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The Skagerrak. 

he hydrogi-apliicnl character or tlie Sliagerralc is deteriilirled by its Reviesy troill T forming the corii~ection between the Cattegat aiiil eiie Nortli Sea, oi- investiqationc e'r1ier 

between the 13altic L I I I ~  tlie -4tlatltic. Tlle central, and Northern part of 

the Sliageriak, fosins a coiitinuatioil of tlie Norwegiari depressi011 \\;l-iich 

there attains its greatest clepth, Aloiig tlie coast of Jntliincl and  Rohns- 

i z n ,  the bottom slopes gradually ciownwards, iis ivill be seei-i k o m  the 

follo.ii7iiig accorint, From the Swedish coast of tlle Sltagerrali, the depth of 

j o  fathoms is not seaclieci for S geograpiiical miles oi-l' land; arid the 

salne depili off the Jutland coast is not to be foiii~d, :is a rrile, h r  ovei- 

20 rililes. 'I'he curve of soundings, for a ciepth of roo fatilonis, cannot 

be rnet wit11 uiicier 14-16 rniles off Boliusl:e~~, and 24-32. miles to the 

nortli of Jutland. 

All rtlong tlie Nor\iregiaii side, ho\vever, tliis curve is Coulid :rt aboiit 

4 miles's distaiice from tlie shore, betweesl Li~ides~les anil Joiiifi-ula~ld, At 

Langesniid there is :I clecp depressioil exteiidi~lg still closer towards land, 

nrfiiie, ~LII-tlier North, liornever, the se;r is shailo\vei-, anri, outsicie the 

Cliristiasiia Fiosd, only isolated ciepressions are to be ionnd attaining a 

greater deptli tliari I O O  fathoilis. 

Tlre ciiikrent carresits on the siisface of tlie Skagerrak, are, mainl!~, 

.ilependerit oil caiises rnrliicli origir1;ite beyoiid the Siingerrak itself. From 

the Briltic, for i~istai ice~ tl,ei-e flon.s a coristant stream of bracliisli \\.:itei-, 

which lieeps, cliiefly, to tile coast of S\vecieii, alid wliicii, at I<oster, turns 

towards tlie Nor\\7egiaii side. Dui-ing tlie grenter part of the J-ear, at all 

events, it ruris f~~r t l l c r  almig tlie coast froli1 Sveiiør to l,iiidcs~ies. 



011 tile iliarts of tlie Ceogr:ipl~ical S~irvey; tilis crirrent, is plainii; 

nrarlced, aild is, nioreovei., \vell i;i~o\\-ii to all seafariiig people. l'rofessor 

Mohri lias estiinated its ce!ocit! at r o  geographic:il miles i11 24  horirs, 

0.22 metres a secoiid ([S7j"' pnge r68j. 

Again, on the coast of Jurlaud, tlierc is a still stroiigei- curreiit, tlre 

so-calleci «Jutlai~d Curi-eilt», floxving jnto tlie Sliagerrali, \vliicli, like the 

former, lias beeii kaox-11 to seailiel1 for gcileratioris. Accorciiiig to ~ n -  

nual observatioris, ~ i iade  on  board Dailish Lightsllips, ,liid Mohil's theo- 

retical calculatioiis, thc 'iverage speed is I S  geograpliic'11 i~iiics i11 24 

lionrs, 0.38 metres a secorid (A/Iohri I. c. p. I 68). Eveii this is a coastal currelit, 

forming a coiltiil~iation of those North Se'i co,istal currents \vhich, of late, 

h w e  beeil subjectcd to illost accurate investigatioiis by Fitlton 1971. 

Iiirestigations of the deep lviiig currents, lang proved rery ditTicu1t 

by the old ~liethods, viz., the dircct registratiori of the currciit. Honever,  

tllanks to the set-vices of Swedish hydrograpllers, a new method has beeii 

introdueed, and geilerallv aciopted, by \vhich one 111,1\, at aiiy time, 

aseertaiil the hydrographic~l situatioi~ on tile srirf,rce, ai  \{el1 as in deep 

\vater. T h e  rnethod corisists in thc determiilation of a laycr's origin by 

iilvest~gatiiig its salinity arid teriil>er,iture. i t  being kilo\\ n tliat layers 

of ditferent sallilities are of so diftererit a specific gravity, thnt they 

move, the one belo\\- the other, for great dist,iiices 'liid lengt11 of time, 

\\-ithout in termi~ing.  Pettersson niid Elci1~ai-i found. that all water i11 

tlie Skagerrak of a lo\s.er salinity thaii 30°/oo, comes from tile Baltic with 

tlie Baltic C Z L ~ I L I I I ;  f~~r t l lermorc ,  tilat nater. exceediilg j2 salinity, 

origii~ates fro111 tlic Nortli Sea and tlie Atlniztic Oceaii. 

T h e  Jutlaild Curreiit, according to theii- investigations, brings a pre- 

poliderate quailtity of Tvater. \vitti a salillity of 32-34 (Bank water), 

iiito t11c Skagerrak. 

In  tlie det.))-\vater regions of tlic S1;agerraii vast bodies of water 

are fouiid in nhicli the salinitv excerds 3 5 o/on. Tliis water, being con 

nected \vitil the Gulf Streani, enters tlie Skagerrak as ai1 under current 

througli tlie Norwegiai-i depression. Also those layers whose saline 

conteiits range froiii 34 to 3 j O/oo (the so called i\%iili Sea iYntrrj pro- 

ceed from oceaiiic sources. 

*) I !. Tilis forn? of brackets. witii figures inside. inciicites the date of liternry pubtica- 
tions. vidt. the Kihliograpliy. 



I'etterssoii ~ i ic i  Ei\nlaii h;rve given tileit: resulis 111 tl1ci1 f~iiidamer~i:rl 

.;vor!< «(;runddrageii ,if \k'~geracks ocb Kattcgats Hydrografiu 1311 the 

c~~icti tucie of \T hicli has beeii pr oveci by all iucieeding lesearclies. 

RI nieaiis oi tliese st'iteiliellts, orle niay airive 'it a fal more com- 

prei-ierisive underst'~ridiiig oi tllc i l y d r ~ g r ~ ~ p h i c a l  cliar,icter, t11'1ii nas,  previ- 

ons l \ ,  poisiblc Acco~dirig to c'irlier expeiirileiiti, oiie haci to be con- 

teilt \\litli ,i suri e\ of tlie LI\rei age distnbutioil snd strengt11 of the ocearilc 

crirreiits, ~11d of tlic me'iil tempcr;rtuie ot inany years ciuririg e x h  month 

of tilose vcars, &c &L. 

111 nppl\uig tlie riietiloci of IJetteissoii & kknian, i t  l i  possible to 

asceit,li!i tlic Iiycirographlc~~l sit~i~itioil ,it 'tiiy time. 'l'liu5 olle iiiay follon 

the cii'liiges t i l ro~~gl iout  tiit bear, ,is the ciifl-ereiit ciirrents increase or  

ciiminish in 5trengti-i niici ririciiiiess 

Petterssan & I=kii~,iri slie\\ 91 l ,  tliat tlic disti-ibutiori of tile water 

laqeis in tiie Sk;igerrali cio cliange, accordiilg to the time oi  yeai 

T h e  H,iltic cnrieiit is fouiid to be Tery e ~ t e n s i v e l ~  ciiflused ciuring 

Sririlmer, covcrii-ig the eiitiie surface oF  the Sk'1gerr'tIc \vlth J warrn 

la3 ei ot low sal~nlty, e\teiidiiig LO J .iepth of some 20 rnetres. Si 

ifiilitaiieously, tlie Atlantic uiidei- eiirreiit, of 3 j O/oo sali11rtv, rises to a depth 

of jo 11li.tres troi-ii the iurf ,~cc.   ven close to the sliorc 

'The Hanh IV'itei, lio\\~euci, 'it tliat time of veai is bilt slightlv 

repxseel~ted, being nlet \\~ttli i11 thiii 1,iyers along the coasts, aiid, in the 

celitrdl j ~ t t  ts of Skagci r'ih. i i l~ i j  be e i i t l re l~  \\ ,iiitirig, i o  tliat the Baltie 

layers iest, ciir-cctly, o11 the 31 OIoo '\Later, 

Uuriilg tlie corii se of tlie aiitunin, tlrc Rnltic i r i l  reiit ciecreases, dnd 

is sul-pl'111teci b\ ioiisiderahle quaiitities ot B'iiib matel i11 tlle Skngerr'lb. As 

the final r esrilt of t l~c ie  iii~erc1i~~rigt.s it iil,iy be seei1 t l~dt,  lit Noveinbel 

the eiitlre ~riri,icc bc~oriiec; CO\ eicd ith a layei of baiik-\\ ,iter to '1 

cfepth ot 20- 30  iilctiei, \ilii!e til6 ~cni~iiiiciel of tkie R'iltis water is 

forceci iip it.tto tlie Xoriliei 11, aiici 1;~lstein pai t oi thc Skagerr,rli. Coin- 

cideiit \\itli ~ l i i r ,  tlie ; j O / o o  \\.itei's lele1 striks over the n hole of the 

\kagerr al,, t~culni l\ 'lioiig the i ' oas t ,~ i~o t  eve11 si irmo~~ilt ing the bariks 

ON the \n eciis1-i co'ist 'rliis i011d1tioi1 IS generally nialiltained during 

the \i iiitei. Ltnii, iiot unt11 Mal , does tlie Baltic iui-reilt overcome the 

Ran1;-watei, \\7liiclr p'rrt11 i h n s  Li\\,i\, aiid, p a r t l ~ ,  rcrildins as under cnr- 

icnts belon tlie Haltic laveic. 

'I'he sili face \I ater of the ?l,,igerr,~li t l - i~~s  chaiiges twice d year, in 



May and November. 'Tl-iese cliariges in tlie waters, \vl-iiclr, according ta 

Petterssoii's and Ekiiiaii's recent esper-irneiits may, possibly, appear stili 

more complicated tilail represeiited by us. seciils to be elosely coliiiecteci 

\vitli the grndual apl>roacb of tiie herring to the shores o i  the Skagerrak. 

G. I'lis~iai? could, eveii in 1878, perceive tfiat tlie approacli of 

the lierring, off rlie 13ohusixi1 (26-28 Deceiiiber), occirreci ciirectly aftei- 

the expaiisioii of tlie Ranli-\vatel-. I-'etrerssoil niid Ekmari also publisil 

several observatioiis tt~liich iiidii;ite, tliat the lierring coiiic i11 \vitti tlic 

Rarik-\vater layers, but, titat a great accuriiulatioii oi Baltic \vriter pi-e- 

veizts the Iierriiig i;-oiii approazliii-ig the shore. 

It \vas iliost i-equisite, aiici of great interest, to see if s~icli Ilydro- 

grapliisal var-iatioiis re;illj~ took place from oiie year to ailotlier, iii 

order rh:xt: tlie great irregulni-ities of the lierriiig fislieries miglit be. 

thereby, explaiiiec!. 

Al! reserirclles iliade iii the Sliagerrak ciiirii~g the iiiterval (r893 

v); by tlie Swedes aiid Nor\\~egiaiis, Iiave, tlierefore, been lilainly di- 

rected toa-arcts solving the q~iestioi?, n-Ilether tlie gradua! approacli of 

the herriiig totvards Boliuslzii, aiid the south east coast of '\ror\v\.av, caii 

be coililecteci tvirlr tlie influx of tile Rank-water. 

In order to obtaiii a morc coinpreiieiisible vie\+- of tliese hydrogsa- 

phicai coiiditioiis, at diflereiit periocis of the Tear, it \vo~ilct be ilesessary, so 

far :is is possible, to iiiake sirnziltacl?~rntr.s observatioiis thro~iglio~it  a large 

area of water. 
? 7 J Iie S\vectish and Norwegiaii Hycirograpliers have, tllci-cforc, \\.orlie~i 

iii cooperation. Surface obsei-vatioiis have beei) procurecl thi-ougli the 

Iiindiiess of private Steaiiiship Coiiipnilies, :ind deel: water observations. 

Iiave, i11 so:iie iiistarices, beesi made: at olle RI~CI tlie sa~lie tiille, iri botli 

coililtries. 

\\rlieii, in tlie present \vorli. \tre, are aho~ i t  to give ali accouilt oi 

the Nor\vegiai~ investigations aiid tlieir results, we must, also, ileiiter 

iiito tlie details of the \vorl; l ~ e r f o r i ~ ~ e d  by the S\vedisli scieiitists. 

Hjort in liis treatise «Wydrohraphic-biologic;11 studies of tlie Nor- 

mcgiasi Fislieries~ si, Iias giveii r i i l  account of his laboui-s during rSg?-qq. 

Tlie Sn-edish Hydi-ograpliers have publishetf severai papers oil tliis 

subjei-t, but tlie pi-iilcipal results are giveii i11 Pettcrsson and El<rnat~'s 

treatise i 971 : «De l~ydrogralislta fiiraridr-it-igai-ne iiioili Nordsj6sis ocll 

Ostersjiii~s oinrsde under ticieii r 891-1 S ~ / B  



13etterssoti aiid Eliii~aii, in tlieil- iirst ei~deavours i cj I j to\vards sol- 

ving the origiii of tlie water layers, Laid specia1 \veiglit oil cietcrriiiriiiig 

tlrcir temperature aiid saliiiity. 

Siilce tlien ailother inetliod has been large]!. aciopteci, viz., detcr- 

~~i i i i i i ig  tiie origiii of the water froiii tlic orgailisliis it ioiitaiiiecl. 'Tlie 

iilglr' liave beeii deterriliiled by Cleve, \\r110 lias issued sever:il pub1ic:itioils 

ioiicerniiig them 134, 9G9 971, afici the aiiimals by Aru,ii/illi~c.s [g6, 981. 
Tliis nietliod may, iirido~ibtedlj-, iii liiaii!- cases, be adoptcd \\7itli favour- 

iible results, altliough :i profo~iiicl I i i i o ~ l ~ d g e  of the organisiirs, their lifc 

aiid distribution, be requirecl. 

Wheil, i11 tlie aiitiiiiiii, sot~tIiern organisilis ilre fo~iiid i11 tlie Ska- 

gerrak, wiiicli are absolutely estraiieous (as for instaiicc lJileiila or/($us, 

Loiigo I:oj.tiesij, o11e lias uneq~iivocal proof of iurreiits eiiteriiig from the 
r 7 

coutheril oceiiilic regions. i hus, in a ]ilte iiialilier, it iniist bc assuilled 

tiiat iioi-thesri organisrns, such as C,'lio~~c' lii//i~~i//il: I ~ I ~ L / I K s  I ~ ~ p ~ r l ~ o r ~ ~ ~ ~ . ~  m ~ i s t  

be brouglit in by cold cLirreiits fi-om tlic North. 

Oiie iieeds, lionrever, to be very cautioiis iri drn\ving these coilcl~~sioris, 

;is \\re liave endeavoiireci to indieilte iii ai1 accouilt of the Nortliern 

Oceiiii 199;. T h e  Swedisli scieritists iiot oiily detcriiii~ie the Baltic anli 

Atlantic, southcrii and iiortherii curreiits, by theil- orga~iisms, but they 

also separate, j11 lilit: i~ la i~i ier ,  Western Atlaiiticj Central Btlaiitic aiid 
E;~sterii Atlaritie \Tatess, mhicl: eiitrr the Sliagerrali at clifierent periods of 

the year, tlie olle froril tlie other. 

As the distribution of tlie Plailiitoii orgariisms i11 the Nortlieril 

Atiaiitic througliout tiie is, still, bilt little 1;1iown, L4r~rivilli~~s, 1. i .  p. 

r jo [98], had to arraiige them iii groups, ciiiefl!- in rtccordaiice with 
the period ct~iring wliich tliey reiilaili iii the Skagerrai;. Species eristiilg 

i11 the Sliagerralr. fi-orii September to 1~:ebruary (for iiistaiice /'/a>-inuritilin 
(ti-nririloiclrs, Ptri-nil~erizisio obii.tli~!), rire supposeci to be brouglit by tlie so 

iailed Nortiierli Bank-water from tlie i\Tort!ierii 0ce:ii-i'~ eastern area of 
adinisture ofl- the No,-n~egiair coast. Others, whicll are iiot foriiid i11 tlie 

Slcagerrali tintil Xoveil-ibel--Deccmber, aiid whicli reiilain iii the surface 

iayers ulitil April-Julie, are supposed to  origiiiate Irom tlie West Atlantic 

rirea of admisture riear the shores of Ice!:liid anci Jnii Mayeil (for iristancc 
Tinii~uurs z ~ r w ~ l a ,  li-iiiliai-in horenlis). Agaiii, others may be observed in tiic 

siirface l a p s  of tlic Skagermli froni September to tile iiioriths of alay 

-Junc, which, otlicrwise, esist as \vell iii tlie Ensterri, as iii the Westeril 



area of ricimixt~~re, ~ i ~ d  piobably also 111 tlre Arctrc rtself (iiiztiriiiiii cie?iir- 
nilattrr, Preiciiocirkrl~i~s elorzgiitiic, S e v ~ o i n  l o ~ ~ ~ ~ i c o r ~ i ~ s  and other-c). 

r 3 ,  

1 !lis g e ~ g r ~ ~ p h i c a l  classificatioil, hy Arrrivillius, is based o11 the occiir- 

rence of Plarikton Org~nisn-is in tlic Slingei-rali, wliile tlicii Jistiibliriori 

in the Noi-tlicri-i Oceaii, 'tnd s~irroiiiidirig c o ~ s t s ,  i\ Lut little iiliownA. We 

therefore considei- it r'xther prematitre to forin l~y,boiiler~,r, coi-iceriiiiig the origin 

of the \v'~tcr-1'1vers i11 tlie Sii'igerrak, fouiided oil thesc biologic,il restilt\. 

111 otir opinion, it is o! littlc ,idva~it'lge to set up, .ilid carry 

out i11 detail ,i liypotliesis oii tlie different iliovctilents of tlie occ'tnic 

Iavers, wliile but little is Iitiowil of tlic Iiydrograpliicnl ,liici bioiogic:~l 

coi~ditions of tlie Northei-11 Atlantic 'it v,irious perioiis of the year 

We wjll therefore coriiiiie ourselves r o  acknowlecigiiig tl-i~t, ai1 the ye,u 

routid, ,t body of \v:iter from tile Nortli Sea ~nakes  its w:ly 11lto the SI%,l- 

gerrak, ~n '~i i l l i  tl11ougl> tlie Jutlaiid s ~ i s f ~ ~ c e  crirrent, aiici, '1s riilctercur~eiiri 

tlirougli the Norwegian depressiort. 

hloseovei , these volul-i-ie5 of w'xter inust, p'ii tly. cirigiii'ite frotil tllc 

Eiiglisli Channel. 'ilid paltly from the iiortlierii eiitr,ii-icc to tlie Noitli 

Se'i, betweeri Scotiaiid and the \\Test consi of W o r ~ v . i ~ .  

TVlieii tile infloniing water Inyers change tlieii- chdi dctei. \L itlr t i le S C ~  

soils of the yeai. such i-iiay be e~p la ined  by 'ilter'itions ill the Hvcirogra 

phical 'iild Biologjc'11 coiiditions i11 tlie Nortli Sea, i,iicl its t\'iTo opeiiiiigs, 

iiui-ing course of 'I \ e x ;  but these altesatioris iiiay be influeilsed 1)) 

chnnges talie pl'tce i11 tlie eritire system of tlie Nortli Atlantic curreiits. 

As :ilready indicateil, Pettersson ~1-id Elimaii h'lve shcwn tilelt, d ~ ~ r i i i g  

tlic autrirni-i, large quantities of Ba?rfi-ionter flo\v into the Sl;agerral;, ,ilid 

tl-iat tlicse Bail!:-water Iayers, generally iii Nove~x?ber, fc~sce tlic Raltic watel- 

fl-0111 the surface. 

In tlie course of the :ii1ti111111, the Kaili; water, hciiig the lvarmcsl laycr 

in the Sl;agerrnli, retains, viltil tiie latter part oC Novelliher, a teixperilture 

of 1 r 0 ,  ;ind contail-is corisiderable ijuantitics of soiithern orgaiiisnls (Pileiliiz 

octoprrs, 1,0Zz'y0 l2i)rlx?si, K11izo.rolrnin .s/?~lifi11~~7~i.s, - .  l \>/r .~i~h~~.r t~i ,  (;uiztrrilin fLnrcirln, 

f3i~iliriLkhi{/ nrohi/ie~is~i.r). 

.!; v;iluable tre:itises oii tile I'l~;ii~lit»~i of the Nortileril Oceaii in 1898, o l  
i'1ani;tori sallected by the Swe~iish Expedition to Spitsbergcii i l l  1898,. 

:ind «C)ii tile seasoiinl iiistril~iitioii OS sorile "ltl:ii~tic P13i1i<ton-Organis1iis~), anri  
Ostenfelt1 (Iagttagelser over Overfladc\,anciet.s 'I'emperarur etc.) were iiot puh?isilcil 
when itlis \vas nrritteii. 



It Aowi, to ,i great elteiit ,ilong the co'rst of jutlarici, rhen, suh- 

scc~uentlv. aciosi to the Koiiuslail, \vliere it pai-t l~ tuns ds 'iii undermrrent 

sorithni'ird tiil ovgii the Cnttegdt, tlie ietlzaiiider Iorti~ing J coastal Iayer 

tomnrds tlie eiiti-xiicc of the C l i r i s t l~ i i i~~~  Fjord. l2iotn hese, it, probably, 
r .  

nioves iioxvn the south e,i\t c o ~ s t  of '\:or\v,i\, Illis Rani,-\v'~tcr 11~1s a 

great iiifl~teiice oii ille Roliuslen cliinate, like tlie Giiif Streim oii tlie 

\Lest io,lSt of N O I R , I \ :  tliu\ ro1 instaiice, one iiiCl\  lind tlieie, in Bohris 

l z n ,  soine ot the \\'cst IZiirope,iii ~oast'il vegat,iti»ii, n hicii, iiiienise, elists 

oil the nest conit ot Noi\ \ , i \  from 1,ruidesnes to Stacit, but \\lilcli i i  en- 

tirel\ 'rbicnt L)et\\ CCII, fot 11ist,l11cc, 1,indesnei 'iiiii Fsr iiei , \\ licre it c'11-i- 

not sIirv1ve tlie ie\ C I C  \\ i n t~ - r  cIini,ite 

111 r S q  ;. the '111nu,il f l ~ t i t r i ~ ~ t i ~ i i s  iooli pl'lie, ,is deseilbed b\ I'etters- 1893- 

soll ,iiici EILiiiclii, ciuriiig good fisliing 1 cars. 

111 Novciiibci , S\I cciisli ~ilveitigations \\ eie ii~aiie 111 tlie Sh,igcrrali, 

ibl-iile Hjort 9 j 1 ~ \ ~ ~ i ~ i i i i ~ d  the S o i  \\ egiclil (:li~~iiilel okt Elicrs~~iid,  the 

IIc~rciaiiger l-jol-ei, ,111ci tiic 5oqrie l.']ord. 13\ me,iiis of iiitern,itionril 

coope:ation obseiv~itioils o1 t l l ~  sul f x e  \L ere s i ~ ~ l u l t x i i e o ~ ~ s l ~  t,iI,eii 'iloiig 

tlte iirinierou\ ste,iiiisiiip ioutei, i i i  oicier tlidt .L ioi~ipi;te siiif;ice rilap of 

the Sl,.tgeirC~k anci tlie Yortll 5ca niigl~t be prociuceci (see Petteissoil v ~ c i  

Ekrnari ,97  pl VI -ITTI Hjoi t i 9  j1 pl 13.). 'I'lie cci~tral aiiii outei- por- 

tions of tlie Sl,,igeir,il, wei e ioveieii \\ itli ,i B'iiik-\\ ntei- layer, of ,i thick- 

ries5 of ,ihout ;o nietics, \vliicli cirovc back tlie Baltle \\atei, to sucii ,iii 

elteiit, that tii'it forincd hut ,i ii,iii-o\\ itrlpe alon? I I I C  co ,~\ t  of S\vecleii, 

,ilid covered ihe Noi tilerti corilei o1 the Sl,aqeriak outsicie ilie Chi I -  

~ t l a i i , ~  1 iorct. 

\\'e sribjcjiil 'i 1)iofiIe (ldiq I ) ,  iii.iile b\ tlie \\\cdisIi H\cirograplicrs 

on tiie :(;t11 Soveniber 189; (P K 1: 197 Pl. IX,  5 t i t  r r ) ,  fioiii Chrisliari 

i'inci to Sliagcli ( 7 1 1 1 ,  Scazcj). 

Tlic RClnl,\\ .itei ~ i i t i  tile s~lhj~iiei i t  34"  00 \\ ,itci i'l'lie Sortl i  Sc,t 

water), ,ittciriicci t!ie 1iiglicst t c i i i~ ic i~ t~ i i e s ,  m o s t l ~  i)-ro0, \\liile the iurf;ice 

watei Ii'ici iominenccci iooliiig ; tile cieep Atlaiitic \T 'itei, lia\\ evei-, n ai  

ngdin, coiciei, its borii~ci,ii\, up\\,ii-ds, ,iiiout co~i ic~~l i i iq  tliat of 1 

tenipei ,iture of 8". 

1:ig 2,  gi\es .L sestion (of tlic C;ulliii,ire Ejoici in Rol i~is l~ci~  (13- 

r6  Noveiliber), \\ liicli, liben ise, \ \ n i  inade by Petteissoii 'iriit Ekman 
r .  I Jic 13,irik-nntei- corered the b'ir of rhe Fiord, nliicii pre\eriteii the Iayers 

r 7 

of ,i !ligller snliiiit\ tro111 eiitei-ing Ihus ,  \ i l~ i lc  tlie ;4O/oo \\'iter outsicie 



the bar, \\as of a temperatuse of r o - - - ~ r ~ ,  the lajer-s iriside, o r  tile same 

saliriit! , we ie  oi11j about g .  5 O. 
The Plarikton alorlg the co'ist of Boh~islxn eontG~iilrd, 'zzcordiilg to 

Cleue'r inrestigatioris 1941, g r a t  q~mltitics oi Di,itorils; Neritic toilim. 

of a soutliei-ii origiri, ;igr-eeiilg \vitli Clevc's Didymus 131,inhtoil (Clt~ctocerrr c 

d ~ d y t i ~ ~ ~ ~ t i ,  (,'It. c i ~ ~ u ~ s e / i t r ~ ~ ,  C//. ,Ycl~i/ttii) ~~se t lo~~~j~i ; l t i i ig .  



A siiniial- Plaiiktori was; at the saille tinre, founci of+ Clster-Kisc7r, at 

the  Swedisii Hydrographica1 Station S IX, and S X (Cleve 1. c. p. S-3), 

and at Val15 (Hjort [q51 17' 41)" 

Wherever this Diatom Planlitori -\vas fouild iri q~iaiitiries, tlie sur- 

face still coilsist.eci of Raltic water froin tlie prcceding sumilier. 011 the 

otlier liaild, where the Balik water reacheci tlie surface, for iristaiice nr 

the S\\redisil Statioris S VII, arid A XV, oiily si:iaIl q~iaiitities of Diatorils 

wei-e found, but, practicnlly~ the satne species as tliose obtaiiied at tlic 

otiiei- statioiis. (Cleve l .  c. 8-9). 

Off Eliersuiid, Hjort foui~ci a ridi 13iaiil<ton 1). 41, coiitaiiiiiig 

the saiiie species of Diatoms ( D i d y n ~ i s  Plarilitoii), but only as suborclinate 

constitnerits, together \\-ith Crustacees, C:lii~togi~atlies :iiic1 T3eridiiiiace=. 

All tiiis inciicated, [hat the Neritic l l iato~ils  hc2d becil clcvelopeci cluring 

the sunimer, anii ,t~itumil, on  the surface of the iiiner Sliagerral~ 

Iii r 893, the herriiig fisheries proved cxceptioiially rem~ii~erative. 

'Ilie licrriilg tlieri advanced evcii in betweeil tlie islaiicis outsieie tlie 

Cliristiatiia Fiorci. Oft tlic coasts of tlie Slrc~gesrali there was a take of more 

thail 3 800 (300 i-ieictoliti es. There aiust, corisequeiitl y, 11:ivc beeri j)'~rticul'~rl\ 

ta\rourable cotiditioris fos tlie appro'~cli of tlic herring ciurilig tilat -ceai. 

In tlie autumii of I Sqq, iiiteriiatioii'il cooperaiive observatioi1s oi I 894 

tile surf,ice were ~inciertalieil; tlie res~ilts of nhicl-i liave beeii the pro- 

ciuctiori of '1 surface inap for Noveriiber, \vhich '11so is publislied il1 Hjort's 

treatise j951 Pl. C. This m~yi  sliews, tliat the spreacl of tlie f2altic la~ei -s  

was muc11 gre'lter t11'1ii tliat o i  tlie previous Tedi. 

While the B'iltic cui-retit, i11 Noveinber r 893, \\-as cortiiiieci to tlie 

Sliageri,ik 'iiid tlic Cattegat. it rali, in Noveliiber 1894, all aloiig our T\-cst 



coast, at severnl spois attaining :1 \vidt11 of 16----o geograpliical niiles, 

the Ranli--mater being less represeiiteci tliai1 in 1893. 
(Iritsicie the entrance of the Christiania Fjord, Hjort tillis found, 

t113t (1. i .  p. 26) tlie Raltic water lnyers obtaiiled a deptli of j(> nieti-es; 

\xj!~ile, i11 1893, they oii!y reached to a cleptli of about 8-10 inetres. 

Tlie lierriiig ciici not tlleil ~lpproacli land, bilt teniaineci out in the Ska- 
r gerrik. I lie Plaiilitoii. ciririiig that year, coiisisteci, tnniill,~-, oi  Peridi~iiacekt-, 

witjle tlie Uiatoills \\:er-e oisly first foiirid f ~ ~ r t l i e r  out i11 the Skagerrak. 
'Icw Invrsti- Still more divergent were tlie coriditioiis iii 1896. As tlie berring 
gations i11 dic  fisliel-ies ciui-iiig tliat year pi-oved a c1e:id failure, tlie Sweciisli and Xorwe- 

Skaper;ik. 
I>ecr. r ~ ~ ( i .  gian hycii-ographers macie a joir-it esploratioii of rlie Sltagen-al; nilcf the 

North Sea i11 tlie riiicidlc of December. I11 adctiiioii to tlie iisual surface 

observ:~tioiis takeil o11 the private Steamship Compaiiies' soutes, rich 111a- 

terials froii1 tlie cieep-sea investigritioiis mere, lili-exvise, obtained, the Swe- 

dish scieiitists esatniiling tlie S. I'ristern part of the Sliagerrali, \\.liile Hjort, 

fl-om H. M. S. Heimdal«, took obsei-vatioiis o n  tlle lii~cs, Clirjstiania 

Iziord-Slcagen (the Scaw), arid Cattegat-Areiidril. 

,411 tliese investigatioiis I-esulted ill tlie priblicritioii of 11 populai- 

reatise /97] by (:leve, Elcman, Hjort, and Petterssoii. Siiice tile11 tiie Swe-  

dish Hj~drograpliers 1i:ive publislieci their reseal-ches in a more eietailed 

report by 13ettei-sson ;ilid I~liilsan 1971. 

Hei-e \\T sliail chiefly ascount for all tliat m7as aciomplislied by 

tlie Noi-xvegiaiis; this we cailiiot cio, h o ~ ~ ~ e v e r ,  \\7itliout, at tlie same time, 

rnciitioriiilg tlie S\vedisli i~ivestigatioiis. 
r 7 1 ile Noi-\vegiaii material subjected to orir observations is given in oL1r 

Hydi-ogi-apliica! 'rable I, and iii tlie l->laiilitoil 'Table, No. I .  

'I'hc results prove that the Hyiirograpliical conditioi~s ill I 896, i-eally 

varied consiclerablj7 from tliose of good Iierriilg yeai-s: such as 1893. 

1-il-st of all it u-ill be seeil tliar tl1c Raltic water co\-ereci :ilinost thc 

entire slirface of tlie S1;agerrali-, estenciilig to a dept11 of ubout 2 0  inetres. 

It Tvas orily in rlie S. \V. coriier, arid in i1 \\,ecige along the sliores of 

Skage11 (the Scaw) t!iat layers of high saliiiitp could be Eounci oii tile suri-ace. 
r .  i l l e  Bai~lr-water i11 1896, mas represeiitccl in iomprisatively less quariti- 

ties, tl-iaii iis~ial, as thiii layers uiider the Haltic \vaters, especially along 

the coast.; n7liei-c it was of iiiuch less esterit tliari usual. &loreover it 

rna!. be ~ioticed. tliat the salt Atlantic \vater rose to ai1 exceptionally 

higli Ievel, maiiily on tlie coast of Sweden. 



Tiiis is best seen k o m  Fig. 3,  which gives a profile of the Grillmare 

Eiord, reprodueed from Pettersson and Elirnan's, It sheu-s that the Ar- 
lantic water Iias even crossed the bar of the Gullmare Fiord; otherxx-ise it 

does 11ot i~sually reacli the coastal ba~ilis, and the bar of the i-iord, during 

this pel-ioci, is, generally, covered by Bank-water (see Fig. 2). Fig. 3 also 

shews tlie thiiiiless oi' tlie B;ii-ili-\~ater layer on tlie coast of S\veden. 

Tlie resiilts of the Norwegiaii iilvestigations of the Sliagerrak are 

presented in Figs. 4 alid 5 .  S h c  former shews n section from Fzrder  to 

Slcageii (tlie S c a ~ r ) ~  fron? \x-l-iith it is ciear that the Baltic water (wjtli a 

saliuiity iip to 320j0~), covered the wliole of the surface witli a thin 

layer, ivliose tetnperature ranged from 2.05-3 .O j o11 the surface. Oniy 
close to Sliagen, (the Sc;iw) Station VI,  did tiie \varmer Bank-water 

reach the surfac (7.03). 
u. Yr- 
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Fig. 3. 

Tlie higllest tenlperatures, 8.0j-9.05, iay at a depth of soil-ie 40 

illetres, about on a level \vitli the isol-ialine for ?40/00, coilsequentlg- oii 

the boundary of tile Uc~rik-\\7ater and thc Nortli Sea \x7atcr. 

At Statioil VI, closc to Sliagen (tlie Scaw), no  higlier teniperatures 

than ?.'j were met .n.itli, xviich siiexx-s, that the body of -ivater tio\viilg 

iii witli the Jutlaild current during that period, is colder tilail the Ivar- 

mest layers ill the Skagerrak. 

Tlie rnas i in~~ in  temperature i11 the Skagerrali, 9.07, fotmd ofi 

Hvaløerne (Statioil X V )  at a deptli of z o  metres; fiirtlier up tlie Chri- 
stiania Fioi-d, at Vallø (Station XVI) eveil 10.03 was met with at tlie 

same depth. Somc days later, Petterssoii aiid Ekinail fouiid a tem- 

perature of 9.06 at 5 metres deptli in tile Gullmare Fiord, between 

Borna and Holma. ( I .  c. p ro?), otherm-ise a teniperature e~ceed iny  ge 



111ore, seen, tlia 

Statioli X, Tvas 

foriiici 111 the Eastern p ~ i  t of the Sk,igerialx. ?'ile ,itIantic 

water borindaries, on thrs 

sectioil, wjll generaily be 
4 

q $.fo~i~ici at a dept11 oi  roo 
'3 

.q:. metres, escept nt Fzrder,  
. , . . .  (SL. rjwhere it rises to 70 

metres beloxv the surface 

If this sectioii be com- 

pareil with th'it of the 

Gullniare Fiol-d. (Fig. 3). 
7 ni~ci wit11 tile profile o* 

Christiansaiid -Sliageii (the 

Sc'iw). fiol11 Novem ber. 

1893, (Fig. 2 ) ,  it will bc 

q seen, tliat the .?itlantic 

mater ill the ceiiti-:il part 

of tlie Sl<agerrali, sta~icis at 

a comparatively 1101-inal 

level; it is, tliris. ot-ily 

aiong the eastern coast 

tliat :i11 esceptioti;rl rise 

can he ohserved. 

As is reiilarlied b. 
I1ette:-sson ancl lila~iail, tlris 

pheiiomeiioii rilny probably 

be esplaineii as ;i i-eactio- 

ilary or co in pen sa to^-y crir- 

rciit, ~.xoduceci by rlte 

rin~isually stroilg, :11111 last- 

? X ing Baltic slirface current. e. 
3 ' Tlie otliei- sectioil (Fig. 

2 ,Y 5)  \vas talie:~ fro111 ~ ~ e i l -  
L 

$Z di1 to tlic Cartegat, ;iiiii 

.$ I-uiis to tiie 1101-t11 o{ 

Sl<;igeii. It is, fristiler- 

!t tlie Baltic water covered the wliole surface; oiil!- at 

it surplanted by the Railli-water. 



T h e  temperature 

unifori~ily lliglier, 

about sO.  T h e  Baiik- 

water rittairied aboxit 

the sanie thicltiiess 

as ori the foriner pro- 

file; at tiic casteril 

statioiis, tlie isolia- 
9 k, 

lines f-or 'j2"/,,, nilil % C f 

3 ~ O / , , o ,  12~7 very close 

together; i11 other * t.: 

words, tiierc \i7as T - 
verjr little mriter co11- 

taining a salillity of 3 - 
3 "-3 3 ('/oo. 3 - 

'Tl-ie Atlantic water, 

in tlic niiddle of tlie ? .  ". 
Skagerrali, at St. IS, Q. , G u: 
rose u p  to tlie same 

6 .  
ciepth (70 inctres) as 

at Frcl-der; ofl- tlie 

i 0 2 ~ t  of Jutlanci it . . . . . . .  . .  

dici not ercii rise 

to tlic deptil of' roo . . . , , ,  . . .  < . . . . ,  
. . . . . _ .  , ,  inctl-es, 1101- eve11 oil- 

:; 
< ,  . . . I  . Arendal. On tlie 

coast of Norn-iiy all 
* / 

dlese isol~:iliiies turn X' 

siightly cio\viiwnrds; 8 
" 1 

consequaitly no rise 

of tlie subjnceiit in!-- 

* 1 
'i 
, k  

ers liad tnlten place, 

11s nr:is secii oil tlie 

ioast of "Rol-i~lsire 

(Fig. 3)  and, partly; y 

at Frerder. (Fig /i). 



At th;it tirrie of the yeal, tlie Slidgeriai; I->lankton ~ieliieci vei! illi 

portaiit inior~liation Table I denotes ,i slir\-e\ of the vegetable Planlyto~r 

at ,111 tlie 115 di-ogrciphical st'~tioiis 
F.roili tliis table oiie gets ,i strong impression of the c\ceptloiiai 

s i m i i a n t ~  of tlie Plankton s i l  all the surface la! eis of the Sl\,igerralt; 

tlie same spccies being fo~ii id,  i11 greatel oi  less iiumbeis, i11 all the 

samples. On the otliei hand, tliere arc certalil statlolis \\liiil . i  turiiished 

a rnuih 1)ootei Plaiiktoi~ tilati all the otlieis the most reriri'~rli'1ble beiiig 

St. VI (Skagen), snd Sts. XIX-X);. (in tlie inner portloli of the Cliristianla 
Fiord); St. X had also ai1 e~cessively pool Plailhtoii Tliesc ,i:-e just tlie 

statlolis \\ iisch Rad no H,iltic \\Tatei oil the surfCice ; ,it Sh,igeii i t  liad 

been di~pl~iced b5 salt \\'itel nliicli Iiad flo~vecl i11 witli the Jutl~rid cur 

lent ;  in the Chi-isti'ini~ ksol-d ~t \vas forzcd o ~ i t  by the prevalliiig 

~ i o r t h e r l ~  nirids. 'I'his will, subiequeiitly, be iie'ilt w~t l i  mole c!osei~ by s is. 

Moreover a t  Statlon X, i11 the ceiitrc of tlie Sliagerrali, the Baitic 

Mrater \vas, like\\ ise, supplaiited by tlie H'iiik-x\ Lite 

T h e  smie  rii,i\ be observect from tlic sniiiplci of P lan l~ to i~ ,  g'ithered 

by tlic Swcciisli liydi-ogiaphers cturiiig tlic saiiie peiioci, anc? n~liicli have 

been e\aniiiieci hy Cleve, t l ~ c  results being publislicci 111 Clele's gleat 

T\ or], 1971 Table VII. H e  states, tii'it more Plcinltton \\as founci o11 the 

surface tliriii ,it a cieptli of I g 3 0  metres, tile siil f ~ c e  consisted, n~ainlg,  

of Baltic \i atei, of- 'I teriiperatLiie not euceediiig 4 OS; 01115 at t ~ i o  

Statioils, Krrn~sa ,111~1 « Il: of Ynderøa ciid tlie H,inli-wcitei- seacli tlie stil face 

ult11 ,i s,ilinity of 33 .3 ,  'inc1 iespective tenlpei-'itul-es of 5 O6 'ind 6 Oo. T h e  

Plankton s,imples froni tliese statioris  vei e poorei, especiallj '15 regctrcls 

di'itoms, :h,iii aiij of the senlaining surface samples. From tl i~s,  olle 

niay sGifel\ coiiclude, that the iich vegetable Plniilitoil beloiigs to surface 

layers of less saltnitj. 

As the species are so evenlj distributcd a11 over the surface, it inay 

be fustlier concluded, that tliose nrates layers liad semairied oil tlie sul- 

face of the Sltagerrali foi sorlle length of time, so  that the algrc tlad 

time to develop itself evenlv, and become plciitif~~!. 

It is, ho \ \ eve~ ,  ailothei questiori, wliether the germs of tliis abuiida~it 

Plankton vegetation llad been brought in witti the oceanle iui-rents, o1 i i  

r t  had gro\iii oil tlie siiores of the Sliagenak itself. T o  prote  tliis, it \vill 
be ilecessary to examine, more closely, the species ~ l l i c l i  appear inost 

sliaracteristic for the salliples. 



The samples colltairied lioth i~eriditllacee and d~arorns, rn great 

quantities; of the former, the Gerntiz~rt~ r'iyoc 1s the rinost prevalent, white 
the diatoms are re~resented,  clliefly, by tile oce;mic species c h i ~ f o r f r n s  . . hareale", Ihniiisciofi~r;,~ finue~geldiz, and Io~rgicsurta, as -lell as by a nurnber 

of ilerrtic specres, especiallv Skeletorze~~rrr cosfniz~tir, An~ongst  these tlic (;e- 

i n t a ~ m  tytjic~r is  so comtnoii, both in tlie Sk'igerr'lk, and tiie circurnjacent 

matels at ,111 trtnes of the year, that no  deiinltc conclusionc can be formed 

iro1r-i its occurrcrice. 
r 3 1 l ~ e  Neritic Diatoilis, piobably, belong to the coasts of the Skagerrak 

it.;eli A t  tilat tlnie of tlie 1 eai no large quantitles of tlreni are to be found, 

.is rite rich ner-rtic nntiiiiii~al planlitori (D7d~~jinji~s-plnnkto~~) IS  theil on tlie 

iicereace, \vhrle species, \-7ilicli, in tlie cold season, form tlie other '~nniral 

Inaxiinurn, ~ I I P  51rn ppln~~lZtott, 'ire not vet nuilierouslj represeilted, \Ve fin$, 

Ilox17eve1, species representing botli t l~ese bsolog~cal gi oups, but the lnain 

portior~ consists of species, \ \~L~ic i~  attairi their maxiini~m at periods 

ciifferir~g from tiiosc of the i-\\-o mnin maxima, viz., "h~etotzetr~rr, ZItnlassiosii-n 

~ e l n t l ~ i o s n ,  an cl I\>]/ ir osole~zicl setipi-n. 

C/rLc/oc-erns lioic,nle, 311d tlie Titnlassiofi~rix, are oceanic species wi~ich 

'rJnv have ciltei-eci wit11 the liiAo\vilillg curreilts from the North Sea 

Cleve'c Pl , l i~ktos~ Map of the Nortii Atlantic j971 PI. ill, sllews, that Thn- 

Iasnofhrln loi~g~sr~r~zi l ,  in the summer, has rts greatest distribution sri tlie 

N. Western palt of the Atl,iiltic, nes the coast of Grcenland, arrd 

Iceland (,( 7i.ir110 p l n ~ z k f o i ~ » ) ,  mlirle Cllii.torera~ bolenle is supposeci to orsgr 

nate floni a wedge 111 tlie ce~iti,il part of the XrI,lntic, \vhicli runs in thc 

Jllectiori S,VT --W E. plst the Fnroe rslands, 

Tlieic li, hornever, no  grourid for assurnlng that tliese species li'x.ire 

l->eeil bro~iglit silto ille ?Lagerrali fioin the abovc ine~itloiled places, I t  i-iai 

7-eceritl\ beeii proved by us (Hjort & Gran j99j), tllnt the oceuiic d ~ a  

toms MC ;ilri~ost a l~~rays  s~fficientl?. ilunieroLls in the North Atlantic, to 

Jevelop Into a riel1 p!ai?l<ton, undel favourabic cncurnstanccs, Osic?qelii 

has si~enrti (\\'niidel k Osteilfeid [9S/), tliat the area bet\\eeil S c o t l ~ n d  

qnd Iceiatici, 111 M ~ T  , coiltalil5 a ricli Diatom Plai11ctoi?, b ~ ~ t  thni verv 

S~nal! yuai~tities ale to be fonild during tlie reinainder of the i eal. 

" )  Cleve has meritioneci :liis for111, \vliicli api>cai.s iii tliese saii~ples, under the rxinic 
of Cf~cetoceros boreale vnr. Biiyht~oel l i i ;  tlie charlisreristics ml~ich are snid to di- 
stiiiguisli it frc;m tile iiiniri species, are; howevcr, of 110 systetiiatic value, :tnd 
in iiig opinion, i t  does r ~ o t  require a11!- specific i~iirrii:. Fl. 13. G. 

1 - 



T h e  above ~ian-ied occaiiic species, 31~0 cxist i11 ille Sii~gerr;iI; ili 

small qiraiitities, nearly 311 tIiroiig!1 the veal-; it is tlierefost lio eiis!- 

tasli to decicie, whetliei- tlie 1i1:liii jmitioii I~LIS, origi~laliy~ ioi31e fro111 

outside, 01. if it ilas 1xe11 tlercloped in tile Siiagerrali itseli. We  ilave, 

iiomever, a1rc:idy siiew~i, &at, ciuriiig Oeceinber r8qGj tlrese specics were 

iouiid iii the greatest nuinber-s i11 tile Baitic water Iayers whicli covet.ed 

tlie surf:zce o i  tllc S1rager;ili; nrhile tlic Nortil Sea, at the same tirnc. 

l-iaci quire a itifl't"rent piaiiliton (Rhizo.solriiin si~~lijoi-iilis, . .  (,itscinodi,snis coil- 

i-iaiiirs, Biddi~jpl~ia rirohilieiisis). 

A similar l'laiiktoa seei-iis to liave pi-evailed oil tile surhce oi 

tile Sliagerraii, tili later on iii tlie \vintei-; (:leve examined the Skagerrak. 

;ilid North Sea Piarilrtoil i11 jniiuary 1897, ~ l i e  resuits o i  \vliicI~ are giveil 

i11 Table I)( 197;: a ~ i d  on the niap, 1'1. IV:': 1. 
kle fouriil grear y~iaiitities of i%nlns.siot/ii-is Ioirgis.sitirrr in tl-ie Skn- 

gerraii, so~newiiat  less of (,'iiccfocri-as horulle, \vliilst the nci-itic specics 

were but pooily represerited, iiiici maiiliy belonged to wiritei- gro~rps  (7'iiir- 

inssiosit-a i\j;ii-il~tisiri~~jliJi;i. Ori liis liinil, [:leve denotes the Skngcrr-al< PInilIc- 

toil :is a niirrture of 7i-icIio-i'/n~rkii11i a11 c1 ,?;i-n- lJ/ntrii.ioli ( Tl~alnssiosii-n). 

011 tlic other Iiaird, tile Nortil Seli ioilti~iueci to coiltai11 quitc .i 

ciiflkrent plnrrl;tori, wi-iich inore reseinbleci tile Ilecernber pianlcton of tiie 

Nortli Sea, tllan t!~:~t of. the Sli:~gerral< (Cos-ci~iodi.ccti.r (.OII~I'I~~II!.~. l i i~!d~~I /~l i i~~ 

it?oi~ilit~tisi.~, FJalo.rj~li~~~ra, I 'eridi~~iou~z~. 

'l'he iirange in tlii. cIiaracte!- of tlie plaiiiitciti tiiat tooli plaie i ron~ 

IJeieinbei- to Jalilini-y, cail tlius liardl>. bc i l~ic to aiiy iiifl~iz ironi tlic 

Sortli Sea. 

O n  tlic otlier Ilaild, it lilight v e r -  \vell 12:ive arisen horn a loirii 

iie\ltlopmcnt, as tlie species in 1.Iect.mber are iiearlj- ideiltica1 \vitli tliosc 

iii January, tlie qu~lntative charaeter, otily being someivlirit altered. 

TIinlnssioth~.ix, 2nd the iieritii \viriter forr-ris, appe;treci t o  liave ill- 

ireaseci i11 I I L I I I I ~ ~ I - S .  whiie Cl~~cloret-11.r hoi-tole decreased, aiiii the ~ieri t i i  

:iutumn losms ilad aliirost iiisappearcci. Furtherniore. n7e tililil; it possibie 

ihat the changes, wliicll took piace i11 the plankton on tlie sur&~ce of tlic 

Sicager-rali, fl-om the sutnriier tili tlie l~eginning of Deceinber, 1113y be 

owiilg to a gradual losa1 developrneilt, tllough, we do 11ot coiisider i t  

ilnprobable iliat oceanic fos~iis were brought i11 froiil outside. 'The Plariktoii 

") Tide Cleve l. c. Tabie VIII. ' i i x  first 5 St:itioiss nri: situateci i i i  :Ise Siingerrak. tlic 

orhers iri the Xorth Sea. 



lnvestigatioiis tliiis iead to the same i-esiilts as ihose ohtailicci i;-oili r i l i  

liydrograpllical studies, viz, ,  tliat tile sul.f"~ce layers of t!ie Sl;a,aerra!~ 

i-emained statjoilary sirlce tiie aurtiirin: iio ch:i~iges of tile nratei- !>ad oc. 

itirred in Novernber, 3s is generally the case i!tirir?g s~!ci'essf~il iierrii~g 

iishiilg years. In November 189;. tile Bailk \va;ci- ioi.icti its \i.:iv i??. 

;itsd covereci tlse lriiole of tile surface. forcing tlic r7;iltii Lvntci- iiito t l ~ c  

Norli Eastel-il iol-iler-, whilc, i11 ilie nutuiiiil of  I 89 h ,  il l i .  i:niiI;-\\ ,i:ci- ;i.:,> 

esceeiti~igly scni-ce i11 the Siiiigcrraii. 

f l i  tiie abcvc  ~iieritiorieii \\-ork 1')7/> 011 tllc coiiditioi~s of t i l e  5k:igerr:ili 

ciril-ing rile tlieti existiiig ilersing pei-iod, (:lcvc. Eicn~riri. Hjort and 1 3 ~ ~ -  

tersson liave eildeavoureci to prove. tilal tliosc co~lciitioiis t:it~iscd tlic 

ri or^-success o t  tllc herring tisller-ies ii~iring tile i i ~ i i t i ~ i i i i  of i SL)(>. T i l c ~  

;lis0 state tilat tlie exceptioi2al liyiir-ogrripliicd coiliiitioils, ~iiiriiig t!i:it veiis. 

\\,erc, l ~ o b a b l y ,  coniiecteii \\.it11 the ~letcorologiinl ,  :is t!ic ;~ t~~ i i )~> i l e l - i i  

i,ressiire in the Nortir of izurope. iluririg tlie ;i~itilmn, proved to be vert 

Iiigli everyivhere, witil a successioli of E. i\'. E. ni-id S. E. \viilds il; t i l c  

Skagerrak arid tlie Nortli Sea. 
That  this mras tile case iisay be seeu h!. ioinjxiriiig the :ii~ililal l-cj)o:.t 

. ~ 

of tlse Nor~vegiarl Meteoroiogical Iristitiitc il: [Sy6 (Mohl1 ig71). \vitil 

Mol~n ' s  Climaiic Tables for Yorn-a- (»i<li~~lat;ibellci- for Norge»).  

From these we iirici the nver2ge pressrli-c i l l  Novembel-, viz.. 

Xverage 
for I 866----q j 

Færdel- 

h/laridai 

Skrtdenes 

Bergen 

7 57.2 l>?!li. 

756.9 - 
" ' T i  / ) / . 4  -- 

755.7 - 

December 
Xverage 

1;~er der 

Mandal 

Skudenes 

Hergeil 

It will be seen that the :itmospherical pt.essiirc at these Statioils, 

that is, :ill rilong the Norwegiail Skagerral; and Nortil Sea COLISL, ill KL)- 
vernber and December I 893% \vas practically no ri li al^ or just beiow the avei-ttgc. 



During the same nlonths in 1896, ho~..ever, tlie pressure exceeded 

the normal by several alillirnetres, especially in November (5.3----6.2 mm), 

though rather less i11 December ( r .  j---?.; min,). 

atmosplieric pressure at the saii-ie stations in Janr-iary 1897, 
likewise appears to be j.?---+? IIIRI.~ above the normal. nrhilc in Januar? 

1894, it \\-as z. j----?.C7 mm., belon. the average of tile period 1866--95. 

In adciition to tlais, I=lrItoti ilas found that tlie system of ciirrertts of thc 

North Sea III December 96'january 97, \vent in 3n opposite directiori 

to the general fiolv, on account of the incessarit easterly. and soutll 

easterly winds. 'Thus, along the southern siiores of tlie Yorth Sea. tile 

iurrent  ril11 i11 ;I \~'est\~:arcI direction. iiistead o l  tile ordinar- course to- 

\\.ards tlie east, a i ~ d  north east. 

I t  is evident tiiat tliese circ~rmstances iii~ist liave affecteii tile influr 

of the Daill; water to the Slragerralc, as the in-going crirrent along the 

coast of Jritlaiid, is but a coi l t i~~uat io~i  of the coastal crirrei~ts usually 

existing in the North Sea. 
r 7 I he perpetnal nortli easterl-; wirids riilist. hrt l ier ,  liave assisted iii 

spreading tile 13altic mates over the entire surface of tlie Sltagerrak; 

for siior: periods they eveii suiceeded i11 forcing tllt, Kaltic sur- 

face milter :rn.ay from tlie riortlierii p:xt of the Roilrislzii coast, as is 

shewn on rlie surface inap for Decctiiber (Pettersso~~ ;ind El;ma~i 19'71 

PI. m). 
T h e  riortil easterly \\-inds iniiii-cctly  LUS(:^ tlic Atlauitic iieep water- 

layers to bc ilra\vi~ so higli up, aloiag tlie e;rst ioast of tile Skager~ai;~ i11 

order to compensare for tlae out fion~ing siiri,i- . i e  currents. 

'Tfie I-esults arrived at by the lour authors of tile treatise »Sl;ageralts 

tilstand» are, therefose, that, in the last instance, it \vas the rneteorologica1 

conditions mllich caused the failnre of the lierring fisileries during 

tile winter I 896----g7 
r. i Ile 1iycirog1-npbica! irivestigations in tlie autiii?ii~ of 1897. were r-estric- 

irivestigationa 
~ . ~ , t u p n n  1897. teci to tile iaortli. eastern corner of tlie Skagerrak, aborrt the entrance to 

tile Christiania Fiord. 

It appears, fro111 earlier reseal-claes, tltat tlie h-cir.ograplaical conditions 

in the central part of the Skngerali are, comparatively, settlecl; \vlrhiIe all 

clianges are more nlarliecl in the rieiglihourhood of land. Alorig tbc 

sllore there is a continrrai f io~v,  \vl~ile in tile centre of the Slcagen-ak the 

mater may rexliain stationar?, 



I,angesiu-id \vas clzosen as the starting poiilt of tllc Sor~vcg ian  hvdro. 

g:lrapliica! i~irestigatiolis, pnrtly because a br;triich of tlic iicep ciianr-iel in 
- 7 - 

L, "., -J 'L/ .i 4 

the Skagerrak advatices there close to the shore, nild, partly, on econoriii- 

ial ~ I - O L I I I ~ ~ ,  as the Slssociation for Saving 1,ife at Sea perniitteci iiivestig:t- 

t io i~s  to be rilade fl-om its vessel ((Lailgesund~, on her daily cniises. 

'') :<I geogr:iphiial ii1ilt.s oii tlie figures 1 iia~itic:ii miles. 



l i r  tilis Innl-ii!ei- Irydrogrqi'hical protiles \\-ese obtai~ieii \veeldy, up  to 

i o irkojirapliical iililcs horn the siior-e. from the ?St11 of Octoi~er  uirtil 

riie jr11 cf Decen:ber. 

'i'i-it: ~csul ts  of ~ ~ I C S C  ii1vestig3ti011~ ai-e given in the Ei~~drogral~liical 

'l'ables 11, A.-I-', aiid o11 tlie P1aril:ton 'l'ahle 2. 'I'1:ese siiew, iii a striking 

nlaniler. tiint the iryci~og-ra~l~icd soiiciitioils rtloiig tile coast, srarj7, to a 

great estcnt, \\-itli tlie meteorologic:il ioriditioi-is. 
7 

IIre first ps-ofile, taliesi oii die 28--251 <>i' Octobei- (Fig. b a.), sliews 

t h a ~  tiit: Hnltic \\.ater is 10.- r j meti-es in thjcl;aess, belon- whicb, are tlie 

13ank-\\:;itei- lciyers of 20----1o n-ietres ili tliickness; tliese seem to be 

ih ic1;~~t  :it Strition Id2, .i geogrnpliic;~l iniles iTom tlie stiore. Relo\\? the 

12rink-\\.;itei- tl~cr-e is :i thici; layer. \vitli a salinity of 31°/oo, but no  At- 

lantic \i.atci- \\.;u observeil. 

7'bc temperatures \irere, iiniversally , \-ei-' high, I J --I zo, thougli 
r 7 

slightl-. ioldei- o11 tlie sui-fnce. lllese tliic!;, and \vnrlil layers cniiaot 

Ilave iieeu ~\rarmecl at tlie spot: tl-rey inust be of a so t~ the r~ i  origiii, ainci 

must iiave been w.edged in alorrg the coast by the curreiits. 
7 7 I hc  Plar-rliton lilainly consisteci of souttier~i liei-itic fosii~s (Cl~ieto- 

rcTr~r.r io~rtai-frliit, i l i j~i i~ri i ir ,  .Yc/~ii/tii), partly, also, of species capable of 

staniiing ;i lo\\. saliniry, anti whicii, tl~erefcl-e, rna? originate from the 

(:attegat L~IICI t l ~ c  Rnltii ( l ; i i r ~ i f ~ ~ ( < i , t ~ ~  iJaiiici/;ii~ i-ndia?t.rj. Most remarl<able 

js the a p l x u - x x e  or  i\>/ri:oso/e~iia rohrrsia, an oceai~ic for i~i  belonging to 

\varmer regiaiis. 

It is cor~iraionly founci in tlie Mediterrarleaii alid \\.as. p i - e v i o ~ ~ s l ~ ,  

i ie~ei -  ioiind fris-tilei- ilortii tIi:ii~ Plyinoutli. 'l'liis Aiga was iii~cioubtedlg, 

brorigli: up  \~ i t i i  the souti~ei-11 surreilts, Its occurrelice streilgtliesis, still 

more. tile liypotliesis tilat, the \ \ 7 ; i s - ~ ~ r  \vatel- la>-ess - the lianli- Tates- lind 

the lu'ortl: Sen \\7:tter. ase o i  csti-aiieous origiii. Tliey, probably, Iirive 

ionic \\-itli the Jntiicrid itil-rent, \\-liicll, evei-J. aiiturnil, cai-ries great qiian- 

lities of soutl-ierir «rjini:is!1rs iiito tile S1<agcrr:il;. 
r I hei-e \\.as :ill esseiltial cilange osi tl-ie j th aiicl 6th of Noveinber (Fig. 

h b). T h e  surface, it is true: n7as. as before, covered with Kaltic water 

to a deptil of nbout 20 riieri-es, bul the t1ricl;ness of tlie Baiili water, liad 

e-- -  h e a s e d .  co~~siderablv, nrliile the  r ra ri ri 340/00 \l7atei- liad also dimi- 

nishecl. At tllc outsicie statioi-is, Atlai~tic water Tvas found eveil at the 

iiepth of <i O lnetres. 

'f'iie Railli \vater still I-elaiiled a \varmt11 of 1 2 ~  or niore. but tlie At- 



a n t i i  water, i\-liicll tlieil tilled tlie entiie 1b:rsiri belon- X o  - - I  oo iiietrcs, \\.;I.; 

rnncll coliler. T h e  isoliali~lc for- 3 jO/oo ,  aliiiost coiriciiics \vitil til:: curii. 

of S', and, ii7 the cieep, tlie teii-rperat~i~e fell eveil to less theii h o .  

'I'lie Platllitoii on the surfacc sliewec? 110 par-tictilas c1l;iiige li-0111 tlic 

pie~~iorrs week's obsei-vations. At Statioii L3 ;1 I ~ ~ I I S I ~ Y I  tow net was iised. 

with a 13etersen sliritter. by meaiis of \i~liicli it m:is possibie to ascertaii~ 

rlle diiierent !:incis of piaukton in tlie v~2rious layess. 

.K11i=oso/c~iin robitstn rxT;is still fouiici i11 colisidei-:&le qrraritities i r i  tlie 

waniiest I q e r s  (teiiiperature iibove I 101, wliiie tlie s~~ri-:ice coritniiieii, inosti!-, 

oieritii di:itoms. l i t  a deptli of 5-1 j meti-es lZl1izoro1~11in filillit \{ras foliiid 

in great qu:iritities. 

011 the 10--11th of Xovcmber (Fig b i); the At1:iiltii mrttei. Ilad 

rise11 still higliei-> to but 60 nietres belo\\. tlie srrrface, the Raltic-n7:itei- 

being sti!l of ahout tlie sanie tliiclri~css ns before, but the n.rir111, inter- 

venii~g ];tyer-s ilad ciiininislieci, wlijle the Ran1;-water and tlic Nortli Sea 

water Iiad hecomc reduceci, so t1i:it tliey together. :it St. I>?, \vere oiily 

same 30 nteti-es in tliicliness. Of  the i->lai~litoi~ Diatoi-ils, tile Cattegat 

forms were so:iie\\rhat niore predominaiit tllail before (Chri.ioi:erir.i tiitrriciii~c). 

During the n:Iiole of thnt perioci, tile atn-iospiiei-ic pi-cssril-e on the Skali- 

iiinaviaii priiinsnla proved esceptionrilly liigii, witli iiiic' ~veatller, aiici 

:~or t l ie r l~- ,  or- geiitle N. E. wirids. On tlie rrtli November: li»n:ever, tlic 

\ireathei- cliaiiged, togetlier witli a fall of atmospheric pi-esssui-e. arid, duriiig 

tite iolio\ving da'-s, strijilg soritli, to ~ 0 ~ 1 t h  nlesterly ~ v i i ~ d s  prevailec'l in t l ~ c  

Skagerrak, the result of wliich \vas s o o ~ i  pcrceptible in tlic r-ise of botli 

saliriit- nncf tempel-atui-e on the s ~ i r f ~ ~ c e ;  tiirrs, on tlie 13th. Bie obtaii~eti 

:it Station I,n. a surface tempernturc of i I", and a saliilit!- of 30.02 O/oo. 

rI'lie gales had. tiius, driveri back the Baitie \vater layers :iild tlie water 

on the swface, therefore, xas  the same as w:is fouiid, ciays pi-eviorisly, 

at a cieptli of I j metres. 

i l s  soon as weatlier permitteci oil tlic rStli of Sovember? deep 

water esntninatiorrs were iilacie at Station 1'2. (Fig. h dj .  

7'he Baltie xvater rigain covered the sririase to ii deptli of 1 5  
metres. but tl-ie Atlantic svater Iiaci sunl; to 120 metres bclow the s ~ i ~ f ~ i c .  

'I'he 53O/oo. and elliei-1)- tile ;,i.o,/or~ nratci-, lind iiicrenseci i11 thiclii~ess, tlieir 

total ii-rcr-easc forniirig a layer of 60 inetres. T h e  telilper-ature of the 

inixed layers was theit some\\~liat lo~vei- tlian beiorc, viz., abollt 10". 

Xlt i  the rStIi, another outbreak of soutli westerly gales occnred after but 



* 7 ~ w o  days of calril weathei.. fllis time the. lasred  rii it il the 231-ti. Or: 
tile 2 jth, renewed deep water ii~vestigstioiis \vere rnade. 

Fig L e, denotes a f~~rtl-iel- increase in the thickiless of brhe i-lailli- 

tvater: and 34Ojoo water; the 33o /oo  water /at Station L2, wns :ibout jo 

nietres tiiick, wbile the 3,t0/oci water appeal-ed tozreach right ta tile hor- 

tatri; tile teil-iperature of these layers bad then ciroppeci to 9". 

iltlaiitic writer was not obser-veci at the outsidc s ta t io l~s~ except at 

Szxtiori LI, wliere it still remaiiied, l-iaviag probzibly, been prevented fro~rr 

receding by the belt of islands, ailci the.prorninent p;irts of the iilniri iai-td. 

Fig. (i e-f. 

Sirnnltaiiouslji rvitil tlie hydrographisal chailges succceciiilg tile south 

westerly gales, was tlie first approach of tlie lierring toxvar-ds «HvaIøerne», 

on the 2 itfr of November, and to the coast of Boliuslzn, about the same tirne. 

'4 good riuinber urere caught i11 the nets diiring tile following d v s  

at tile outermost fisliirig stations near   hva løe ri le^. 011 the joth, iiydro- 

graphica1 investigatiolis were carried oil tl-ierc, to wl-iich we sliall sooii 

i-efer, blit shortly afterwards the situatioi~ became agaiil c!-iaiiged, :irid tiic 

kerriilg fishiiig ceased. 

After ;r few days of noitherly kviild ill the S1ragerr:ilc-, tlie soutllwest 

wiilds ~-etui-rie<i on tlie z6th, and lasted til1 the 28th- 



O u r  assistant, Bie, took observations at Laiigesurrd on the ?otii> 

but oiily at one station, La; the result denoting riiat the Railii-water 

Iiad fi~rther increased in thickness, its teinperatrire being then aboilt S.'j. 

T h e  observations at Langesund were ,liornever, discontinued o11 accorrnt 

of tile persisting iiortherly wiiids, lnstii~g from the 29th of November 

iintil the 4th of December. A profile ~v,vas tl-ien n~acie by Assistant Bic, 

j6 4, sl1o~vi11g tilat the hydrograpIiical co~iclitioiis, characteristic of the.  

first half of November, tl-ien, agaiil, prevailed. 

Tlie Atlantic water was fourid at a. less ciepth tliaii 80 rnctres, tlic 

total tliickness of tile Raiilr-water anil tlie Nortli-Sea matei- being about j(> 

jiletl-es. At tlie same rimg the herring lisllery at Hvaler termitlateil. 

Al! tliese observarions iridicate tliat tlie Liydrograpliical co~iditioiis 

along tile coast vary extrelilely, and that the variatioils :ire ciosely coii- 

i~ected witli t11e ilatiire aiid direetion of the 'i~~iiicis. 

Tlie 'Tabies, given on tlre followilig }?age, will lend to create 16 

still stroriger ir-ilpression of tliis filet. 

011 these we have given the daily observatio~is (accorciing to Molin's 

Meteorologica! Jourilal [Jalirb. 97-11 of tlie atmqspheric pressure, directioii 

arid force of wind ;rt S o'cloclc a. m.,  at Fzrder aiid Maiidal, ailci for 

the same period tliat oiir observations ar Larrgesund (2Stli C)ciober--4tl1 

December) were carried out. 

\Ve have italicized the differeilt iigures represeiitiiig ai> atl~iospherii 

pressure huiow the normal pressure for the respective inont i~s  througliorit 

ii iong period (1866-qg), as recoi-ded by iM<17/~/ iii liis Cli~llatic Tables 1961 

Tlius in Clctober, Noveinber, December, 

At Ferder 767.0 757.2 756.6 

Mandal 756.6 756.1) 756.5 

W e  li:ive, moreover, italicized the winds mhich miglit be regarded 

;is sea winds; thtls at Fzrder all ~011th westerly arid soutl~ern wiiids 

from WSW. to S., ;ind, at Maildal, all westerri or  southerly wiiids fron? 

WNIJT* to S. 
Fiiially, in the third colurnil tliere will be fourid simultaileotis ob- 

servations froiil Skagens Rev, of tlie directiotl of tlle currerit, its velocit~ 

and surface salinity. These observations we have obtaiiied il-om tlit 

Danish Meteorological Iristitute's aNa~itislr Meteorologjslte Observatioiler 

for 1897. 
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'l'lle liglltsli~p is so  situated, tl-iat all curi-ents fl-oril tlie south 

(SSI? lo SSM'.), come fi-oin the C'ittegat wliile westerly crirrerlts (from 

\VS\I' -N\\'.) bring the surface water from the southeril parts of the 

Skagerrak WTe Ii:ioe itnlicized a11 currents tliat Bow in fro111 outside, 

tll.it IS, all iL1rrciits fron1 \hTSM'. ~ n d  NIV. 



Suriiace watei-. \vitli ;I saliiiity exieedirig 32°/00, has beeri italicized, as 

s u c l ~  higli saliiiity. aiioscii~ig. to !'ettersson :111d IXlimail, is c l iara~te~is t ic  

of tlic layers l-iomiiig iiito tlie Sicagerrak from outside. 

Iii tliis iiistavtcc it is tlie Rn;sfi-~i~intr~- wliich is coriveyed witl-i tlie 

liitiai~cl iui-rent p:tst the Skrigen liglitship, wliile the Haltic surface water 

is carrieci iri a norriiward ciii-ectioii by tile iusrents f ro i~i  tile sorrtli. I t  

 ill be seen i-iiat tlie i~-:iIicizeii pa i - t sof  the tahle izgree iri all tlre colu~ilns. 

(:on-esponciiag witl? thc IOIV ntiiiospliei-ii 111-essrirr, ase the soutllern 

2 n d  couti-, wi~sterly winiis; ni~ii. at Slinqeii, the iriflo~vii~g crirreiits get tlie 

u ly~cr  liaiid, aiici foi-ie tlic 13niik-water to the surf;,iic. 

A iiigli atmosp1ie1-ic prcssuse, «li the coiltrar!-, sesults iii calin 

weatlier, os off sllore mincis. arkti out f ion~i i~g curreslts, coiitaiiliiig Baitic 

water, r-ilay be iouiiti on tiie s\isj-i?ce at Skagei-r. TIILIS during the abnorm- 

aiiy liigii pi-esstiri.. \viiicli pre\;nilcd from t!ie iSt i i  ctf Octobel- to tl-ie 12th 

of Sover i~bcr ,  the currents nt SI<:lgci~ i o i ~ s t a ~ t l y  lia.\\-ed in an aritmard 

direction -- rl:e 3oth, lio\vever. forilling nn exception and Eaitic watei- 

 as fourtd oil tlic surfrice, 

E;rotil these above meiitioned heis,  we may conclnde tliat a smaller 

qilz~ltit!- of Baiil; water Ilaci etltercd tlie SlingeraIi tliail is usual at that 

time of tlie year. W c  ohservcci, roo, tliat tile Barrlc water layers at Lange- 

sund. a t  that time, coiistailtly hecail-ie t l i i i~i~er,  and [hat the Atlantic zvatei. 

from the depths of d ~ e  Slagerrali Tvas dram-11, iip\\-ards, to  compensate for 

die outfloaiiirg voluilles of water. 

'The t\j70 p l e s  from the r ~ h  to the rg t l i ,  and froni the 18th to 

tile ~ 3 r d  Novemhei-, gi-eat17 added, homevei-, to the incre:ise of the Bank 

watei- a t  Skagen -- ille s;?liil~' ioiltents of the srirLice rising to 33.9 - 

whiie, at tlie sariic tiiiie, tl-ic tllickiiess of the Barll: \\-ater at T,angesuild 

increaseci, whiie tiie Atlaiitii water ciecre:ised, 

Tlie storili lastirig fron1 tlie 27th to 29th of Norember: caused a 

still further itlirease of the piieilomenoii, but, after tilat, die atrnos- 

plieric pressui-e io inn~enced to rise agaiii. t!ie surrent at Slrageil floured 

in all o~itw:ird direition, iiii(i tiie 13a?.ili mater ciecreased oil the Norwegian 

sosst. T11e iii-st appcnrai~ce of tlic heri-ing on the coast of Norway, aftes 

the great soutli n~esterly gales, \\-as observed at I-Iaales on tlie z 5th of 

'lovemher, niliesc the7 auriveci from the south coast of Sviedeil. 

EI~7drogi-;1pliical researches were m:icie at Hvaler o11 rhe 30th (fig 7 ) ,  

Tahle TI, G. T h e  net fisheries were still iontinued, especiall>- ai Tisler 



arid Heia, Statioil HI, a s i t~~~i tec l  ilose to the best fish~ng glounds, 111 

tite cilaniiel betweer~ 'Tisler nilci I,'tuer. It  will be seeii tliai tile Haril; \t ate: 

there attaineci ,i great hjght, about j metrcs belosv tile \urfase. ~ r i d  was 

nhout ?o  riletres thisk, the temperature being 3° ailci ~iprx-ards. 

Further to die westmard, at 'rorbjørnslij~er (St W:i.), aiid oh' t l ~ c  

Christiailia Fiord (St H4), tile f3ailI( water mas first rnet rvitli at ;I deptir 

of ~ b o u t  I j inetres, and tlie ternper:iture of the upperinost laycrs \tTcrs 

lourer tllro~igliorit. Off- LCti-igesurid, tlic remperatilre wns cven still lo\\ci 
(1~11.111g tliCxt j~erioci; (Table I1 F.); tlie Bnnli-~v'xtel- w;is foui~ci lliere .ti z 

Fig. 7 .  

As rooil ns the clt;iiige li1 tlie lixdrographlcai coiici~tioris rooi .  

pl,xce, so sooii did t1ie i lerr~ng fislier' at Hvaløeme iedse. 

TVith reference to the plank to^^ (see 'Fable I), the vegetable plalil\ 

to11 remailied, cliiefly, in the ripper layers, diid showed i10 importaiit change 

In irs coli~positioii, althougli tile hydrograpiiic,ii soiiciitioiis of the deep 

may have beeii altered. Tile Plalllitoti appearcci to have uiiclergoiie a 

gradual developrneilt d~iri i ig the autumti, the diatoms givirig way to 

the peridiniaceze, ~vilicli tileil predoiiiinateci. 



7 I l le resriits tliiis arrived at from the iiivestigatioris in r897, respect- 

ing the I-ierring fisileries, shew that tile little approachments of the herring 

trccurreci, s in i~ i l t a~~eo~i s ly ,  with a brief cliange ill tlie hydrographica1 con- 

ditions. i\rid as the r e s ~ ~ l t s  correspond , w i h  the experieiice gained from ear- 

lier years, it strengthesis the hypotliesis, that a coiiiiection exists between 

the appi-oacll of tlie heri-ing, aiici tlie appearailce of the Baill; water along 

rbe coasts of tlie Skagerral;. 

Brit tile materiai at to liailci, is too incoiisiderable to illlow of 

'i deiinite conclrisioii being formed. Still less easy is it to decicie the questioti. 

as to ho\\. the lierring-fisheries are depenrieiit o11 the iiiflowing Banli niatel-. 

Hitherto the S-cvedes anu Xorwegi:ins, in coinmon. liare succeeded 

in  asccrtainitig tliat. tlie approach of tlie lierring, duririg tlie 1:ist few years, 

has Ilad a iertaiii coiiiiectioii witb the influl; of Rank-water, aird tliat, 

ro a givcii esteilt, tlie number of lierring Iias ioi-responded to tlic 

rliiclrness of the Baiilr-wilti-r aloiig tlie coast. 

Furthermorc, \\-e have beeii able to slie\v tliat, the :ippearance of 

Kanlr-water alorig tlie coast is corineeted with tlie ~iieteoi-ological con- 

ditioils. Little is yct k11o-vc.11, liowever, as to the origiii of tlie herring, 

or w l ~ y  it moves into the Skagerrak. So lolig as tiiis reinains a illy- 

stery. it is impossible,  vitl li n n j  certainly, to foretell tlie &ture prospects 

ironi tlie hasis of Iiydi-ographica! ir-ivestigations. 

'The lryiirograpliical conciitions along the coast of tlic S1;agerrak are 

very variable, and tile Ieast factors will, in no time, suiiice to cause great 

chaiiges. I t  is; tlierefore, probable, that tlic great periodical Auctuatioris 

in the fisheries are foundeci oil deeper grouilcis, anci that tlie ii~rdrograpbi- 

ca1 changes viz., tile s t r ~ ~ g g l e  between tile Baillc water aiici tile Baltic c~ i s -  

I-ent, :ire but of secoiid:rry c~nside~at io i i .  

'The Sivedisli scieiitists (Pettcrssoii, Ehriiail, Auriviiliris) liave set 

UP the jhypotlicsis tliat, tlie lierring i13ily be regarded ns a i>lankton ani- 

mal, clriftiiig mit11 n body of vater  like the ei-~istacea etc., on whicll 

it lives. 

T h e  lierri~lg nrbich rilaltes its appearalice in tlie Sliagerr-air during 

the srimrnei- and iiutumn, is, accordjiig to tlieii presumptioii, brotlglit in 

witli tlie «Soutllern Bank-\vater» froiii tile southern part of the North-Sea. 

ivhile the \Viilter Herring, helongs to the «Nortliern Raillc- water^, whicli 

is s ~ ~ l ~ p o s e d  do proceeci from tire west coast of Norway. 

Alci.ivillir~s states that tile Surnii~er Herring sribsists on tile southerii 



plarikto~i airiiiials, wllile nortlieii-i k)rills art. /C)LIIICI i11  tlie stoinazii O: 

the Wiilter Herring. 

il great deal iriiglii- be said i i i  i;iu«ui- of tlie suppositioi-i th:it rile lierring.. 

duriilg- its niigratioii in tile Sliagci-r;il<. goes nritli tile ocean currents. 

All esperiencc siio.ivs. th:it i r  til-st ;ij~pi.oaclies tile sliorc oil tile 

ioast of S~vecieii; aiiii tileli illoves in a iiortli\\rni-ii dir-ectioil to-cvarc?~ tili. 

tlie eiitrarice of the Cliristiariia Fjoi-ti. OI-I!!- later- o11 iii the vriilter ilja>- ii 

:idvance iHi-tlier niestwai-ti. iowards ,\rciiii:i/ :iilii (:liristiaiisairii. 'Vl~i : ;  is 

the same zorirsc as tilat of tlie priiicip:il irisrerir o i  tlic ripper Iayers. ;ilid 

if the herring. iollows tilis ciiri-ciit, it n-ili bc ionstaiitl!- irio\-ing iii tlic 

warinest layei-s of tile SI;:igerr:il;: wiiich. ey-eir nt t!ic ciiii of Sovelribet-. 

nre of a teii~peratiirc of qo ,  or morc. 

T11e distinction betwecn tlie Ai-it~iiiln :iii(i Wiiitcr-f-ierri~lg, is i i i  oiir 

opinion, satlier artiiicinl, as woi.iIii hi. tlie iiistiiictio~~ hetu~ct'ii so~ithci.rl 

sild iiortheri~ i3anl;-w:itei-. 

During tile s~iccesshil years, tile iisiiitlg is piirsueci ~ritlioiit ii-itci-- 

r~iption tl-irougliorrt tite eiltil-e :ititurnn, an'? 1-10 r:iciiil distii:ctio11 bet~irec~i 

the slloals oi Ilerring lias been pi-oveci ;is ';et. 'I'fiat tiic 13~rik \vater is 

coldei- i11 Decei~lber tilail i11 October, iiia!,, e a s i l ~ ,  be csp!;riiied. evcn 

tl-iough it be assuined tliat the infiowing water layci-s aln7;i~s i-iiii i11 tlic 

saille direction, a11ci frorri the same pale of Sea. 

'Flte coolirig eiket  of \\-inter appears in tile soutliei-il part ot. riie 

Nortli Sea, as \vell as o n  tllc coast of iXoi-wny, :iiiii tllc Bail!; watei- 

that eriters in Decembei-, must be colder thaii tire war-111 \vater of  Octohet- 

;ind Nove~ilbcr, vhether  it originrrtes from tlrc iroi.tlicrii or  sorit!icrii !?ni-i 

of tlie Not-th Sea. 

As not 3 sitigle lact iiidicates tlial the siiriliie nrati.r a lo i~g t!ic 

S. E. C O Z S ~  of Nor-way caii iiow in,  to-cvards the Skageri-ai<, ioi- aiiv leiigtli 

of time: it will, inost riaturally, be :issumed, tiiat, tlic nutiiiiiiinl i i i r t ~ ~ i i i  

system of the Skageral; pursues tile same dii-ectioll as it iioes iluring 

tlie remaiildei- of the year. 

\JJhence tlie 11er~iiig ioiiies, aiid wllerc tile various 1;iycrs of Kate!- 

origin:ite caii only be discovcreci, wlieii, oil a sea go i~ ig  steamship, tlie 

ioiiditioils ;it sen can be iiivestigateci at nil tiines of tlie !.e;ir. Ciitil 

tliei-r we ileen1 it of iio avilil to prit for~val-(i liypotlicses. tlic ioi-recti~rss 

of \~-iiich iai11-rot be proved. 



The Christiania Piord, 

- 'Tlze ilydrograplzical conditiotzs of the Clii-istiallia liiord are elosely 

coiiilected with tltose of the Skageri-al;; tlie kipper- layers are coisstantly 

tiowing orit arid in, partly on rtccouizt oi 'tlie tide, ai-id, partly, froril 

the \vinds. 

Tile 12iorci, lio\.vever, retains :t hydr-ographical cli;~ractei- of' its oRrnj 

itzasi~~uch as the itiiier part attaiils a gr-eiit depth (up to over 200 inetres), 

while, at tl-ie eizti-ance, it is about So nietres. TIze huge body of water 

below the cieptli of So rzletres is, tl-iereiore, qriite shut off from ciirect 

coiniilunicatioi-i \vitli the deep water layers of the Sliagerrali. tl l t '  

saliiiit!; of tlie sal-face layers is mucli less riiaii tliat of tile deep, iio grca; 

adinixture takes place, aiid tlie clla~iges of teizrl~err~turi. rise hut s l o ~ ~ l j -  

coildueted to tlie deep do~viiwards. 

T h e  water. :it tlzc bottorn of tile Cliristia~ria Fiord inay, tliris, tlirougl~ a 

consicierable spacc of time, i-etain nn u~ialtercii I-i!;drographicaI character, 

by wlzicl-i the Fiord preselits tile grentest coiltrast to die sea just oiit- 

side it, wherc the deep lyirig waters inay be forced iipwasds, :lrid cai-- 

ried away iii :t very sliort time, :is we liave pi-eviousiy siion~ii. 

T h e  coilditioiis in the depths of the Fiorci siiox- n iiiucli greater 

similarity, for instance, to tliose of the central part of thc Skagi.;ral;. 

where, al1 through the year, Atlaiitic mater 111ay be foir~lil :it ri dept11 of 

50, to I O O  metres; or more, witli a temperatrire of 6-SO. 



AS yet, tile Gliristiania Fjord has not beeri suhjected to anji ciose 

i~ydrograpliical exatnination. W e  regret to say that the observations 

\~li icl l  will be given in tile followi~ig pages are not so  cornplete as a c  

siiould misii, for they could only be carried out, wheii occasion oflered, 

nt the same time as other investigations, and \vit11 iertain biolagical 

ends in vie.i\,. But tlley are, lio-vvcuer, s~llficient to :iirow a light upoii 

a iirril-iber o i  characteristic feattires of the llydrograpl~ical phjrsiogriom?~ 

of the Fiord. 
?ummer.  W e  will coriiriience with its conditioti c i~~r ing  Summer, ('Table I11 d), 

Tile saliiiity of the surface is tlieii very low; it1 the inner parts of 

tile Fiord, that mag- be less thaii zoo/oo; the Lemperature is high, up to 

200 01- tizore. It is, however; oi-ily in the surface layeus, that the tem- 

per-attire may esceed I 5". T h e  salillity greatly it~creases cio~rnnrards to- 

\\-ards the bottom; tilus at Drøbalc at a deptb of 60-~oo metres, a sa- 
litsity of 3 4 0 / 0 0  inaj7 be met ~vitl-i, sim~~ltatlorisly with a rapid declirie of 

tlie ternperature. Thus  on tlie 17th of Jrily r897, ofl' Hvitsteen, the 

temperature mas : 

at the deptli of 10 metres I 1 . ~ 9  
- - *-- 20  i 1 0 . 0 2  

- - 
>)-p 30 " 7.'2 j 

- - i>- 40 D 5.@78 
- -p ---- 50 B j .O60 
- - »-- 60 > 4s09 1 

7'11e heat in tlie Surilmer- tiilds no tiieans of pet-ietratilig 

towards the bottom, as tlie tipperiliost, heated, Iayers do not mis  witb 

the bottorn ones. 

At the entrance of the Fiord, the higlier teniperatures, generaily 

esteild to a greater deptli, 4O--iO merses. In  tlie olle case this is, pro- 

hably; due to tile coastal curreirts of the Skagerralr, a i~c i  in the orlier 

to the vri~liis \vliicli can iiisturb tlie water niore ensily tilere and carrse 

the upper layei-s to becorile mixed. T h e  open, extei-ior basiil of the 

Cliristiviia Fiord, betlireen Fcerder and Horten, lortlis, as regards tile 

i~~cirograpl-iy, a liilli between the coastal waers  o{ tile Sliagerral; ai-id 

tliose of tlie inner Fiord. 

T h e  i-ieatiiig of the rrpper layers tilus exteilds to a greater depth 

than at Drøbak. 
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Hjort thus obtaineri on rlie z c ~ h  of Aiigust, 1894, the fullowii~g 

temperatures froiii the centre of tiie Fiord (see \ g  j] p. 75) 

:~nd Gran f o ~ i ~ i d ,  on  the 6th-7th of August 1897, 

at Fzrder  at Vallo ~t Drobak (E-lallangspollei~) the ;atli 

o inetres 20.13 19.70 of au gi is^ 
I O  - I 6.74 18.9 

20 - 14.32 14.10 12.2 

40 --- 12-63 10.70 8.8 

60 - 9.54 7.84 6.3 
r 7 l l i e  uppermost Iayels of the inrierrnost part of the Fiord are 

repleaished by the inflnx of xv'lter froin the Sliagerrak, ailci the water 

floxvs, ciaily, out aiid in. Sh i s  nla\ easilj be observed, especially i11 

the ilasrow s o ~ ~ i l d  at Drøbak, wlierc tlie bod\ of Tvatei 1s pressed 

togetl-ier dui-ing its motion, aiid the vclocrtv increaseci. 
. 7  

I he c~irrerits appear to bc pi-incipallr regrilated b) tile \viilds, and 
it may be slearly observed, holv the nT'lrii1 \urf;ice layers. of little salillity, 

are wedged up in the iiliiermost part o i  tile lsiord dfter a southerl\. wind, 

mrhile the i-iortlieril winils drive tl-iem i11 a11 outmard dircction thus 

alloxviilg the 13ank water to rise ricarer to tlit surface i11 the inner por- 

tion of the iiord. 

Little is I;ilomn, lio\vever. to \\ liat tile deptlis tliese daily curreriis 

inay go. li1 one iilstai~ce at Drc?b,~!; we hare  seen tliat the surface 

curreilt mas bu[ 5 i~ietres iii deptli; and, if thrs forrns the rule, it m,iv 

well be u~iderstood liow, witli reference to the liydrograpliy, tlie inilel 

basin of tlie Fiord cail deviate so greatly froin the outer portion. 

T h e  bottotn layers, as .;vil! be noticeci from thc tdbies are wonder- 

fullyr cold, a inii~iri inii~ esisting, duriilg tlie Suinmei-, at ,I deptli of about 6 0  

metres, m d ,  belonr tliis, the teniperature, tl~roughorit, is j-(;', with ,I salinity 

of 34. j O / O O  or more. Fusther up tlie Fiorci, tiie s:tliiiitp of the bottoln 

does not amouiit to j t0/00; tlie tcmperature, Iio~vevcr, being still loiver-. 

During Summer, 'E fairly ricli lJlln~~hto~i is frequei-ttly inet with in the 
3 



rippel-inost, heated, layers. Deeper donrir oiily a few a~is taceans  are 

forrnci, chiefly, lios-therii fornls -vvhicIl Iteep to the cold water, Table 7, 

denotes the result of sonie quailtitative planl~toii investigatioiis, carrieci 

out \vit11 13et/:~selr's self closiiig ver~ical ilet. 

T o  ;issig11 tlie qaantitative coriteiits of tlie snmples, me hal-e iidopteci 

the weiglliilg iliethod, tile saiiiples preserved in spirits beisig filtered 

througll n piccc of silli-gauze, tlie sili-plus spil-it being reinoved by means of 

filtering p;tper. A ca-tnin ; ~ i ~ ~ o u i i t  of spirit, lio\vever, iloes :~lways reiliain 

wbicli is retained by capilinry attractioii bet\vee~i tile stiinli orgnriisrns, 

2nd the greatest ileieet of the metlioii is, tliercfore, tliat tlie ~ ~ a r i o i i s  

0r~anisi1-j~ do not setain eacl~  a proportioi-iate ; ~ t ~ i o ~ i i i t .  n'e consiclei- 

the results, liowcvcr, ns heiilg iiiore reliiible tliari otlier not too tiiiie- 

wasting ri~etlloils, foi- iiista~lce, volnn~etric measuremerit. 
t 7 l Ile iigurcs, given i11 tiie Tiible, iiidicnre the nieiglit (of tlie qliantity 

of I'litiiliton obtniiieti. Oui- iiet was of tlie satiie size n ~ i c i  coristi-uctioii 

as tilat used by ['eter-scii, iiiici our i-esiilts, illaj- thus be clirectly coii~parcii 

mitli ihose tierived froril Petersen's reseai-ciies ill the Idilli-lziorci (gSi. 

'Tlie Table slio~vs tliat the water, hoili tlie siiriace cio\\rli to tlie cieptii 

of 20 illetres, i11 Aiigust---Se~ite1iihe1-, coatiiilis iii;ln!- rimcs greiitei- :i11 

arnount of PIaiilit~ii tlian ille ileep lying layei-s. 

At Xasgaardstrai~d, oii tile 50th of August, biit o . . ~ 3  gi-. n-ns obtnii~eii 

frotli 20--jo riietres, wliile 1.97 gr. \ras obtailicd, wiih tlie same net. 

from 40 nietres to tile suriace, anci i11 tlic deel) IV;IICI- layers still less. 

At Drøbali the iliilereiice is eveii j-iloi-e jxori~iiierit, ilius, aicoiciirig 

to tlic Table, o- zo iiietres r .i8 gr;r~iliiies 

40- 60 )' o. I 8 
80-1 00 )> 0.0; D 

120-1 .c0 ' 0.0 j 

'I'lie litttel- v,-eiglits nre so miiiiite tliat t!i~'ji coillc LII'ICICI. tlie ciefects 

of tlie iiietlioci; si~cli :L quiiiitit). miglit be obraiiiecl iii letting ci;io\~ii tlie 

ilet; even if erery iitteiii-i011 was pnid to I«\\-er tile iiet \vitil tile opeiling up. 

Thus  tlie l> I i~~ i l i t~ l i  vegctation is, pi-nctically, noil-existeilt il: tlie tiecp 

water la'-ers of tlie iniicr part of the Fiorci, except :iloilg tlie bottoiii. 

As to tile ilistribiition of the species, it n~iil be observed f~.oni the T:~blc, 

that tile diatoliis were fo~i i i~ l ,  e~cl~is i~ 'e l j7 ,  in tlie upper layers,   hil le 
soriie of tlie pei-idiniaceze also frequent x grenter tieptl-i, t l lougl~ the liin- 

jority of tlit'sc, be mai111y foiiiiii slear tlie surface. 



Peterseii's investigations prove, homevei- [98], 'rail. 111, tirat diatoms 

may also be foound in the deep; he haviilg obtaii~ed considerable cluar~ti- 

ties of C~~itlnrdin fincciiln, off Sli:igen, at deptlrs of 40-90 fntlioms. 

It is possible i11 ihis case, that the currents off Sliagen have 

draw~r ,  tovv:irds the cieep, layers which originally esisted on  tile SLTI-- 

face. O u r  Table also slrem~s, that the diatoms may be fouiid at greater 

depths. Ful-ther down the fiord, at Karlø, several species vvere fouiid oil 

the 16th of October, cliiefly Cliieioceri7s co~ztortc~iiz, belo~v the deptli oi 

80 liletres. Even iri tllis case such may be ascribable to tlie curreiirs, 

as the outer part of tlie iioi-d is i l o ~ e l y  conriecteci \witli the coastnl 

waters o l  tlie Sliagerak. 

'7Co\varcis the enci of tlie autum~r,  tlie yuailtity of plai~ktoii iilci-eased in 

the tiord; thns at Vræiigen, on tlie 19th of September, 4.21 gr. \\-as takert 

from tlle deptli of 20 metres rrp to the surface, arid at Drøbak oil tlie ~;?r-cl, 
r 7 

3.92 gr. It-om 10-o meti-es. Iliis, for tlie coast of Norway, r11ay lic 

considered a very fair qunntity, tlioiigh, cotnpared witli tlie Lim Fiord atrei 

the Cattegat, cluite insigiiificaiit. Silus,  accor-ding to Petersen's illvestiga- 

tions of tile Lim Fiord, 27 gr. was obtai~ieii from deptlis of j fritiloliis to 

tlie s ~ ~ r f a c e ;  brit as the sarnple was weiglled in a fresli statej 1~711eii 

saturated mit11 salt water, (vide Peterseil l. c. p. 8) tliis figilre will rieecl 

to be reci-iiceci to starid comi>arisoir. 

'Tlle hj~drogrripliical features becaine soniewhat changecl clririiig tlie Aiilunin 

autuiiili; tiie surface becorniiig cooler, while the warilitii wor!;eci its wny 

dowriwarcis. At tiiat tirile, soine~vllat thicii layers of nrartii vatel \\:ex 

fouiici in the oLirer j,ortioil of tlie fiord, while, iri tile inner pal-t, tlie 

warri~th ciid not attnin a gi-eat cieptl~. 

Tliis will be observeci, i&r dia, from tlie 1iycirographic;il sectiori, 

Valls-Bygetø, ciuring the latter hali of Septeiilber 189.7, 'Tab. 111, h, 

fro112 \vliicl, \ve give the temperature, and salinity, at tile ilepth o{ jo 

frletres, 
, T  L empernture Silli ilitj- 

o mctres 3 0  metres O riretres jo nietres 

Vallø 1 T . j  15.7 18.65 32.4.8 

El or  te l i  r 3.8 13. 20.94 l r .67 
Drøbak 13.5 11.1 20.34 32-41 

SI"" i insi(ie 7 3.78 6.4 19.37 32.26 
Dyna \ Dr0Imii l 7.4 6.3 1 7 ~ 0 1  31.78 



Tlius, &it V a l l ~ ,  tlie teinperature, at ;o rnetres depth, is Iligher tlian 

that of the surfacc; at Drøbak z 0  less, and, inside, 7O less. This  indi- 

cates, t h a ~  the mrarm laj-ess in the outer part of tlie fiord are not 

forrnecl on ihc spot by mising witli tlie srirface water, b ~ i t  come from 

witllout. 

Tliey, probnbly, are coililecteci with thc Bank water crirrents, 

whicb, accoriiit~g to thc researclies of Petterssoii and Eltrnai~, Aow into 

the Skagerrak in Septembel, and nre of great depth. 

In October (Tdb. 111 c) tlie \rariii water l'tyers 'ire even thicker 

than in September, tlie h y d r ~ g ~ a p h i c a l  section, Fig. X, dellotes tliat, tite 

Fig. 8. 

viater at Fzrder  is of '1 temperaturc 01 12-1 jo to tlie very bottoin. 

Tl-iese l~ydrograpliical conditions are identica1 with those oC the coastai 

\+aiess of tlie Siiagerrali during the Autumn. 

III tlie outer basin of the fiord, at R a u ~  '1nd Bastø, the wariil water 

does not go so deep tliough it descetids to riearly 80 rnetres belom the 

snrfnce. 111 the deep Sies the cold bottom water, +vitli a salinity o i  

11.5-3 5 .o0/o0, mrhich has remained stationary in tlie Fiord throughout 

tlie eiitire Summer. 

I n  the upper layei-s, lio+vever, at a depth of 10-30 inetres, a higher 

temperature may be found tlian at any otlier part beyoiid, or  within 

tlie fiord (14.1-14.40). li these wai-n1 layers originated from outside, they 

have, corrsequciitly, remained longer i11 the iiord than outside the entrance. 
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At Drøbak the ripper layers are iiot eceii so mnriil :IS at Frei-tiel-, 

their temperature does not rise to 12'). 

T h e  boundary betrveen the \varm niid cold water, the 1o0 Lurve, 

lies at abo~ i t  tlie sanie iicptli as in the outcr part of the Fiord. 111 the 

deep, the water is remar1;ably salt, beiiig;; jO/oo at the depth oi  200 metres; 

this being a salinity rarely esperieilceif in the fiord. Ai1 influs of Ar- 

lantic water iiiust, tliei-efore, have iliade its \t7aj7 a lo i~g tlie bottoiri from 

the outside, aiid tileti rernaiiled st~itior-tary in tlie cleepest ilepressions of 

the fiord. 
Fig. 9,  gives a section ot tlie tiord in Deiernbcr 1896 ('rab. I ci.). kvinter 

Fig. 9. 

V ?  

I be conditions of tlie Skagerrali, '1s alre'ldy mentloiled, weie, that year, 

inost extraordinary, oming to the ri~irisual deficiencv of Ranli-water , while 

the Atlaiitic w'itci rose rip high to\varcis tile surf'xce, especially on the 
casteril side of the Skagerral.. This was also noticcabie at E'ærder (St I), 
where Atlantic water was found at '1 depth of So iiietres. Atlantic 

water was, certainlq, not to be met with in the uppci- p'trt of the fiord, 

i>ut the S ~ r t h  Sea water (34-3 j0/00) rose to ;o meti-es froin the suiface, 

right up to Drøbak Oilly at the iiiiiermost St'1ti011, «Steileile» (XX), 
the sal in it^, dowil to tl-ie very bottoin, lower than ?4O/oo. T h e  teni- 

perature \vas rirucli lourer tl-ian in the auturnn; the iiiaximurn ( 1 0 . ~ 3 )  

being thcn found at Vallø, at a dept11 of 20 metres. 



It was i-emarkable tliat, at tile two innermost Stations, Drøbak and 

Steilene, the temperatuse anci saliniti; of tlie surface were higiler than 

those of tlie outei. Stations, higlier even than the whole of tile noi-tl-iern 

1x)rtiori of the Sliagerrali. This iaii only be esplailied by the surface 

water having been forced in an outward directioil by the prevailirig 

northesljr winds, and replaced by \variner, aiici saltes water from the deep. 

Tile Plankton Sable (I), sllews tlie same; the two inisesmost Stations 

wanting the charactei-istic pla111itoi1 vrllich, otlier\vise, is spread over tile 

entire snrface of tlie Skagernk, and tlie Christiaiiia I'iorci. 111 tiie course 

Fig. r o .  

of the \viilter, tlse upper layers glaciuallv became cooler, both in tlre 

Slcagerrali, aisd inside the fiord. 

Fig. ro, sho\is a sectioi-i ai tile fiorci during tile period, in wl-iicli 

the sea is at its coldest, Marcli, 1897 

O u t  in the S1ic~gerrak, and at F ~ r d e r ,  the temperature wcis low, 

throughout. Even fhe Atlantic water, ~~rli ich,  in the Sliagerrak, rose to 

80 metres below the surface. was of a w'1rtnt11 of but 4.O5, aisd, at Fxrder-, 

the North Sea \vatel of 'I like len~peratiire ( q . O j ) ,  rvas found along the 

bottom. 

In thc outel- basin of t11e fiord, at V ~ l l ø ,  tlie surface layers down 

to a dept11 of 40 metres, were soilie\$liat coldei tl-iart at the eiitr:ince; brit, 

in  the deep, Tvater layers were found of ,i temperature above 6O, and 



these layers rose to, not qilite 80  inetres be l~~ : .  the sur-face. They crould 

not Liave beeil coniiected wjtli tile mater Iayel-s of the snine salinity 

(34.8--35.0) outside the entraiice of tlie fiord, as i-lie temperature was 
2 O  liiglier. They l-iad, tllus, remninec1 iii tile liord siiice the auturnri. 

T h e  cold surface layers, at Drobak, la!; ro  lileti-es deeper tliart 

tiiose at V a l l ~ ,  bilt thc bottom lnj,ers, were, still, a trifle \varmer ( 6 . ' ~  

--6.O6). At tlie deptli of 200 iileti-es, a small body of watei- was fouiid 

 vitl li a saliiiity esceecling 3 j0/oo, aiid, as the salinity is so great, it shews 

tl-iat tliis must Iiave come in froiii outside. Oii tile othei- liaiid it could 

not be related to tlie col<i Atlantic wnter, ~vhicrli \Fras fouild, at that 

time, out iii thc Skagei-rak; it i i~us t ,  thei-efoi-e, liave entered at ai1 earlies 

period, during tlie course of tlie autliinti or viriter, 

In the iriiierrnost basiii o i  tlie fiord, at Steilene, the salinity aiid 

tclnperatul-e aloiig the bottom, vere  lower tl-ian those of eqvivale~it deptlis 

at Drøbali; but i~evertlieless. the salinity \vas esceptionally high compared 

witli othei- observatioiis ill tliat part. Diiring the suminer alid autumn, 

the saliriitj; at Spro, ailci Steileiie, r-ievei- exceeded 3 3.0-3 3 . 5  O/oo at the 

deptli of 70-80 meters; only at the bortoril of tlie Bunde-Fiord \vas salter 

water met ~vith.  B!; tliat time, ho\r.es;er, it had risen to 34.04 O / o o ,  and 

34. r S O/oo, at depths of 7 0  and S j metres. 

If the salillities of the upper layess in the outei- liord be compared 

with tliose of the illlier, one n1aj7 perceive a condition whicli, probably, 

corresponds mit11 the above. 

'rable I11 a, shews tlie follo\viilg di:itribiitioii of the salinity in 

MarcIi 1897. 

i/rrll@ Dr@bak Sieilenz 

O metres 29.66 3 2.03 

10 a 29.93 30.30 32.3 3 
20 % 3 I .69 92.69 

25 Y j 1.42 

30 )) 32.28 3 3.20 

40 » 32.69 3 3 .G2 

50 " 33.97 32.65 33.70 

T h e  fartlier the advancement up tliic fiord at tliat time of the year, 

tlic higher, therefore, wilI be tfie salinity of the upper layers down to 

a deptli of 40--50 inetres. In the siiinmer and auturnli, the salinity was 



tnvariably lowest in tlie iniler j>ai-t of the fiord, botb on the sirrfdce and 

in the cieep. 

'Flie temperatiire of thc upper I'lyers, also indicated a tendency ta 

rise inside the fo rd  in the wititer time, '1s wiil be seen from the Tables 

for hIarcli. I 877. 

, 1 liis could onlj7 be erpiained in one way viz., tl-irough the bottoni 

layers of the upper fiord, having tiioveci i11 all inwrtrd and ~ipvval-d direc- 

tion, while tlie surfice layers tlo~ved outward. 

T h e  iiortlierly L V ~ I ~ C I S  having, probably, prevailed for a time, forceii 

the surf:ice water out\\c\larcis, ;iriii tlie itlflonring ~ii lder currcrits nscended 

as a necesskiry compeiis;ttion. 

It is, also, comniionly ktlowii, tllat the surface water of the Cliristiania 

12iord is saltest d~ir ing nostlierly wincis,  hile le sou the~ ly  \viilds da113 up 

the fr-esh n-riter, as it were, i11 tlie iiir-iei- portioli of tlie fiord. It may 

therefore li:ippeii, tllat tlie fiord, dui-ing \viiltei-, is free fro111 ice as lang 
:is tiie rreritlier lieeps cold, \\.itli riortlierly n~incis; but \.vile11 niilder \veather 

sets i11 witii so~~t i ier ly  wiricis, it fl-eezes, as the cold fl-esh \vatel- oil 

the suriace reriiair~s st;ition:ii-y. ailci tlie infiowing warm under ciirrents 

are stopped. 

T h e  cotlipeiisat:itig s~irreiits whicli appelir i11 the deep when tlie 

surface water flows is1 rili outward ilireetion, are of the greatest signi- 

ficaixce to tlie liydrographical c o ~ ~ d i t i o ~ ~ s  of the eiitire tiord, as new 

layers of water are brouglit is1 with these curreilts alosig the bottorn o f  

the iiorci, ~vhere,  oti-iermise, the water is apt to remain stationary. 

'The ciltrarice to thc liord, :is already said, is obstructed, oil the 

bottoin, by n ledge or bar rathei- niore than 80 Aetres from tlie 

surface; the basins esisting inside the fiord below this ciepth, cali, 

therefore, oiily obtiiin frcsli supplies, when bodies of watcr, of higber 
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cpecific grnvities tharr tliat of the bortom lnyers of the iioi-d, surmount 

the ledge. 

W e  have, moreover, as iiieiitioneci previoiisly, sceii that, bodies of 

water - witli tile esceptioil of the uppermost layers - liave a great 

tendeiicy to~varcls reinairiing stationary iii tlie fiord, even at deptlis, 

~vhere tilere are no obstrtictioiis. The ioiilpensatiilg currents are, 

probably, the o i l l j~  efieitive illeans of rei-ie\viiig tiic water :it tlie bottoiii 

of the liord. 

111 tlie Christiania Fioi-ci t l ~ c  oritward fiowiilg itirrents of tile sur- 

fnce seem to c~ilr-riiiiate i11 the winter. As yet, ho~vevei., our materials 

arc not sufficient to allow of atiy decisive coiiclusion beiiig arrived a t  

on this point, but there is aiiotliei- circutnstailce wiiicli points in tliat 

directioii. 
r .  I he coiirsv of tile srirhce irirreilts is, as ;i rule, depeiictent on those 

of the wirids, tlius, in tiie Christianin Fiord, tlie iiortlierl\r minds pro- 

cirice ;in o i i t~~~arci  flow of the surface 1:ijrers. Mollil's iii~csrig~itior-in, during 

the course of rilany years, (1981 pp. r >---TG) illdicate, tlint tlie iiortherl; 

2nd iiortli eastei-ly wiiids prernil in the Christiania Fio!-d iiliring tlie 

wintei- moilths (October-April), \vilile soutli, nnci sou~ l i  \ \~csiei- l~ \.v.iiicis 

predominate iii the suiiiiiier (May-Septerilber). 

During tlie \viilter, tilerefore, the surface iurrents chieffy run i11 311 

outwrircl ciirectioii, nnd the compei-isariiig c~irrents are driimn in iilong tlie 

bottom. 111 tile sumniei-. liomerer, tliis will not so easily o c c ~ ~ i - ,  ris tiic 

srirface layers more frecj~ieiltiy Ao~v it] ai1 iiiwarci tliaii out\vard direetion. 

W e  observed, too, tliat tiie saliile coiitents of the surface, iii surnmerl 

dways becnme less tlie f~irtliei- olle advaiices up  the fiord; wliile tlie 

series of observations ~ l i i c l l ,  hitlierto, liave been obtaiiicd during tlie 

winter senson, sliew a iiiglier saliilitjr i11 the iiiiiei- thail i11 the outer part 

of tile fiord. 

'I'iie Drainineii Fiord, wl~icii was subjected to Hjort's i-eseai-ciies in  l>ramiiieii i:ior<i. 

November 1898, 1i;is a clecp basin, tlie water of wliicli is still more iso- Frier Fiorii. 

lareci tliail tlie remainciei- of the water along tlie bottom of the Cliristiaiiia 

Fiorci. This fiord is separriteci fron1 tlie Christiai~ia Fjord at Svelvil;, 

by a bar, ~vliicli lies 6 metrcs below the s~irLlce, 

'l'lie Tables of saliiiity and ternperature (111 e) sliew, tilat thc Iriyers 

insicle tlie Di-aiumeii Fiorcl are of cjiiite 3 ditferent cliauacter to tliose on  

the outside, at Filtvedt. 



Tei~rprritt~ire. 

Uia~iiilieii t.'iord. Filtvedt. 

'"10 38. l1/ro 98, 

9-65 13.2 

4.8 

4'6 11.0 

6.8 

4.6 6.5 5 
4.6 6.2 

111 the Dramiileii I;iorci, the saliriity, iii Novei~iber, was thus beiow 

31O/oo riglit to the bottom, atici tlie ten~perature remaitled at 4.O6 fram a 

dept11 of 40 metres do~riixrai-ds; while, outside, comparativelj~ high tern- 

peratures \irere to be fo~iilci to a great depth. 

It \vas, liowever, still mose reiiiarltable that the water obtained 

1~4th tlie water bottle froiii tlie cteep lajers, 112d a niost incontestible odour 

of sulphuretted liydrogen, or  «rotten egg gas» (H&), the bottom being 

ill a decayiiig state froin 20 m below tlie surface, aiid iio orgaiiisins mere 

procured tliere iil a living coildition. 

Hjort foutid a similar conditioil obtaiiliiig in the Frier Fiord, inside 

Brevik, on the 30th of Septeiilber. Tlie salitlity at tlie bottom was tlierc 

much liiglier, slightly esceediilg ;~O/OO, cvliile tlie temperature was 6.O4; 

but eveii there the  bottom water smelt of sulpl~uretted liydrogeil. 

This fiord is obstructed by ;a bar, rising to I S  metres below tlie 

surface, aiid, i11 addition to this, it Iias eve11 ailother featurc similar 

to that of the Drainmens Fiord, viz., that the salillity of the surface is 

very low, as ai1 importailt river lias its o~it let  in the fiord. 

In December, the Frier Fiord wiis subjected to a close exa~iiiriatiort 

by oui- assistant, Mr. Scliinidt Nielseri, who a~ialysed tlie volui~les of gas 

from tlie samples obtained at various depths both iii the Frier Fiord, 

itself, aild oritside it at Brevili. 



Fig 11. Brevik Fiord. 

T h e  results, bcirig of gre'it interest, are inserted iri the fol'ollowi~i~ tabie, 

r\ii>ugll these coriditiona \vill subseqrieiitly be reses\red for inorc ncusate study. 

30'!) 1 ~ 0 . i :  p.1 6O.4 (?".j 

, . Frier l,'i~rct 90. 2 60. O 6". 3 
lernyem- ) 

ture I 1 20. i; 120. I h". q ( 12revil; lYiord SO.g j Sa. I 

xitrogrli j Frier l:i»rd 
c, 111. pr. i .  ) Brevil; Fiord 

Oqrgeii. Frier 1-iord 
~c m. yr. I .  lirevil< Fiord 

Osygeri 1 Frier Fiord 
o',, Gas vol. of' i Brevik Fiord 

C o e  Frier Fiorci 
C,  m. P'. l. / l<revii; Fiord 



'The water nt tiic botio:ii of the Frier Fiord was t l l~is very deficient 

in osygen, but i-arboiiii :icid excessively plei~tiful. 'The quantity of 

suipliriretted Iiydrogen \vas iiot ascertaiiied. 

111 April 1899.  Hjort and Schmidt-Nielsen studied tlie hydrographica1 

conditioris :it the bottom of the Christinilia and dram mer^ Fiords, froiii 

I Y ~ r d e i -  to tlie Iiead of the fiords. S l ie  results \vill be found in the 

followiiig Sables (page 45) T h e  volucne of Oxygen was norinal at Fxr-  

der;  in tlie cteep pool nt Itauer it -Lilas somemhat below the normal, 

iind still less at Itødtangen. In tlie Bande Fiord less than I ccm. of 

oxygen PPI. iitre of sea \\mer was met with, xnd, at the bottoii~ of the 

Drnmnien Fjorci, so littlc oxvgeii nras found, both absolutely and rela- 
?. 

tivelj., that it need iiot bc talieil into nccouilt. I l le  volunie of Car- 

bonis Asid n7as, oil the othei- Iiand, very great at tlie bottom of the 

Runde Fiord, 

Coilciitioiis lilie tliose of tlie Dramtiieii arid the I7rier Fiords, are, 

liitherto, only ki~o\v-ii to esist in one p!ace, viz., in the Blacli Sea, 

wherc 311 :ibundaric~ of sulpliuretted hydrogeri is to be fo~ind,  i11 tlie 

iieep, belo~v 3 0 0  nictres. Tlie Black Sea mas investigated by liussian 

cxpeditioiis ill I SC) I ----C)? (Spil~dlt~., Wrnn'ye)ell, Afrrlrtrssof, Lel'lldii~tsefl, and 

the I-es~ilts liave been published in Peterrilaiins Mitteilungen by Wojeikozu 

[9 r j ,  aiiri refet-eci to in Aiinaleir d. Hydrographie, by IGppeii (921, aiid 

1,ebediiltsef 19 3 i >  ru1d i11 G~o~~ro~irisclies Jnllrbzrcli, bj7 Krumniel 1931. 
It np1mss from, tl-iese iiivestigatioiis, that the saliiiity of the Black 

Sea is exceeiiiiigly lon. oii tiie snrface (ry---rSo/oo), mliile in the deep 

regioiis it is gi-eatei-; tlius n salinity of 2(;('!00 1772s observecl at 3 depth of 

1 1 8 s  iatlioiiis, ai-id, pi-obabl.17 it 1x1s still greatei- along the bottom. T h e  

t e i ~ i l ~ w a t ~ ~ r e  siale for the surnnler, eienoted ;I rniniri1~11i-i (/.O-.) at 5 3  rnetses 

deptli, but, hi-tlier cio\vii, tlie teinperriture graiiually sose, aiid sliglitlj~ 

exceedcii 90. I f  tlie saliiiity be the same during tlic \vinter, the vertical 

iirculation, \vilisli o i i~ i i - s  tlirough the cooling of the surface layers, mould, 

according to Mrojeiiio\;\s ciiliulations, seacll do\vn to  a dept11 of g j metres. 

'These top laycrs inny ti-ius, possibly, absorb fresh air once a year from 

the ntmospliei-e, 

'Tlie vast bodics of \vatel- whicl-i lie below that cieptli, can, 

lio\vevcr; oi-ily be i-eplenished hy ulider currerits flomiilg from tile 

I3ospor~ls. 

A/1liiliai-o\~ 1x1s slic\\;ri, tliat sus11 currents are to be fou~id  tliroitgliout 
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the eiitire year; but 3s the Bosporus is very ilarrcm, arid extends to nci 

great cieptli, but comparativeljr siiiall qrr:tiitities cali find their way in, 

'ii'ojeikov iias calculateci, froiii hiakaro~v's observatioix, that 3 18o 

venrs would be required in older to replenisli tlle water of tlie Blacli Sea. 

In  order to esl~lain tlie conditioiis of tlie Rlacb Sea, Ailciriissof set 

up tlie follolviiig Iiypotliesis: 111 tiie plioceile perioci, tlie Rlaclr Sea iortiieci 

;i laiidloc1;ed basili, coiitaiiling, cl-riefly, bracliisli \v:iter, aiid :i bi-nckisli water 

fauna oil tile bottom. Tvilen, hovere r ,  t 1 1 ~  straigllts of the Bosporus suh- 

req~icntly oi~eiieci, tlie sea water Iroii: tire bottom of tlic Mediterl-aiiean 

forced its wajr in, niici esteriiiiiiateil tlie brackisil Tviiter org:tiiisiiis, wliicll, 

oil putrefyring, jlrociuceii a poisoiioiis substii~ice (H&) wliicli preventeci 

ariy ilelv fauria enteriiig froiii tlie Mediterrancan. A~Ieaii\~iiiIe tlie ciecay 

conti~iued, as ;i perjet~ial  supply oi orgariic sedimeiit< froiil tlie i-ivers. .inci 

tlie littoral faiii~a, poul-eci 111. 

Several obscivatioiis seeiii to coiiiiii-in the correctness of this inter- 

estirig h ~ ~ o t l i e s i s ;  but the for111;ltioil of sulpliirretted Iiydrogeii in tlie 

stagnaiir water liz-ers. at tlie bottoii-i of the Rlacl; Sea, 111:r!;, probably, 

be esplaiiieii, solely froiii tliose hctors wllicli are at \.iork ai the present time. 

'I'lie co~iditioiis of tlie Nor\veginii iiorcis nppenr to be of a paral!el 

ltiiici. li1 theiii, too, mn!; be foriiid saltwater basiiis, n~liose oiily connec- 

tioii  itli li tile sei, coilsists of sliallow inlcts, \vilile moeli fresliei- \v:zter 

11iaj7 lie obeniiieci oil tlie surf:ice ti1311 at the hottoii~, so tli:it tlle verticnl 

circulatioii it1 the mintei- is but of little coiisequeilce. 'I'lie bottoin Iayers, 

inside tlie fiorci. ilre, therefore, i-iiore os less st;itioiiary, niici tlie invesri- 

gations made iii tlie 131-iirniiieii l:iorci, iiuriiig Novenihei- rSqS, cie~iote, tliai 

the water, ti-om die bottoiii, iil)\v:~ds, to ?o  inetres fi-oni tlie siirhce, 

Iiaci i-e!ilaii-ieii iii tlie fiorcl, iii niiy c;ise froiii the precediilg wintei. 
r T I Ile layers i~ i r i s t~  riecessariljr. have crossed tlie bnr, which lies blit 

6 meti-es beio~v the snrface, and outsicle, it is oiily cl~~rii ig tile  vir riter 

tliat ~.iatcr of n corresponcii~ig teiii!~ernture i a n  he fouiicl so near- tlre surface. 

i'ctterssoii aiici 1:I;mnii's investigatioii of the Sweciisli iiorcis sliew that, 

tlie voliime of clrl.geii decliiies iii those bociies of water wliicli, for soiiie 

This chaiige is owing to tlie cliaiige of' srrbst:iilce in the orgailisri~s, 

anct ;is aiii~iinls \\.ese. esc l~~sively ,  found :it great iiepths. aiici iio plarits, 

tlie cliaiiges \vill nlways teild to tlic same result. If tiieii tlie bodies of 

\\rater reiiiiiiri stagilaiit for a very long perioil, tliey iilnsl: becolile so 



deficierit iii osygeii tl-iat tbev ai-e iio longei- c:tpable of sustairiiiig aiiimal 

life. This  113s occun-ed in the Frier I-iord. 

'l'iie Iiigii saiiiiity ( . ; ~ . . o j O j ~ o )  : ~ l o i ~ g  tlie bottom of the Ff ?r Fiord 

sliows tlint, tlie salt wiiter supply i2i~ist, ~ievertl~eless, occur inore fre- 

queiitly tlian tliat, fos iilstaiice, of tlie Drarilineil I-jord, tlie saliiiity oi 

whicll never esceeded 30. go, 'uo. 
r 7 I l le  IOTV a1110~iiit of os\.geii :it tlic bottoiii, is boulid to nileet, iiot 

onlv the liigher orgariisiiis, but also tlie baeteries aitci tlieir cliaiige of 

substni~ce. i'iitref:ictioil ii~uariably occurs at the bottoiii of tlie sea, eveii 

if a gseat i l i~ant i t~ .  of orgatlic iiiatter is coiisiiiiieci b s  hig!ier aiiiil~als. It 

depei~iis, Iio\x~cver, on  the ionditioiis of tlie suri-ouildiiig i~ieciium, wliicll 
b a ~ t e i i a  . : &all attain the supi-eiilacy, aiid ~vliat products n-il! arise fi-oni 

the decomposition. \Vliei~ osygeii is suiiiiieritly represeiited, pu t re~~~c t io i l  

takes plnce in a difkreiit way to tliat n-liel-e osygen is \i:iilting. 

111 maiiy iilstailies it fi-equeritly happeiis tliat osygeii, freely supplieci, 

causes :i c0111plete cliaiige of tile orgniiii siibstaiices, to carboiiic azid aiici 

aii?il~oiiia. 

0 1 1  el-ie otiler haliei, \'i-heil os),geil is \?anting, iiiedi~iiii proiiucts ase 

iiiore easily ioriiieci, as leuciii, g;rosiii, wliile i11alociorous s~ibstaiices s ~ i i l i  

as sulpliuretted liycirogeii :ire formeci nt ille same time. 

l lic feri~iei-itatioii nsisiirg iroiii 3 siiiall suppl!- of osygeii constitutes 

n recirrctioiini pi-ocess : bcsiiles tlie fm-inatioii of H2S, Iiycii-ogeii is also 

foi-meci, and tliis rua!-, i11 sia/2/ ilri.si-i:itii, liave ;i i-cductioi~al efFect oil tlie 

suipii;ttes of tlle sea water, so tliitt s~i l~huret tc i i  Ii!.ci~o,oeii niay, tiiei-ef01.e. 

he a secoi~d;~i-y pi-ociuct of tlie reductioii. 

Tl i~is ,  possibiy tlie formatio~i of H&, aloiig the bottoni or GLIS fiol-ds, 

can be ;ittribiiteci solely to the stagiiatioii of tlie bottoiii layers, Ly wliicii 

ai1y access o i  osygeii is pi-eclucie~i. 

As is stateci by I)ettcrssoii nnct I'lii~iaii, iii i-espect to the Sweclisl-, iioriis, 

this st:igiiatioil is c:iust.~i hy a bar, at tlie i i i o ~ ~ t l ~  of a fiol-d, ~ l i i c l i  pre- 

vents :t coiiiiectioii between the cicep Iriyers o~itsicie, anci tliose withiil, 

mliile tlie low t;aliriity of tlie surliice oiily :illows tlie verticnl cii-crilatioii 

ciuririg the wiiitei- to ciesceiid to a lin~iteci cieptli. 

Of  all tlie fiords wliich, liitlierto, have beeii subjectecl. to close obser. 

vatioiis, only tile Drai~imeii Fiord, arid the Frier Fiorci appe:ir to liave :L «deai1 

i)ottoi~i>: with aiiy nppreciable quantity of s~ i l~ l~ure t t ec l  liydi-ogeii; die re- 

inaiiicier yielciing a,  lilore os less, pleiitif~il fauna of oceanic deep water f o r m ~ .  



111 those tlic fresli supply of water along tlie bottoiii is sufficierrt 

to support the sespir~tion of the ailimals, and preveiit anaerobiotic fer- 

11ientatioi-i. 

'f lie sesults liitlierto arrived :~t ,  will iiot s ~ ~ f f i c e  iii deteriiliiiiiig the 

ininiiiiuiii quaiitity of oxj~geii reyuired to preveiit the foi-matioii of sul- 

phuretted Iiydrogeii on tile bottoiii. I11 tl-ie Frier Fiord: at 60  liletres 

deptl', it arnountcd to 7.5 '7 .  ciii. pr. litre, but, at tlie bottom, tile \vater 

\vas, probabl~r, still rilore devoid of ospgeii. 

A very rapiii chnnge i11 tlie coiiditioils of a liord are not precluded; 

it beiiig knomii, tliat deep water shi-iiiips, (hndahts  boreniis) \vere, at one 

time, caught in tlie Drai~lii-ieii Fiord nt spots ~vhere ilon- no livi11g orga- 

nisms esist below tlie dept11 of 2 0  illett-es. T h e  coiiditioiis of tlie Rlacli 

Sea riiay, i11 0~11- opiiiioii, be esplailied in a like illaniler, the cliaracter 

of its ciepths being in iio nray dependelit oil wlietlier, i11 olden geologica1 

epochs, tliei-e \\-as bracltish 01- salt water at tlie bottom. Tlie Christiaiii:~ 

Fiorci differs from the dram ni ei^ I'iorci, aiici tlie Frier Fiord, in the fact 

tlinr, tlie bar, beiiig situated at n greater deptli, allows of a mose frequent 

rene~vai of tlie bottoril layers. Moreovei- tlie access of fresli vater to tlie 

surface is not so great as tliat of tile otlier trvo fiords. Botli tliese coti- 

ditions probably coiltribute i11 causii~g tlie bottoiii mater of the Cliristiania 

Fiord to maiiltaiil :i coi-i~paratiriely less statioiiarg- position tliaii those of 

the Dra~iiiiieil I'iord, nild the Frier Fiorci. W e  are, liowever, already ac- 

quaiiited with tlie h e t  tliat, eveil i11 the Cliristiania Fiord, large ro l~ imes  

of water reinaili tliroughout a grent part of tlie Fear withoiit reiiewal or 

blending. Tliis is a most characteristic feature i11 tlie Iiycirogra~>liy of 

the Clirirtiania Fiorci. 

Oil the other harid, Iio~\-eaer, it is quite as cliaracterjstic tliat rlie 

surface watei- is iilvariably coiiiiected witll tlie upper layers of the Slra- 

gerali. This iii;iy be observed not oiily from the liydrograpl-iical co11- 

ditioils, biit also froill tlie plarilrtoti of tlie sul-face layers. 

Table 4 gives a geileral  vie^^- of the vegetable plaiilitoil at Drøbak 

througlio~it tlie various seasons. 

Firstljr, it tvill be seen tliat, tlie various organisms Iiave tlieii. 

niasinia at certain times of the year;  this is especially clenr as regards 

the neritic diatoms. Bitldtilpltin aliriia, Tl~nlrrssiosil-n A~ordet.nslzi~ldii sild 

7'12. grmida vegetate, For iiistaiice, 111ost esuberatitly duritlg tlie coldest 

season, in the month OF Marcli; Cha~~ocerns coirstrictz~~n and Leplocj~iitrdrt/r 



ilfl?iiciis I-ather- Inter, iri M a i ;  (,'/~~r~ocei.ns L-io<uiseluiti iri tlic surnmc-ri-; Chr(,- 

tocei-ils tJi~l)l~r!riii/, (,'li. ,Sel~iitti~ iii September ; (,'/!. i-owforfiiiii i i i  October ; 

L?L7t71etoilzi~ii~ rositstr~i~r in Sovelllber. 

'I'he oceailic species vegetate iiiore regitlarl~. 1111 through tile year 

(for iristaiiic Tl!nla.ssiothri~- /=l-nuel!fiiilii), evcii thougli tliese hare tlieii- 

ciecicied lii;isinia :it fised ; seasoris. (C~oscinodiscus oculii.~ iridis, (;/i'~tocei-as 

dl~c$ir/r.s, Tlzala.s.sioil~rix loilgz.rsiirra during the winter, Kl~lzosoletliiz nlntrr 

iluririg tile sumniei-). ;-i comp:trisori wittl Cleve's irivestigarioils of the Bo- . ,> ,. , . 
1irisl:vii coast 1971, slio\vs [hat the sanie species itre represeilted therc, 

anci Ilave tlieir niasinla, and ~liinirna, praciically at tlie sanie period. 

'The Cllristiania Fiorc~ Iias thus no rieritic plai~lcton different fl-om 

that oil tlie consts outside, or like that fouiici i11 tlie 1,iin Fiord by l'eterseii 

,981. Again'it mav be seen fi-oin tl-ie Table that the Plankton, illaj7 for 

a short period become very scarce. Such 3 gap in tlie Table, may, 

for instancc, be fotilid in the 'Ta.ble for Deceri~her, 1896. 011 tlic first 

of December the plarikton still retained corisiderable qiiaritities of, for in- 

stalice, TI~trlnssiothrix Frnnenfeldii T l i r o ~ ~ g h o u t  the rliiddle of the moilt11 

it was absoliitelp wanting, and appears again on the A t h ,  in about the 

saille quantity as heiore. Tltble r ,  sliews that tlie entire Skageral;, and tlie 

oiitei- part of tlie fiord, just nt tirat tirne, ios~tairied a ricl-i plaiiktoii; it 

\\.as oillj- in the innesmost p - t  of tile liorcl tliat the plankton liad, te1l-i- 
r ?  

por-at-ilY, disappeareci. I his coincides witli the tact, tilat the surface watei- 

at-tl-iat time \vas sari-ieci out of rlie tiorcl by the out Aowirig currei~ts;  

the distribution of the temperatlii-e :ilid saliiiity iii tlie upper layei-s, rilore- 

ovei-, nlsoF'she\\- tllat tliis Ilas beeii thc case (sec Fig. i ) ,  Pag. 17). A si- 

inilar gap will be observed i11 the 'rable during tlie lirst half of February 

1897. 111 A4arcli, too, tlic hydrogi-apiiiiai iiivestigatioiis (Fig. ro) siiewed 
tliat tlierc,- iiati becii n11 oritjvai-d f low of' the snrf~ict. iiiireiits. i3owever 

tlre!. Iiad 11ot estended suffizieiit1~7 civep t o  coilve!-, with tiiem. all the 

Planlitoii algze (sec 'Tab. ;). li3 Marcti tlre Pelagii Diatoms hsci cieve- 

loixcl into enormous cliiaiitities, bor11 oi~tsicie anti in die iinrd. 

Tlie Piaiikton Investigritions ei^fected during the year 1898, ~ilso 

sheweci, tliat tlie plaiilctoi~ iii tlic C:hristiania Fiorcl is closeij- coiinected 

\vitli tli:rt of tiit. S1;agerrai;. 'l'nble j ,  s l i e~ t s  tlic vegetable plaiiktoii 

outsidc tlie fiord, at E-Tvaler, and Tabie 6 gives tlie results of seine 

quantitative iieteriiiiii:ttioris. wliich \vere carried out, 3t tlic saiiie tirile 

:l r 
1 



At Hvaler the plaiilitorr \vas poor iii Jaiiuary atid tile iirsi h ~ l f  of 

February; still it coiitaiiied coiisidei-ablc quailtities, cliiefly of peridiijiacex, 

anci soine oceanic diatoiiis. O11 tlie 19th Februar) a rich diatoiliic 

plai~kton becarne developed, 1~1iicl-i diiriiig the followiiig -vveel;s, iiicreased 

very coilsidei-ably . 
At Drrobak tlie Fioid was practically free of plankton tlirougl-io~it 

r 7 

tlie entire rrioiitli of Februar). I he Iigures, clenotiiig the  veig gl it of 

the Planlitori, are so low, tliat tliey, foi the iiiost part, lie \vittiin tlie 

defective boillidaries oC tiie nietliod. 

But from tlie ~ 3 r d  of Febr~iarv,  until the 2nd. of M,iicli, tlie quaiitity 

of plaiilitoil i11 the upper layers, to a deptli of 2 j metres, lind iiicreaseci 

froin 0.08 gr  to  3.49 gr., aiid it consisted of the same species as those 

whicli, fl-om tlie micldle of Febr~iai-y, bad gi-o-cvii lii~~iriniitljl outside the 

6ord E~7eii if these diatoius possess gl-eat pomers of developiiieiit, it 

is hardly possible tliat sucli great qua~itities could have spi~ii ig u p  oii 

the spot. 

Outside the fiord a graciu:il developnieilt took place, 'inci it is 

more liliely that outward currelits kept tlie iiiiler part of tile fiord free 

of plaiiktoii thro~igliout the entire moiltli of February .), but t h ~ t  iii tlic 

later days of th r  riio~itli 'I i-icli plaii1;ton 1 ~ 2 s  brouglit i i i  b\ aii iiiAuwing 

curreiit. All these coiiditioiis seetil to shew, tliat tlie plaii1;toii of the 

Cliristiaiiia Fiord origiiiates cliiei3j fl-om tlie Slcagerali. This was also 

to be expectecl wlieii tlie hydrograpliic'11 soiiditions were talteil into con- 

rideration. Tlie coi-iditioiis or life of the iieritic forms, greatl\ depeiici 

tipori \vlietlier the water, -vvIierein they exist, coiiies i11 coiitact \vitli the 

bottom ; but in tlie Christiania 1:iorci the greatest part of ille bottoin is 

couereci with more or less statioiiar~r lavers, whicli ciuring tlie siimmer, 

coiitain very little plaii1;toii (see Tab. 7). 
'Tllis i~crcl is not, tlierefore, as is the 1,iiii I-iord, a suitable ceiitrc 

r .  

for the cievelopmeiit of neritii orgaiiisms. I lic oceanic pl,~nktoii org'i- 

nisliis are not aciaptcci for life uiicler cli'ingeable coiidi~ioiis, the\ c,iiiiiot, 

tlierefore, reiliaili i11 tlic iipper larei-s of tlie tiord, but ,ire frequeiitlv hrouglit 

i11 from tiie Sliagcrrcik. 

111 tlie deep l'~yers, howerci, tlie oceuiic org'inisms iii'iy xdbsist 

lor a considerable pci-iod; tlius revcr,tl ilortlieiii foriiis niny be found in  

*) Compare witli tliis tlie results givcii i11 tile prececiii~g trearise, shcwiiig thai tlie 
i>elagic ti.\lies' eggs 3i.e iii.iveii out of the 1ioi.d. 



tiie deptlls of the tiorci, -vi./;., C~7,lnnrt.s lfi~rizni-~lriciis, aiiil :Cleiiidirr /o?z~ga, 

which probably esist tliei-e tliroughout tile entire year. 

Rut, quatititatively, they are of 1x0 great sigriificarice coiiipared with 

tlie gseat r-iuiilbei- whicli i11v:~riably flow iri from the Slragerrali with the 

surface curreiits, aiid wl-iicli also, for a time, ca11 cotitiiiue tlleir deve- 

loprileiit iiiside the lior-d. 

\Tre liave nlreacty stated in the first part of this worli, and ill a 

fori l~er treatise, all wre had to say of the Sliagerrali Plaiilitoil up to the 

preseiit. W e  believe that this plaiilitoil may be regarded as coiisistitlg, 

first of tlie ~ieritic species, vrr1-iicl-r aiiiluallj~ are developed ill thc sliallow 

xvater iiear the edge of tlie sllore, and, secoridl-, of estraileous (»alloge- 

i-ietic«) orgaiiisms, whicli arrive, iilaiiily, by tlie Jutland aiid Baltic curreilts. 
r .  I be oceanic species, wliicii lieep tl-irougIiout tile j,ear, in greates 

or Sess quaiitjties, to tlie deep and ceiitral portioiis of tlie Sliagei-rali, are, 

probably, also of ii~iportaiice as food for the bottom fauna, and they rna? 

also, duriilg soiiie seasons of the year (i. e. wiiiter aiid spring) give im- 

postant contrib~tioils  to tlie plaiiktoil of tlie surface layers, so tl-iat we, 

at sucli periods, tind, iii all tlie water layers, a uniform oceanic plaiiktori. 

whicl-i, liowever, seldom lasts for a119 length of time. 





Rernarks on t h e  Hydrographical Tables. 

'l'lle Sea-water sari~ples liave hecn obtsineci \vitli 0. l'etiet-ssori's 

isolating \+,atei boltle, aiici the tei~iperilt~isc o!' tlie water pi-ocured Ilas 

beeii registereci. 

In sonle i;tses, the asicrt:iii~iiiei~t of tire tempcraturc h:is 1,ceir ioii- 

trolleci b!; tlie i-cvel-sible thermoli~etcr of Negretti 2i Zaiiibia. 

T h e  ci~loric qriailtity o i  ille sea-water 1x1s beeii deteriliined by titr-a- 

tion, ~vhich \\.as effkcteii b!- Dr. O. il. IHeidei~t-eicl~ ('l'ahs I ,  11, 111 a ,  b,  

c, d,  f, V) a i i d  MI-. Scl-imidt-Nielseii ('l'iib. 111 c, IV). 

Rernarks on t h e  Plankton tables. 

T h e  ocsrir-leilee of the ~ ' ~ r i o ~ i s  speciei 15 denoted iii the following 

manner 

cc = verj coxninoil 

c = coil~moil 

+ = rather co~ilriioil 

I' = rare 

T h e  sarnples mei~troned in 'l'abs h & 7 ncre  captut-ed nitli ,I q ~ i ~ ~ i i  

trtatlve net, Heiiseii's tnodel, of g'iuie No 20, the uppei  opeiling heing 

of an area of o o 9  qr iare  aleti-es 'I'lie openiilg coiild he clos~ci b~ 

tneans of C G Petersen's cliutter- 

Tlte welglling process was can-red oui ~71th pleserved rnntesials, tlrc 

organisilr~s berng preserved in  jo pei cent oi  ;ilcotrol. 'lrid the alcohol 

ieii?oved, 50 far 'is possible isv rncans of filteriiig p,tpci 
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1. Sections of Skaqerak and the Christiania Fjord, 
December 1896 (Hjort) 





I, Secafirons of "agerak and Eke CXrrlsfIcrnia F j s~å .  
December 1896. (RjorE). 

a) Færder - Skagen. 



b) Kattegat - Asetidal. 

10 -' 70. R 
20 - 60. 7 
40 - 80 O 
60 - 30. l 
80 - 80. 3 

100- 70 6 
150 -l 60. l 

0 - 4 0  9 
10 - 50. 1 
20 -, 60 3 
30 - 70 6 
50 -/ 80. 8 
70 -- i 70.35 

100 - 60. 9 
200 - 1  70. 1 

O -/ no. 2 
10 -' 50. 9 
20 -1 
30 -1 80. 5 
50 - 



C )  Fredriksværrr Hvaler. 
15805S.5";. i io " C .  I 

/ 10" (>'E ( O 1 2. 3 15.521 28 12 27.56' 
I I 1 16 , 2 8 l 5  821 26.64 28.071 

l 30 5 0 1% 261 33.03, 32 351 
1 I 50 8. 4 19.461 35.161 34.301 

55056' 
10" 'i' 

58058.5' 
10024.5' , 

590 2.5' 
10060' 

d) The 





li. Secfions off Langesund and Hvaler Rutumn 
1897 (Gran and Bie). 





11. SecFions off Langesund and Hvaler (Gran and Ble). 

A. Section off Latmgesund 28 - 29th October 1897. 
l/,iuile 880 of 

I~angesuiid. 

4  ili iles SSO 
of Langeslind 

B. Section off Langesund 5--6th November 1897. 



I 58053' 3. Novbr. 
l,? 5 / 2 p. m., 9O51' E. 60 11.11 19.631 35.51 

80 8. 5 / 19.88' 35 93 
100 7 1 i l 9  $181 86 10 

Section off Langesund 10-11th November 1897. 
58055'.5S. 

i p tn. 9049' li: 5 t, l1 537' 21 5 7  21.241 I 
'1 0 1 4 5 4 ' 2 6 3 7  25871 

I 2 0 I 18.10 32.74 31.18 
2 0 19.22 34.75 33.88 
<l. 5 1 19 96 3G.07 35 15, 

7. 0 , 20.101 36.32 35.371 
(i 2 20 031 36.19 35.261 

58050' Y 
9"4' li:. 

D. Observations at Langesund 

I O 
15 i O 
17 1 0 

5,5' K. 
18 i 2 i, 49l R .  0 

10 
I 
l 20 
I 40 
1 ti0 
l 
i 

80  
120 

I l  20 200 0 

501 h . ,  i 22 l o  Ioo  54' R.I 0 
10 

l 20 
40 

13-24th November 2897. 

iangesunci E 
of the light- 
house. 



E. Section off Langesund 

1 j 
19.731 35.601 34.751 
19.80' 35 791 34 881 
19 83 35.851 44 931 
19.80 Y5 79 34.68 
19 83 35 851 34.93 
17 06 32.49 31.711 8 miles. S. of 
16 88 30.56 29.90 l mile / L. 

Novembar 1897. 

F, Observations at Langesund 30th November-4th 
December 1897. 



Ut-cbr 
r,, l 4 

i,, 4 

O. Observations at Hvaler 30th November 97. 

W,, 30 

H, 30 

1 5805Ci1.SK. j 1 
10059' E O 3. 5 15.70 28.45 27.88 

1 I). O I li1 0 6  34 !C; 33.631 
19 9 2 19.14 31 60 33.76 



H. Observatioras at  Hvaler, November 1898. 





III. Observations in the Christiania Fjord. 

aj Skagerak-Christiania, March 1897. 
b) Vallø-Bygdø, September 1897. 
c) Færder -Drabak, October 1897. 
d) O bservations in the inner Christianifjord, Summer x 897, 
e) Sections of the Christianiafjord, Auturnn rS98, 

-) Observations at Drerbak, February-April 1898. 





311. Obseraralions in fhe Blhrisfialaia Fjord. 

Skage~ak-Christiania March ~897. (Hjoi t) 

I 

stiainisifjord September 1897. (Hjort). 
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C )  Se~tBon of the (dhristianiafjord, October 1897. (Hjort), 
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of the Chrlstlaniafjord, Autiaamn r898 (Hjort and 

Schmidt-Nielsen) 
, l 

l l 
m OC, 

l 
l 
l 

l l 

l j 

l 
I 

l 
l l 

1590 O4,.5N 
m /10055' E. 

i l 0 16 O S i 0  
l 1 j 10 14 45 17 41 3 1  51130 8 1  
l 
I 20 14 06 18 22 32 961 12 19 1 1 40 13 7 1869 333082.99 

1 / 60 13 1 18 90 34 18133 i 5  

I 1 8 10 16 19 15l34623.378 
i 120 1 7. 3 19 73{35 66iJ4.75 

5S012' N 1 / 200 I 7. 1 19 87 33 91 35 W/ 
11°'36 I 75 , 
l 

l 

l 
O I 14 85 l 4  41 26 1426 66 

l 10 14 6.5 116 16 29.26128 G5 
I 20 13 9 116 94 30 67 30 00 

40 1385 1833(33 16132 38 
60 12 95 l 8  76'33 92 33 10 
75 8 35 19 08 34 61/33 65 

O 13 7 17 66'31 97 31 24 
1 

l 

10 13 G 7 6 6 3 1 9 7 ~ 3 1 2 4  
20 12 7 17 80,322231 48 
40 12 7 192913487 3401  
60 I 0 1 8  197635723453  

l 

Larviks 

l 



b) Observationc at Drsitpak, Winter time (Bie). 

Fob 
l -i 

I S 
1 
I !, 
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l j o  

l lo 



15 !) n n i  

l 6  ! i  n i11 

22 ' 1  <t 111. 

2:i ! l  , l  i l l  



- . - - 
- - p-P p p- 

111. 1 c;: l 

2. 0 
4. 8 
o. O 
6. 0 
6. 2 
(i. 5 





ID* Observafions from fhe Southern coasf and 
fjords, Summer a ~ d  aofumn 1898. 

(qjort sild Sclimidt-Nielsen). 





$U, Observaiions from the Soufhesn coasf and fiords. 

20 9 a.  Ill. 

- 

p r  per 1 per l s 
litre litre rriillo / -- - -- - ---d - 

1 

17.30 31 i l i  3061; 
17.301 3 1 31 ;;O G I 
17 37 31.44 30.73 
18 51 33.4:) 32 69 
19.01 34% 33 5-1 
19 65 35.53 34 63 
1997 :3608 35 i G  
20 05 3li.23i d5 301 

1705 3 0 %  3019 
17 26 31.24 30 541 
18.51 33.49 32 G9, 
19 15 34.62 33 78' 
19.26; 34.8L 33 05 
19.48 35.21 34 3 3  
19 58 35 40 3-1 51, 
1980 3579 3488 
19.87 33.91 31.001 
18.05 32.65 31 89; Lindesnes. 

19 64 35.52 3-1 621J2cderens iev 
l 

18.19 32.90' 32.151 Hafrs Fiord, 
18.22 d2 96 ~12.191 
18 62 53.68 32.871 
18 86 34. LU 33 '26 
18 86 34 10 33 26 
18.86 ~4 .10  33 26 
18.90 34.1s 33.35 
18 90 34 19 33 d5 
18 90 34. l b d3 35 
18 90 34 1b 33 35' 
18.30 34 18 33.35 

17 12 30.09 30.311 Gaus Piord 
17 44 31.56 30 b6/ 
15.76 3d.92 33 lo1 
19.13 34.62 33 78 
19 581 35.40 34 51 1 
19.87' ~ 5 . 9 1  35 00 
19.871 35.91 35 00 



I Aur! 
10 i 30 1, i11 

-- -P- 2 
CL / saE l salt l B 

per per i per i E 
litre 1 litre ,mille 
-p . ... . -~ 
P --- -p .. .. .- 

m. I O C  Skridesnes 
l 0  13. 5 17 62' 31 90' 31 17 
20 1 13.18 / 17 9 k /  32 461 31 701 

0 j l?. 1 
5 15. O 

10 1 4 .  1 
15 13. !i 

l l Lister 
1(i 3 4  29.5'4 28.901 

19 ST/ 35.911 35.00; 
19.971 36.081 35.16' 

I / Lyngdlls Fiord. 

58052' X. l l l l 

9050' E / O 12 .4  16.231 29 3 9  28 771 Langesund. 
10 1 12. 4 1 lii 2 7  20.16 28 831 







U. Supplemenfs fo fhe Surface Charts of the 
Skaqerak and the North Sea 1896--1898. 





U, SuppIernenfs fo the Surrface "barfs of the Skagerak and 
fhe Norfh Sec; 1896-1898. 



12 niglit. / 4021' 

2 a. ni.1 

54040' 
5042' 

550 4' 
5°C)' ""j 

i MO41 
' ( j  -- I 6010' 

s - 6023' 

10 - 6O36' 
'56l'38' 

I2 night 6O50' 

b) Christianssand-Antwerp November 1897. Anvers, 
Capt. Eitzen. 

6 8. Ill. 

l t2 i1oon.i 

l 2 p. m. 
l 

l 
l 3 -- 

(i - 

h - 

'10 - 

14 riight. 

0x0 lighthouse. 
57%11N. lat. 

/ 7053'E. longc 
57035' 

i 7040' 
57O21' 

i 7030' 
570 5' 

t 7025' 
,56°50' 

70 0' 
56035' 
6O50' 

5 6 ~ 1 '  
60-IO' 



Antweirp-Christianssand, November 1897. Anvers, 
Capt. Eitzen. 

Schonwen i 
ligthouse. 

32025' I 

i 3'53' i 
Haaks 

, ligthouse. 1 
l Terschelling j 
l ligthouse. 
15400. j 

5O10' l 



c )  Christianssand-Hamburg, November 1897, Kong Ragnar, 
O. Jensen. 

Ko\ bl.. oh0 l, Y l l l 

i h i ,  n. 111 l h" 4' f<: 
57"49' 

9'12 - 
- , t -  c , i 03 

5TUJ0' 
l o ' J  - 7"45' 

570271 
7,)' ' , r 33 

570 5' 
i012' 

5G051' 
7O O' 0 10 l18.!)3 34 24'33.40 

56O40' I 

fj05.%' 0 10 118.!)O 34.18 33 351 
5G030' I 
B04G' O 10.50 19.00 34.36 33.51 

5S019' 
G040' 0 10 50 19.18134.6!) 33.83 

5G0 9' 
G035' 

66O O' 
G032' 

55O61' 
6O28' 

65O36' 
6O25' 

55O25' 
S / l ;I .  111. G035' ' 550 9' 

' 2 - 1 0°48' 





e) Christiania-Fredrikshavn. Baldiir, Capt. Olse~i. 



I I T>S"21' N. 

10' , - I Icjovangen. 
12 noon.1 Rovlingen 
'L p. m Valle 
4 - , Svene. 

11 - lO"10' E. 
I 5S033' N. 

I l  1 a l11 / lO"18' E. 





6 .  Skagercik and  Christiania-Fjord Idecember 1896. 
p ~p~ -- .. - --P-p- -p.---- p -- p- - - .p..-p- -- -p ----:?:--P- ~ 

p - - .- - -~ - -- - - P 

Dnte I 11 Decoiliber IS96 
I 
I l 9  Ueceuil~ri 1898 I 13 1ioeomhi:r 18% l$ Doccmhor 1886 



- 

2. Secfions out off Langesund and  Kvaler, Wuturnn 1897. 



3. Christiania-Fjord, Narcb 1897. 



4. Drøbak, SampIer, from fhe surface safer 1896-97. 



5. Hvaler, Inlinter and spring 1898. (Ciapt. Rolirader). 



6. Drøbak, Miater 1858, guanlitative neE. 
-~ ~pPp 

Depth iu meter 

\?'eigt11 iii graiii. 

Gexatialii iripos . . . . . .  
- - \-. longipes . . . .  

tiisas . . . . . . . .  
Pericliuiuui divergelis . . . .  
Dinophysis ncntn . . . . . .  

Phæocgstis Poiiclieti . . . . .  

Bacillariaceæ 
a)  O c e a ~ i i c  f o r i r i s .  

Coscinodiscus coiiciniins . . .  
- ocalus ii'idis . . . . .  

Guinardia Haccida . . . . . .  
Rhizosoleilia & t a ,  . . . . .  
- seiuispina . . . . . .  

Chcetoceras boreale . . . . .  
- ~~iophiliiili . . . . . .  

- ctecipieits . . . . . .  

'L'haiassiothris Fl'aueilfoldii . . 
Nitzshia seiniata . . . . . .  

b) N e r i t i i :  Eorrils.  

'Fhalnssiosi~a Nordeiislrieldii . , 

- gravida . . . . . . .  
- golatiriosa . . . . . .  

Coscinodiscns polyclioi.das . . .  
La~icleria a~ inu la ta .  . . . . .  
Leptocylindriis dauicus . . . .  
Chsetoceras teres . . . . . .  

-- coiitortkiiii . . . . . .  
- didyil~riiii . . . . . .  

coiistrictuiil. . . . . .  
- ciirl-isettiirr . . , . . 

- dobile. . . . . . . .  
-- scolopendrn . 

. . . . . . .  sociale 

Ditylmil Bi'iglitwcliii . . . . .  
Biddrilphia aiirita . . . . . .  

Ghlorophyceæ. 
Halosphæra viridis . . . . .  



7, Q~uanfiEalive invesfigations on fhe P ankfon, Christiania ord, Summer and  A u f u m n  1897. 


