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PREFACE 

T h e  assumption that  animals settle in new lands beyond the borders 
i of their native liabitnts and thus extend the range of their habitation 
;.. often plays a11 important part in zoogeography. Such assumptions 
F are very plausible in many cases, but they are usually difficult to  
-; prove, because these assumed happenings took place so far  back in 
i-. 
: the hist.ory of the enrth. Extensive studies have been made in our 

timos nbout nnininls living in regions far away from their original hab- 
'. itats. Some of these anirnnls havo been intentionally trnnsplnnted by 
E man n~id sonlo liave been brought in uninteritionally on commercial 

carriors, as or1 ships, for instance. One of the very best nnd most 
. recent exa~nplcs of this is the presence of tho Chinese mittcri crab in 
? the North Scn and in the Baltic couutries following the opening of 

oxtc~tsivo shipping between Germany and eastern Asia. This mitten 
I- crnb was nlrrlost u~lrioticed for years but during tho  lattcr part  of the 

! 
" pnst dccado Ilns illcreased enormously and has dovcloped sudderily 
I into a serious danger to the fishing industry. _The necessity of cffec- 

tively fighting these obstrvctivo crabs has led to thorough scientific 
.! invest.igations into nll their chnmctcristics and everything about them. 

Tho lively ~naritimo traffic between Germany and enstern Asia will 
co~itirirlc to lenvo many wnys open for the further distribution of this 

) rosistnnt and ndnptablo crustacean, and a short account of its irltro- 
i duction into Europe, its distribution over Germany and neighboring 

countries, and its chnracteristics and wnys and llnbits may be of 
general interest. 

? IF THE MITTEN 'CRAB'S ORIGINAL HABITAT 

The gcnus Eriocheir is a native of enstern Asia and contains three 
.. species. T l ~ e  Japanese mitten crnb (Priocheir jap07~icus de Haan), 

inhabits tho Jnpnnese islands from For~nosa i n .  the south to the 
. aouthe~n point of Salrhalin in the north, also the coast of the Asiatic 
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mni,lland across from Jnpnn, tho enstern const of Korea, tho coast fields near the const and that farther inland i t  lives only in the rivers. 
to V]ndivostol< nnd perlinps eve11 n little north.: The species of Eriocheir leptognathus described by Dr. Mary J. l tn thh~m 

Japan i t  goes fRr 
illto the mo~intains, and in these mollntninous :: inhabits Chinn from the province of li'okin in the south, where i t  is 

regions it is called the mountnin crab. rare, to the Linotung pcr~insuln on the Yellow Sea in the north. 
*he chinese mitterl (E&cheir sinensis 11. Milne-Edwa Its principnl habitnt is north of Shanghai (fig. 1). 

The mitten crab belongs to the Grapsoid family group which is 
phyl~~enetically the newest group of the brachynran crustncenns. 
The Grapsoid crabs nre animals of the Tropics, but a few forms rcnch 
into the Tcmperate Zone, and tlie mitten crab is one of them. .Thus 
it happens that we see characteristics in an animal living in the Tern- 

te Zono which really be lo~~g  only to animals living in the Topics. 
. The Grapsoid crnbs are mariuo nnimn,is, and i t  is an outstrnding 

' chnracteristic of all marine crabs that larvae escclpe from thear eggs 
.. to drift free and pass through various stages before settliug ion the 

bottom. Thereby they dXer fundan~entolly from all real fresh-water 
crnbs which do not go tl~rough these stnges when the larvae drift. 

t free. A whole group of Grapsoid crnbs s p e d  thcir ndolesccllce 
in brnclrisli or fresh water wlioro they liud especially rich fecdirtg 

ver, that is tho only time they do live in brackish or frcsh Ira ter. 
' They must a l ~ ~ n y s  breed in the ocean. The larvae escapc from tho 

egg in the ocean and pnss through the free-drifting la.rvnl stages in salt 
. or braclrish rrater, but however far they may venture into fresh wnter 
' thcy must always return to the ocean for reproduction. The Grap- 

soid crabs, therefore, prefer regions close to the coast when thcy scelr 
fresh wnter. Our mitten crnb belongs to this group. 

W TBE MITTEN CRAB WAS DROUGHT INTO GERRIANY 

The nlitterl crabs live in the Temperntc Zono in enstern Asin up illto 

, the far nort,lt. This fact l ~ n s  mndo possiblo their trunsfcr to tol~ipcn~te 
Centml Europe and to cold-tempernto northern Europe. Tllcir 

, presence in Germany was probably made possible because of their 
reproduction througli freo-driftiug lnrvae brought to Germany 011 

ornmcrcial vessels. When the ships happened to fill their ballast 
water tanks in central or north Chinese ports during tho larvao's 
sptlmnbg tune, the 1.7- to 5-mrn larvae of the mitten crab would, of 
course, get into the tanks, and again when tho tauks wers emptied in 
the German port the young mitten crabs, rt few millimeteri long, into 

FroDRg I.-Distributlon of Erio,%eir,lo Esst Asla; horfron~al  llna: region of of the which the larvae had developed during the trip, would, of course, get. 
mitten rcrl,cal lints: regloo 01 the Chinese mitten crab; dolled revion: Of Eriochc(r IcplwndW into one of the German rivers en~ptying into the North Sen. This corlld 
Rnthbun. : go on unnoticed year nftcr yonr. They mere undoubtedly bro~~gl t t  

(,,I. 1).inhnbifIs Chinn from the proviuce of Fokieu in the to ago. Tho first Chincso lnittorl crab, a lnrge nlsle, wn.s dis- 
west const of the Korean Peninsula (by the Yello~v Sea) h h 'Or vered in the Aller, a tributary to the Weser, in 1912. One can thus- 
lts llnbitst is, however, north of Shnnghai. Even thou consider that these crnbs were first brought in during the first tlecncie 
is found far idand, i t  nevertheless seems to prefer regi0ns near the ~f this century, and their entry therefore coincides to a certain extent 

KobnJnsbi says that in Korea i t  always settles in the ri* 



1%-it11 tllc cst.n.blisl~~nent of intensive rnnritilnc trn.liic wit11 eastern Asin. 
A specilncn wns first brought to me for itlcntificntion in 1923 nnd n 
tlccntlc n11t1 n l~nlf or pcrl~nps two mny well have pn.sset1 nfter they 
11ntl first bccn intrrotluced heforc we becnmc fully nwn.rc of this new 
ir111n.l)itn.nt in Gcrrnn.n \vnters. 

I t  must seem nstorlishing thnt tho mittcn crnb l ~ n s  incrensetI within 
n, period of pcr11n.p~ tltrcc n.nd a ltnll decntlcs in tlte German rivers in 
sucll nn n.1nrrning tlegrcc. Tllis tremendous increnso mns undoubtedly 
nided by the fnct tllnt they were not brought in fully grown but in 
lnrge numbers n s  lnrvnc or mltcn very young. However, this enor- 
mous incrcnse in sr~clt n short titne wns above all nided by the pnrtic- 
ulnr conditions in tllc Gertnnn rivers. 

Tllc Gerlnn~l rivcrs c.e,n.sed long ngo to be just rivcrs nnd becnmo 
mn.t,ermnys, nnvigntiou higltwnys, and trnffic arteries. This change 
of tllc Gcrmnn rivcrs Itns rnntlc csistencc impossible for many native 
rmimnls, n.s, for i~tstn.rtcc, for tho prcdntory fishes wl~ich woultl have 
been of the greatest importance in fighting nrtd cltcclring tllese mitten 
crnbs. C'ontlitions wcre tltrls crcntecl untlcr wl~icit tltis extrnorclinnrily 
resist,nnt mitten crnb lins becri nblo to estnblislt itself. 

'I'111C J~JS'l ' l t I l~Il ' l ' ION OF' 'FnE RIIT'I'EN CRAB I N  GERMANY 

A l t l ~ o ~ l g l ~  tllc lnittcrt crn.b wns founcl first in tho W e s ~ r  Rivcr system 
(in Allcr ncn.r l<etltcni ill 1012), i t  llns not bccn scen tltere since. By 
lntcr qucstionir~g Elbc fishermen, i t  wns fo~lnd that the crabs I~nd 
nppcnrcrl ns n by-cntcl~ i ~ t  tilo flo~lr~dcr fislicries by tho moutli of the 
El l~o  sinco n.borrt 1915. They seem linrdly to hnve left the lower 
titlc-wntcr rcgiori n.fter tllat. Tlloy mere first seen in the upper tide- 
wntcr regions n.l,ovc ITnntburg in 1926, nncl by 1927 tlloy mere there in 
p e n t  rnnsses. A few ycn.rs lntcr they floodcd tho waters of the mid 
Elbo (I-Invel, Province of Brnndenburg) to such an extent thnt it 
becnmc necessary to t.nko mensnres to check them. By 1930 tlte lower 
scctions of tho Weser, ns well as tho lower nnd mid sections of the 
lClhe, \ ~ ~ c r o  tllicltly infested with tltese crabs. In tho late twenties they 
h g n n  to sprcn,tl westwnrd into the Ems nnd enstwnrtl into tho Odcr. 
'J.'l~cy fount1 tltcir wny wcstwnrd from tho Weser into the Ems through 
tlto mnrly strcnms nr~d cnnnls in nortliern Oldenburg and eastwnrd into 
the Odcr t l ~ r o ~ ~ g l ~  tllo wnterwnys leading from tlie Elbe through 
Brnndcrlbrrrg. A~ttl with the beginning of this decade they com- 
mcncctl to sl~rcnd westward from the Elns into northern Ilollnnd and 
tl~rougll the hilitllnnd Cnnnl nnd the Rhine into southern Holland, 
~1orthcrrl13elgium~ nnd northern Ii'rnnce. They llnve grndunlly estsb 
lisl~cd n pnrticulnr breeding ground in the region of tho Danish Great 
n.nd Ilcsscr Belt in the Bnltic. h,litten crabs tllnt llatl reached the Oder 
from the Elbe through Brandenburg, have with all certainty helped 
to estnblisll these breeding grounds inasmuch ns, upon reaching 

maturity, t l~cy  nnturnlly ~novcd on do~rnstrenm illto t11c BnIt,ic in 
their hunt for snlt mntcr. Anct they mn,y have come t11rot1gIt the 
North Sen-Baltic Cnllnl (I<ieI Cnnnl) as  well. TIley 11a.ve sprend 

,' from tliesc breeding groullds in the Great nnd Lcsscr Belt in the 
2 Baltic to Den~nn~.L, southeastern Wvedcit, Enst Prussin, sostlicrn r' N a n d ,  nnd in nome instnnces, to  some of t l ~ e  ndjoining co~~ntr ies  on 
:r the Bnltic. Toclny, according to Dr. Peters, lower rind lnid Elve ns 

far as into Snxony, the Weser below Bremcn, and the const regions 
'. of Germany nnd Hollnnd from the Elbe to the Rhine are thiclrly 

infested wit11 t l ~ e n ~ .  In other sections they nre only spnrsc (fig. 2). 

DEUTSCHLAND 
ROWRE 2.-Dlstrlbutlon of tbe Ohlnese mltten crab; horlzonlal llncs: now lnbnblted reglon; dolled rcglon: 

- .  very honvlly Inhablled. !,.: ,i. 
REPRO1)UCTION '" "5 

i The mitten crnb is, during its whole life, prncticnlly n fresll-1vn.tcr 
j: animnl nncl is found hnndretls of ldomcters upstream in tl~iclily ~ I I -  

rested rivers. Wit11 tllc dcvcloprnent of the sex instinct,, tltc urge for 
: tho sen nlso awnlrens in tllem, nnd in August, or nftcr, they 1en.v~ Ll~oir 
t feeding grounds, often located fnr inland, to move on domnstrcnm to 

the sen. Tile sex orgn.ns develop during this migrntion nnd tlic crnbs 
1 reach puberty on the lnst lap of tlic jorlrney through the usunlly br5dk- 
:: ish water in the titlnl regions. I n  t l ~ e  in11 they nlwnys gather to brectl 
; in lnrge slvarnms in the brnckisU wntcr in the lower course of tho rivers. 
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~l~~ malts come first and remain througl~ the whole winter wh animal. T i i s  transition demands important ren,djustrnent in their 
fenlnles come Inter, mate, and start immediately afterward to move on (body) system. Their life substnnce has the same salt concentrntion 
down to tile sen,. Tbc eggs are laid mithin 24 llours a f t  sea water and therefore differs greatly from tha t  of fresh water. 

, Whereas animn.1~ in sea water, with equd  salt  concentration inside as  
abtIomen witll n cementlike substance which hardens in snl . outside the body, are not imperiled though  any osmotic ]ifo in 

cementlike substance bnrdens only in water that  has n fresh water demands equalizntion, and the constant absorption of 
of more than 2.5 percent, according to F. Buhk- The females? water by osmotic 8,ction though unprotocted places in the body, for 

urdened \\.it11 the n-eight of the eggs on the pleopods under theirnbdo-' instance through the gills, is retroacted by increased water ollt,lot 
mens, choose to st8.y on in the. deep water outside the river mouths the kidneys. Oti~ermise tho plasma would be destroyed 
t,lrough the winter. As soon as i t  gets warm in the throllgh continuous swelling. The migration of the tender 
lnrvne esc.n,pe from the eggs to s tar t  to drift  about ,: crab larvae from the sen into fresh water with its added requiremcut 
proba.bility the fcmaIcs hunt up particularly brnckish mate for body functions, therefore, implies strong intrinsic power. 
purpose. June or July, after nll the larvae have left the 

femnlcs set out  for the river banlrs nt tho mouths of the THE BREEDING PERIOD 

rivers, where they gradunlly perish. Ntlloug.11 the tin18 of m a t i ~ ~ g  and tho laying of cggs is fairly fiscd, 
The  intermittent stay in fresh wnter, and these long jo beginning about the end of Octoher and lasting ulltil Jnnnn.ry, the 

inlnnd bctKeen birth rind cleath, wI1icl1 both take pln.ce in larvae's hatching time changes very much depending upon the )treathcr. 
bring aborlt tllc peculiar chnrncter of the life cycle of these mitten m e n  springs are wnrm, mhicli docs not happen often, a t  ]enst not 

Thcy cannot repeat these long journeys to reproduce eveY in northwestern Germany, the lnrvne hatch sometime betlveen the 
ycnr or tiyo, which other cra~vfisllcs do, becnuso the distances are too end of March m d  Mn.y or June. But  ' the timo for hatching usun]ly 
grent. Rrccdirlg hns, thcreforo, bcen put off to the Inst P comes considcmbly later and lnsts until fa r  into ~ u l y .  ~ 1 , ~ ~  their 
life spnn. ~ u t  under normnl circumstances this single breeding period whole development is, of cot~rse, delayed. During warm springs, 
is compensaterl by nn enormous egg production. .The cmbs, malesand 

, the megalo~ne may nppenr in July or August in the fresh water 
femnlcs nlilre, nre bhereforc completely exhausted and worn out after below Hnmbu%, and there develop into the first b 0 t t . 0 ~  stago, b u t  

a.nd mastme away grndunlly. It is a sign of during u~favorablo wcntllcr their appearance is delayed until October. 
fnding strcngtll tliat they are so covered ~ i t h  barnacles In 1933, when i t  mns cxceptionnlly warm, the young mittcn cmbs 
("1. 3)  in the slimmer during their stay in tho North Son shallows, reached nn firerngo length of 10 mm iu October but  ngain in 1935 and 
tllnt they hnrdly move n b o ~ ~ t  nt nll; indeed thcyoftcll cannot more even 1936, when tile mcnther was unfnvorable, their nvcrngo mas only 
tlIcir ~ ~ o u l d l  pfirt,-l. T11c.y lnclr tho strcngtli to shed tllcir shells which 

. 4 to 7 rum mlrcn t l ~ c y  mcnt illto winter rest. 
Kou]d enable them to get rid of theso cumbersome bnrnaclcs. 

\Thcrr.n.s t11c cg-gs need puro salt water to mntllfe, the Iarvne leave TnE WANDERINGS OF T n E  MITTEN CRAB 
tllo eggs in very brnclrish writer. Tho prezocn, a free-drifting larva, 
lcnvcs tile egg n.nti develops imrnctlintely into n 1.7-mm zoo& (PI. 2ta).r The migrntion of larvae into the fresh water in tho upper t,idnI 

Subsequently, thrco additional lnrval stages follow. These Inrvae regio~ls is (~robnbly)  aided by tho tidal currents. Theso feeding 
mol-0 gradunIly into less brncldsh water. The Inst zow I grounds nre very rich, and tho wnnticrings could Ilnve continrletl to 

develops into the final larval stage, tho 34-mm-long meg as they did up to the beginning of the twenties, if the nllmber 

b ) .  The change from tho free-drifting life of the zoen, the crabs  ad not incrcnsed so tremendously. I t  lTas this enorlnous 
pended tJlorns and n rudderlike tail, to the more uneve se that  forced them to move on farther upstream in their 

crab on the bottom tnkes place in the megalopn,. The  megalopa search for food. Bu t  tho crabs are too small a t  first to be ahlo to 

brought into fresh water v i th  high tide and develop make their w0.Y UPstrenm against the strong current. During tllcir 
mitten crabs, 2.6 to 3 mm long, the first stage of hot t summer in tllcir 1nrvn.l stnge they are brought with the tidnl 

This from-salt to fresh water in tho larva t into frcsll water, n.nd clrlring thoir second sulnrnor tllcy stay 

fresh to water ns adults toward tho end of their n the const regions where tho mntcr recedes a t  ebb tido until 

guishing habit of tho mitten crnb, nnd, when consid grow sufficiently to ennblo tbcm to wander on. 
the mitten crab appcnrs to be in the nct of becornin 
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April n.nd decronse temporarily duri~lg the end of A'Iny nncl early Jurle, 
"probably as a result of a shedding wllich tn.ltes place about this tilllc. 
The migration is nt its l~eiglit in June and July and falls off du~. i t~g  
August. The swarms that  penetrate into the I-Iavel a.re even lnrgcr. 

move on. About 100,000 kg of crabs mere caught there in similar traps in 193G 
1. 4, fig. 1). And even ns fnr up  in tlie Saole as Ca.lbo 42,500 kg 

were caught in 1036. The migration decreases considerably highcr 
up in the Elbe beyor~d the mouth of the Snole, inasmuch ns the 

greater mass has brauched off into suitnblo feeding grounds. In 
gle instances only tlo they penetrate os far ns through Saxony into 

Czechoslovnkin. The mitten crabs, as we see, indeed, nccomplisll 
extrnordinary wnndering feats. The  distnnce which the tilly larvae 
travel from the sen up to the vicinity of Hamburg is about 100 Irm, 

regions with the advent of warmer wcr~ther in the beginning of the distance nlong the Elbe from I-Inmburg to Doemitz about 120 krn, 
These swarms, which once migrated from the tidal regions, are now ; from Hnmburg to Garz on the Have1 220 km, n.nd from Hamburg to 

Calbo on the Saole 350 lrm. 
I have asc~rt~ained f,ltrough marlung tests the rnto of speed mllic.ll 

' 

tbe young crnbs travcl upstrearn against the current nnd in doing t.bis 
I have marked tlte bnclrs of 13,000 mitten crnbs wit11 good sbil,'s 
pnint of diffcrent colors during series of cxperiments in tllo lVcscr, 
he Elbe, the I-IaveI, n.nd the Saolo. Tllo crabs were placed in lots 

of 1,000 specimens i t  ccrtain distnnccs npart below thc trnps and tltc 
timo wns notctl whcrl tho n~nrlrcd crabs again lnrldod in tllo traps frorll 

: which tlley hnd been tnken previously. The evolution of t l~csc 
13 experiments showctl tlint tho srnnll animn.ls, migrating front t.ho 

; tidal region in the lowcr course of tho Weser, traveled a distance of 
1 to 1.5 Irm daily and thnt the lnrger ones, moving ngninst the current, 
in mid Elbe, n distnnce of 2 to 3 km dnily. In  their upstrcn.m ~1,i- 

gration, they ronclt tllo 1-Invcl during the first sumntcr and the Snolo 
forced to \vander fnrthcr on because rivers that  have been convert8 

i during the second summer. 
ill to nnvigntion arteries do not llold sufficient nutriment for them. It,: m e n  the mitten crabs have reached their full growth in the interior 
is wnndcring without n god.  m c r e v e r  a cannl, or a rivulet, ! 

: of Germmy, they leavo arid wnncler back to the sen to reprotlucc. 
empties into the river some of the crnbs always leave the large s w a m  shedding of the shell precedes this downstream migration so the 
to move into i t .  B u t  in the Elbe, from Hamburg on, they have v crabs start out with thin, ligli t sllells nntl subtle elastic synovilll 
few to branch off into suitable feeding grounds. 

% membranes. The migrntion comnierlces everywhere simultn.neously \)ending upstyearn me, t\\erefore, forced to remaid for a August and is in nll certainty induced by incipierit grolvtli of tllc 
timc in srvarms. Only tlie Eldc near Doemitz (in Mecklenb 

., sex glands, inasmuch as tho sex organs begin to develop in thcse 
the zIavel and tile Saolo can nccommodate these swarms an 

, . migrating crabs during their wandering through mid Elbe. Tllc quently receive heavy visitations of the crabs. In  these three riven, . migration downstream dccrcases slowly in mid Elbe during October 
tile migration begins in April about the time when i t  n l r ead~  h f ~  after its height in September, whereas the migration continues in its 
reached or.passed its Iteight in the tidal region, and continues . ,  lower course into -November. The rate of speed a t  which these crabs nugust. I n  Doelnitz (in Mecklenburg) 44,400 kg of mitten travel bns also been nscertnined through experiments with color - 
rnbsng upstroam were c n ~ ~ g h t  in specially constructed traps by the 

arkings (pl. 4, fig. 2). I n  thc course of four cxperimc.nts, 1,600 dam in the Elde rivulet in 193G, nrld 34,925 kg in 1937- As the curve 
crabs mere marked and set  adrift in the Have1 and the .Weser. Of tho (fig. 3) sllows, tlie migration and the catch commence suddenly in crabs which mere captured, the threo which traveled the longest dis- 
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tances had the highest average: (1) Total distance 338 km, time 29 m n d  year, n.nd 2 to 3 times during their third yenr. The older 

days, or 12 k n  per day. (2) Total distance 257 km, time 43 days, or ambs shed only once a year. 

8 k ~ n  per day. (3) Total distance 368 km, time 38 dnys, or 10 km hatching of t l ~ e  larvae is usunlly completed in July, I comlb 
per day. These lnrgo crabs in the spawning swarm consequently of life of tho mitten crabs as running from July to July. 
travel do~vnstrcarn a t  the considernble rate of speed of 8 to 12 km us, according to my investigations, the average length of the crabs 
per day and thus can rencll the breeding places in tho brncldsh water the I-yenr-olds about 13 mm; tlie 2-yewolds about 25 mm; the 
in 2 to 3 months even from tho more remote regions. ear-olds about 36 to 38 mm. I estimate that  the crabs about 56 

I t  is not surprising thnt the yciung animals cease tlleir slow wander- : mm long in the spawning swarms are 5 years old. 
ing upstreom in midsummer when tlie old animals commence their NUTRIMENT 
rapid downstream migration, because the young animals are forced 
leavo tho chhnnel in midstream when tho two swarms meet. discussions on tho evil of tlie mitten crabs the question has 

dways been an important one ns to whether they ~ t t a e k  nnil eat  
SHEDDING OF THE SHELL, GROWTH, AND LIFE SPAN . It is ensy to understand that  every fisherman whose catch 

The  vertebrntes, with their inner skeletons covered with a network;' fells off in vicinities where there n.re mitten crabs vows that  they are 

of living cells, grow evenly and inconspicuously, but arthropods, with n destroyers of fishes. But  the question is not so ensily solvcd. 

their dead outer armor, grow by lenps. Tho chitinous armor re Timid fishes lose out, to be sure, where there are mitten crabs, n.nd 
forced by deposits of lime must from time to time be thrown off and the crabs do nttack fishes that  have been cnught in nets, thus hnving 
rcmcii~ctl bccause i t  ages quicltly, brenlrs and bccomes uscless. Besides, 'lost freedom of movement. Tlley n.re omnivorous and eat  whatel-er- 

growth is possible only by shcc ld i~l~  the shell because the dend ou . they can get. That  docs not prove, however, that  slow mitten crnbs 

shell crlr~uot be erllarged througli growth as do tllo bones of the catch speedy fishes a t  liberty. We hnve, in fact, kept fishes n.nd 

vertebrates. I t  must, therefore, from time to time be thrown nbs togothor for long periods in the same n.qunrium, a 

and replnced with a new and larger one. Prepnrntion for the shedding. crab nnd a perch occupying the same corner, tlie fish directly 

of the armor is made in the forming of a new, thin, elastic shell under above the crab without being molested by it. Dr. EI. Tltiel 110s 

the old one. The blood pressure now increases through the absorption tlwough examinations of contents of stomachs of nlitt,en 

of wnter. The  old armor bursts in the rear end between the cnrapace crabs that the largest portion of their food comes from the vegetable 

and tho nbdomen, the crab glides out baclrlvard nnd expands a t  the kingdom, but they must to some extent get their food iron1 t l ~ e  

sn.uie titno. The blood pressure produced to burst the old and expand animal kingdom as the li111o that is necessary to harden t l ~ e  sl~ell 
tho new sliell is so great that tho crab after shcdding can move on othermiso would be Incku~g. Tllcy ent morns, cspecinlly T~lbifcx, 

its elnstic legs without caving in. The  new sliell hardens though. mussels and snn.ils, inferior crustnceans, wnter insects, insect In.rvn.c, 

nbsorpt.ion of cnlcnroous deposits. This peculiar periodic mode of and even dead substn.nco of organic origin. Remains of iishc3 were 

growth with the shedding of the shell restricts the mitten crab to a found only in 4 to 5.stomnchs of 1,000 111itte11 crnbs, mitl thesc cnnie 

compnrntively slow growth. 111 growth throl~gh sudden expansi from a region with huge smnrms of young fishes. I t  mn.y Itn.ve bccn 

limits are sct to the elasticity, inasmuch as overexpnnsion would the remnins of cndnvors of young fishes thnt had served the crnbs 
tcnr many organs. According to investigations made by Dr. 
bert, tho l e ~ ~ g t h  ndded by shedding is 24 percent in the sm VOLUNTARY PI1 UTILATION AND REGENERATION 
animals but  decreases ns they incrense in size and is only 11 p 
in the largest crabs, which are more than 70 mm long. The number of itten crabs, lilro aU higher crustncen, are able to throw off 
sheddings per year are linlitcd and evidently strictly regulated. The , their pincer and mallring legs and grow new ones a t  the same time wit11 
gullct, the stomach, and the rectum, which reaches almost their next new shcll. This ability enables them often to save tllom- 
s tornac l~  are coated wit11 cl~itin ant1 are shed with the shell. selves when tlicy are nttnclretl. With l i g l ~ t n i ~ ~ g  speed they discn.rd 
must consequently be erripty a t  tho time of slicdding. The shedding, the leg the attnclrcr 11ns seized nut1 tltcn rush off. At tile base of nll 
is , .  therefore, preceded by a period of fasting. The fasting continua 10 legs, between two joints which have grown together, tltcre is n.not.her 
until the jams harden. According to Dr. Schubert, the mitten crabs joint with n very t,11in shell. '~lirougli certain muscdlnr contrnction 
shed 6 to S times during their first year, 4 to 5 times durin whereby tho adjoining leg serves ns Icver, the endangered leg is broken 

114728-39-25 
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ofi ill t\fis joint, Tlie snlno thing happens in cases of injuries. '. : damnged nets. When mitten crnbs are carlgllt ns n i>y-cntcjl in 
woullf] by tllc brcnlring off of tho leg is immediately with ' . lisbing, not o ~ g ~  is the fish injured rtnd mnde useless for sn,le 

thin membrane nlready formed SO that all loss of blood is rubbing against tllo crab's toothed armor, but the nets 1Ven.r Oll t  

Shortly before the next sl~edding takes place, a bird grows T much sooner and must be replaced rnora ofton. I t  is estimated t,llnt 
the scar lvllere t]lc leg was severed and in i t  is formed a regenerat" cost of nets is tripled in mnlly regions. IJihell mitten 
leg folded in ~ ~ 5 . 0  (PI. 5 ) .  I t  strnigbtens out in the next shedding but crabs come upon ecl-bnsl~et pots, they swarm into nttrncted 
is n,t first smnllcr than the discarded limb and lacks 'lwaJ" perhaps by the scent, find 8s n result tIie eels do llot go in, or  if tlley 

tile cllarnct,eristic pilr.oe, ~vllich makes tllo fishermen think that : do* are devoured. In  central G e r m n ~ l ~  largo hoop net,s wif,ll 

lrcre llnvo an  elltirely different nnimnl when find a mitten which to catch tho eels heading for the sen nro often Inid orlt bcllirlci 
lsitll tlvo pincers in tllcir by-cntch- 'phis lack of phe gate- The crabs migrating in tho fall uofortunntcly tnlic 

tllc rogcncrated limb is interpreted ns a retrogressioll to an O r i ~ a l  tffesfinleroste find are coesoqoe~~tly cnught b thesa lloop nets. qihe1,, 

Ilnir.less form, but proof to GGs effect is lacking (PI- 5). as l l a ~ ~ e l l s  ill ilavel, up to 500 lig of mitten crabs are cnugllt in 

J.lolv of tjlis self-mutilntion is dependent on the ability to . : sing1e oigllt in a lloop net, tho c~~allces for eel fisllillg impossihlo. 
rcnc\\r discarcled limbs is realized by the that  the crnbs are very ' , As lislling is the most impofinnt source of livelihood for tho fishor- 

little inclined to sc~f-lnl~t,ilntion n7iren the for tile next shedding . men in rcgio~ls, i t  is very cnsy to unde1.s tand that  tile fislLcrlneu 
that ndeqllnte steps be tnkc~t Lo word off their peril. 

is st.ill remo be. 
I\IITTEN cnm nunnows ASEANS OF CONTIZOL 

~t is I ~ ~ ~ ~ ~ \ ~ ~ ~  tbn,t Inn117 t.yopica\ c~ustnecnus that  live in tidal regione - It is true tllnt solne predatory fishes nnd sorae nqentic binis and 
o,r tllc ,-Onst or ill tile river mouths dig brlrrows for thcmsclves into ~ '~er forv l  devour the tllittc~l cmbs, bet  this mca~ls  of eaterlllinnting 
\Frll icll  tlloy rct,irC dltring ebl, tide. The nlitten crabs do i t  nlsO in hem is nltogctller i~)elTcctivc becn~~sc  of tile cmbsl cllormous n l l ~  

~ i ( l ; ~ l  rrgioTl+ of  n c m ~ n ~ l  rivars. WO fill(\ t l l ~ i r  berro\v3 in marah ' rn~i(l  incrcnse. possibility of prcvcrttirlg tllair repro(~rlctioll by 
bottolns e ro r jnJ l~ rc  on t l ~ e  hnnlw 0f tllc J c l b ~  tributnrics in ' 

. tho breedillg s 1 ~ n m ~  in the river lnolltlls llns beell (]isclrsscs], 
cmln l s  mllicll tlsy out  ill cl,h tide. It is m y  to recognize low 

, but h"~vovcr llli7icjll bllo iflm lnng sceltl, col~si(lcl-abl~ iliflicll\~ics stnllil 
u,Jl,l wj f )o  cll~,r;lrlf:~.s ; I J , ~ ~  ,lot to co~lfi~so them with tllc romld 

' 

in Ivn,Y of cnl'l~villg i t  out. But  znore faaornble opporf,ullities 
to tllc \lurrotl:s of tile q?n,ter voles. TIte bllrrows nllvn~s (1% to . to colltrol tl1o c r n k  hnvc presentcrl thcmsclvcs jn tllc irltcrior of 
slnll  t; c l u w r l \ v n , ~ r ]  n l l l l  fi]letl wit11 tvnter, 1vhich lt1n.lto3 i t  possible for th 
(:r11,~,8 1,0 nlv:lit llnrc t)lo rctllrn of the wntcr wit11 I)i$l titlo. hvhere tho The nlitten cmbs ttl.nrel O I ~  tltc botto~li (;he i.ircrs, forcillg ~ l ~ ~ i , .  
~ lu t r ( ,ws  arc llulncrous, the unclcrniincd short f i ~ l a l i ~  caves in a wag lxrhero the current is strol~gest, and pile tip below any 
t,bus tile mitten crnbs nrc the CCLIIS~ of considernhle damage in men danl thnt tem~ornri ly stops them in their wnnderillg. Advn,ntngc 
plnccs (pl. 6). :this O ~ ~ o r t u n j t y  is tnkcn by tho Wescr d 8 . m ~  in aromcu. ~~~~d~ 

covered wire llettir~g Or cnnvns nre lorvcretl rvitll davits to tilc uAk1nari: c~rrsrm To FlSnING 
bottom of tile Wescr. The cmbs, jnmlncd in ngaillst tho (inul, 

~ i s ~ l c r l r l c l l  rllnilltnirl t1ln.t t.110 rnittcn crnh cn.tr,llcs ~ . I L ( I  cnts fishes i? . ltigh lJ11 011 tllc bnrr*cls, fn,ll illto tllcm nlld n,ro cnllebt ill tllis 
ol,orl antclr;. ~ ~ 1 s r o n c r ,  tllis does not tnlly. Tile l lcnl t l l~ ia , 19.75 froin Jn.ntlnry to h'lny, 12,IGfj of nlitten c,r,lbs 
l n l l c ~ I  too fiil(l t,llc lnitten crnb milch too $ 0 ~  for thn,t- (31444,6*0 s~cci~l~cl1s)  wcro cnugltt, tho greatest nmoullt a t  orlc tiluo 
1llc,n ITln,illt,ni~l o.lso t,l~nt t,11c crnb destroys tJlo sPnJvl' an(1 the fq- cg (1 13,960 s ~ ~ c c i ~ r i c ~ ~ s )  011 1IpriI 15, 1!)05. I ~ J ~ G ,  12,786 
This c,ould llnrdly bc t.11~ cnse eitller. B U ~  other lvnys they do kg (2,941,100 spccimcns) were tnkcl,. 

lot o f  damngo, for il,stnlrce ~vllcn fishes like flounders are caught IV1len crabs &re jnmlnsil bclo~v a d z ~ n  t l l c ~  try in runny ivnys lo 
jrl Ijlneo nets, wl lcn  tlrc not rcn.cl~es the bottom the crabs or-' get obstacle. Tlley C ~ W I  1111 OIL t 1 1 ~  wn lb  ~ 1 1 d  fiOnllS oLlt Oil 

lligl, ,lp.orl t b r  net,  oati~lg the dcfenscless f i d l  nrld becomillg entnngl so as to pass tllc tlnrn by larld. I t  was thus t f ln t  i t  mns 
with  tlkcir 1nfln-y legs ill tile fine net threads. I n  their attempt' 1 wllnt enorlnous mn.sscs of mjLtell infest t ~ , e ~ ~ ~ ~ ~ ~ ~  
escn,po they tnrlglc ~ l p  tlic nets nnd fillnlly cllt tlleln into pieces with. rivers. During warm sulnnlor nights the sllor* region is black i;,itll 
tlleir jaws. 'yo t,lle loss in catc11 there is ndcled tile clestruction of crabs; one cannot take n atop rr-itllout trcarlillg on tlleln. bl 
llcts n,ltd tllc loss of t i ~ n ~  cnusod by the constn,ntly nccessnrY mending m is close to n city, i t  11n.ppc11.s o ~ c n s i o n n l ~ ~  (,flat Irlittcn 
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UTILIZATION OF MI'I'TI~N CIIAUS 
TJlis llappcrlcd in 1931 in Itntlle~iolv OIL tllo ]tlnvel, ill 1936 in suburb . 
of Mngdeburg, and in 1938 in Cnlbe on Saole. 'I'ho habit of the mitten ,, 

' 

I t  is evident that efforts should be 111ntle to convert blto profit these 
crnbs to leave the river bet1 led to the rnnin ~netllods used in Germany ,- huge masses of mittell crabs cnught da,iIy during the main 

to control them. Where the nlittcn crabs lenvo the river in their :. period- In  Brelnen the crabs are boilecl ant1 distributed to fnrrners 

to get by the obstructing dnm by land, extensive shore regions ' 2  
. who feed theln to pigs with good success. h'lnny fishermeu crush 

below the dam are shut off by rneans of sheet iron and trenches dug - their by-catch of lllittcrl crabs nnd feed then1 ralv to ducks wlich untlcr- 

in the ground in front of the n16tnl into which the mitten crabs fall 
' stand very well how to pick out  the soft substnnce and t h i v e  well 01, 

wnndering along on the sllcet iron. Such a project has been ! it. In Garz and Grrletz O? the Havel, the mitten crabs are groulld 

ln.id out  by tllo Elde rivulet in Doemitz and has already been de- . in large mills, nlld when this mutnge cannot be fed tc, tluc]is, i t  is 

scl.ibcd, and also in Gnrz on the Ravel, where '77,100 kg of mitten , : dumped into the rivers where the young fisiles eat  i t  engerly, 'rl1is is, 
crabs mere cnught in 1935 nncl 58,300 kg in 1936. In  Gruetz on the ' of course, ullprofitable nnd conscq~~ently esperi~rlellts llnre beell nltlde 

Hnvel, 12 km above Gnrz, n concluit has been led along the upper for a long time by tile "EInvel," an  for tho protection of 

borclcr of tflo slanting xvnlletf riverhanlr, and into this conduit the . fisheries in Gruetz, which woultl lend to utilization of the lrlitterl crabs. 

clilnbing mitten crnbs in11 and are led by i t  to a largo pit in  which they ,. 
' These experiments hnre yet not been corlclucled and, therefore, cnn 

collect mitllout being nblo to oscnpe. A slanting piece of sheet *on not be reported on. 

MIJTATION OF R,IIl'TEN CItADS 
vollt,ing tllo tmps. Although llera orlly thoso crnbs nre cnugllt 
escn.po tho trkps in Gnrz through pnrnllel rivcr beds, nevertheless . The Inittell crabs llnve reacted to their introduction into n st,rnnng 

11,250 ]rg of crabs wcrc cnught in 1935 n.11d 32,400 kg in 1936 (PI. 4, environmellt wit11 some very conspicuous chnnges in their outwnrci 

fig. I ; pl. 7). 
form. Plate 9 shows tho threc best examples of tIlis &ango in the 

ln Cnlbe ou tho Snole, the mitten crnbs preferably climb the form. The cllnngcs l lnre tn,l:en plncc priucipally in ttvo systelrln.ticnlly 
important chnrRcters-tl~e rostrum teeth bet~vcon tile eyes nllll tile 

sufficient grip. I-fero lnrgc wire bnslrets hnve been suspended aga three pairs of ~rotubcrn.nces on the baclr bellind the foreheat[. 

t;lle rind nt sonle distance nbove them sheet iron has been If one msunles tllnt tho mitten crabs were introduced illto Germany 

T]ja crabs slide down tlJs sheet iron and fall into the basket a rou~d  the tllm of t l l ~  century, i t  has required a c0mpnrn,tively loIlg 

from ~x~llicll tlley cnr~llot cscnpe. I n  1936, 47,440 leg were caught in exPosllre to tile new environmerlt for these nlutations to tnIre plrl,cr?, 
f , l ~ ~ s ~  bnskcts (luring tho cntchi~lg period from nprii to August (PI. 8). , No traces of cllanges wcl'o noticed in specimens brougllt to us ilt tilo 

N" spccinl trnps l~cctl be lnicl to cntch tho old downstrenm-migrating twenties: In 1932 and 1933 t,llo nritten crab mns conspicuollsly lnl)ilc 

n.Ilimols. 'I'11cy n.11vn.y~ rnore ~vitll tlle strongest current and in eJ'9telnnticnll.y ilrrj~ortnnt cl~nrnctcrs. 'rhc rostrrlrri tacttl ware 
t,llcrcforo cnugIlt ill front of tllo turbines ant1 i l l  tllo eel-bnslce weaker and scltlorll ~)ointctl brtt lnostly blunt, aInlost rourttl;  t,llc? 

behiutl the darn or~tlet~s. In this 1vn.y 49,400 kg (abollt 22 indcntllres betf~lreon tilo teeth were flntter n.ncl oftell sllnl~ocl 

specimens) were cnught in 1935 in the Have1 and 4,514 kg bbou i r r * d a r l ~ ;  tile protlrborances on the bnck were fn.inter n,nd tlloso of 

34,470 specimens) in 1935, and 4,836 kg (nbollt 27,560 s~ecimem both rear pairs seelned to be inclined to fuse. A t  that  tirne i t  wn.3 

in 1936 in Bremen. barely ~ossit)le out  of a lnrgo mass of mitten crabs to find ever1 n few 

'r]lese numbers (10 not by any menns include all the mitten b i c a l  specimens to bo used as exhibits, Now t,lle mitten 

cn.rrgllt. The young crnbs migrating ripstream, which pile U P  ,again has its or ig i~a l  form without any deviatioll from the Chincso 

front of the dnm, are often cnught there in large numbers in th ~ec imens  brought to me only recently from Shanghai. I t  soems 
boskct pots kept in front of the darn tlirough the summer. Including, (more cannot be said) that  the origirln.1 mutatioll was nccomparlicd 

these catches, the totnl catcb of crabs moving up and donas by a general fluctuntiou of those clln.rncters which I V C ~ C  nffcct .o~ t,)- 
jvas 137;650 Irg in the Havel in 1935 and 129,300 kg in 1936. In: 
verified catches in Gerrnnny, altogether 262,600 Irg were caught in: The Parts of the foregoing report not bnsetl OIL my origir~n! irlvcstign- - 

1936 and 100,400 lrg in 1937. tion8 Ere taken from volume 47 of the Reports of the I<nInbllrg 
Zoological Museum and lnst i t l~to (works by Drs. Peters, Thicl, 

oppe, and Poters), which I recommend for further infor- 





?. 'I'llc I:rrv:~c' n .  atirvi; 11, 11tognlt11m; c, ill first. bolttrl~~ sl:igr. 

REPRODUCTION. 

DYING OLD FEMALE DENSELY COVERED WIT14 BARNACLES, . -~ 
Abort, buck; bclnrr. I~rll>-; tlic ~ Y I I I I I F  I I I I I I I L I I  tbrcnlls I ~ ~ I I S I / > -  rnvr-rral jri l l~ t)nr~~:ivl*-~ :~ii<I scnrcrly rnom1,I~. 





P L A T E  7 

RIVER BEDS A T  L O W  EBB T I D E  WITH MITTEN C R A B  BURROWS. 

.Ilrnr.f. IIIP I,r8v:ttl. 11:tI # ' ~ ~ l r : t r ~ i . f ~  111 01r 1!11rrn~!s-s: hr. lr i ! , . .  Ill? III I I IP~~II~~I~?~~ l i . ! ~ ! l i  l i ~ l l s  i r l  

I. The darn i n  ( : r ~ r ~ l r .  on t l te  l l n s e l  spell fro111 hrloss-: or1 t l l r  r i a l ~ t  p i# le  o n  (.he j~ ic l . i l re  I h r  r~c r~ l l e r ve i r  : ~ t r t l  011 
the le f t  sicle l l l e  r:trrlrl:rrt.. ].eft f r r ~ r l l  i t  tile s l o t ~ i ~ ~ c  !r-:~ll :uitI o!l i t s  Illsltcr ct lcn t l l e  Ir~lll. ( I ' l l ~ v l ~ ~ e r : ~ ~ ) l ~ s  

19 j :  > % 

-... . 

2. Tra11 p r o j w l s  I I ~  111~: ,I:IIII ill < : r~~r l , r .  t v ~  1.11~ l l : ~ v c l  l e f t  tva l l  w i l l !  t r v r ~ v l ~  tr: t In :it111 cI i1111~i1ic III~III*II c t . + I ~ . ~ .  
( l ~ l ~ ~ ~ l ~ ~ ~ r n ~ ~ l ~ s  I)>, J ) r .  1~<;611If~r.) 
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