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I. Introduction.

N comparative quantitative investigations of the invertebrates of the sea floor, a point to aim at is that
I the bottom sampler used for taking samples of the bottom should penetrate as far down as the ani-
mals themselves or at least as the great majority of the animals taken by weight. The experiments made
have shown that the PETERSEN Grab does not fulfil these conditions when used on fine sandy bottom,
but the investigations which have been undertaken with this type of bottom sampler have nevertheless
proved of essential importance as a means to valuation of the sea bottom; that is to say, for ascer-
taining which areas afford abundant food for certain species of fish, and which are but scantily furnished
in this respect. On the other hand, it cannot be denied that in such valuations the Petersen Grab will,
owing to its construction, greatly favour a soft bottom at the expense of the hard.

How far invertebrates penetrate down into the sea bottom in Danish and adjacent waters is but
little known. From a series of diggings which I have made in the shallows of Randers Fjord, Ringkjebing
Fjord and Graadeep, it appears that certain of the larger invertebrates, such as Mya arenaria and
Arenicola marina, may go until about 30 cms. down. When therefore Professor KNupseEN asked my opi-
nion as to the depth to which his new bottom sampler ought to penetrate into the sea bottom, I sugge-
sted 30 cms. as being probably a suitable depth.

The experience since gained with the KNupsen bottom sampler shows that as a rule, invertebrates
are not taken beyond abt. 12—25 cms. down in the sea floor. In a single instance however, the annelid
Aricia was found abt. 28—30 cms. down, and this suggests the advisability of employing, by way of
experiment, a bottom sampler penetrating more than 30 cms. into the sea floor.

Professor KNUDSEN was of opinion that his bottom sampler would normally go right down into
the sea floor without drawing up bottom material into the cylinder from the area outside that covered
by the mouth of the cylinder itself; the experiments made have confirmed the correctness of this view, at
any rate as regards sandy bottom. In the course of three experiments made in the Koge Bay on the
2nd September 1926, on sandy bottom at 3 metres’ depth, in calm, clear sunny weather, it was observed
that no funnel-shaped depression was formed outside the cylinder, but that the latter
sank slowly down into the sea floor. This is entirely in accord with the fact that we find, in
mostofthe samples brought up, a natural sedimentation, often with considerable differ-
ence between the strata, and that the bottom organisms which bore their way deep
down into the sea floor are as a rule discovered in their natural position.

In one single case we have found a considerable disturbance in the natural sedimentation in a
sample which was put down in a zink-cover, but it could not be settled whether this disturbance had
occurred while the bottom sampler took the material from the sea bottom, or while the sample was put
down in the zink-cover. When the cylinder hits a stone or other hard material it may be hindered in
penetrating vertically into the sea bottom.
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II. On the bottom material and bottom fauna brought up by the different
bottom samplers from identical localities.

Experiments for comparison between the effect of the Knudsen bottom sampler and the large
and small Petersen grabs were made at the following places and times:

1) 26. April 1926. The Sound — from the “Dana”.

9) 1.—3. Sept. 1926. Koge Bay — From the “Japetus Steenstrup”.

3) 16. Decbr. 1926. The North Sea, outside Fang — from the “Dana’.
4) 17. Decbr. 1926. Graadeep — from the “Dana”.

During the period from April to September, various improvements in the Knudsen bottom sampler
were introduced, lhe implement being hardly strong enough in construction in its_original form. From
September to December also, certain further improvements in construction were made.

Most of the experiments were carried out from vessels at anchor; occasionally, however, without
anchoring.

The number of litres of bottom material brought up with the different bottom samplers per 0.1
square m. on firm bottom show, in the case of the Petersen grabs, approximately how many centimetres
they have penetrated, on an average, into the sea floor. (This does not however, by any means indicate
uniform penetration over the entire surface, which is undoubtedly not the case). We have to reckon with
a certain loss of material from the Petersen grabs, as some is washed away while hauling up, so that
the grabs have really penetrated a little deeper down than would appear from the bulk of bottom material
actually brought on deck. )

In the case of the Knudsen bottom sampler, we find that, given favourable weather and current
conditions, it will bring up material from the full depth to which it penetrates, i. e. abt. 30 cms. Should
the vessel, owing to wind or current, shift from the spot where the sample is being taken while it is
being brought up, some of the bottom material may be washed out of the cylinder together with the ani-
mals it contains; this will however, only or mainly affect that portion which is taken deepest down.

Most of the experiments hitherto carried out for purposes of comparison between the working
power of the Knudsen bottom sampler and the Petersen grabs were made on sandy bottom without
vegetation; the results of these experiments — as far as the quantity of material and bottom fauna brought

Table 1. Showing the working power of Knudsen’s Bottom Sampler and Petersen’s Grabs on sandy bottom.

\ ‘ e ‘ Weight in grammes of
‘ ‘ Bo_ttom material .}n | bottom invertebrates No. of samples
litres per 0.1 m 9
. Central Depth per 0.1 m
Date Locality ‘ o
Position m
Pet. | Pet. !Knudseu Pet. | Pet. |Knudsen| Pet. | Pet. |[Enudsen
M ‘0.1 m*|0.2 mﬂh 0.1 m’ iO.lmz 0.2m*| 0.1m’ |01 m?|0.2m?| 0.1m’
~ T |
1926 April 26 | The Sound . ......... 55°48" 12°54 11 0.1 4.5 |ca. 30 } 0.3 5.1 18.1 1 1 1
— Sept. 1|Kege Bugt .......... 55°27°.5 12°32" | 14 1.3 - 30 2.8 8.0 2 0 2
— — 2 = o e w3 55°22°.7 12°15' g 2.5 3.4 - 30 1.9 3.5 5.0 2 2 2
— = B =t M e 55°30° 12°18’ 11 0.6 1.4 - 30% 2.8 4.0 16.2 2 2 2
EF — 55°27°.3 12°25' 14 1.8 1.8 - 30 13.2 8.4 24.7 2 2 2
— Dee. 16| North Sea off Fang. .. | 55°25".3 8°15°.2 9 0.5 08 | - 17 1.1 1.6 33.0 1 1 3
— — 16 — — - — 55°25" 8°13°4| 11 0.5 1.0 - 7.5 1.4 34 2.3 1 1 2
— — 17|Graadeep ........... 55°28°.1 8°25.1 9 2.5 5.5 - 30 0.0 0.2 5.7 1 1 1
Average per 0.1 m”... 1.2 2.6 25.6 2.9 8.7 14.1 |

1 The samples conlained besides sand some finer material.
2 The undermost part of the samples (ca. 3 cms.) consisted of clay with fresh-water molluscs.




Table 2. Rough weight of Invertebrates in gr. per sq. m. in the Kege Bay, Sept. 1.—3. 1926.1
(Worked out by Anton Fr. Bruun).

e S - | T
Diastylis sp........... ... . ... . ... .. 0.78 0.79 0.50
Gammaridae. . . ... .. ... . ... ... ... ... 0.03 0.01 0.13
Macotina Balbiea. - : ¢ :: voen i 08 vonn g s o oo 5.04 3.75 22.13
Cardiomy edule =1 €M v o v nnnn g o s oes 32.13 28.92 a3.13
Cardium edule < lcm......... .. .. .. .. 8.94 10.17 16.88
Mya arenaria >2cm. ................. = 0.67 3.38
Mya arenaria <2em. ................. 1.25 2.75 6.75
Mytilus edulis ........... .. ... .. . ..., 0.28 2.92 8.94
Utriculus obtusus ... ................ .. 0.10 0.02 0.06
Hydrebia Spb ;5 uosv s 5 o0 chesfonas s D o 1.13 1.56 0.63
Littoring THOrea - - « « v veah s o o mown o o 2 0.25 —
Arenicola marina. .. ...... .. ....... . ... = — 16.88
ATICH. B o« » bopm = = = = comiis 5 5 5 e 05 0% 5 s 0.81 0.67 1.75
Travisia forbesi .. ... ............... ... 0.09 0.29 0.63
Nephtys sp. ... ... ... ... ... .. — — 0.25
Lepidonotus sp........................ — — 0.75
Halicryptus spinolosus......... .... % 3 40 = 0.33 2.00

Total... 50.58 53.10 134.79

Table 3. Alcohol weight of Invertebrates in gr. per sq. m. Off Fane, depth 9 m. Decbr. 16. 1926.!
(Worked out by AnNtox FR. BRUUN).

Species Petersen’s Petersen's Knudsen’s
0.1.sq. m. 0.2 sq. m. 0.1 sq. m.
Abra alba . .......... .. ... ... ... .. ..... -— — 7.3
Macoma baltica .. ...................... == — 26.0
Mag:, baltica JuVe so « o 5 0 o w2 6 5 wwa 0 s 6 5 o5 — = 0.7
Tellina fabila. - coo s o s b0 o cem g w8 0w = 1.0 3.3
Tellina fabula JUV. ;o0 6w s e w00 w60 = 0.1 0.03
Nucula nitida. . ....... ... ... ... .. ... — 0.5 3.3
Cardium edule........ ... ..... .. ...... = — 55.3
Cardium edule juv. .. ... S — — 1.0
Montacuta ferruginosa . ... .. ..... ... .... — 0.1 0.8
Mactra subtruncata.......... B 8w @ - 10.0 38.7
Hydrobia 8Pl . ooeismw s v vmg s 9 0 s v 6w o s === 1.5 14.3
ATICIRL BPe w5 v 3 v 58 cnalsmsiags o 5 2 5 sbnsks o 5 % 5 § == ~— 1.0
Onuphis sp............. ... ... .. ... — — 1.7
Ophelia limacina. . ... .. ................ — — 0.3
Pectinaria koreni....................... — 1.0 150.7
Neptys, Siis : 2 aummns s omiEs f S asE S E S s — — 17.0
Nephtys: Sp. JBVe: su < = osimrenw o & sovagey = & s 1.0 1.5 3.7
Armelige SPhe P o o s smree b e @ o s s s = = 117
Ophiura texturata . ... .................. 10.0 = 1.0
Echinocardium cordatum .. .. ... . ... T — 2.0
Total... 110 15.7 329.83

1 About the area actually worked, see Table 1.



6
up is concerned — will be found in Table 1. From Llhis it appears that the Knudsen bottom
sampler does not only bring up a far greater bulk of bottom material than the Petersen
grabs, but also a far greater quantity of bottom organims per unit of surface. It will be
noticed, for instance, that the Knudsen bottom sampler brought up on an average about five times as
many grammes of bottom organisms per unit of surface as the small Petersen grab, and about four
times as many as the large Petersen grab.

It must be borne in mind, however, that this statement applies to fine sandy bottom only.’

It will be seen from Table 1 that at one of the North Sea stations we have 17 litres of bottom
material as the average for three samples brought up by the Knudsen bottom sampler, while at the other
station, we have an average of 7.5 litres for two samples. The individual samples here amounted, at the
first station, to 20, 10 and 20 litres, at the second, 10 and 5 litres. At the former station, the vessel was
not anchored, at the latter, it was anchored, and the current carried the vessel athwart of wind and waves.
There is reason to suppose that the bottom sampler penetrated, in all the experiments, down to about 30 cms.
depth, but that some of the material was washed away while hauling in, the implement being dragged
some distance along the bottom.

From the Tables 2 and 3 it appears thal the difference in the quantity of bottom fauna brought
up was due to the fact that the Knudsen bottom sampler, penetrating deeper down into the sea floor than
the Petersen grabs, took several species which the Petersen grabs either failed to reach -at all, or took
only as small specimens from the upper levels, e. g. Arenicola marina, Pectinaria koreni, Mya arenaria,

Macoma ballica etc.

The small Petersen grab did not in our experiments go more than about 0.5—3.0 cms. down
into a firm sandy bottom, and the large Pelersen grab did not penetrate more than 1—6 cms. into this
type of bottom. The Petersen grabs thus bring up only a fraction of the bottom fauna found in the
area worked, and the fraction so taken is of greatly varying magnitude in the different cases.

As already noted, the Petersen grabs will at times penetrate only 1—2 cms. or even less into firm
sandy bottom. There is reason to believe that certain bottom fishes, including the plaice and the dab,
often seek their food deeper down in a sandy floor of this kind. Many of the organisms which are
capable of making their way deep down into the sea floor are of importance as fish-food as long as
they keep to the upper levels, but not when they move farther down.

' The pumping system naturally will be restricted to such sediments, into which the less complicated and much handier
instruments would not sink deep enough.

750, 23/111 1927.
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Danish hydrographic researches. 1904. 7 p.
H. J. Hansen: Experimental determination of
the relation between the freezm§ point of sea-

G, 1904. 10 p.

in sea-water and examination of the accuracy
with which Knudsen’s pipette measures a
volume of sea-water. 1904. 11 p. Kr. 1.25.

J. N. NieLsen: Hydrography of the waters by
the Faroe Islands and Iceland during the
cruises of the Danish research steamer “Thor" -
in the summer 1903. 8 Plates.” 1904. 29 p.

INieLs Biemrrum: On the determination of

(Oxygen in sea-water. 1904. 13 p. Kr. 3.50.
MarTin Knupsen: Contribution to the Hy-
drography of the North Atlantic Ocean. 21
Plates. < 13 p. Kr. 5.75. <

J. N. Niersen: Contributions to the Hydro-
graphy of the waters north of Iceland. 2
Plates’ 28 p.

J. P. JacoBsen: Die Léslichkeit von Sauerstoff
im Meerwasser durch Winklers Titriermethode
bestimmt. 1905. 13 S. Kr. 2.00.

J. N. NieLsen: Confribution to the Hydro-

. graphy of the north-eastern part of the Atlantic

» 10
und Salzgehalt.
_phischen Beobachtfungen in dénischen Gewés-

» 11
»12
»13

» 14

»- -2

7 Figuren im Texf.

Ocean. 3 Plates, 1907. 25 p. Kr. 1.75.

J. P. JacossEN: Mittelwerte von Temperatur
Bearbeitet nach hydrogra-
sern 1880—1907. 28 S.
Kr. 3.50. >

J. N. NigrsgN: Contribution to the understan-
ding of the currents in the northern part of
the Atlantic Ocean. 1 Plate. 1908. 15 p.
Kr. 0.75. !

J.P.JacorsEn: Der Sauerstoffgehalt des Meeres- -
widssers in den dinischen Gewissern inner-
halb Skagens. 5 Tafeln. 1908. 23 S. Kr. 2.00.
KirsTiNE SmiTH: Gezeitenstroeme bei den
Feuerschiffen Vyl und Horns Rev. Mit 4
Textfiguren. 1910.' 23 S. Kr. 0.75.

J. P, JacosseN: Gezeitenstroeme und resul-

tierende Stroeme im Grossen Belt in ver-

schiedenen Tiefen im Monat Juni 1909. Mit

1910.. 19 S. Kr. 0.75.

MarTIN Knupsen: = Danish hydrographlcal

investigations at'the Faroe Islands in" the -
spring of 1910. 2 Plates, 1911. 17 p. Kr. 1.00.

J. P. Jacossen: Beitrag zur Hydrographie der
danischen Gewisser. 47 Tabellen, 17 Text-

figaren, 14 Tafeln. 1913. 94 S. Kr. 6.50.

11 Tafeln. 1908.
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Nr.3 J. P. JACOBSEN :'-Str_ommeisungep in der Tiefe
in dénischen Gewissern in den Jahren 1909
- —1910 und 1911. Mittlere Werte des Stroms

- und Konstanten der Gezeitenbewegung. 1913_

43 S. Kr. 1.25.-
» 4 J. P.Jacossen: Hydrographical investigations
- .in Faeroe Waters in 1913. 15 Fig. 1915.
' 47 p. Kr. 1.50. *
» 5 J. P. JacossgEn: Contribution to the Hydro-
' graphy of the Atlantic. 7 F1g 8 diagrams.
-1916. 24 p. -Kr. 0.75.
» 6 Th. P, Funper: "Hydrographic mveshgahons

from the Danish School Ship “Viking” in |
the Southern Atlantic and Pacific in 1913 ;

G T
» 7 J. P. JACOBSEN:

1916: 28 p.- Kr. 1.00.
Hydl{ographlsche Untersuch-

ungen im Randers Fjord (Jylland).- 1918.
46 S.  Kr. 2.50. =

» 8 CurrentMeasurements from Danish nghtshlps
1923. 78 p. Kr. 5.50.

». 9 J. P."Jacossen: Die Wasserumsetzung durch
~den Oresund, den grossen und den kleinen
Belt. 1925.° 20+ VII Tab. .?2 S. Kr. 5.00.

Serie: Plankton.

Nr. 1 OvE PauLsen: Plankton- Investlgatlons in the
waters round Iceland in 1903 w1 Maps 1904.
41 p.

» 2{C. H. OsTENFELD: On two new marine species
.|of Heliozoa occurring in the Plankton of the
North Sea and the Skager Rak. 1904. "5 p.
(Kr. 2.00.

» -3 Ove PavurLsen: On some Peridinez and Plank- |

ton-Diatoms. 1905. 7 p. Kr.0.25.

» 4 Ove Paursen: Studies on the biology of
Calanus finmarchicus in the waters round
"Iceland. -3 Plates. 1906.- 21 p. Kr. 1.75.

Bd. I, Nr. 5 Ove P‘;ULSEN:

o))

»

I1,

The Peridiniales of the Danish

: Waters 1907. 26 p. Kr. 0.75, -

» 6 C.“H. OSTENFELD:
Biddulphia sinensis Grev. and its occurrence
in the North Sea during 1903—07 and on its
use for the study of the direction and rate
of flow of the currents.
“Figures., . 1908. 44 p. Kr. 2.50. =

» 7 Avus. BRINKMANN “Vorkonimen und Verbrei-
tung einer Planktonturbellarie Alaurina com-
posita Mecz. in dinischen Gewissern. 12° Fi-
guren und 1 Karte. 1909. 15 S Kr. 0.50.

» 8 OvE Pavrsen: Plankton investigations in the
' waters round Iceland and in the North Atlgntic
in 1904 ' 9 Figores. 1909 57 p. - Kr. 1.75.

» 9 AnprEAS OTTERSTREM: Beobachtungen iiber

die senkrechten: Wanderungen des Mysishe-

standes in der Ostsee bei Bornholm in den
Sommermonaten 1906 und 1907. 1 Fig, 1910.
-10 8.° Kr. 0.25. .~

»-10 (G H. OSTENFELD: A revision of the marine
species of Cha=toceras Ehbg. Sect. Simplicia
- |Ostf. ~ With 24 Figures in the text. 11 p.
» 11 |J. P. JacopseN and OvE PAULSEN: A new
apparatus for measuring the volume of plank-
“{ton samples by displacement. 6 p. 1912.
~ Kr. 0.50.
» 12 P.L.KrAmp: Medusz, Ctenophora and Chaetog-
nathi. From the Great Belt and the Kattegat
in 1909. 1915, 20 p. Kr. 0.75.

»13 Ove Pavrsen: Plankton and other hw]oglcal :

investigations in the Sea around the Faroes
. in 1913. 6 Figures 1918. 27 p. Kr: 2.00.

» 1 GusTAwA ADLER et P. JESPERSEN: Variations
saisonniéres chez quelques Copépodes planc-
toniques marins. 1920. 21 Figures,
46 p. Kr. 3.00.

SKRIFTER UDGIVNE AF KOMMISSIONEN FOR HAVUNDERSOGELSER

Jons. SCHMIDT : Fiskeriundersggelser ved Island og
Famroerne i Sommeren 1903. 10 Tavler. 1904. VI
4 148 S: Kr.5.00. Udsolgt.

MarTiy Enupsen: Havets Naturlere. Hydrografi.

Med. serligt Hensyn til- de danske Farvande. 10

Figurer, 4 Tavler. 1905. 41 S. Kr.1.75. Udsolgt.
Jouan Hiorr og C. G. Jon. PETERsSEN: Kort Over-
sigt over de internationale Fiskeriundersagelsers
Resultater med szrligt Henblik paa norske og danske
Forhold. 10 Tavler. 1905. 54 S. - Kr. 3.50,
Martin Knupsen, C. G. Jou. PETERSEN, C. F. DRECH-
sEr, *C. H. OstenFeELD: De internationale Hav-
unders;agelser 1902—07. . 1908. 28 S. Kr. 0.75.
BIARNI SEMUNDSSON: Ovemlgt over Islands Fiske
med Oplysning om deres Forekomst, vigtigste bio-
logiske Forhold og skonomiske Betydmng 1 Kort;
140 S.. Kr. 2.25. _

Nr. 6 ANDREAS. OTTERSTRGM:

»

forskellige hydrografiske og meteorologiske Forhold

i Store Belt.. 2 Textfigurer.

riet 1 Beltfarvandet med nogle Bemrkninger om
de pvrige Flynderarter og Flynderfiskerier i samme
Farvand. 23 Tavler, 14 Textfigurer.
Sider.  Kr. 3.00.

Jons. ScHMIDT: Danske Underspgelser i Atlanter-
havet og Middelhavet over Ferskvandsaalens Bio-
logi. -3 Tavler, 5 Textﬁgurer ‘1912, '33. Slder
Kr. 1.50.

A. C.JOHANSEN o0g J. CHR. LBFTING Om Fiskebestan-

den og Fiskerieti Gudenaaens nedre Lob og Randers

~Fjord. — With an English Resumé. 4 Tavler. 42

‘Textfigurer, 1919. 169 Sider. Kr. 3.75.

The name- »Kommissionen for Havundersogelserm has from the 13t of September 1926 been changed
to. n[(ommlssionen for Danmarks Fiskeri- og Havundersagelser«.

On +the immigration .of

4 Charts and 5 Text- .

39 Tab.

Sildens Athengighed af .

1910. 52 S; Kr. 1.00.
A. C. Joransen: Om Redspaztten og Redspattefiske- -

1912. - 158

2833 o 10 W)




