids
the iollO\\'ing litteraturc 011 the biu!ogiol cOllditions of other crustaceJns may finally
be stated here.

Th. .\lortensen (17) h:ls pru\'ed throughmeJsurelllents and aquarium observa-
tions that our common 1'1'.1\\'11,PUlll'IllO/l. Fabridi Rtk. is at the leJst bienniai; it
breeds from the beginning of ;\\ay till the end of Ju!y or the beginning of August.
J\lany of the <;'r;, espccial1y the large individuals, produce 2 broods of eggs in the
breeding perind, the one immediately succeeding the other, and the 9 <;' moult
immediately before depusiting their eggs; the hatching of the eggs at the beginning
of a breeding period Jasts about onc month, but according to the author's sbtement
it is probably shorter the \'i'armer the \\',lter is. The grO\\"th proceeds only during
the \l'arm season and the pra\\'ns reach maturity \\'IICn ! year old. The mating has
not been observed; the number of eggs increases Kith the size of the mother
animal and varies from 300 to abt. 2600 \\ith each Q.

Ehrenbaum (7, 1890) has examined the shrimp, Crall/.{oll vulgaris fabr., by
the Norths~a coast of Germany. E\"Cry year 1\\'0 ovipositions take place, viz. in
April~-julle and in Oclober- :\ovember. The hatching of the eggs during the
summer lasts 4 \\'eeks, but during the \\'inter it lasts 4--5 momhs. The author is
of the opinion that the shrimp may reach an age of 3 years and that it be-
comes m:lture \\'hen about 1 year old. E;lCh :~ Jays about SOOOeggs. With this
species the moulting tJkes place immedi:J.tely prior to the oviposition, and each <;;:'

produces hn) broods of eggs in succession. The material published from this paper
is, however, hardly sufficient to sen'e convincing as to tile correctness of the author's
conclusion. According to ,\10naghail (16) the shrimp by the English coast seems
most essentiaJly to breed during April -.\ugust.

\'ViJliamson (:2(), 1900 and 1904) examined the Edible Crab (Callcerpag/lrllsL.)
from the :\OI'tl1 Sea by me3.nsof. measurements Jnd in aquaria. The mating takes
place during the autumn subsequent to the female's niliulL The eggs are not laid until
the follo\\'ing \\"illter (0:ovember-january), about H months later, and the hatching
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of the eggs lasts about half a year. Each Q lays from .160000 to 3000000 eggs.
The animals are. mature in their 6th year, and they call live till they arc 9 YC:lrold.

The same author (26, J(03) relates in reference to the Shore Crab (Carcifllls
nza..fWS Leach), that it lays eggs throughout the whole year, but mainly during the
slimmer. i\\ating does not take place until tllC moulting of the ~ is at an end.
l\\oulting ta!\cs place more often during tile summer than during the \x'inter. The
animals reach maturity in their second year. They only seem to get eggs once a
year, and reach an age of about 4 years.

Regarding our COnlnlOJi lobster (lfomarus vulgaris ,\\.fdv.) all extensive literature
is to be found, especially by Ellrenbaum (7, 1(03) alld A[Jpellof (1). By Nor-
w'ay's coast tlIis species reaches maturity \vhcn about 5 years old, and the mature
9 Q moults every otlIer year, in the KJttegat every year (T ry b0 m). Also the ovi-
[Josition takes places every other yeJr in Norway; by England, Scotland Jnd lielgo-
land, hO\'rever, [Jrobably every year (Cunningham, \Villiamson, EhrenbJum).
Subsequent to the hatching of the YOllng the moult tJkes place; the mating has
not been observed, but most probably it takes place immediately after the female's'
moult (Ehrenbaum (7)). The eggs are laid during the summer and the hatching
lasts ahout 1 year.

Regarding the crayfish (Asfacus flaL'ia/ilis fabr.) too an extensive literJture is
to be found, especially by authors as' IIuxley, Dr0scher, Schikora, Trybom
and Nordqvist. This species is said to reach an age of about 10 years. The d
probably reaches maturity already Jt the age of :3 years, and the Q at the age of
4 years; the moulting of the mature individuals takes place only once (r;') or twice
(0') annually, with the young much oftener. The eggs are laid 13--H days after
mating, \\'hich takes place during the autumn (November---December). The hatching
of the eggs lasts 6 months, and of the 60--200 eggs, which each adult Q lays
every year, only 12-20 young are produced. According to Nordqvist the crayfish
grO\'rs much slower in Sweden than farther southward as e. g. in Germany.

In reference to Ellpagurlls prideauxii Leach from Naples, P. Mayer (15) writes
that it has no certain breeding period; he has not observed the fertilization, but is
of the opinion that it takes place on the outside, the sperrnatophores being attached
to the Q w]lile its ovarial eggs are still immature. The eggs Jre then not laid before

the hatching of the preceeding brood of young is completed, and is independent
of moulting or antecedent mating.

i\\. Faxon (10,' pages 303--330) has observed that the 9 of Pala:!lionefes
vulgaris ahvays moulted a few hours subsequent to having hatched its young, and
usually during the night.

.Kaulbersz (13) has made some aquarium observations on Aseflus aquaficus

in .\lunich. In the aquaria this s[Jecies continued breeding throu,ghout the year, but
in the free nature the first copulating individuals \vere observed in ]anuary-Febru-
Jry and \x'ere seldom foune! Jater than October---November; if then placed in an
aquarium they \vould immediately commence copulating. The Q carries the 6' in
a kind of "riding-position" for 6 - 8 dJYs, after which mating takes place, the cJ
and Q turning over with their ventral sides to\vards each other. Aft e r each com-
pleted copulation the Q moults; the young are hatched in the course of 3 - 4: weeks;
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\x'hen the YOlln.L;are hatchcd, the <i moults Jg:lin. Tile moult of either sex is other-
\x'ise dependcnt on age, tcmperature and amount Df nourisllt!1ent.

from \x'hat is stated in tllc furegoing it \\ili be observed that tile temperature
is one of the most implntant biologic.:d factOrs in tile biology of all the examined
species of crustaceans. By a higller temperature moulting takes place oftcllcr, and
accordingly thc grO\\'!h procecd~ quickcr th:lI1 hy a 100x'ertemperature, Jnd there-
fore the breeding activity is promoted or even only takes pbce during the \x'arm

time. A feature COl111110nfor all tIle Cfustace:lIls is furthermore that the n u m be r
0 f egg sin t 11e Y in ere a s e s \x'i t h the s i7.e () f the rn 0 the ran i m a I. It
scems also to be the usual rule that the larger species Jjve longer, propagate morc
seldom and require a longer period of hatching than the smaller specics. The
mating, as regards the 9~' of most of the species, seems to take place a fter a
moult, and the !latching of the young secms a!\x'ays to be foJlo\\'ed by the moulting
of the mothcr animal. flowever, for numerotls and oftcn very common species such
bio]ogic:ll details are wanting by means of which these matters CJn be judgcd \vith

certainty.
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