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" Distribution -and food of ichthyoneuston in the subtropical

" NE Atlantic

By'JUrgen Hartmann®

Jith 25 111ustrat10nq and 10 'ables !hroughovr rext

< Abgpyacs T

In four mzcrolaycrs of the uppcrmost 60 cm of thc

-subtropical NE Atlantic 477 samples of ichthyo-

neuston were collected. In at least 3 samples 34

"~ groups (different taxa) of fish were discovered in

the 0—10 cm layer. Among these groups there were

vertical macrodistribution in 6 layers of the upper

200m, 3 patterns of vertical microdistribution, -
6 patterns of diurnal migration, and 4 patterns of
'Iecdmg ‘activity aré described. — Most of the fish |
" fpund ia the 0—10 cm layer by day were small in
‘'size and appeared only in 2 few specimens per haul, —

The catches in the 0—10 cm microlayer wete richer
than those of the 10—25 cm microlayer, but poorer

““than those of the 0— 30m macrolayer. — According

to their gut contcnts the fish living at the surface

" could be divided into 3 main groups. In respect of

. the size and quality of food items, a competition for .
. food was calculated. — There is some evidence for !
* a scarcity of "food at the surface of the bpen sub-»

t:oplcal Atlantic especially by day

o~
-

8 species. of Beloniformes and 9 species of Mjfcto- .
- phidae. Most of the fish were juveniles of 6-—-80 mm .
‘total length. — The regional _ distribution, the -

v

*) The manuscript has been completed in October 1969 at the Institute for

Oceanography in Kiel (Germany).

Ishia Porto.

Villa Acquario — Italy.

Present address of author: I — 80077
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" Foreword

Food shértage'throughout the horse-latitude region of the open

Atlantic Ocean poses for the fry,:who depend upon a relatively dense'sup~A

. ply of suitably sizéd plantoﬁ, the broblem of finding adequéte nourish-

ment. If food supply falls short of & certain density, the animal is con-
demned to_étarvatidﬁ. However, adequate density of food stores does not
have to be distributed evenly throughout the entire water column populated

by §oung'stege§(. It suffices for their survival if suitable “pastures" -

with adeﬁuaté plankton density exist, on which they can graze atvregular\

intervals,

" Under hisufirét impreséion of relati#ely plankﬁoh-rich samples

obtained from the surface layer (0-15 cm) of the subtrOpicaI NE Atlantic,

‘Professor Hempel suspected the existence of such a pasture for subtropi-

cal ‘fry in the pelagic cover'layef, which is several centimeters thick.

With the purpose of checking out this hypothesis -~ which did not hold

true — surface plankton has been sampled in April and June/July of 1967

: during two cruises of the "Meteor" ip the sea region between the Portugu;

-A . N * : t o ) R -
ese-Moroccan coast and 30" West, For comparison, additional material was

‘collected withithe vertically'fishing'HelgOIand larvae net.




?‘.

Ih 1968, the “"Meteor" undertook another research cruise iﬁto"NW
Afriéan waters. This cruise provided aﬁ opportunity for complementary
neuéton sampling especially in the uPﬁelling”area off Mauretania.

In addition tp a description of nutritiomal conditions prevailiﬁg
close to the sub-surface, a presentation was reﬁuired also of the verti-

cal and horizontal, as well as the daily and seasonal distribution of

" fish larvae and young stages that roam the pelagie surface of the area

to

chosen for this‘in?estigation.

Professor HEMPEL assigned the evaluation of the abundant material
.doetorand WEIKERT and myself; Mr. WEIKERT has been entrustedeith in-
vestigating thg ;ﬁvertebrates, while the pfcsent work, which reﬁtesents
the main part of .a thesis (HARTMANN 1969a), dcécribes.the ichtﬁyoneuston
Qith speéial.emphéSis on food intake.

My thanks are due, first of all, to Professor Dr. HEMPEL for having

assigned to me such an interesting problem, and for his assistance in many .

respects, I also wish to thank the "Deutsche Forschungsgemeinschaft!

(German Research Association) who made it possible for me to participate

~in both 1967 plateau cruises as well as in the 1968 West-Africa voyage of

the R.V. "Meteor", énd'granted a scholarship., Dr, KINZER kindly provided

larvae-net samples obtained in 1967, as well as the larvae net with alter-

nating bucket mechanism, for which I exbress sincere thanks. I also wish

to thank Mr. MAUL (Madeira), Dr. NELLEN (Kie}), and Dr, AHLSTROM (La Jolla),
for the detérmination of sample specimens, and for providiﬁg literature
aﬁd references. My co-éoqtorand,,Mr. WEIKERTz‘eased the burden of gvalué
éting the literature by tfahslating;numerous Slavic publications. My

thanks are due also. to the crew of the "Meteor", and to the.biOIOgists

~who assisted in sahpling»the material. - Mr. LUBKE took great care in draw-

ing the illustrations,
’ ' .'.
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" The present work is limiﬁed.to the investigation of fish types in-
habiting the héuston.

The biotoﬁe of the neuston Shouid not be designated as “hypo-
.neustqn“ (ZATTSEV 1968, p.lS), nor as "neustal', or “"hyponeustal', since
weAare_dealing here with one and the same “narrpw'borderzone of the pela-
éic domainﬁ which is, according to FRIEDRICH (1965) to be‘designéted as
“pleustal". Whoéver wishes to Speak o£ thevbiotope.of the submerged
neuston as of "the neﬁs;al“ should consider that, theﬁ, the genus Halo-
bates (eﬁineuston) would remain outside the range of this “neustalh;l
_Who, on the o;her hand, iﬁcludes‘in the designation "neustal’ the air
which interfaces'the»sea surface, depicts thus the actual biotope of the
pleuston as “neuétal”. — ZAITSEV (1968) posﬁulated on the basis 6f di-.
rect observations that, generally, the foilowing thickness exists for the
' layer occupied by neuétqn: 1-3 em foy agitated sea, and 1-5 mm while
surface is calm, whilé these limiﬁs méy apply to oceanfé microneuston,
thgy_surely do not apply to maérb--and megaloneuston which may névettheleSs
coﬁstiﬁute a éonsidefable paft of tﬁe ichthyoneuston. 1In this work, the
terh "pleustal' depicts Fhe pafticular layer tha# waé fiShe& by the upper-
most}nét utiiized (Fig.1), namély the 0-15 ém surface Lévei.

1,2 Formulation of thevfroblem '

Aﬁ introduétion to mariﬁe neustonology and first results have
been furnished by ZAiTSEV.inA1968. |
Besideé ZAITSEV, who coﬁcentrated his ianstigations:on tﬁe Black
‘Sea.(195§-1968), it wés EARIN'(i967)‘who also specialized in the.inVesﬁi?
gatipn of marine iChghyonguépon,.bgg he studied tﬁe iChthyqneuston of .the

Pacific Ocean, ZAITSEV was primarily éoncerned with substantiating that
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the uppermost centimeters of the Black Sea ate inhabited by a fauna that
is qualitatively and quantitatively distinct from the plankton of lower

layers. He observed,within the uppermost microlayer of 5 cm thickness,

surprizingly marked maxima for eggs, larvae, and juvenile fish, as well

" as for invertebrates (for methods employed by ZAITSEV, cf. Table 1 (p.11).

ZAITSEV'S and PARIN's épecialiiéd works did not inclﬁde the eco-
iogical role of the pleuston as a fish pasture,_aithough‘-— 6n the basis
of dense ﬁauls froh tﬁe sufface 6flfhe Blaclc Sea .- ZAITSEV attached
great impéftapce to fhe pleugton as feeding grbund for fishes.

The present wotk is designed particularly for the determination’

of the importance held by the pleuston as a grazing place for the fish.

However, the qnalyseé of intestinal contents, which stand in the fore-
ground‘of thesé.ihvestigatioﬁs, cannot be coﬁsidered separately. Obvious-
ly, food intake must be'vieQed in connection with other behavioral fact-
tors éf.ichﬁhyoneuston.  Thus; PARIN (1967) considered'a ?elationship bet-
weeﬁ.aiurnél migration énd feediﬁg_rhythm of neusfén fishes. Therefore,
theiveftiéa}, horizontal; daily, and seasonal distribution of ichthypneu?
stonlWill’here.also'be taken into-considerafion.

Furthermofe, it shall be determined of which spécies and stages
the ichthyoneuston is composed. Since, iﬁ.Additipn, a relatiénship bet~
ween food supply and‘the'abundanée of fish was suépected, this raised al-
so the qﬁéstion of>po§sibie dggregatiohé in thé pleustél léyer.

The analysgs,Of.iﬁtestina; contents willishow;yaécording to type,
amount_and size, Eow planktén is distributed among the sﬁecies anq stages
of grazers, and at what times of'da§tfqod'is takeﬁ by the individﬁél
groups. .From these factors, a clear picture.should emergé.of the.compe-

tition for food among ichthyonéuéfon. _
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In the closing chapter, the guestion of the nutritional capacity’

of the pleustonlin the subtropical Atlaﬁtic will again be dealt with by ﬁfé'
taking all individual results into consideration.
~The invertebrates among the sampled material are presently (1969)
~beiﬁg studied by WEIKERT, whose'preiiminary results haQe, in pari, been
taken into consideration in the present publication.

- 2, Materials and methods

2,1 Sampling de\'ricég .»
, Tﬁé featureéibf an idéal sampling dévice for neuston héve been
4described'beforé'by DAVID (1965a), and SAMECTO & JAROSZYNSKI (l969). Bew -
cause of low manufacturing costs, manageability, fast toﬁipg speed (7)
aﬁd éther advantages, the type of net developed by‘SAMEOTO'& JAROSZYNSKI
v(l96§), which is secured to a sgrfboard (seé Tablevl, p. 11), recom-
_ménds itself as thejfuture standard-aﬁparatus. |
. The most iﬁportdnt-deQices that had been utilizéd'for Qeuéton_samp-
liqg_ﬁy 1965, were‘suﬁmarized at that time by DAVID (19658). Table 1
describés modern‘ﬁodels that are suifed for fhe collection of ichthyo-
neus;on. The first efficiently ﬁerforming neuston sampling dévicesswere
developed by SAVILOV (12955) and ZAITEEV (1957)."Anothef néwly.construc—
_ tg& apparatus was ufiiized by bELLA CROCE (1961)., . ‘. , ' ‘ !
DAVID (1965) introduced a new prbtotype‘wﬁich undefwent éevefal
modifications (by HEMPEL 1967; PENNELL 1967;>ahong.others). By HEMPEL
furthér'iﬁproved models of DAVID's neuston. glider were used in 1967 and
1968 on'éﬁe "Meteor, | |
" Two types of sampling apparatus can be distingﬁished: ‘There are -

the nets devised by SAVILOV, ZAITSEV, and MARINARO on the one hand, which




are operated from a drifting or anchored sﬁip. On the other'hand,vthe
constructions of-DELLA CROCE, bAV;D,,PENNQLL, BLERT, HEMPEL, BARTLETT,
BEN YAMI ét al,, and SAMEdTu‘afe designed to be towed by a vessel in mo-
.tion, | | |
Tﬁe sfow sampiing speed (appr. 1 knot) of the models mentioned
first!permifsqﬁilizétion‘of a wide-mouthed net — a possibility which
fousé its reéiization in the devices of SAVILOV (net opening 100 x 60 cm),
énd ZAITSEV (net opening up to 300 x 25 cm), Turthermore, driftiﬁg devices
allow the.use'gfzfiner mesh for the net., Another advéntnée.is offered
by the fact that thgse debices leave the water éurfaqe relatively undistur-
bed uﬁléés the lee whirl_ close to the drifting ship is being included in
the éampling activity, as préfefréa by:SAVILOV. |
Devices towed under eﬁgine power havé'the advantage of higher net
Speed, which comes to 2 knots with DELLA CROCﬁ's apparatus, 6‘knot§ for
thosé of DAViD, HEMPEL, and ﬁARTLETT; and even to llxknbks for tﬁat of
SA&EOTCﬁ‘Probably, it Qas due mérely to‘slbw-speed‘towing thaf PARiN, who
.used SAVILOV's‘PT;l apparatus (1 knot) failed'tq_detect any_fhythm_in‘the

- diurnal migration of Scomberesox saurus which was observed, however, in
. . ’ 4

!

the atlantic Ocean with the aid of UEMYEL's glider (6 knots) (cf., 4.32, p.45):

It can be assumed that the larger Scomberesox saurus managed to avoid
PARIN's slow-moviﬁg apparatus,

An‘important.novelty was intfodqced by‘DAVIDfin that the tpwing'
structure is guided with an asymmetrical bridLe*.to either side of thév
shié so that the'net fishes in quiet wétery.not'disturbed by the turbu-

lence caused by the ship's propeller.” -

%) Translatdr's’note: The term "bridle" is used by DAVID (1965) in his
paper describing his "Neuston Net".
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The d@vices of‘ZAITSEV accomplish an absolute minimum of immer-
sion of 5 cﬁ[ Immersion of other oceanic sampling devices is deeper:
10 cm (DAVID,. BiERI, PENNELL, HEMPEL,Q<BARTLETT), and 20-30 cm
SAVILOV, BEN YAMI et al.). |

| DELLA CROCE c§vered the &icro;tratjfica;i?n by fishing séveral

layers consecutively wiéh the same net, - 'he arrangement of several nets
. on ailadderriike frame, thus.sampling siﬁultaneéusly S.(ZAITSEV),£3 (DAVID,
PENNELL), and .2 (HEMPEL, ﬁARINARO) léyers,Ader of course‘wérk more ﬁrecisely.

The sampling devices utilized in the 1967.and 1968 inVeStigatioAs
.descfﬁbed here were_déveioped by HEMPEL, but were based on DAVID's model,
Since thé m§de1'dsedAin 1967.was.made of heévy mahogany, it was equipped:
with,addiﬁional.floats,'made of sterpoyé and affixed underneath.the.skis,
thus differing from DAVIDfs neuston net.

Initially, only the top net was in operation, Later, a second net
) of equal- size Qas firmly attached to a métal ffame;'it éhus_fishéd simul~
taneously beneath the .top net at a depth of appr.. 45 cm. Finally, this

- §0- called "lower net'" was supplemented with a mlddle net S1tuated directly ad-~

j&cent to the top net'(Fig. 1).

cm

. L . Obernetz . TOp REEL
: o N - 15
- co . Mitteinetz K Middle net
o o - ; . k0.
T RER—— e
e \\N_ ( [ Unternetz L so Lower net
. N l ..-.. renen ) \ .
: 30 em ~ h . o

Fi; 1. Amngemem of the net opc“mngs (1967), upper

nuumu&tu
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" Table 1. . Modern devices for the sampling of ichthyoneuston., --

Where author's name or sampled.region is enclosed in parentheses,
this refers to material which had also been collected with that particu-
SPECCHL (1968) . and FENAUX (1968) came to the

lar type of equipment.

author's attention only after this Table was already in press.

. =
HH ot
-8 g |68
o S lu g ‘
L & IS 177] &
C 8 el o - |lo 8 ‘
O R © Uy =R
R ] 3.9 Q - »
=L QoW i N [5] g }?
.9 O|ET| « u ok
g8 9 o @Q w
R Rl I @l eofFosicion I
. A ) = = S | g fosttron dn
eI e > & telation te o
Author Designation cm knotsiQuantity ship Region sampled
¢ SaviLov i o |y = close to shil Lac.iic,
P . - / ! -
- (PARIN) T 2 ) 100 i?lf 1 in lee whirl [Ind*an Occan
e st i or s e St
Zarsev I NT3. 300 ng Black tSea (N« .
(DamisLsen) ¢ |— 5 anchor- abaft Atlantic)(Medit. )
(GHIRARDELLI) PNC-5 L 60 ed 5 A . s .
Drrea Croce = — 2 10 1 jtowed after |Meditervanean Sea:
| T P * T
. Davip -Neuston. net 76 | B Antarctica.
N IR s S B : A * JIndian Ocean
— 3 - sidevays Atlantic Ocean
PENNELL o Rl U R downside ship} - -
HempEL 30 4 | 2 North Atlantic
* Brexx | Booby I 32 3 - 1 . { Pazific
MQMN;Q) : ' ' 40 2 liauled in by [Mediterranean
L k , hawser " Sea
BARTLETT - i ? .., |south Atlantic
(Bécmgctﬂq PR 10 | 100 6 sideways (NW Atlentic)
" Brn Yasetal. _ 30 | 75| 25-s dosmside shipRed Ska -
: - ‘ . i " |Mcditegranean l
"SAMEOTO ’ — |+ 40| 8-11 _ NW Atdantic . :
' g ' No ship in- }Fresh water
48 . . -
E.L;.IOT 7 . 0 ) VO}VQS | . river

Thus, the nets were later towed in pairs: either in the combipg-

tiOn-tOp net/lower net, or top net/middle,nét. For most catches, 'the bag-

shaped Nylon net had a mesh size ofABOO p and a length of 3.80 m (PiOnyi

monofilament 3X¥, mesh No. 4; it had 26 meshes to the centimeter, and

an active filter area of 51%. Each»side of a.réﬂctangle measured about 300 p);.

A\
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1he total oflnesh openlnvs 5[ this net-bag was 21 fimes larger than

the completely submerged mouth opening, Only during the pleteae4cruises
« (cf.p, 22),

in 1967 was it temporarlly necessarvh.after these nets were wore out, to
_continue_the work with short bag nets (1,34 m)having a mesh size of 500 .

The net c0mbinations.used at individual stations are shown in
Table 3. |

TFor the investigation of the epwelling waters off Mauretania, the
neustonlgLider was alEered in'1968. The most impor tamt changes were: ehe
skis now formed hollow flOats, and thefeIWere_tﬁo alternatives for the
..depth adjustment .of the net pairs, During the entire journey, work was
performed 31multaneously at the depths of 0- 15 cm and 23- 38 cm,

| The neuston gliders used by the “Heteor” in 1967 and 1968 distin-

' gulshed themselves by high net speed utilization of.two simultaneously
operatlng nets, but also by small mouth openings of the latter.

In additlon, a Helgoland larvae net»(z'lAB cm, 560_9) with alger-
nating bucket;mechanism (KINZER und HEMPEL 1970, not seen by author) was
ueed on the “Meteor“ in 1967. The towing speed of the Helgoland larvae

net was 0.5-1 m/sec. The advantage of this type — ‘as compared with the

“conventional, vertically fishing bag net — lies in its featﬁre of fishing

several layers almost simultaneously, whereby each one is immediately ad-

ljaéeﬁt<to the next level. On the other hand, it has the disadvantage that
‘brganisms‘frem‘ell-the layers are_eeing.led through the same net Bag s0
ﬁhat organisms ﬁanging in the meeh, or these actiyely'swimming in oPpoéite
direction cen,uncontrolled,escape ﬁpwards.(ofel comhunication after "Me-

s

teor" journey 1970).

1967




2.2 Methods

The bulk of material on which this work is based hés béen collec- -
téd-during the.”Atlantic-Plateau Cruises 1967" of the research vessel "Me-
teor“.by HEMPEL and'the-author. The station logs “Meteof“——l967 have been
published by kINZER'&'HEMPEL, the station }og "Meteor'—1968 is added
here as an appendix.' Samples V;l to V~32, and V-79 to V-Sl Qere 6btained
by towing‘the'sampling deviﬁe.with(hnd abaft)thé commuter boat of the "Me-
teor", Theée catchesz despiﬁe ;hé siower.and inconstant towing speed,
resultéd in comparéblé Qalues,las established By A#:a  t-test on ma—.
terial.obtained in Spring }967-fr§m the Greaf Meteor Seamount (HARTMANN
l969a). | |

o On the "Metéor”, the neﬁston nets were genefally towed .by a boom
ahd , with the help of an asyrﬁme.trical bridle, vthey were made to run apprs
10 m awéx -Qbe&nfe the ship's quqrtérdeck In tﬁis position, the net
operated in relatively hndistufbed waters, In 1968, it Qas also triéd
.Eo»Operate the ﬁeuston glider when it was paid out apér. 80 m abaft shib
The - asymmeﬁrical~ bridle then steered the device ﬁoWéfd starboard into
und;éturbed'waters;i This is the optimai position when sea conditions are.
not too rough since, in this manner, fhe net operates still farther away
from the ship's lighﬁs éna propeller noises. | |

Whenever possible; the net was towed ét a speed of 6 knots.. &
speed of more than 7 knots resultgd in apparently pooréf catcﬁes, perhaps
because‘thé glider would tﬁen frequeﬁtly'jumb iﬁtgzthe air over thg {:réugh o
of waves. Speeds between 3 1/2 and 7 knots bfought_satisfactory results,

There were considerable fluctuations in the actual speed of the

sampling device (in contrast to the speed of the vessel), If a wave, coming .
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from astern, overtook the het, the neuston glider would — iﬁ.relatioﬁ'
to the water body — move backward, wﬁilc a subsequent jolt of the hawser
would tear ghe apparatus agaiﬁ in forward directioﬁ at é spéed of more
than 6.knotshJ |
An individualvtowing«timé of half an hour provéd to be the wost
favorable, 'since longer dﬁration increased the risk of getting the entire
lengﬁh-of‘the.netmbéglfilléd, almost to the point of watertlnhtne»o, with
- oil, jelly-fish, protoéoa, cﬁttlefisﬁ.eggs; and algae fragments. Some
catches were éo much intermingled»with fuel residue that only fishes could
be-ptiliééd_ﬁhile the entire resé had to bg discarded;
At a speed of»é'kpots, the top ﬂet fished within half an hour ' theo-
o retically an area of appf; 1,600 m?. Tbe lower and middle nets each fil-

. tered within the same time a water body of about 250m3

» providing ‘the
water was able to pass’ the nets without blockage. 4 {lowmeter was not used!
-but the length of fishes caught indicated a through-flow .at high speed. The

following fishes with a total length of more than 79 mm were among the

catches: 61 Scomberesox saurus (up to 136 mm), 29 Belone belone (up to

"370 mm total length minus length of snout), 11 Symbolophorus veranyi (up

to 125 mm), 4 Myctophum nitidulum (up to 87 mm) and 4 Myctophum punctatum

@p to 91 mm), as well as 1 eaLh of Exocoetidae (165 mm), Bathystomias gicas

(100 mm), and Lestidium spec. (80 cm). This listing shows that 112 fishes
.representing 8 species were caught whose total lenpths fénged from 80 to
2> 370 mm. - However, the fishes obtalned by BEN YAMI (et al., M.S.) from

the Red Sea and the‘Mediterraneah Sea by towing their device -at a maximal

peed of 5 knots (Table 1) measureqd only up to 80 mm in iength, and SAMEOTO

.:i)NAt thé Institute of Oceanography, Kiel (Cermany), an apparatus has bee
. |- devised in 1970 which measures the depth of submergence of the net s mouth
2. wn L (KRAUSE & GRAVE, unpubllshed)

iARQSZYNSKI (1969) mention a maximal length of 50 mm (1 spec{men with 110 mm).
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The 300 Q mesh was selected so that fish and invertebrate plank-
ton COuid bé éampled simuitaneously. The following sourées of possible
errorishould be mentioned:

'Whén determining the vertical stratification, a cértain degree of
impcecisionJresﬁlted from the verticél motions of. the neuston glider due
to dashing waves; When towing against the sea, the 1967 model  — which
was lighter than that of 1968*—~ was at times cven pushed down under the
water éurface,only to jﬁmp tﬁrough the air the-next moment “over the gnrough
of waves., In 1967, this resulted in an estimated amplitude of variation
of up to 10A¢m. The top net of the model used in 1968 never left the
watef entirely nof was it éver\pressed completely beaeath the sufface.

Its amplitude of variatioh wasvébout 5 cm, Under calm conditions,;immerQ
sion of the top-net mbuth was appr. 10 cm in.1967, and about 13 em in 1968,

A péssible sdufce of error in the quantitative comparison of the
microlayers is the arrangémeﬂt of se&eral nets one upon another: WINSOR &
CLARKE (1940) fished in 30 m depth with three nets arranged in this féshién;
much to’ thelr surprige, they found significant differences in favor of_tge
top net whlch they exnlalned w1th an upward cscape of Lhe planktero.A Such{
an upward flight of the prey LonvenlenLly d1m1n39ﬂ;s the area of p5>91b1e
attack within the cover layer to the disadvantage of a predator. Fish |
"stand", so'to speak;-”with theif back to the wall® when on the surface;
fhey may éven - aé manonceanic adult fish'do — leave the Qater in the
lcourse of their flight (LEIM 1966), It is therefére quite concéivablev
;that, as a rule, upward flight is the pfeferred route of escape for ichthon

‘heuston, In this case, it would be .the lower net that chases the organisms

into the top net. Adult Exocoetidae have been personally. observed by thé

*) Translator's note: On p.4 of the original, the author stated that the

1967 model was made of heavy mohagony and therefore needed floats (here
p. 10). Above, he seems to make a statement to the contrary but what he
probably meant to say is that,due to- the floats, this model appeared

lighter on the water.

p.7:




16.

),

author to leave the water before the net mouth, sailing about 2 m across

the device. A downward flight uhder the surface has been observed by

SCHUTZ (1956) on the fresh-water Ffish Isomus lineatus, by UFEITFER (1960)

ocn a juvenile Mugil chelo, by HARTMANN (in press) on juvenile ‘Liza aurata

and ofi Blennius galerita'(in preparation), and. bv HUNTER & MITCHELL (1967)
on fish swimming wi£h~driftage. |

A second possible source‘of error which may distbrt.the day/night
ratio,and may even simulate day conditiéné,is the known fact that lighting

conditions influence net yield.. The present material offered the possi-

bility of investigating the degree of this influence in regard to smaller

fish on Scomberesox saurus of 6-29 mm total length: Among 437 fishes from

79 night hauls, and 446 fishes from 85 day samplings, there was no differ-

ence found. It is probable thdt the high net speed favorably aifects the
sampling of smaller neuston fish., However, this speed did nﬁt_éuffice-
to catéh the 1arger.animals since the 29 larpe Eglggg, collected in the
course of 9 hauls, dnd measuring more than 79 mm, were caughﬁ exclusively
at night, or during dusk/dnwﬁ,despite the fact that they inhabit:the pleu-
ston during both day and night (cf. paragraph 4,21, »,44),

| A third source of error doesAperhaps exist in fdrm of the "anti-

cadaver-rain' (ZAITSEV 1968): Upwelling and then drifting dead fish can

distort the tfue picture of horizontal and vertical distribution of spe-

cies, and ingested dead plankton fish in the stomach of the sanpled fishes

leads to erroneous conclusions in vegard to the digestive state of stomach
contents.

A fourth source of error orjipinates Ifrom the position of the net

openings, A fish who gets into»the sluice between the side boards has, at
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~a towing speed of 6'knqts, jusé 0.4 seconds for orientation before he
reaches the height of the net's mouth. However, since the actual net speed
varieé between O to > 6 knots (cf. p. 14), the fish may —~_depending upon
circumstances —_— have_more time for oriehtation and,:therefore, a chance
to escdpe: either away from the side hoards befofe thé net opening, or :

4

away from the net's mouth, In this manner, adult exocoetids were able

- to fly across the mouth of the ﬁet.
: The-cépacity of the Helgolandvigrvae nét in relation to the time
of day has been te%ted by BRIDGER,(IQéé). Dﬁring the night, he caught
7_times.more herring larvae and 4 times more sardine lﬁrvae than during
daytime; he relatéd this result to the‘diminished efféctivéﬁess of thé net -
during daytime. As a‘consequenée of the low tnwing speed, tﬁe larvae

net selects the slower plankters and, also for the same reason, does not catch any

tchthyoneuston. These results have remained the only qualitative compari-

~ son between fishes sampled with the neuston- and those samp)éd_with the larvae net

s

The AfiSbes_caughtAWere preserved aboard ship in a 47 buffered

formalin solution. The fresh material was transferred from the draught

R . . - ) _ e
bucket into sample bottles with the help of a "econcentrator", a baker-

shaped sieve (300 ;. mesh). The length . of the fishes was measured, de--

-pending on,the‘speciés,‘to the full millimeter for up to f{ive months af-

“ter the catch., The indicated length represents — with the exception of

‘Beldne'beloné (cf. p. 14) the total length ol the fOrmalin-presefved ani-
mal, | |

Some data on weather conditions at the stations were listed in the
‘protoco}s 6n:these neﬁston‘catcheSp“ In 1968, the surface temperatures'of
thelwaﬁer were measured with the help of a.fgﬁggdgn micket lowered OVeI; the

pfsiaévl‘nurigg the Atlantic plateau cruises, temperature values were ob-
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¥

tained from the day-book of the ship's weather station, and partly inter-
polated. 1In all, 6 symbols were used in the protocols to characterize

the condition of the water surface. The cloud cover was always roughly

estimated., -

In 1967, smooth sea and calm weather prevailed while,iﬁ 1963, se-
. ' .

veral hauls had to be stbpped Secause sea motion was too strong. In theée
cases, not oély.the height of the waves but aléo the course of the vessel
in rélation to their direction were decisive ﬁactors. In this work, sea
motion andAcloud cover have geﬁeraily not been taken into.éonsideration
because theiattempt to isolate their influence from 6thef>factors did not
lead to anyAtangible results., The metereologiéal influences'may perhap$
have been concealed by stronger factors éuch as patchiness, diurnal flﬁcu
tuations, as well as by temperaturé and other regional differences. How-
ever,'HARDY“&‘GUNTHER eétablished as early &é 1935 that conditions of the
oceanic surféée, even at force‘7'winds, ‘do not exert ;ny~iﬁflpence upon
the population density of the “éurfééef layer, and ZAITSEV (1968) obéerved
that typical neuston organisms remain in their biotope "even when waves
are 3-4 m high.

3. Material sampled

The posigions of éll 19671and 1968 stations>are illustrated in
Figs. 2-4, pp.l9-20). |

The 1967 sampling areag were mdétly located iﬁ:a‘regibn whose'océ-

anic surface water, due to slow vertical convection, was characterized by

‘high salinity, high. temperatures, and food shortage, However, in 1967,

two small upwelling areas were crossed at the shelf which gave themselves
away by 1ow:surface temperatures (17.3°—17,6°C, in contrast to more than

18. 6°C at neighbouring stations) (Fig.22,>p.li3)h
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For reasons of comparison with the nutritional deficient region

explored in 1967, the upwelling area off Mauretania, which is rich in food,

A

was investigated by WEIKERT and the author in 1968 durlng vovage No, 13
‘6f4the "Meteor",

The regional and seasonal data on all catches arc as follows:

1967: catches

1-7 - between English Channel and Great tleteor Seamount, from
April lst to 3th; _ : '
8-43 Great Meteor Secamount region, from April 9th to 29th;

V1-V32 at a permanent station NE of Creat Meteor Seamount. from
: April 20th tho 26th (commuter hoat); ' ~
44-69 en route between lLas Palmas and Cape St. Vincent along the
: African-Portuguese cholf from June 15th to 23rd;
70-107 en route between “oxtunuesc ghelf and Hudelra, from June
o "23rd to July 6th;
. 108-175  region west of Madeira up to Great Meteor Scamount, from
July 10th to 26th;
1968: N1-N11 between English Channel and upwelllng realon off Maureta-
. nia, from April 19th to 25th;
. N12-N62 ~upwelling area off ltauretania, from May 2nd to June 3rd.

Thls listing shows that samplcs were taken in 1967 dur*ng sprlng
(April) and summer (June, July), but in 1968 exclusively in spring (Apr11,

May, beginning of June).

D.
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Table 2 shows, among other data, the diurnai distribution of the
catches. 1In 1967, 70 hauls were nade during daytiue, 74 during dusk or
dawn, and 61 during the night. In 1968, there were 30 hauls during day-

time, 15 during dusk or dawn, and 17 during the hight.

Table 2: Distribution of catches to time intervals

Dates (Catch . | _ .. __. ! . Day §'s | Night aRY -
1967 | Nos. Tihelatervalss., 1 2 3 4 5 8 9 10 11.12 13 14 15 16 |

4.4.—29.4.0 3— 43 100 4 4 1 3 3 3 6 8 5 1 4 3 4 4 10

B

Hvi1vaz!

15.6.—26.7. 44— 69 | R R T TP R T R S T T S T
T e~ . 9 3 6 7 510 10 8 83 2 4 510 8 8
"""""""""""""""""""""" R Total: 21 109 10 17 15 16 18 9 9715 14 19
A ' ’ L .
g . - o S o
19.4.- 3.6 N1-Ng2 | 2.211 4°5 7 1 6 2 t1 11 2 1 5

S8 = sunset; SR = sunrise

’For'chronologicalVcomparigons of tﬁe saﬁples taken during diffe-
rent Séason§ and at difﬁerent locations, ecach day of sampling was divided
into 16 tdme intervais. Sqﬁfise (SR).and sunset (55) were chésen as fixed
ppihts. Eight’éime intérvals (Nos, 1-8) fell into daftime, and eight more
(Nos, 9-16) fell into ﬁight‘. dunrise fdawp] divided‘timé intervals 16

" and 1; sunsetA[dusk]_fell between .time intervals 8 and 9. High noon lies
between time intervals & énd 5, midnight between time inﬁerQals 12 and 13.
This divisibn info time intervals has been utilized in mahy-of the Tables
hto follow, Table 2 shows the numb&r of catches dqring the individﬁa} time
intervals. .

Series of consecutive hauls were executed especially during the ‘
dawn or. dusk periods. Fof'clearef preséntétion,'the individual yields

. LY
of these series have not been indicated in the station charts.

p. 1C
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Vhich layers have been sampled at the individual stations can be

seen from Table 3.

Table 3. Ihi’esfigﬁtcg la'ycr‘; T

. Top net Middie net Lower net
appr. 0—10cm 10—25 cm 3853 cm -

3— 39 67—148 30—65
# 163—164 ~V1-V32
. 43148 166—167 .
1967 169—175
. © 150168 -
. 170175
vV 1-v27
V29—V 32

1968

appr.‘O—JScm 23-38cm .
N1-N62 - N 1-N24
N 26—N 62

In 1567% theltop net collected 200 va!id.samples, the middle net
92, and the ldwéf net 68 samﬁies. These were complemented in. 1968 with 62
top-het samples, and 61 miﬂdle-nct samples, MNet arrangements were chan-
ged in 1967 dufing the voyage: for catéhes.3«29‘on1y the top neé was
utilized, fbr catches 30-65 and V'l;V32 the lower net was added, whilé;

- for catches 67-175 generally'the'top,and midd!e nets vere paired.

In 1968, the top/middie net-pair vas uscd. lowever, Qf the 61
paired catches in ;968, enly 45 could quahtitatively be considered as
déuble—nqt Catches.because, during the remaining catches, the lower situ-
ated'middle—net bag was either dqmaged or blocked by algae.

With the temporarily used net, described under ﬁﬁampling-devices“
as beihg shorter (1.34 m) and having a coarser mesh (500 i) than the neu-
ston net-Bag (3. 80 m/jOO H),.all 1967 commuter-boat catches.were made; it
was also utilized for 7 lower net catches.

The Helgoland larvae net with altefnating bucket mechanism was:
used 27.times in 1967 in preparétioh‘for the present work: During the

‘months of April and July at the Great Meteor Seamount, and during June



at the Josephine Bank (15°W 37°N).
ries were sampled during daytime, and 8 during night.

and 7 night series were sémpled in April.

At the Great Meteor Seamount,

Of

1l'se-

these, 5 day

In the region of the Josephine

Bank there were 8 series sampled consisting of 4 day and 4 night catches,

Table 4. Some neuston tlshes found in the pleustal laver of’
various ocears.
Authors |ZAITSEV!DAVID | FARIN BARTLETT| HARTMANN BACKUS et al.;,
’ CRADDOCK :
R Y R R R CE R R R R R
Location Black |Indian| Pacific| South Northeast| Nerthwest
Sea Ocean Ocean | Atlantic|Atlantic | Atlantic
Year| 1968 [1965a | 1967 1968 | 1969 (a) 1969
‘Scomberesocidae | % * - * *
Exoboetidae
Myctophydae * L% * .k s
R e e il sl et e R Rl gt froov e - o= ™o N
Carangidae K . * i
........ e e
Clupedae * * * .
EEE L EEEP R L s R R r .......................
Mugilidae * *
Xiphias
Coryphaena * *
Nealatus ' .
Makaira * * T %
--—-.'--»---. ---------------- O Ut Ut R }. ————————— homonmcmomow- -
Astronesthes niger * *

4, Results

4.1 Listing of sgeciés

Up to now, only few results exist

Atigntic.g

device see Table 1) in the Gulf of st.

.- cies, Onos clmbrlus.

on ichthyoneuston of the Northw
PENNEL (1967) who studied the seasonal migratibn (for sampling

Lawrence, found only a-single spe-

From the same famllyi the relaLed Onos mustelus

(HARTMANN 1969b), as well as herrlng larvae (DANIELSEN & TVEITE 1968
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.
- HEMPEL & NELLEN 1969,among others) inhabit the pleuston of the North Sea.
While, here, the number of ichthyoneuston species is apparently limited,
ZALITSEV (1961). observed the bulk of pelagic eggs and larvae in the top
5.cm surface layer of the Black Sea, In the sﬁbtroPical NW Atlantic,
BACKUS et al. (1969) collected speciés which also apveared regularly among

our samplésr Gonichthys coccoi, Centrobranchus nigrocellatus, Myétophum

nitidulum, and Astronesthes niger. In connection with this same cruise,

CRADDOCK (1969) mentions in addition>f1y;ng fish, sargasso fish, juvenile

swordfish, sailfish, marlin, porcupine fish, tuna, and Diplonhos taenia.
KREFFT (private communication to NELLEN) identified the following 8 mycto-:

phydes among the vield of 9 Atlantic neuston hauls (23rd journey of R, V.

Walter Herwig): Centrobranchus nigrocellatus, Gonichthys coccoi, Hygophum

macrochir, Myctophum affine, Myctophum nitidulum, Myctophum asperum, Sym-

boiophorus rufinus; and §xg§gk9gh9rg§mxgp§gyi; In the Gulf of Guinea,,
SUND & RICHARDS (1965) caught besides Auxis also five myétophyd subspecies‘
~inc1uded_in the listing.above. Neuston fish found in othér gerritories
are shown in Table 4 (p.223).

Table 5 lists thé form of specics of which our material consisted.
It also shows héw the individual grouﬁs‘were identified. Not a single

specimen of the group Myctophum nitidulum could be classified with cer-

tainty as Myctophum affine,
Table 5 comprises those fish groups that were found among at least }
‘three top-net samples. According to the number of positive hauls, the high-

est-incidenée in the 262 top-net catches of 1967 and 1968 was registered

for the foliéwing typeé: Scombefesox‘saurus'(262 times), Gonichthys coccoi

(62 timeé), Belone belone (40 times, Mugil épec. andxﬁacrorhamphosus

'scoiOQQ§ (26 times).
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Table 5.

List of fi ishes caught with top net.

Type specimens were
1dent1fled by MAUL and SHLSTROM.

. - 207 Total 1968 Total !
Type or growp. . det. (a. = pos. g <Han- g,;’h posinQuan- jength !
S . N according hsu%g tity héulat;ty

-L e - to mm 0 = 62 min, max.
Scomberesox sanrus . (WavrLBAUM) & FowLER 147 1286 6—113 15 188 136
Gonichihys coceoi . {Gorco) Maur 51 430 20— 61. 11 167 17
Macrorbamphosus :m!qpqx L& 8 OKADA 21 5 8—50 5 108 . 7 069
Exocoesus obtusirostris - NTHER) A KOVALEVSKAJA 20 70 6— 68 '

‘ C‘tm’robrambu.r nigroocellatur: . {GUNTHER) Maur 17 -30 15— 38 1 - 2

pbaana uiselis () & Gisbs 17 27 10— 40 '
Exocoetx N ‘ 15 52 6— 27
Kygophum reinbardii (LbTkEN) Mauw 14 27 16— 54 3 3 57
_ycfop/mm sitidulum (GARMAN) Mauvr - 9 20 20— 83 2 4 :

- Berycide. "o Mauig, 10 10 6— 17 . )
Trackurns spec. s . .. Mauu 9 27 15— 56 6 13 11 40
Myctopbum punctatum (RAPINESQUE) = MauL 12 20 22— 91 12 114 20

stromesthes niger - (RICHARDSON) & SEARS 8 - 831—-44 3 3
‘;P’Pe : o : 8 10 11— 15

« Aype _ 7 68 7— 33
Danichthys rondelesii i -8 Husss 6 8 8— 28
Elygophum bygomi LUTKEN) Maur 6 ° 15 22—-70 3 9
Symbolopborus veranyi " (Moreau) " Maun . 6 28 18—~120 - 5 - 36 125
- Type D ) ' 5 8 22— 34 :
" ExococtidmC : 5 . 5 7— 28
Niealotus tripes (Jounson) MavL 5 5 19+ 30
. Bxocoetus volitans . : - 8 KOVALEVSKAJA 4 10 9- 33

. Pbycis éb_ym (L) & FowLER 4 4 28— 49 2 3 )
C'jllot’ ne spec. . . 4 22 - ' :
Belons belone éL) & FOWLER 4 4 23-127 36 336 8% 370%:
Stirnoptyx diaphawa - | © (HERMANN) - MauL 4 4
C'mfo.r:opclwmaderamu (Lows) AHLSTROM 4 573 918 "3 - 69 30 -
Omos spec. . 4 D’Ancona 3 3 26— 28 6 1074 6 42
- Coryp b m'u.r (L) & Gisss 3 6 6— 33 ‘ )
EkwwmﬂD C 3 3 8- 22 .
Bleriniide - . 3 T4 9-—-21 11 20 30
Engraslis encrassicholus (L) & FICHES, 2 21
AE’qgmulxn + Sardina p.. . (WALBAUM) & Ficuss 27 3216 16 30

WISPCC. - I, : 26 - 348 7 63
Hygophum macrochir (Gi}NTHER) - & FrASER-BRUNNER ' 3 5 47 70
*) Total length minus 1ength of snout;/ n = total No.of hauls;
**%) calculated on the basis. of standard hauls (30 min,/6 knots) ,
—r -

basis of.staﬂdard hauls at 6 knots /30 minutes

] Lior S 30
((Fa tor Tef

="' Lom,ng time in minutes,
¢ =, towing time in knots.

The number of individuals listed in Table 5 was calculated on the

According to the number of individuals the following are highest

on the list of the "Meteor'-catches:
sox saurus (1474), Onos 1968 (10747,

.:nichthys coccoi (597),

Mugil spec.(348), and Belone belone (340).

Ceratoscopelus maderensis (637),

¢ Clupeidae larvae (3237), Scombere-

Go-
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Thé total‘lengths of the fisﬁes}which will he discpssed in the
chapter "Ontogemetic vefticai movement”. (4.4, 9;52% was generally bet-
ween 6 and 80 an hohever,Aas has been mentioned before, 112 fishes
nevertheless reached lengths ranging from 80 to mofe than 370 mm.lThc ma-
jority of fishes caught in the pleusﬁal layer were juveniles.

Some have aIready been characterized in the literature.as Usur-

face fish": BIGELOV & SCHROEDHER (1953), among others,. counted Scombere-
among o
sox_saurus / the most frequently found juveniles at 11° and 40° If in the

Atlantic, DUNCKER (1960) reported that Balone belone stays at the surface

during daytime, and Myctophidae and sstronesthes niper are known (e.g.,
g y b - Pt . okl & Svesdl (&)

(o grine uhs

SEARS 1964) to co&e_to the "surface" at night. .BRUUN (1935) speaks of
characterigtic resting positioﬁ of juvenile Lxocoedae ét the water-air
inﬁerﬁace.

.In the Atlantiq samples, two families were domingéring in that.
they represented half of the entire hﬁmber frqm all fish groups: Next to
the’Myctthidde with nine, these were the Belonidae with eight groups,

. : - These as well as almost all other fishes of the collected material repre-

sent holopelagic forms. Exceptions are Onos and Phycis phycis which have

barbels, as well as Macrorhamphosus scolopax if Il _scolopax and M. gracilis

are considered as one form (éf. 4.4, p. 55), The bottomufrawl cat-
cﬁeé made dﬁring.the "Meteor'" journeys contained only two forms tha£ were
éaught also in -the pleqstal-layer: £§Egi§“phygi§ and }Macrorhamphosus sco-
lQEQE;' |

Comparison of the '"Meteor'" catches of 1967 with the groupé.caught
fgrther,south in 1968 sho&ed thaé half of the most frequenﬁ groups of 1967

were collected again in 1968, Awmong the forms -obteined during bbth jour-
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neys were 8 species of Myctophidae, and 2 each of Scomberesocidae, Macro- .-

rhamphosus scolopax, Phycis phveis, Astronesthes niger, and Lngraulis en-

crassicholus. .  There were onlv three forms (Sardina pilchardus, Mugil spec,,

and Hygophum macrochir) among fhoée present in more than two positive

hauls of 1968 that had not been present also in 1967, The_relétive homo~
geneity of both the'haterials of 1967 and 1968‘d95pite'differing sampling
conditions indiéates.a far-reaching area of distribution for several ich-
thyoneusters, As can be séen from Table 4, several families show such an

extensive distribution,

4,2 Vertical distribution

4,21 Sample dehsity

4.211 0-52 cm layer
A descriptive review on the vertical dispersion of zooplankton has

béen furnished bf BANSE (1964). Little,;s known (1969) about.tﬁe vertical
microdistribution of métazoa on the surface.

| DELLA.QRGCE (1962) oﬁce collected inyertebrates underAcalm.weather
‘coﬁditions. .Qith one net, he consecutively sampled 10 layers which, to-
.getﬁér, covered a depth of 1 m. He éttached sbecial importance to the
40-50 cm layer becauée, here,-theiﬁendéncy toward diminishing or increasing
plankton density was frequently reversed. A similar discontinuity within

this layer was observed by SPECCHI (1968). However, ZAITSEV (1961) found

in the Black Sea_ marked maxima for fish, invertebrates, and egres already

in the uppermost 5 cm layer. DAVID (1965a) reported as a preliminary re-
sult on oceanic conditions that, by day, most of the neuston is concen-
trated within the uppermost 10 cm layer.

‘Neuston stratificétion does, of course, vary with location and time -

interval, as well as according to hydrographic conditions, and with the
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.

composition of the plankton; ZAITSLV (1968) postulated varving dimeq-
sions for the layers occupied by neuston: 1-3 am with rough sea, and
1-5 ﬁm with calm surfaée waters. He observed, fﬁrthermore, that force 2
winds disturb the microdistribution of the epgs.

The 0-~52 cm layer has been sampled:by_the author at Four lévels.
A source of error which may possibly result from the arvangement oi net
opénings Has'aiready been discussed under '"Methods"™ (2.2, p.15): 4 maxi-
mum of.organisms'might~be simulated in the uppérmost microlaye} fished
by the ladder-like neﬁé’iﬁ}that the nekton tries to escape preferentially
by upﬁard flight and, in this manner, does land with uprealistic frequency-
in the top.ﬁet. | '

‘In this chapter, the émpl;fude of variation (estimated as up to

10 cm) will not be taken into consideration in the designation oi the

microlayers. In the following, the diurnal {luctuation in quantity of

catches in the 0-10 cm level will first be dealt with (Figs. 5-7, pp.29-30)."

Figs. 5 andlé,-the_thickness of the»uppermost laver is éstimated with
10 cm, whereas the levels beneath this layer (Fig., 6) have a thichﬁess

of 15 c@. Tﬁe nUmEér df fishes per standard haul with wmiddle and lower
nets has been multiplied.by 2/3 qnd,thus,caléu}ated for 160m3; In Tig

the thickness of the layer sampléd in 1868 with the top net has becen

e

estimated to be 15 cm because of the deeper immersion of the apparatus

then used.

ABOUSSOUAN (1965) who sampled the O-m-level (2 knots/hr) off the

West African cpast,'tegistered at the surface three times as many fish lar-
vae ("larves") during the night than during daytime, and ZATITSEV (1961)

also reports from the Black Sea that population density at the surface .

—

In
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increased rather suddenly towards night. Dy contrast, FARIN (1967) found

the maximum of apparent abundance during daytime. Ilis result may perhaps . p.

be due to the 1imited gfficiency of the pleuston trawl which operated -
sideways in ;hé_lee whirls of the drifting ship and thus, presumably,
collected mainly the youngest stages which, as confifmedlby the results
of the “Heteqr” cruises, occupy the pleuston predominantly during daytime

(cf. 4.35, p.48),

TR T o CLINTY,

Number of fishes

I 309
20 -
. ’a . l . l "
. S m e et 1a w5 e s e time intervals
§. L + ot . . - . —
. iv | opiony  Fige5. Diurnal changes in number- of fish caught. in:
night . day night, ab%ut 160 m3 of the 0—10 cm layer (1967). (200 hauls
SR SS . - and 2990 fishes). o ) S
b - . i SIS e O —

Duriﬁg the 1967 "Metecor" catches (n = 200), the diurnal fluctnations
were surprigingly extensive as can be seén from the following figures: time
iﬁtervals.lGjél = 378 fishes in 37 hauls; 2;3 = 1447195 4-5 = 114/20; 6-7
=V220/31; 8-9 = 802/34; 10-11 = 267/12; 12-13 = 287/15; 14-15 = 777/28.
The maximum aftef midnight (timef;nferval 14«{5)'amoﬁnted_therefore to 27
fiénes per léoxﬁé, and the minimum at noon to é fishes per 160 m3, This
results in a rafio of 5:1.for the extreme values. During nightsh(time in-
tervals 10-15), the values were, with aﬁ averaée of 23 ﬁnimals, three'timeé
higher fhan during daytime (timé intervals 2-7). CombamiSOn of yieids

~during dusk'and dawn shows'that during sunset (time interval 8-9) about

s meEm AR bk S Ltk s A Ar e laaAtrera Rl ettt e s 1T R e




30.

twice as many animals were staying at the surface than during sunrise
(time interval 16-1), namely 24 as comparcdd to 10 animais. Around mid-
night (time interval 12-13) a night minimum was established with 15 ani-

mals per 160 m3.

time intervals -ta-ls nass T -I 1-18°
depthi(cm) 3 Night |SR/SS [ Day.. .
- “o-n0 - - e S
10-25 p= et P =

T ‘ ok N .
SV 0 0] o 2 0| m 20 ] 0 20 g
20 of - £1shﬂu}16ou;. Ed *L

Fig. 6. Numbcr of hsh taught in about 160 m? (1967)

200 hauls
time intervals o - +8.9.18 S
depthi(cm) | Nioht [ GRISS 1
. 0-15 — ) e .
No. of flsnes/24 s 0 o ' m___l

F:g 7. Number of- fish caught in about 24 m3 -(1968).
‘ 51 hauls

In 1968 (Fig. 7),§s'in 1967,(Fig. 6), the maximum of fish was
~caught in the 0-15 cm 1gyef.auring the night, the minimum during daytime.
The day/duskrdawn/night ratio for 1967 (n = 200) was about 3/2,5/1, and
for 1968 (n = 62)'ab§ut 4/1,571.

The increased abundance durlng the nlght orlvlnates from the well-
known phenomenon of vgrticél plankton migration whosg caﬁses need not to
bé discussed here.»‘The minima (noon and midnight declines).illustrated
above are also known manifestations of vertical migratian.

The di;ference betwecn the ylelds dur;nn dusL and dawn (txme 1n~.
-tervals 16~ l and 8- 9)2 is remarLable . The same asymmetry as well as a
'tendency'towards corresponding dlurhal»migratign is shpwn also by the

precipitative volume. of invertebrate plankton among these neuston samples

2) For darkness-active birds anplles, according to ASCHOWF & WEVER (1962)

the rule that there is more light evenings at the start of activity
than in the mornlng when activity ceases:
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(WEIKERT, oral communication), WEIFKERT intends to investigate to what
extent the diurnal migration of individual! Iish forms are synchronous
with that of their principa. prev. & reletionship between diurnal nmigra-.

» Centrobranchus nigrocellatus, and

tion of the specialist feades
two mollusks among this material has been observed by HARTMANN & WilllJRT

(1969).

Following ﬁext, the ﬁicrolayers (0710 gmi 10-25 cmy 38-53 cm) samb-
led in 1967 are.to be compared with one. another (iig. 6). The 1968 mate-
rial did not suffice for this purposa because 16 of the 61 lower-nct samp-
les were quanfitativély.hot vatid,

Fig 6, is based on tﬁé following figpures: At the 0-10 ém lavel, .
1331‘fishes were caught during 5¢ hatls ét_tjmé intervals 10-15; 71 hauls

during. time intervals 16-1 and 8-9 yielded 1131 [ishe§, time intervals 2-7

brought 478 fishes with 70 hauls, and time intervals 1-16 nettet 2990 fishes

from 200 hauls. The 10-25 cm level breught the follqwing results: Time
intervals 10-15 = 175.fi3hes with 30 hauls; time intervals 16-1 and 8.9 =
477 tishes with 34 hauis; and time intervals 1-16 = 695 fishes with 9!
héuis; Thé 38-53 cim level nettéd: During time intervais 10-15 = 6& fishes
)with 19 hauls; time intervals 16-j and 8-9 = 30»£iéhes with 26 haulé;
time.intervals'257 = 56 “jshes with 22 hauls; and time intervals 1-16 =
154 fishes with 67 hauls.

- In summéry; the yield ratios for the threce lcyels (0-10 cm, 10-25 -
cm, and 38-53 ¢m) sémpléd in 1967 were: during nights (time intervals 10-15)
12/2/1; during dusk/dawn (time intervals 16-1 and 8—5) 17/12/1; “during
daytiﬁe (time intervals 2-7) 4/l/i,'gnd during the entire day (time inter=

vals 1-16) 10/3/1,
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»

According to these figures, the apparent abundance in the three
microlayers markédlgrdecfeasedxuith advancing depth. The differences are
less pronounced during daytime‘than.during the night. The fact that the
vield from the 0;10 cm level is three times higher than that of the next
ldwer level (10-25 cmj emphasizes the quantitative eharacferistics of the
pleuston. Fig, 9gw}11_demonstrate also phe special quality of the fishes
from the 0-10 cm level (p.40).

| The tendehéy towards poorer catches with advencing deptﬁ is indi-
cated also in ZAITSEV'S (1961) diagréms from the Biack Sea.

I; may have diverse caﬁses that the maximum of plankton is found
at the éurface. Onfthe one hand, the lower nets may “éhase“ fhe fish in-
to tﬁe top -net (éf;!pp.IS'and 28); on the other hand, organisms of low spe-
cific'gravity accu%ﬁdate passively at the,surfacé.‘ However,; generally it
~ can be assumed théé ichthyoneuston actively approaches the surface. The
‘ accumulatioﬁ in the pleuston may‘be due to the pile-up 0% ascending nektﬁn
at ;he water-airAinterface, but 1ight-coﬁditions_in the pleustal zone aré

probably an additional attraction for ichthyoneuston (cf. 4.7, p. 121).

-

4;212"6-200 m stratum

DECHNIK & SININKOVA (1564) studied ffom 1958 to»i960 the VefticaL
distribution of belégié fish iarvaé in thé Mediterranean Sea. They found
the haximum t0 be 1p§9téd iﬁ the Uppérmost 25 m of the 0-200 m stratum,
and a deéline in.thé density of their samples ﬁith.advancing.depth;

The result.‘of-DECHNIK (1964) from the Mediterraﬁéan-Seé doés.esj
sentially correspond Qith our findings in the O~2QO m stratum of the Atlan-
Ctic napegardixwéhe vertical dispersion of ﬁisﬁ_lérﬁae.

Dufing‘the Atlantic plateau cruisés, a larvae net was utilized
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(cf. 2.1, p.12) which fished 6 levels (0-30 m, 30-60 w, 60 -90 m, 90-120m,
1&0.150 m, and 150-200 m) &linost simultancously., The macrostratification
of the upper pelaglc blotope was included in 1hp investigations for com-
parison with yields from the OulO Cm_microlayer~(cE.4.213,p.35), and in
order to gain knowledge of the ontogeﬁétic»vertical movements (éf.&.&,
Cp. 52). | |
Before éomparing the larvée~net‘catcﬂes with the neuston sampleés,
the macrostratifiéation of the upper pelagic biotope (0-200 m) shall be
described bcparatclv for f:sh (without Py” stares) and for fish egps, as
- it presented itself from the larvae-net catches, Tﬁe'total resul t from
’the‘27 runs.(Joséﬁhine Bank 15%/ 379N; Great ieteor scamount) is illustra-
ted in Fig. 8, whicﬁ is a COmﬁdrison baetween 15 day-and 12 night~series.
However, 31nce the July catches consisted: ]ﬁost exclusively of espeéially.v
_rich day~catches (6 day and 1" night runs)'whlch distort the ovérall pic-

Samwlcd

_ture, the results of the serleshrn doril and June have also hecn descrlbed

separately (HARTMANN 1969a). 4&s additionaL sources of ervor should be men-

tioned: Plankton accumulation in the cover layer may be simulated by way

of drifting . of the sampling device which becomes more prahounced toward:

.the top. Du?ing the 1arvae~nét-operatiqhs described here, visible drifting
was céﬁpensated By active'maneuvers.of the ship. Furthermore, the
planktérs clinging to.the mesh and.being riﬁsed)aboafd ship,into the Eucket
ﬁhat contéins_tﬁe 0-30 m cétch, could very well originate erm lowér lay-

. ersj - in the saﬁé manner, .the top- net &amylx-may“be enriched with f1shes

that manage to resist the water current in the ner bag. H0wever‘ “such a

©ow

déCla*ve falwmflcntlon o€ our cdtcn Le unlikely in'view of the fa

that pECHNIK & SININKOVA (1964) found in horlzontal hauls,a 51mjlar Vertlca]

ct
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stfatification as descfibed hereafter. On the other hand, it is possible
- that more nekton successfuliy avoids the larvae net in this zone which is
more strongly penefrated by lighﬁ.

Aé shown in fig. 8, the distribution of fish andieggs,does show a

maximum in the uppermost level (030 m), and there was an especially marked

diminution of the number of eggs and fish with advanc1ng depth during day-

time: Whlle, in the 0 30 m 1ayer, an averawe of 16 ngs and 11 flqhes per
40 m3 were found during the day, only one egg and practically not a~sing1e
fish was caught at a depth of 150-200 m, The obvious day/night difference

between the egg.collectioﬁs in the 0-30 m layer is not sighificant.

At the surface, the maximum of fish (without egg stages) increased .

during nights, In the 0-30 m lével there were two times (April,.June)vto
three times (April, June, Juiy).more fish (withéut egy stages) éaught.than
during‘daytime. | ,

In the 39-60 m layer; the humber of fish (without»egg stages) re-
mained, w1th one fish per haul dur:ng day or night, considerably lower than
in the adja;ent 0« 30 m top layer. The number of eggs was also lower in
the 30-60 m‘layer but it was still considerably higher than at the lower
levels, ori;zg number of figh (1 flsh as compared with apDr 4 epgs per
haul, |

- As thé most impoftant'fesult with respect to our work,.the follow-
'ing should be gﬁphasized: At tﬁe 0-30 m level, relatively many fishes
and relatively few eggs were foﬁnd whereas, at‘fhé:30~50 m levei, relati-
vely few fishes and relatively many eggs éould bé obgained. At the still

lower levels, the ratio between eggs and fishes remained about constant.

These results poxnt towards an ontogenetic vertlcal mbvement due to- which,

perhaps especially from the 30-60 m level, flshes migrate into the 0-30 m

. level. ' . .

p.Lf
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Fig,.8: Vertical distribution at 0-200 m level

4,213 Comparison: 0-10 cm/0-30 m levels

The population density in the 0-30 m mécrolayer.was compared with

the 0-10 cm‘midrolayer<on hand of the 1967 larvae- and ncuston-net samples.

t

The larvae-net samples originated from the Great Hetgor Seamount and from
thngosephine Bank regions. The material available was obtained‘ in the
course of ll-déyt;me hauls (time intervéls 2—7); éﬁd'9 night hauls (Eime
intefvalé‘lO-lS); The laryae-net_catchcé were compargd.with:oceanic neu-
ston-net sémples (regions 3-~5 of Fig.22; see p. 113), Thére wére 46 day-
and 36 nightAsampIes.‘-Cbmpariséns between the 6—30 m and the 0-10 cm
1?Véls vere made by always comparing the day samples from both net types
~and the hight'sampleé froﬁ both he£ tvpes with.one aﬁother{ ~During oné

3

haul,. the larvae net fishes 40 m” of water (BRIDGER 1956); whereas the

neuston net filters 160 n> per standard haul at 10 cm depth of immersion

. (1852 x 3 x 0.3 x b.l); therefore, ,the values obtained with the neuston

net were reduced to one fourth,
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The mean value for déy samples from tHe latvqe-net hquls was
X = 9.3, with confidence lﬁmits (95%) at 3.9 = 14.7. Tor the correspon-
ding4neuston-net samples, the mean value was X = 1.3 wvith confidence 1li-
mits (95%) 1.24 — -2.36.
o The night samples from the larvae-net hauls.réached a mean value

of ¥ = 33,4 (confidence limits 8.0 — 59.6), and those from the neuston

—

net resulted in a mean value of x = 4.55, with confidence limits (95%)
at 2.22 - 6. 38,

Therefore, the-density of samples obtained (larvae net) in the
0-30 & stratum was, by day and by night,-significantly higher than of
those from the 0-10 ch ﬁicroldyer (neﬁston:net). This result is surpris -

ing because, in these calculations, the difference in-catching-eificiency

between both these nets has not even been taken into consideration. For example,

.

did ' - : :
the larvae net/not catch any typical neuston fish at all, due to its

minimal towing speed (cf. 2.1; pp.9.andAl2). . The abundancies of the lay-

ers just compared could thereiore difier even more strongly than indicated

here. The ratio of 3.90 : 2.36 = 1.65 is statisticdlly certaig since 3.9

represents the lower confidence limit for the mean value of the larvae-net
catches during daytime, and 2.36 the upper confidence limit for the mean

value calculated for the neuston-net day samples (957 confid.).

The observations made by DECHNIK in the Nediterraneah Sea confirm

"the difference between the population density of both these layers: At
the surface (0 m),1the number of fishes caughtiis almost zero, while, at
the 25 m level, they represent a maximum. This distribution of fish popu-

lation is likely to depend uhon the: distribution of. phytoplankton since,

~according to FRIEDRICH>(1965), the maximal rate of-photosyntheéis through-

out the open sea is usually found at a depth of 20-30 m,
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The lésser number ﬁf fishes caught in ‘the 0-10 cm_micrdlayef'as
compared wi;h the 0-30 m &acrolayer is in contrast to ZAiTSEV's observa- -
tiéns from the Black Sea. ZAITSEV (1961) found,at the 0-5 cm level, £ish
éongregations "which considcfably exceedéd the known conéentrations.“ 4s
long as no comparative catches witﬁ'the same device have bgen made, it

the’ '
must be assumed LhatApleustal zone of the .Ul acL Sea (0-5 cm) has a ¢onsiderably

\

v

higher concentration of fish than thap of the investigated region in the ‘ p. 16
AthntiC‘Ocean (0~15 ém). This could‘haQG some relationshi» to the par-
ticular hydfogr&phic conditions in the Black'Sea;

4,22 Vertical distributicn of species i

, - ' among
In this chapter, the distribution o. types or species/ the in-

dividual microlayers of the surface will be discussed.
ZAITSEV (1961) showed in a series ol diagrams that larvac and
juveniles of many fish types have been caught with marked frequency in

the uppermost 5 cm of the Black Sea (graylinv", barhels, anchovies, sea

.loaches, flatfishes, among others). ZAITSEV does not mention any of the

types which preier one of the four dccner m1cr01averA within the 0~85 cm
level sanpled but DuNILlth & foIlT (1968) who worked with ZAITS Vs
PNC-5 off the Norweglan coast caught most horrlng larvae in the lowest
(70-90 cm) of tﬁe five microlavérs sampled, and SPECCH1 (1966) also

caught with the same apparatus in the Gulf of Trleste most eggs and lar=-

vae of Clupea’ and Engraul:&, as well as 1ndeLerm1nable larvae, in one of

the lower mlcrolayers.

The"following discussion of the lévels does not. take the undulation

~of the neuston net into consideration.
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.
Table 6 and Fig, 9 illustrate the vertical disperéion of those
neuston fisheé thaﬁ occurred most frequently among our material. Tirst,
in Table 6,Ithe density of the catches is compared in pairs of two micro-
‘iayers each, and grouPed acéording to the types pf fish, The pairs of
;microléyers result from the net cqmbinations used at the individual sta-
tioné: Iﬁ 1967, tﬁe 0-10 ém and thé 38-53 cm levels were first sampled
simultaneous}& with two nets (top‘ﬁet/'lower net = t/1), and later the
0-10-cm/10-25 cm  levels (top net/ middle net = t/m 1967). bpring the fol- "
lqﬁing year, the pair of tdp net/middle net.(t/m 1968) was used simulta-
neously for the 0-15 cm/23-38 cm levels. The number of fishes caught
witﬁithe indiyiduél combinationé are listed in Table 6. Compafison Qf
éll ghree'pairs (t/1, t/m 1967, t/m 1968) with one another.dbes ﬁot show —
as far as can be seen from the few,animals.cauébt —— any-esséntial differ-
ences betweeéi?;dividual éombiﬁations; therefpre, the.resuLgs from.a}l
three combinations have been'combined in the right column of Table 6,and
in Fig. 9,to allow éompariéon of top net/lower~§ituated néés (tlﬁ or i).
vIn“this'manner, the number of dopble.catcheé evaluatéd reachés frbm 10 to
137, déﬁending;upén.thg fish type. Since, in.1967, the top net was immer-~ -
sed only at times, these toéfﬁét samples had to be corre;ted for subse-
quent. comparison (t/m or 1). The depth bf’immefsion.was estimated at 10 cm
.(as compared_with 15 em fof ﬁiddle and lower néfs), and the vglue per stan-
dard haui»was raised éccordingly by half its number (Tgble 6). However,
even without this,correction.the fesults_showed essentially the same dis-

tribution pattern for the individual species. The values from the 1968

top-net samples remained uncorrected since, then, the net worked at a greater

dépﬁh of immersion (cf. 2.2; p,15).

.17
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Table 6.

Vertical distribu;ion

p. 1€
- 1967 | 1968 1967 +- 1968

t“ : tim tip oy L Ll RN S

Quoucnt n| Quotient {n ggzgg:& gggre(:tv Quotient | n Quotient | n | Ratig
’ /42 11| 27151 |19] 27/193 | 41/193 |322/10326 | 21| 363/10519 | 41| 1/2,8
: %‘é‘gél larvae | o300 |1g| 1384/2140 | 49| 1387/2432 | 20802432 | 762/2003 | 21| 286244525 | 88| 1/1.6
220 |3 T — = 220 | 31/20 |1883/2808 |26 1914/2828 | 29| 1/15

%“,Qlup_e‘ldea Jlarvael ...l et e JUOTE VRV AUROMUUTRRRE USRS SOTSUSPRNY FONSOVS SOOI DUVRY FERSARN. SURTRIOTS IO SO
. Myctophid larvaec . 4/10 8 442/447 18| .446/457 669/457 65/20 31 734/477 .29 1/0,6.
}I:ggophum veinhardti | 9/13 | 5| 1810 | 9| 2723 40/23 7/5 4 4728 |18 1/0,6
6. ctophum punctatiam 8/2 3 13/6 120 21/8 31/8 112/79 12] 143/87 27! 1/0,6
. Myctophum nitidukm | 72 | 4 8B {11 1510 23110 43 -4 2713 191105
T8, Exocoetidae | 141 72719721 |30 13122 | 19622 U T 1oeg22 37 100

9, Scomberesox sanrus ...} S502/T - |58 534/79 " {64| 1036/86 | 1554/86 188/24  [15{ 1742/110 |137| 1/0,1 .
- 10, Belone belote .- ... . .. 21 12l T2n 3l 4p 6/2 | 216/16 |27¢ 222118 |32} 1/0.1
" 11, Macrorkamphosnss. .o| 251 (13 = |—| 251 c| 371 .| 107/8 41449 |17 1/01
12, Gonichthys coccoi . . . . . 3g/o (15 31224 |29 350/24 | 47524 | 167/8. [11] 4232 | 55 1/01
13, Mugil spec. :......l —  |=| — =l = . 283/32 |20 283/32 |20 1/0,1
\ 18, Astromesthesmiger ...} 2/0. | 2 5/1 s 71 91. 10 3. 120 10| 1/0.1
. 15. Centrobranchus n. .. ..} - 11/0 5 14/1 7l 25/1° 3911 - 210 1 411 13( 1/0,0
- 16. Coryphatna equiselis . . 34/1_ 13 —~ . =] 331 51f1 fom —i. 51/t 131 1/0,0

= number of hauls
= number of fish caught in n hauls with tOp net

number
number
or | =
correction (center column) and other details are explained in text.

of fish caught in n hauls with middle net
of fish caught in n hauls with lower net

5 ~58m 3
[T

Tﬁé ratios from the right colunn of Table 6‘(t/m.or'i) are graphi-
Cally_illu;tréted in Fig. 9. In evaluaﬁing.the diagrams‘inzFig. 9, it
should be kept in mind that the true distributions are obscured by the
vertical undulations of the neuston glider.

| "Confinﬁally migraﬁihg.fish types do only slightly’influénce ver-
tical stratification siﬁcé, if 60 meters per hour is.postulated as the
sbéed.of migrafing, fhe fish passes, in the course of a 24—hourrday,the
Qicinity of the lower and ﬁiddle nets ip 40 secpndsl
" On the basis of“the results (Fig., 9), a Surface;negative; a slight-
ly surfaée;positiﬁe; and a mérked]yﬁsurface-positive group can be di

stin-

guished within the 0-53 cm layer.

collective number of Fish in n hauls with middle and lower nets;

p.17

-cont '
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NycLo— s
enrs and »EUVEX‘ '\111(19(3

- 8-14 15-16

—_ —

.'[] caught with top net
. caught with middle or lower net

Fig, 9. Vertical distribution of species. The numbers corre4
spond to the consecutive numbers of species in Table 6.

Individual species and stages of the fishes caught are‘faifly.
. among '
evenly dlstributed / these three groups.

In the following, the numerals between parentheses te% er to the
consecutive enumeration in Table 6 and Fig. 9. The values for the ratios
(top net/ middle—or lower-net catches) are listed in the last column of
Table 6.

Only the first stages of growth among our material were surface- ‘
‘negative: The small larvae (1), a mixture of forms that could not be
_ classified és belonging to specific species (t/m or 1, ratio 1:2,8);’eggs
(2) (ratio 1:1,6), and Clupeidea larvae (3) (ratio t/m or 1 =1 ;;,5). Herfi
‘ring larvae investlgated by DANIELSEN & TVEITE (1968) proved to be as
surface-negative,as the Ciu gxdea larvae in our material, while HARTMANN l

\bbh]eSng”HO|Qteln)
- & SCHNACK (1969) observed on berrlnp larvae in the Schlei- rlveg/a]so asur- |
face-positive behavior. Finally, in our sense.partly surfaqe-negative

(Osmerus eperlanus and Egrcidgg) and partly surface-positive ({yprinidae)

were the fresh-water fish larvae in the Eider-river (Schleswig-Holétein,

Germany) (HARTMANN & LINK, in prepérafion).
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.
The prefereﬁcé for the lower microlayers, exhibited only by the
first stages of growth,is presumably due to the marked ultraviolet fadin
ation thfoughout the“pleustal.dOmain, as strong radiation may harm espe-
cially eggs (BREDE& 1962, MARINARO.1966)'and 1arvée (DANNEVIG & SIVERTGEN
1933). However, eggé are known to float up to the covering layer when
the sea is calm. -
 in c&%trast to the conditions illustrated in Fig. 9 found‘ﬂAITSEék
(1961) an éspecially‘ﬁcharacteristicﬁ.abundance.of fish eggs in the upper-
most 5 c¢cm éf the Black Sea, which persisted even .with waves up to 2_& high.
| The discrepancy between ZAITSEV's result from the Blaék Sea and
that described hefe.in regard .to QerticaL_distributiom of eggs at tﬁe sur-
facezméy perhaps find'its.explahation in another observation by ZAITSEV
(1968) according to.which.waves, caused by force 3winds or more , destroy
. the stratificétion of the eggs and e&gn kill.part of them..ZéITSEV has evi-
. dently collected his material under comparatively calmer weather conditi-:
_oné; — It would be’imaginable,.furthermore, that oceanic fish eggs — in
adaptation to>the roqgher éufface'of the open sea f? havéAa higher‘spéci—
fic gravity and thérefore develop preferentia}ly in sub-pleustal iayeré.
Similar cohditions mai apply for the 1arv§1 stages (coméare_VINOGRADUV
1970). ©
| Slightly surface-positive wefe, among our materiél, several Mycto- -

Ehidaé:_Myctéphid larvae.ih), Hycophum reinhardti (5), Myctophum punctatum

(6), and Myctophum nitidulum (7). For all of‘tﬁese, the ratios (t/m or 1)

. . " , . ,
were 1/0,6 or '1/0,7 . Markedly surface-positive were the remaining 9 of

the 16 group5'investigéted;, Myctophidaevand other épecies (ratios. 170,1

.or 1/0,0);Exocoetidae (8), Scomberesox saurus (9), Belone belone (10},

" %) Translator's note: In Table 6, the ratios for this group ére 1/0;6
‘or 1/0,5. (cf.p.38) : .




Macrorhamphosus scolopax (11), Gonichthys coccoi (12), Mupi! spec. (13),

Astronesthes niger (14), Centrobranchus nigrooceilatus (15), and Cory-

phaena equiselis.(l6).

‘The vertical dispersion of our wyctophide is similar for related

'genotypéssinceonly the small (cf. 4.7, .12D slender-tailed myctophids

Gonichthys and- Centrobranchus who are barely dJSllnPUiShablé by Qutside
appearance, were ''strongly sutfacé-pOSitive.“
It should be mentioned at the outset‘that, as a rule, neuston. o p.18

fishes remaiﬁ only temporarily in the.pleustal doniain., Yor most groups,
- a diurqal migrétion (cf. paragraph‘é.ﬁ) and an ontogenetic vertical move-

ment (cf, 4.4, p. 52) could be oﬁservéd. In cqnnection with the vertical
‘distfibutién_of épecies, it is interesting that the characteristic phoé~

phate stratification of the uppermost 50 cm can be maintained even at

wind fofces 2-4 (Beaufort scalé)'(cf. 4.7, p.121),

4,3 Diurnal migration

, ‘hasis :
CUSHING (1951) described on the/of- Crustacae the phenomeng of ver-

tical migration, ‘McLAREN (1963)'pr0vided a review of the attenpts made to
interpret fhese phenomena,
| The-yélués in'Tab;e 7 refer to tbp-net catches (0-15 cm). Tﬁe num-
béf 6f fishés.per haul has beeﬁ corréctéd>in allAinstances to séandard
A hauls of 30 hin. duration at_the speed of 6 knots. Double hahls that fe11_ 
-into the -same time interQal wgfé listed»oﬁly with their mean values, Num-
befé @receded by a Zero ¥efgr to 1968 samples, >On1y pésitivé hauls are
recorded in-ﬁheuiablé.

4,31 Pleuston-constant ichthybnpuston

"To this group belong the smallest memberq of the neuston pOpula—

tion, namely Scombersox saurus measurlng 6~ 29 mm (HARTMANN 1970 b).
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Table 7. Diurnal mieration

Night SR Day ss Night
Time interval:y 13 1 1516 | 1 2 3 4 5 ¢ 7 8 9. 10 1
~Fish. type : Number of fish paught»with top net '
| qura;bamp/:onu scolopax: 082 ? .6 g 4 1 } % ; 17.
' ) -2 05 -2 1 1
, o 015 01 1
p : ol _
- Goni . |26 1. 315 T 373 178
i Go__:_wbtly&oaq: %; 1(1) . 3 - 15 - 2
e "5 2 5 13 2 55 10 4
1029 .3 1 2. 1 03 10
4 27 3 3 15 2 1
0 10 2 4 2 077 3
o 1 81 4 03 08
019 . 2 1 1 1031
’ 016 05 02
. Trachurus spec. .. 12 . 2 1 1 -3
o T(12) - i @ 3 @)
= H .
Berycids = i. 1.1 1 1 ‘% 1
A. ’ .. . ‘ .. - - - - Vl !
- - T - _ 11
:&fmu{lbe: niger a % 1i _ . S ! L3 i
. 01 1
_ . o A o1 01 .
Coryphaena equiselis _ 1 2 1x itx 1 1 1 1 * I % T
: i ‘ar 1 10 2 1 1 1 1 21 140 1
- Myetaphidc larvae . . : g1 27 50 b
. . : 63 | 1 ' o1 1 1.
L .- '8 . 01 | 100
063 o1
* = two positive hauls made consecutively within same time interval

()} = caught with lower net
Numbers preceded by zero refer to 1968 hauls

2. Coryphaena equiselis was caught, as shown in Tab1e 7, always

. \ - _ . A '
lin form of single specimens, but these were present in 17 hauls . . This

species as well as the smallest Scomberesox saurus (6-29 mm) appeared
among. day (9.animals) and among night catches (10 animals). The same

picture, including the noon-time decline which is indicated in Table 7,

resulted from PARIN's (1967) catches in the Pacific'Océﬁn.
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3. Belone belone with a length of 9-78 ma (309 animals from 38 [367]

hauls) were spread over all times of day (14 night-and 22-day hauls), Al-
though those measuring 79-370 mm (3! animals from 9 hauls) were caught
exclusively during the night, this is presumably due merely to. the dimi-

nished performance of the neuston glider during daytime, since DUNCKER

(1960) reported that Belone belone up to 12 c¢m longwere present during

daytime in aﬂundamce_aﬁ the “surface“, and adult belonids could bé obser-
:ved in.1968 during nights in free'waters)and at noon in the harbor Qaters
_of.the seaport Bathurst (V.Africa) (under ciear gkies) directly at the

surfaée. — Chapter 4.7 (p.121) deals wifh tha diurﬁal micration of Belone
belone withiﬁ the;scope of overall correlations.

4. The Berycid was, according to Tahle 7, absent from the pleu-
sfal’domain oniy during‘thg time of most inteﬁsive solar radiation. 6 ani-
mals were caught in- 6.night hauls, and 5 animals were obtéihed with 5
hauls during daytime. |

5. ﬂgggl'spec. (348 animals from 26 hauls) were found in the
pieustpn during the day (15 hauls) and during the night (11 hauls). It

cannot . be determinéd:from the present material whether individual length

groups vary in their behavior, -~ Liza aurata (= Mugil auratus) (about 30
mm) which were caught in the harbor of Ischia Porto, prefered the 0-25 cm
level during daytime, and stayed during nights immediately below the sur-

s face of a 1.45 m deep “arena”tmsin(HARTHANN:Internat.Rev.,'infpressﬁ

6, The.Clupeidea larvac, 3237 Engraulis encrassicholus and Sardina
pilchardus, were coliected in 13-day-and 15 night-hauls.
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4,32 Night-positive neuston

1. The larger neustonic stases of Scomberesox saurus (50-113 mm)

belong, in contrast to thosc measuring only 6-29 mm, to thisvgroup (HART -
MANN 1670 b).

2. Eggghgggé spec; (15-56 mm) is another example of night-posi-
tive ichthyoneuston.27 animals from 9 hauls were caught exclusively du-
ring the nigﬁt (Table 7)..

3. Myctophidé, eieeﬁt for the larvae (cl. 4,33, p.ééj,A ao of
course also beloﬁg to the'group of.night~positive neustoﬁ fish{ Gonicht-
hés coccoi, the most frequent m?ctophid among our' catches, was répresgnted
according to Table 7 with 597 individuals from 60 hauls during a}}‘tiée
iﬁtervalé (9-16) of the night,near the surfacc. Not a single ggéiéhthfs

coccoi was caught during daytime (time intervals 1-8),

The sorting of the Gonichthys coccei from top-net samples accor-
ding to age and sex, namely .
1) males,
2) females,
3) juveniles_ in wHJCh the naotonhores at or below the caudal pe-
duncle were not yet OOVEIOPCd

resulted, in 1967, in an ”adult”/]uvenllc ratio of 1:5. The séx ratio was

even,

4, Of the 1afger:Exocoetué obtusirostris (32-68 mmi,_bnly'one in-
dividual was qaught in the pleustal domain during.daytime, 4 sﬁecimens du-
ring dusk and 6 animals during the niéht.AnalQ@lB to this,.Exocoetus,
caught auring nights by PARIN (1667) in the:Pacific Gcean, measured. in

most cases more than 20 mm.

5. Of the Exocoetidae D (18-27 mm), only 6 individuals were caught:

'Not one an}mal during the day, one specimen during dusk, and. 5 specimens




46,

N

during the night, PARIN (1967) also ohserved that larger Bxocoetidae (in -
contrast. tp the smaller ones, see below) did stay in the pleuston during

nights.

. 6.. Astronesthes niger (Table 7) represents a special case among
the night-positive neuston fish. 1In 1967 and 1968, 13 animals from 12

hauls were caught exclusively during time intervals 11-14, that is, around

midnight. Astronesthes niger also differs morphologieally from all other
neuston fish obtained during the '"Meteor" cruises by the swallness of its

eyes,

4,33 Dusk/dawn-positive neuston

The diurnélimigratioh of myctophid larvae (diverse species) waé
'observed”alfeddy by PARIN (1967) iﬁ the pjeustal domaiﬁiqf the Paéific
Ocean., He found myctbphid larvae almost exclusively during brdad da&ligﬁt,
and espeéially numerous towards évening (18 hrs) [6 P,M.j and in thé mor- -
ning. (8 hrs) [8 A.M.]; in additioﬁqhe noted a decline'ag noon, .

| Tabie 7:illustrates'our results from the catches‘in the Atlantic

"Ocean; ‘25 hauls were spaced over.24-hour days as follows: 'During night
(time interﬁals 10415) 3 hauls with § tbtal of 12 animals, during dusk/dawn
(tine intervals~16;1-and-8;9) 17 hauls witE 4?9 animalé, and dpring day~
'time‘(ti&e intérvals 2-7) 5 hauls with 31 animals. Table 7 ghus confirms
ih'eséénce PARiH!s,bbéervatioﬁs)but‘with the following !imitaﬁidns: The

dusk-dawn maxima were considerably higher in the Atlantic, the noon-time

decline much more 6bvious, and_during daytime (time intervals 1-7) only an'

insignificant number of myctophid iarvae was caught except for one haul,.

. The dusk/dawn-positive behavior of myctophid:larvae was recognizable

also in a series of 5 consecutive 35-minute hauls (Mos. 131-135), Because
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of the cloud cover, sunrise could not be directly observed. Most animals

" stayed during dawn within reach of the middle net. However, the dawn as-

cension of part of the myctuphid larvae into the,uppermost microlayef be-
came visible: While_darkness prevailed, not one myctophid larvé was found
in the top net, ana oﬂly few (6) were in the;ﬁiddle ﬁet. 4t the beginning
of Sunrise this pictﬁre,had still not changed (0/5)._ Later during’dawn |
there were 63’1arvée\in tﬁe top net and 145 in the middle net. At the

time of'trénsition toldayligﬁt one larva still landed in the top net, while
22 were still caught by the lowér net. The last haul of this series did

not yield any more myctophid larvac,

4, 34 .Day-positive neuston

1. Macrorhamphosus scolopax (7-65 mm) was found in the pleustal’
zone only duting daytime and during dusk/dawn: 21 positive hauls were

made during the day (time intervals 1-8), and 9 hauls during the dark

phases of dusk or dawn (time intervals 9 and 16). No Macrorhamphosus sco-

lopax was caught during time intervals 10-15 (night) (Table 7, p.43).

2, OSmaller Exocoetidae must also,in contrast to older stages,
il TR i )

be included among day-positive neuston. The smallest Exocoetus obtusi-

rostris (6-8 mm) were found during daytime with 17 animals, and two more

.were\still caught in the pleustal domain during the light periods of dusk

'

or dawn, Thé_next-larger group (9-19 mm) also stayed in the pleustoh du-

ring daytime. (38 animals) but remained still. numerous (34 animals) throughout

the cover layer during the lighter half of dusk or dawn, For' the following

N\

Vgroup (20-31 mm), the time of their presence in the pleustal domain was -

shiftedvstill further into dusk or dawn. Egpcoetus of this length numbered
5 during the day, 5 during the Iight'periods of dusk/dawn, and 2 animals

were still found at the surface during the dark part of dusk or dawm.

p. 20
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The yéunger stages'of exocoetid D_behaved 5130 day-positive, -
The length group of 6-13 mm was rcprésented with 28 animals dﬁrihg the .
day, with 8 animals during dusk/dawn,. but not once during the nigﬁt. With:
thé next length groﬁps} distribution was shifted gradually toward the
night,. as it'wgs for ﬁ£ocoetus. EXocoetids D of 14-17 mm in length were
rebresented during the day ’[yonly 7 specimeﬁs, once .(‘mring dusk/davm and
by 2 ‘animals during the night. -The:day~positive behavior of smal-:
' [

ler exocoetids was observed also by PARIN (1967).

4,35 Alternating diurnal micration of two dength groups

It beqomes-apparent from th¢ review on diurnai_miérétiOn that mést
néuston fishes stay in.the pleustal domain only temporarily, and then du-
fing'different times of the day. The ecslogical iﬁportance of such a dis--

‘tribution may, on the-bne hand, lie in the fact that the accumulation.of
individualsvat‘thé surface is being avoided, andlthat, on the other hand,
a ce;téin ecological isolation of individual length grddps (FARIN 1967) is
being aéhieﬁed in this manner, since the small stages were found in the

pleuston mainly during daytime, the larger stages during the night.

. The length groups of Scomberesox saurus were not coupletely iso-
lated from one another because the smaller animals (6-29 mm) were present
in the pleuston.by day and by night, whereas .the larger ones (50~113 mm)

were present only during the night. Thus, Scomberesox saurus is distribu-

1fed according to the rule that the younger plankton‘étages stay highef and

do néf‘parti¢ipate‘in vertical migration, or at least to'a.iesser degree
than adult pladktérs&

| The two most frequént exocqgéids, howgvef, éxhibited‘aﬁ alternating

presence of length groups in the pleustal domain: The smallest group was
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.preéent exclusively during daytime, the largest almost exclusively by

.night. Thereby, gradual shifting of the time of presence in the pleu-A

ston took place from iength group to leﬁgfh group, as described abéve.

Finally, myctophid larvae and older myctophid stages are alsoA
staying in'the'pleustén at different times: The larvae during dusk/dawn,
the older stages by night (Table 7, p.43).

Accoraing to PARIN (1967), Xiphias and Gemphylidae represent ad-

‘ditional examples of the alternating presence of different length groups

.

in the pleustal domain.

PARIN_(19675 suspected that the smaller stages which stﬁy‘in the
pleuston exclusively by day descend into deeper levels by night to avoid
1afgér predators among their owﬁ kind énd among the Myctophidae, However,
to our material, such a separation of the length ngUps existing in the

pleuston applies, in fact, only in some respects, The smaller animals of

Scomberesox saurus (6-29 mm) remain there also during the night, and the

neustonic - length groups of Belone belone scem to be just as little isola-

ted from one another, as Onos cimbrius were found in the North Sea during

night and during daytime. Also Clupeidea larvae (23 hauls with 3237 ani-

"malé)did not seek safety in greater depths during the night,

It is obvious that particularly those species which live in the
pleuston in great numbers do stay day and night in this domain: Clupeidea
. N .. >

larvae’ (3237 individuals caught), Onos cimbrius (852 specimens from 22

North Sea hauls) (HARTMANN 1969}ﬂ,}1ugil.3pec. (348 geximeng. caught in

26 hauls), and Belone belone (430 animals caught in 40 hauls),

By way of interpreting these data it could be postulated that spe~
cies with high propagation numbers can afford to diépense with the verti-

cal migration of their young stages that live during the day in the pleu-
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ston and are.thus-decimated to a Higher degrge‘ﬁy predators on Ehe one
hand.but, on the other, ‘do also s#ve their energy Sy_the elimination of
vertical merments.
Anglogous f‘d"tiii's;' "“'b@é{oé“;i\rhhuﬁf' - population numbers are low in the

7 e
p‘6135tcnl btl(%gg neuston group that 1eaves the pleuston by nlght. Mac1orhamphosus

scolopax,-Exocoetidae,‘and probably also the larvae of several myctoPEid
species (as shown iﬁ Table 7, there was only one individual each-éaught

in 13 out of 25 posiﬁive ﬁauls); as well AS»Xibhias (PARIN 196?) and Geﬁ-
Ehilidae>(fARIN 1967); Accordlng to hitherto published results, Corxg -

ena eqU1selis (Tablp 7, p.43) and the beryc1ds (Table 7) are cxccptlons

'siﬂce their low-numbered pcpqlations_remain in the pleustal domain by
day and by nlght
The relationship between diurnal migration and the. abundance of

individuals in the plédston as described abo&e lets the ecological iso-
lation of iength groups appeaf as an;édaptation to‘the more or less in-
tensxve danger (depending upon the time of day) that the ichthyoneuston
faces from its enemies. . However, it would also be conceivable that this
ecological_isolation of the lehgth_grbups is effected by nutritional con-
ﬁitions;>,these vary in the pléuston'with'tﬁe fime of day and sufficient
food supply for &he larger groups might.be available only by night, while
light‘cbnditiqﬁs'in thg pleustal might suffice only by day for the small
neuston fish té see the necessarily small organisms that fepresent their
food. '

4.36 Aporepations in the pleustal domain

vonW%HLERT(1963) considers the formaLlon of schools obligatory

for pelagic flSh whlch do not represent the final link in a nutr1t10na1
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chain, . This rule excludes first of all the day-positive neuston f{ishes:

'The beryeid was found in 11 samples; three of these catches

were made in immediate succession and only one herveid was found in each
. /

of these (Fig. 7) [Table 77].% Of Phycis phrveis, only 7 individuals were

found among 6 samples. Other examples of lesser densitv during davtime

are, according to sampling results: Corvphaena equisclis, lacrorhamphosus

scolopax, Type D, and Exocoetidae. Furthermore, PARIN (1967) caught by
day, with the pleuston trawl, larvae and juveniles of Xiphias as'well as of
Gemphylidae, usually in the form of single individuals; also diring the

"Meteor'! journey of 1967, 3 Xiphias were caught in 2 hauls, and 5 Nealoj

tus tripes (Gemphylidae) in 4 hauls during dusk/dawn or by day. Many of
the oceanic neuston fishes that roam the plcustal domain by day, obvi--
ously lead a solitary life or form only small aggregations.

By night, there were not ohly fish types found that live in iso-

lation such as the berycid (Table 7,.p.43) and Coryphaena equiselis (Table

7), but also those species ‘that probably do form larger schools.

Astronesthes niger must be considered as a night-positive neuston

fish that is solitary by nature. 1In 12 hauls there were 13 individuals

caught. In contrast to Astronesthes niser, so many ccomberesox saurus,

Types C, Gonichthys coccoi, and Ceratoscopelus maderensis were found during

Ll &l

nights and the dusk/dawn periods that the existence of larger aggregations

can be assumed. These aggregations may perhaps represent an adaptation

to food supplies because plankton is mﬁre-abundant in the pleustal domain

during the night than during daytime.
As a paféiiel observation oﬁ’cephalopoda it should be mentioned
that CLARKE (1966) did not ohserve any shoaling behavior in the only oce- .

anic species whose adults live near the surface during davtime: the blue

*) Translator's note: While,here,the_original text refers to YFig.'"7, it ’
is Table 7 which.illustrates this particular statement (cf.pp.30 and 43),

’
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Onychia carribea, whose juvenile stages did occur also in our catches

"possibly appear at the surface of that area (BAKER 1960).

4.4 Ontogenetic vertical movement

~

After showing in dhaptef 4.3 that many neuston fiéhes stay in the
pleustal domain only during.specific'timés of the day, the role of the
pleuston in onﬁqgenesis will be invesﬁi;atéd in chapter 4.4, Ontogenetic
vertical movements qaﬁ be observed on invertebritgs and fish: CUSHING (19519
stated that,‘as a rule, juveniles stay closer to. the surface than adult
stages., Postlarval stageé of'the MQctophvdae for example, descenctﬁor

their metdmorphosis to deeper layers (TANING in: Faune Tchthyologique =

'ichthyplogic fauna; pp.1929 £7,), and Macrorhamphosus scolopax leaves

the pelagic domain upon reaching a length of appr. 50 mm (MOHR 1937).
rd

In the following it shall first be discussed which stages were

o

fdund_in the pleustal zone. In contrast to ZAITSEV (19685'and in agreement:

P

with investigations conducted in the North Sea (NELLEN, oral communication),
the observations made on the present material did not show a dominance
of the earliest stages, but rather a dominance of wedium stages., The pleu-

=

ston-negative distribution of the first stages of these fish was visible

"~ already 4in Table 6 (p.39) and Fig.9 (p.405.

ngntitative.compar?son between the.nepston-net and larvae-net sémp—
les also sﬁpwé'that larvae live chiefly in deeper iayérs: Comparison
~of the 0-10 cm microlayer'witﬁ the 0-30 m macfolayer (cff 4.213,-p.35)
resulted in é»ﬁignificént ratio of 1:1,65 for £he sample densities. This
picture is compleménted by>£ﬂe resulgs of DECHNIK & SININKOVAV(196&) wﬁo

described the Qettical stratification (0-200 m) of pelagic fish larvae in
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the Mediterrenean Sea. They found,during all three years of investiga-
tion (1958,1959,1960), the maximum at the depth of 25 m, and a minimum
at the surface..

Many species appeared in the pleustal fealm only at a minimum

length of 6 mm (Table 5, p.25): Scomberesox saurus3, Coryphaena hinpurus,

Exocoetus obtusirostris, and Exocoetid U, the berycid, Onos spec, (1963), 2
: ‘ - p-

(3 %]

. ] . 4 . ’
and Onos cimbrius from the North Sea (HARTHANN 1969 b). A minimum length

of 7 'mm was observed for myctophid larvae, Hacrorhamphosus scolopax, and

gggil sﬁéc. The 6-7 minimum in length applies to many day-positive pleu-
ston indiviaualg;_ theilower limits for the length of nipht-positive ﬁi#hcs
lie, at dppr. 15 mm, considerably higher.

The ﬁicrostrafificatioﬁ.of the surface Iayéf, the comparison bet- .
ween the pleustal.andApelagig domains, the macreostratification according
to DECHNIk (1964), and the frequency of a mininmum length of 6 nm, all point
to-a development of the earliest»stages of‘neuston fish'in‘deeper strata,
and to subsequent onfogenetic vertical migration; 6 mm couid be consi-
dered as the ﬁcritical” length — as the condit;onal prerequisite for sur-
vival in the extreﬁe\biotope (cf. 4,7, p.12D). |

Both tﬂe Clupeidea and thé myctophid larvae represent an exception
to the rule that larvae seldom stay in the pfeuspal doﬁain,bmf.both these

: sh A :
groups are, characterqgally enough, not "marked!ly surface-positive" (¥ig.9,

p. 40).

3) The fact that 45 Scomberesox saurus (I'ig. 11) were caught whose
total length measured 6 mm represents a correction of DUNUKER's (1960)
. statement that the smallest Scomberesox saurus in the cover layer have

~a length of 15 mm.

4 RICHARDS (1959) collected, correspondingly, with oblique hauls
particularly the smaller Onos cimbrius measuring up to 5 mm,




.

The ontogenetic vertical migration which leads the myctophid lar-
vae to deeper strata during metamorphosis can easily be detected in the
neuston Samples:._The transitional forms between the negligibly pigmented
larvae and the larger juveriles with the characteristic pattern of longi-
tudinal photophores afe extensively absent.

Having discussed the 1arv§e, attention éhall now be focused oﬂ

the juvenile stages of the pleuston. Revealing is here the composition

of length stages of Gonichthys coccoi (iFig.10) caught with the top net,

» Only 6 Gonichthys coccoi were smaller than 22 mm, but 52 animals
of those gaught were 22 mm long, Vithin the length group of 26-29 mm there
belonged, on the average, only 13 animals to each millimeter-subdivision
whereas, in the nexﬁglower millimeter group, ﬁheré1were still 75 animals -
a leap which cannot be explained solely with mortality qnd negative perfor-
mance of the net. Half of the Conichthys (231 of 463) belonged to the nar-
qu_margin between 22 and 25 rm. Animals of this length!were juveniles;>
thgy had not.yet developed the photophores on or under the caudal pcduncie
which are cﬁ&récteristic for ﬁhc se*es.and vere clearly visible.on males
and femaleSfméasurihg 44 mm of MOYe == én indica?ioﬁ that the diagrém.re~
flects an oﬂtogenetic ﬁfocess: JAE a length of 26 nm the‘process of matu-
‘ration commences which is then completed in animals~d£ appr. 40 mﬁ length
(In: Faune Ichthyblpgique; 1029), |
HUNTER & MITCHELL.(1967) found still more compact léngth~spectrums
than that*iliﬁstrated in Eig;IO among juveniles accompanying drifting obf
jects, | |

N

The length distribution of Gpnichthys coccoi shall now be compared

with the length composition of the most frequent species, Scomberesox sau-

rus (HARTMANN 1970 b), The smallest stages of either species occur suddenly



55.

%

in great numbers, but, in contrast. to Gonichthys coccoi, the number of

just as Macrorhamphosus scolopax, appears to leave the pleustal domain

Porto (HARTMANN; Internat. Rev., in press),

Scombersox éaurus decreases only gradually with the increasing length of
the aﬁimais. Here also, deparﬁure frOm the biotope is probably iﬁitiated
by gonadal maturation: Commencing with 63 mm.length the females had imma-
ture eggs, measuring 2 mm,.in their ovaries, The gonads of male animals

were, at that length,also visibly developed., -~ Analoguodsto this, Macro=-

rhamphosus _scolopax migrates upon attaining a length of 50 mm at which

time metamorphosis to adulthood begins (MOHR 1037), The largest Macro-

rhamphosus caught in 1967 (n. = 56) measuféd indeed exactly 50 mm, There

was also one individual caught in 1968 which measured 69 mm (n = 108),..

but this belonged most probably to the holopelagic form Macrorhamphbsus

gracilis (for classification of Macrorhamphosus see p. 56}, «— Onos cim-

brius,.éncounteted-iJLtheNdrth Sea (HARTMANN 1969 b), which is meropelagic

at a length of appr. 43 mm, since the largest specimen caught near the
surface (by MIELEK 1925) was 41 mm long, and the maximal length in 1967

(n = &25) was established to be 43 mm, Onos cimbrius is still at the

juvehile stage when‘mEasuring 43 wm, — A'correSpondihg order of length

groups has been observed personally on Liza aurata in the harbor of Ischia

The argument that the sampling devicelused wasvsimply not capable
of catching.the larger animals can be refuted by bointing to the results
of SUND & R;CHARDS‘(1965) who,~af thé.extremely high towing speed of 12
knots, did not.catch any 1érger Auxis in.the pleustal.domain.than.ag a

towing speed of 2 or 5 knots. o
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"The ontogenetic vertical movements of Macrorhamphosus exhibits p.23
' ' ' cont

some interesting aspects. Before discussing these, the following facts.
should first be mentioned briefly: M. scolopax (L.) spends its adult life

near the sea bed, M. gracilis (LOWE) in the pelagic domain. Juvenile

Macrorhamphosus which exhibit-all the gracilis charactetristics, are spe-

cies-specifically indistinguishable (MOHR 1937). OKADA & SUZUKI (1951)

combined all four subspecies of Macrorhamphosus to Macrorhamphosus scolo-

pax. -e‘During the 1967 "Meteor" journey, M. scolopax as well as M. gracilis

were éaught in adult stages (colored photograph in HARTHANN 1969 a),.

If scolopax and graciiis should indeed represent one and the same

species, it would be conceivable that those individuals who cannot find

the shelf or plateau at the time of descending from the pleustal domain,
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continue their pelagic existence as M,gracilis, bearing the character-

istics of the pelagic juvenile forms — a paralle! to the parr-markings

of sea trouts that fail to migrate to the ocean.

However, if M.scolopax and M, gracilis should represent two genow-
* __..._....__.J:.A._.‘ _._g.__._..._.__....... P ¢

types, it could be thought — contrary to MOHR (1937) — of M.gracilis as

‘the genetically younger species, that is, as a neotenic form of M, scolo-

pax; this would 1énd suppoft‘to von WAHLERT'S (1963) opinion that the
population. of the pelégic.domain went forth from the benthos; In dis-
cussing von WAHLERT's presentation, KOSSWIG and REMANE each quoted an ex-
ample of peiagic fish that could have develOpe&‘through neoténgc proces-
ses fro@ littoral forms.

Adult.animals,'eépecialiy of the larger sbeéies,‘presumably do .
no longer cliﬁg as rigidly to thecnarrow pleustal domain. During the
"Meteor" cruises, only few of the larger gdults:were observed near the

surface. The nutritional requirements of many adults, further increased

"~ by propagation,.can probably not be met by the pleuston alone since the

amount of available food does generally decreasc with each higher trophic

level, ' The dominance of juvenile fish in the pleuston would then compose

© a convergency phenomenon mimicking dwarf fauna (TIMMERMANN 1932) that

accombaniés sargasso weed. Probably here too, the available food supply
does not suffice for larger forms (TTMMERMANN 1932),

Most of the larger ichthyoneuston is, correspondingly, found on-

~ly during nightS in'the'pléustai domain, that is; at the time of maximal

' - . o ., exist .
plankton density. It is characteristic that the only exceptiogxax %elone

belone, that is, the species whose distribution remained limited to nutri-

_tionally-rich'upwalling waters (I'ig.22, region 1; p.113 — Fig, 23, p.l15),

It should be mentioned in this connection that Onychia carrabaea whose




adults — an exception among occanic cephalopods (CLARKE 1966) -- stay
near the ‘'surface' during daytfme, reaches a maximal mantle length of only

36 mm.

According to our interpretation juvenile.stages.dOminate‘the -

pleustoh because -~ contrary to most larvae — they tolerate the physical

conditions near the surface, and béecause for them — in contrast to the
. : . , ‘

larger adults — the trophic capacity of the pleuston is still sufficient, -

However, HUNTER & MITCHELL (1968) who collected fishes that accomp-

anydrifting‘objects with a special ring net, related in 1968 the dominan-
" cé of juvéniles to the natural surplus of younger stages. -~ From the ce-
phalopods éf 6ur material; the adult stages were also almost enﬁirely ab-
sent., Oan'Argonaugg of ﬁp to 16.mm (measuredlffom thg posteriér edge of
the eye) carrieé mature eggs'in tﬁeir shell (ﬁARTMANN 1970 a). -

4.5 Intestinal contents

4,51 Introduction

Oh1y a limited number of papers deals with the iﬁtestinal contents
of larvae and young, stageé. This may be due to the difficulties involved
_in.oﬁtaining thé'necessary'amount‘of'homogeneous fish material. Here, the
ngustoﬁ net offers special possibilities; On account of its high towiné
speed, it covers a.wide'longitudiﬁal.specfrum and, thanks to its speciali-
. zation, a narrow sPécfrum of species.

KBNNE (HAGHEIER & KUNNE 1950) compilgd the results of investiga~
tions bn-fhg nutrition of boreal fish larvae. LEBOUR_(}917~1933) produ-,

ced five impdrtant.pubkications on the intestinal contents of aneustonic

boreal larvae and youngvstages. - MARAK-(1960) concentrated on larvae of

boreal Gadidae. COVILL-(1959) examined the diet of larvae and post-larval

~

p. 24
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stages of boreal Ammodytes americanus. Reports on the nutrion of subtro-
. : -plecal yoﬁng stéges are not known to the éuthor.

Detailed publiéations,on the intestindi contenté of ichthyoneus-
ton are, as.yet, also'ho;.available; PARIN (1967) suspected thé existence
of a relationship between the vertical movements and ﬁhe feeding'rhythm
of.neuéton fishes; and ZAITSEV (1970) repérted that grazing takes place
in fhe u?permosﬁ 5 cm for‘most pelagic fish larvae of.the Black Sea. He
found (1961) characteristie components of neuston in the intestines Qf
small_fishés. |

.In the course of nunerous éﬁéminations of intestinal éontents of
adult IlSheS, diverse mcthods have been developed by limnologists, ichthy-

- and
ologists,: and fishery blO]OngtS, £01 the evaluation description of intesti.

nal contents. The knowledqe of earlier llmn01001sts has been summarized

by SCHILMENA (1922), while EIILAY (1953) supolled more modern review.

For the_present analysis of intestinal contents, a modification
of the metﬁdd was used which had been described by PILLAY (1953) as the
"occurrence metﬁbd“c As the unit of méasuré, the pércentage of fishes was
utilized in whose intestines aispecific type of prey was found. In this

manner, the "occurrence method" is c0nduéivetx)qrrorixxthat prey. which - is

.frequent1v 1ng9stpd but onﬂv in: nooem@al fashion 1¢ ovmrwqtpﬁ, vherea.

reat anounts
prey which is e’ldom ingested, but in§ 1s un érrated This error has been correc-

“ted in tho,present work Dby the vertical columns of the diagrams which take
into consideration also the frequency of a particular prey in individual

intestines (see below). Although the frequency.of ingested organisms

- varies according to seasonal and regional conditions, these diagrams pro-

duced consistent results. For example, seasonal variations of ichthyoneuston
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1

showed very similar intestinal conténts. These investigations were li-
mited to the material obtained in 1967; the few.exqeptions‘are marked
accordingly. -

| The organiéms found in digestive tracts of the fish were identi-
fied according to WICKSTEAD (1965). For practical and ecological rea-
sons, the ingested orgahisms were only roughly élassified (HARTNANN 1969 a),

The'following sources of‘error exist in the éount of organisms
found in the fish intestines, and should beAtaken into consiaeration:

1. PILLAY (1953). pointed out that objects of nutrition need
varying lengths of time for passing through the alimenfary canai. If is
possible, for.example, that too many gastfoﬁoda and tbé few nauplii were
'consiaered in the présent material.. However, since the extent.of_this
error cquld not be estimated, novcorresponding corrections weré made;.‘

2. MORRIS (1950) criticized .the customary examinations of in-
_testinal conténté: Not everything found in the digestive tract.of a fish
is being digested; Particularly the easily identifinble objects could be
without nutritional value for the fish as they might possibly pass tﬁe in-
feétines undigeSted; The eggs of invertebrates may.represent an examfle
for such worthless intestinal contents," |

‘Unfortunately, the neuston glider catches so gently that the
more robﬁstfish will.COntinue"to take in food while inside the net. This

fish '

fact can be.gathered from theqscales‘fpund in 1967 and 1968 in.almést all

the larger Scomberesox saurus (55-113 mm); - there were great numbers of

them in the proximal portion of the digestive tracts.
So as to eliminate the existing error, the fresh contents from

the proximal part of the intestineés in 92 Scomberesox saurus (50-113 mm) -

were compared with the contents of middle and distal portions, as well as

with Ehe slightiy'digestéd food from the proximal intestines.ofASI Scom-

’
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beresox saurus (50-113 mm)ﬁ‘ hus, the following percentages resulted for
the individﬁal groups of food found in the proximal and remaining intesti-
nal portions respectively:
| Calanid éopgpoda:-é %{66%; ostracoda: 37% each; gastropoda: |
28%207%; Oncaea: 17%/10%; cladocera: 15%/35%; amphipoda: 15%/10%; Cory-
caeus: 13%/30%; Sapphirina: AZ'each; Creseis: 1%/8%; teleostean eggs:
oy A |
As can be seen from this listing, extepéive uniformity exists
betweeh‘the contents of the proximal and the remaining portions of the in-
testineg. A marked discrebancy exists only inlthg case of tdleostean eggs
(14%/2%),. but thié difference is expléined easily enough by the fac; that
the egg-remains are no longer recégnizable as such iﬁ the middle and dis-
tal poftioné of the intestine. Therefore, in the following calculations
of'cofrelatidn éoefficients, teleostean eggs were not included, Based on
the 9 most important food groups, the correlation éoefficient for the con-
.tents of the prqximal_and remaining intestinél portions resulted in r =
0.87 (95% confid, _0.58 g‘ggiﬂ. 59); this value justifies the inclusion.

of the contents of the proximal intestinal portions — except fish scales —

in the evaluation of intestinal contents from larger Scomberesox saurus
(50-113 mm),

Smaller Scomberesox saurus swallowed very few scales during the

day (+5%)(Fig.12 s, p.67), and Fig, 17 (b;87) shows that the proximal por-
tion of their digestive tracts is vacant by night (time interval 13-16). It
' — : ' - eat .
_is certain, therefore, that smaller Scomberesox saurus do not,by night in

A

the net either, and perhaps also not'by day. However, it is not impéési-

ble that smaller Scomberesox saurus as well -as other neuston fishes p. 25|
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who had no scales among their intestinal contents are capable of .distin-

guishing between fish scales and plankton in daylight, and will there-

SN N
———— I

fore»<::zgcugh not scales nJ ingest plankton while-being caught in the

net-bag.

The only other species in which fish scales were also found more

frequently was Gonichthys coccoi. 7% of the GonichthyS'coccqi with sto-
mach'contenta (1967) had swallowed scales; and in 1968 there were 8% (Fig.
14, p.77).. It remains an- open question to what degree earlier investiga-
tiona might also have been obscured by the fact that some fish continue
.theif food-intake.while caqght in the net., Despite this fallacy, the pre-
scat resuits agreé well with one another and with earlier results from the
literature,

;4. The last source of error to be mentioned is the "anticadaver-

planikton
rain" (ZAITSEV 1968):: Upwelllnn cadavcrs from deeper strata, when 1ngcsted

“A ,
as food in the pLeuston, will_transmit a wrong picture of the digestive
stage in1which intestinai contents are found.

ThejtesUlté'df quaiitative.examinations of intestinal contents
are being presented in tﬁe followingAmanner: Fach Figure consists 95‘2
~ graphs, both relating to the same.typé'of ingested otganism; The hori-
.zontal columns sth-the pe;centage.of fish found with the particular type
of food.in their digestive;tracts, wherebylalways the number of indivi-

duals from one 1ength gfoup with that type of intestinal content equaled'

1007%. The range of each length group is also 1nd1cated in.the same dia-
through

gram in.that the columns stretch from 1 /5 “to 10 mm fish length The =

vertical columns (far right'in_Figsﬁ 12a-t):illustrate the frequency with
which the particular type of food was found in_individual digéstive tracts;
The dark part of these columns shows that more than 497 of a particular

length group contained more than 2 spec1mens of the food type 1nd1cated

’
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i
v . .,

When less than 50% of the fish from this length group had more than 2

specimens of one particular food in their intestinal tract, it was indicated

by a white column. This marking of the horizontal columns in black and/or
white,as just explained,applies also for Figs. 13, 15, 16, and 20,

O

The method of preparation shall be expldined on the example of

Scomberesox saurus. The abdominal cavity of the fish (> 25mm) was opened

. o . tracte
with a razor blade by a straight incision above the digestive \An intesti-
i / :

nal specimen could be obtained in a very clean and speedy manner from ani-
mals of appr. 20 mm length by pulling the head of the animal carefully

in frontal direction with a pincette. The intestine (with liver and ponads)

,tiuﬁh hung . full length on the head, held by the pincette, and could

thus -be preserved under especially Favorable conditions since the set of
instruments otherwise used to obtain the preparation had;so far,never
touched the ‘alimentary tract. This method can occasionally be used suc-

cessfully also on the smallest stages. . However, small animals (<2 10 mm)

.were usually opened under a magnifyving plass ' with ncedles, and

their intestinal tract was then, just as in the larger stages, slib open
with a needle,

4,52 ‘Constituents of intestinal contents

The-large-scale interrelations of the individual results are pre-
sented in Fig.20 (a=t, pp.65-67).

4,521 Scomberesox saurus

The intestinal contents of 911 formalin-preserved animals from
top-net samples were examined: 693 with positive, 218 with negative re-
sults. (The proportionate figure positive/negative is here only of limi-

ted predicative value since the amount of intestinal contents depends-
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upon the time of day,.and because only random samples were taken from‘lar;
ge series with empty intestinal tracts.) The composition of the material
by length groups is shown in iig,11 (p:56): ag'animals measured 6 mm, wﬁile
énly 20 animalé-belonged ﬁo the length grdups‘gf 80~90 mm. ~ Between thé

6 mm éroup and the 80;90 mm group the number 6f animals decreased gradu-

<

ally.

The d;gestiQe tract of Scomberesox sautus is a tube without con-
volutions; there is nOAStQmaCE (SCHNACKHNBECK 1955); Depending upon the .
kind of food ingested, the rectuﬁ takes on Qifferent colorations, €.,
violet‘(heteropéda), brownish (cladoceral, reddisﬁ (copepoda), or remains
colorless. Tge cﬁanging coloration of the recpai portion indiéates that
fbod}resofption takes piace here. The food is prevented from f}owing un-
hindered throﬁgh the tube perhaps by the elasticity of the organ in vivo,
and by a fold (Bauhin's val§e) fvalva ileoceca}is] which divides the middle

from the distal protion of the digestive tract,

- In Scomberesox saurus a total of 19 food types were distinguishable.
Fig.12a illustrates first the distribution of "green food remains'. The

green residue was found only in the smallest Scomberesox saurus of 6-16

mm length, most frequently (32%) in those measuring 10 mm, Probably,

_ . o shown in, ,
these organisms are ingested wmore frequently thanAtne diagram, which .is
based only on unmistakably green coloration, wdommimmkmmx Under the micros:

séope, no outstanding structures were distinguishable. The grcen residue
may, in part, perhaps be ingested in a secondary manner with tintinnids or

the
intesti~

N

-mollusks, but they were also found. independently from the rest of
nal contents. . L
Fig. 12b combines dinoflagellata, radiolaria, diatoms, and globi-

‘gerina as ''protozoa.' Protozoa were found in Scomberesox saurus from the




6 mm to the 20-25 mm groups with the maximum (327) in the 6 mm groups.

This shows that they played a rGIelonly'as a unit and then only in the

smallest stages of Scomberesox saurus

(6-8% mm), but even here were they

found only in a scattered fashion among the rost of the intestinal con-

tents.

Globigerinaewere found regularly in combination with gastropoda

For example, a 15 mm long Scomberesox

sides 30 gastropoda and 1 globigerina.

saurus contained nothing else be-

Tt could be suspected that here,

the fish with an appetite for gastropoda erroneously swallowed one .of the ) from

“similarly builf globigerinae.
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Fig«12A(cont'd on pages Gf and 67): Intestinal contents of 693
Scomberesox saurus with filled intestinal tracts: a) green food residue;

b) protozoa; '¢) Xystonella longicauda (?);

d) Petalotricha ampuila (7);

'e) gastropoda without Cresenq, Stvliola, or Diacriaj £) Creseis and Styli-

ola subula; (p t o.)

’
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White horizontal columns (in Figs.12, 13, 15, 16, and 20): < 50% of the
fishes had more than two sperlmens of Lne partﬁcular food contai-

ned in their intestines. -

Black columns: 7>49% -of the fishes had more than two specimens of the par-
ticular food in thelr digestive tract,
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q) -amphipoda; x) teleostean cpgs; o

o8 8) fish scales; t) crumbly or pasty
tar-1like mass. : : -
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Globigerinae, the most frequent among the group of protoza, Were p.28
: cont'd,

found only during spring in the alimentary tract of ichthyoneuston from
the Great Meteor Seamount.

The tintinnid Xystonella (?) deserves special mention because it

[ehetdrbi st vty

apply tb ény othéf nutritional objectf It was found exclusively in aniﬁals
of 6~11 mm in length, most frequently (26%) in the 6 mm group (Fig.12c).
In tﬁe région of the Great Metéor SeamOunt, tinéinnids were found
only.during the summer aﬁong intestinal contenté. In some regibns; these
prptoﬁoa~were.iﬁgested‘frequehtly and in great numbers: All 10 Scombere-
sox'saurus (6;10 ﬁm)_from'two sampies contained tintinnids, partly in
amounts which the protocol 1i§ts with.”ooﬂ Therefnfe, Xxsfonella'(?)

could play a more important role for small Scomberesox saurus than indica-

ted in Fig, 12c¢,

The second tintinnid, Petalotricha (7), was detected in appr. 10%

of the fishes meésuring up to.19 mm, but only in the form of single gpecjgnéns
(Fig, 12d). |
~ LEBOUR lelé-1922, p.265) spotted tintinnids merely occasionally

in boreal fish,.but he believedvthat monocellular organisms represent a

regular ingredient of the diet for Clugeideé and Qmmodytes measﬁringvup

to 10 mm. This length does about correspond with the values found here o pe29

for Scomberesox saurus.

As for the grouﬁ of gastropoda (without Creseis, Styliola subula,
and Diacria (Fig. 12e), we were dealing mainly with Atlantides. The
gastropoda were, similar to the copepoda, important for all length groups

of Scomberesox saurus., However,. contrary to the copepoda, emphasis was

placed mainly on their importance as a food for the younger Scomberesox
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saurus., They Were.found in appr. 607% of the Scomberesox saurus ub to 20
mnm long, and ﬁerely in 20% of the fishes measuring 50-90 mm. In the me-
dium lenggh groups, the gastropoda are perhaps replaced by the.oStracoda
(Fig., 121). In any égse, the ostragoda'diagram rﬁns, for the middle
groups, opposite to that of the gastropoda. The alimentary tract of the
ydunger stages was often stuffed with éastrOpoda. For example, the intes-

tine of one individual measuring 15 mm contained 30 shells in immediate

succession.

The group Creseis and Styliola subula (Styliola s., as identified

byWEIKERT according to TESCH) did occur frequently, but always in the

: . (Fig. 12 £). ; ‘

form of single specimeniA About 40% of the fishes measuring up to 20 mm
. B EOL ) ' '

had ingested Creseis and Styli@la; put for the larger stages, Creseis and

Styliola remained of no importgnCE.: Similarly to Fig. 12c, this dia-

gram also revealsan opposite tendency to that on the ostracoda.

Among the material investigated is Diacria (Fig., 12g) only of mi-

=~

nor importance. Less than 10% -of* the fishes up to 45 mm in length con-

.....

tained this ggstroPod, and thenwaguisolated Speéjdnens,Diacria _ﬁas found
only during spring among intesfiﬁai contents of fishes from the Great
‘Meteor Seamount so’ that, femﬁogégiij, this,gaétrdpod attained greater.im-
portancé than can be gathered f;oﬁ Fig. 12g. | |

The presence of nauplii (Fig. 12h) was restricted to few regions.

The diagram reveals that nauplii were mostly found in singular instances

and exclusively in ‘smaller Scomberesox saurus of up to 15 mm in length;
the maximum was represented by 23% of the fishes in the 12 mm group, It

4 . o | . is .
is possible that the nauplii play a'mowr important part thaﬁAshown in the -

diagram since, especially among. lumps of"brqwn'or-greén food residue, their

delicate ca:apéces,might easiiy'have been overlooked. 1In addition, these
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fragile organisms should paés the alimentary tract relatively speedily
go that their coﬁnt,in relation to the unwieldy tintinnids and the mas-
sive gastropoda,vas probably underrated.

- Invertebrate eggs (l'ig. 12 i) had quantitatiﬁely no .significance

for Scomberesox saurus. They were found in almost all length groups

but in most of them merely in less than 19% of the animals, whereas,’

Soiast Sy’ Sap b S

" by way of comparison, 20% of aneustonié bdreal égﬁédytesA(B-ZB mm ) c@n-_
tained invértebrate eggs (COVILL 19595._ While snapped hy>the youngest
fishes probably as free-swimming egos, it is likely that they were in-

- gested by the .older stages together with their mother, The.possible dif-
ference between indirect and direct ingestion of inveftebra;e eggs bhe-
comes apparent also in the vertical column of the diégram. It i¢ also
possiblé that the eggs ol invertebrates possess no food value since,‘ac—'
cording to SCHENZ (I922),mény'copepodq eggs'leave the alimentary tract
of their predators alive; and also in our material werezco§Opoda eggs

found in the distal portion of the intestines of Scomberesox saurus that

were unaffected by digestivé dnstruction.
-'LEBOUR\(1919—1922) mentioned invertebrate eggs in various young-
‘stages of marine fish from the hOregl domain, ‘
| The>maximum of the cladoceraaPoéitive .fishes‘(Fig. 12k) was
found in the 19 mm length oroup (63%). Toward the 6 mm group.k3%) and
the 80-90 mm gfoup (10?), the number of cladocera-postive'inteétines de-
créased gradually. Dﬁé to their masé—occurrence, the éladoceré were of 

extreme importance to the Scomberesox saurus of medium length. Intestines

that contained cladocera could be identified even by outside appearance

from their plump fullness and the"pigment-spots,that_wére shining through

the.intestina}fwalls and quite frequently the intestinal lumen was filled

®

completely with cladocera.

’
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The maximum of ostracoda-(Fig. 12 1) was found in the 45-50 mm

length group(70%). The number of ostracoda-positive intestines declined
contlnubusly toward the 80-90 mm group (10%), and the 20-24 mm group (2%)

The ostracoda were important to the larger Scomberesox saurus because of
However, for small Scombe-

the massiveness and abundance of this prey
For stretches,

resox saurus they seemed to be too voluminous as yet,

the gastropoda diagrém takes an opposite course to that of ostracoda,
whiéh cquld mean that.one‘type'of food is replaced by another While
the gastropoda diagram (Fig. 12 e) showé a minimum in the 45-50 mm group
and maximum values in thé~1ength groups béloﬁ 20 mm, the diagram on 6stra-

poda .shows the highest values for the 1engfhvgfoup of 45-50 mm which are di-

minished to zero in groups below 20 mm.
The heterogenic -group of the calanid copepoda (eéxcept Pleuromamma,

12m) was, on the whole, very important

and without pontellids) (Fig.
It -is not impos-

for all length groups except’ for the youngest stages.,
\ In any event,

sible that exuviae were, in part, ceunted as copepoda.
s of exuviae. The

neuston samples contained occasionally large amount

diagram shows an increase in copepoda-positive fish from the 6 mm group

In' larger fish, the percentage then re-

(8%) to the 19 mm group (40%).
1shes from 9 to 70 mm in length had in most

mained constant at 50%.
cases, ingested considerable amounts of copepoda (black vertical column) p. 30
are - A )
Next in 1ineAthree examples of copepoda species: The pattern of the
diagram for Corycaeus (Fig. 12n) has a certain similarity to that of - = §§‘
, ’ : o v
' = >>F
_the calanid ¢opepoda,- It is surprising how strongly this species came 'E = o §
‘ - 9 E
N 0
to the foreground as a food for Scomberesox saurus, The vertlcal columiz § é§'§
< = L
o = @
shows that Corycaeus — as well as Sam)‘llrlna (I‘lg 12 0) — were 1nges - E = §
: 0oL 0<E
ted.in 1arger anounts by flSheS of medium length The percentage of Eg‘s Ef.g
_ 0536
Mod AL
zZ F=
-~
=



which
‘Corycaeus-positive fisheﬁAwas for the longer groups (20-90 mm) about 20-

30%, decreased in the length groups from 10-19 mm to appr. 10%, and in

the smallest Scomberesox saurus to almost 0%,

" Sapphirina (Fig. 120) was limited,to an even higher degrec than
gggzggggg)to specific"1E§gth groups, Just likevgggzgggg§? Sapphirina wag s
also found in greater numbers especially.in medium length groups (Cory-
gééggz in fishes of about 40 mm length; Savpphirina: in fishes of about !
45 mm length). .In contrast to porzcaeus,?a §gggh££;;é no Iongef singled
.out by fishes outside the léngth.gfoups of 26~80 mm.

Oncaea (Fig,12 p)was found among intestinal contents only dufing
spring. and had ﬁherefofe.at that time gréater significance than shown
here in the diagrém. Although Oncaea is smaller ﬁhan Sapphirina this

: was
copepoda-type, found more frequently in the larger Scomberesox saurus.

A

This discrepancy is probably due to the diurnal migration patterns of

1Oncaea and Sapphirina, = 1n.mbst instances, Oncaea wéé found in single
spscimens, and se1dom in ﬁore than 26% of the'aﬁimals ffom one length
grqup; | |
Amphipoda (Fig. 12¢q)were ingested only by larger chmberesqg
saUrus‘(SO mm and more) because of their size and prohaﬁly also because
Wtheir presence in thg cover laver is limiﬁed mostly to the night. The
intestines contained usually oﬁly'single,‘but massive, specimeﬁs. Due
'to.their:massiveness, amphipoda have a far gfeater importance és fish
food ﬁhan shown in the didgram'in which the‘percgntages fluctuate arﬁdnd
10%. o |
The.relatively Qoluminous teleostean eggs (Fig. 12r) were ingest-

ible oﬁly for larger Scomberesox saurus. In the present ﬁaterial.they

:were of minor importance, but.a discrepancy could be ohserved between
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the frequency of teleostean eggs in the proximal and the remaining por-

tion of the alimentary canal (147%/2% in Scomberesox saurus measuring

55-113 mm). This ratio indicates that the .partly décOmposed teleostean
eggs were no longer.rgCOgnized in the distal portion of the intestines.
Fish eggs .are therefore of greater nutritional importance than Ean he
seen from the diagram.

Iﬁ tﬂé following paragraphs, dead matter £ound»in tﬁe intestines

as well as atypical contents will be discussed.

' Fish scales (Fig, 12s) which criginated mostly from Scomberesox

saurus had been digested by the majority of Scomberesox saurus measuring
50 mm or more. It can be assumed that, here, the scales lost in the net

during catching procedures were swallowed by these fishes. Much like

Fig. 12s, Fig., 12t also does indicate that Scomberesox saurus does not

seem to be to choosy}about its food intake: TFor examplé, fuel residue

i

was found in appr. 10% of the animals measuring 50 mm or more, This in-
discriminate intake of food could be interpreted as an adaptation to the

food shortage in the biotope (ef. 4.7, p.12D).

the : ‘
Fig. 13 summarises; preceding resulits on the intestinal contents

A
. - graph, .
of Scomberesox saurus caught in the pleustal domain. For thiﬁh the fish -

were divided into the following & length’groups: 6-15 mm, 16-30 mm, 31-45
mﬁ, 46-113lmm. The leﬁgth of the horizontal columné indicates_the péf- |
centage of fiéhes which éontained the paréicular kind of féod. The number
of fishes from each of these length_gfoups with either one of the identi-
fiéﬁig inﬁgsfinﬁl'contenﬁé equals 100%. Qalues §f < 6% were not taken
into coﬁsideratioﬁ. The dark columns show; justAas in Fig.12, that T>49%

of the fishes from that group in which g particular type of food was found,

- had more than 2 specimens of it in their digestive tract.
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The numerical values on which this diagram is based have been

tabulated in HARTMANN (1970 b), ¥ig. ‘13 illustrates that the intestinal

. contents in Scomberesox saurus vary with the length ol the fish. Accor~

ding to the charactéristics of intestinal contents, the following agpe
groups can be distinguished:

1) protoza-gastropodan age;

-

-2) gastropoda-entomostracan age
3) entomostracan ace;

4) crustacean age.

COnly in the.group comprising the protozoa-gastropodan age (6-15 mn)’
were protozoa (709%), nauplii (9%), and érecn food residues (167) found |
among intestinal contents, The most importaﬁt characteristic of this
age group was the predomiAant role of the gastropoda (in most cases, great
amounts were found in Q&er 407 of the fisﬁes). By contraéL, Crustacea
gained greatér importance.only among the longest énimélé of:this group,

' : ‘ to be :
Calanid copepoda were foundhless numerogs in individual intestines (white
column), and lgsé_frequent (18%) in"the lengfh group of 6—15»mm:than
in either. of the three remaininé length groups(

- A'péréllel to these results was found in the boreal, pelagic ,
young stages. As observed by LEBOUR (1917, 1919), voung fish with the
exception of the smallestfstageg ingesteé few'unicéilular orgaﬁisms (1917);
Copepodé,~which were the most important food for the older stages, vanished
inasmau.poSbﬂarvalstagésin favor of the moliusks (1919), and mollusk

larvae were, in the course of ontogenesis, often ingested before the

copepoda (1917). .
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r'“;:ntestinal contents

Length' of Seomberesox Lmm )

5§-15 % 30 31 - 45 46 - 113

Green food residue - .

ST Tae i e e — n =220 n 156 n =10 nz207
rXystonella longicauda (?) - :

T

Petalotricha ampulla (?) B =

Diverse Protozea . = :
Naup111 - —_—

Creseis and Styllola uubula L )

Dlacrla - - M e ebea e e mmem taes e . s r—-‘:

Invertebrate eggs . =

without Cresels
Gastropoda Styliola, Diacria
| Cladocera

2

Calanid copepoda ——
Ostracoda

Sapphirina i
Corycaeus

Oncaea e
Amphipoda ’ '

Teieostean eggs
Fish scales

. e

Age group charecterized by protozoa (§astropo-| ento- crusta-
’ diet of: gastro- da/ento- | mostracacea
poda mostraca ' '

saurus (simplified éummary).
¥ig.12 (p, 66)

Fip,13:Intestinal contents of Scomberesox
For detailed tescription on the design of the diapram cf.

and text (p.62-63). N e
e . a0 >1v

diecﬁpositive fish

i

2

In the age group characterized by a nabtrqpoda entomostracan diet,
(16-30 mm) many of the ingredients characteristic for. the previous age

group are missing from the diet: Green food residues, protozoa, nauplii,

Diacria, and invertebrate eggs. Gastropoda were still ingested frequent-

s
PN

ly (more than 40%) and in great numbers (black column); in addition, there

were considerable amounts of cladocera (more than 40%), and calanid cope-

from

; p. 30

p.31
cont!
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poda (357%) (black columns). The copepod Corycaeus was found in 1L6% of
the form of
the animals, mostly 1nh51nglc pieces (white column) All in all, this
age group ranges,according to the composition of its diet, between the
previous and the following age groups,
LEBOUR (1917) repéatedly emphasized the special importance of co-
pepoda as a nutritive for young stages. Also,her findings in fegard to

cladocera dgree='with the results illustrated in Fig. 13. Shn wrote that.
cladocera were;the preferred. food for young §téges, and that they were
iﬁgested by:thgssmaller stages even before the cdpgpoda.~
In the entomostracan age group (31-45 mﬁ), the pastropoda were on
the decrease (as éhowﬁ by white column, only in single SY s4mens and mnere-
ly in 10% of the fishes). The éladocera'yetainéd fheir importance (in
BOZ‘of.the fishes and méstly in largé ambunts),.while the calanid copepoda
even gained mqre.importance (in greatvaﬁounts in more than 40% of the fish).
New addifioﬁg were the ostracoda (usually numerous in I;Z of the fishes), tﬁe
Véyélopean copepod-Sathirina‘(9%), whiie Corycaeus now appeared in great
"amounts in individual digestiveitracts (23%). The intestinai contents of
this age group consisted frequently mainly of entomostraca.
| In contrast to~ﬂoth previouély Méntioned age groﬁps, the fishes
of the crustaéeéﬁ ag; (46-113 mm) showed no special preference for either
6ﬁé of their prey, which becomes visible from the white columns iﬁ the dia-
gram. (the scales do not count since they\«nxalnnested in the net-bag).
The 1ntest1nal contents of this age group showed a oreater Spectruﬁ of
variety than ‘the two preV1ous proups. -New addltions were massive organisms

like amphlpqda, diverse other malacostraca‘(less than 6%), as well as te-

leostean eggs.




4.522 Myctophidae

A total of 375 Gonichthys coccoi from top-net samples (1967) wvere

p.32

examined as to-the contents of their alimentary tracts, which resulted in

H

262 animals
113 animals

707 with positive contents, -
30%, contents negative.

11

.‘The interéétiﬂg composition of the length gr&ﬂps of Gonichthys
coccoi isvilluétrated in Fig. ]d (p.56). In 1967, 61% of the Gonichthys.
coccoi cgught with the top net belonged to the length group of 22-25 mm.

" None of the animéls belbw 20 mm in. length was identified, in 1967, as be-

longing to Gonichthys coccoi. Accordingly, the leﬁgth aroups from 6 to.

19 mm, which were especially frequent among Scomberesox saurus, werc mis-
sing from this material. This length composition exerts a visible in-

. fluence upon the type of intestinal contents; e.g., smaller objects like

.

_protozoa are completely absént.
| In ﬁARTMANN-(l969a); ghe stomach contents from 8 length groups

of éhis myc£0phid are Qisualized‘iﬁ.the saﬁe manner as he?e for Scomberesox

séurus in Fig.12 (p§.65;67),'ﬂowever, since flu@tuations within indiQidudl

AAdiagrams>did.not~réveal any chaf@ctéfiéticApattefné, the.latter.Were hot

considered worth reproducing here. Fig. 14 summarizes the results.

Stomach contents

Adult euphausiéceaif?“'
Corycaeus . ' -~
Fish scales - —
Pyrocystis. . '_—u _
Gastropoda N _
Cladocera . N ' . o
Amphipoda N S s B I::‘%h 13-0 rﬁ"éﬁ’ﬁf,”ﬂic;‘é‘i‘i‘ I]ws't’/tzmach coptent. 262 fishes,

Ostracoda - - Jp——ie )

Calanid copepoda —

-Q 10 20 30 (0 SO
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About half of the Gonichthys coccoi had calanid copepoda in their .

stomacﬁ, but in mést cases only in the form of single specimens, Ostra-
‘coda with 27% remained'béhinq the calanid copepoda. .Amphipodd, which
 were also.found mostly in‘singie specﬁﬂmQSwere, becduse of their volume,
more‘imporfant>than is shown in the diagram (26%) since a sing]é amphipod

filled the stomach of a medium-sized Gonichthys coccoi. As. judged from

thé course of the diagram, Gonichthys coccoi enter the”pleustal domain

only at the time when they are big enough to ingest amphipoda. Gastropoda

were ingested less frequently by the smaller Gonichthys coccoi (2024 mm).

Among the Gonichthys coccoi with stomach contents there were 9% that had

ingested gastropoda. Claddcera remained of lesser -importance (9%) to Gonicht-
hys coccoi especially since only single spedmenswere found in the stomachs.
A Onéaea, found in 187 of the animals, was'repreéenﬁgalways by only a few

specimens. Pyrocystis was found in especially great numbers in the sto-

machs of Gonichthys coccoi measuring 47-61 mm, but occurred in total‘only

in 8% .of the:Gonichthys coccoi with stomach contents. Fish scales had been

ingested by 6% of the Gonichthvs coccoi, that is, not as frequently as

by the Scomberesox saurus (Fig.12 g, p.67). This could mean that Gonicht-

hys coccoi:afé less inclined to eat while caught in the net-bag, or that

this myctbphid'is more choosy in the choice of his food than Séomberesog

saurus. Corycaeus was found -only in the’médiﬁm length groups and always
onl& i single specimenq with é total of-S%, the importaﬁce of this ma-
terial remained minimal. In the night-positive Gonichthys coccoi, the

various food-types'weré representéd énlyvby single exemplars in thé~majo—
rity of cases, Tﬁié may perhaps bé due to the fuét th&r the nlankton agQ

_gregations disperse upon nightfall and the ﬁlankkon‘ﬂﬂ;vidualé are thus’
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distribﬁted moré.evenly tﬁroughout the water. The dispersion of aggre-
gations at the surface upon darkneés'is a well-known phenomenon of the
diurnal migration:of plankfon (CUSHI&G 1951).

:.Thé great‘importancé of the cfustacea, especially of the cope-
poda, becomes-obyious ffbm Fig.}é; Cfustacea accounted for the five

most frequent food types; calanid copepoda alone were found in 487 of
quen x yp pep

the Gonichthys coccoi with stomach contents. Terrestrial insects,-gppareht-

»ty;bigwnstp seaﬁ)WhiCh can at times make up for half the stomach con-

tents in Gonichthys coccoi (BRADDOCK 1969), played no role at all in our

material,

1

-The stomach contents of the myctophyds Hypophum reinhardti, Hygo-

phum_hygoni, and Symbolophorus veranyi showed a certain similarity (Table

8, p.80)§ None of the animals had ah enpty stomach (by contraét, 30% of

Gonichthys coccoi had), and a high percentage had (unidentified) remains

in their stomachA(37%, 80%, 68%). The percentage of calanid copepoda
‘among stomach contents was very high (78%, 80%,'79%). (The copepoda

Qs

" contents in Gonichthys coccoi amounted only to 487.) The.peréentage_of

ostracoda (22%, 27%, 14%) was higher than in Myctophum nitidulum (4%),

or Myctophum punctatum (9%) (Table 8, p.70).

The small myctophid Centrobranchus nigroogellatus turned out to

be a '"food specialist'. His food consisted almost exlusively of mol lusks

(HARTMANN & WEIKERT 1969). After Centrobranchus nigroocellatus;.the sec-
ond of the food specialists among our neuston Sampkes should be mentioned,

namely Macrorhamphosus  scolopax (ZS-SO\mm) who, within limits, is also se-’

lective about his food., It seems that his pipefte-like mouth is especially

well sﬁitedt~to suck tp Pyrocystis. 58% (n = 36) of the larger Macro-

*) Translator's note: checked against original articlé by J.E.,CRADDOCK
(Oceanus 15:10-12, 1969) ' :

p.33:
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rhamphosus_scolopax (25-50 mm) had ingested Pyrocystis (Tig. 15), while

this dinoflagellate could be detected only occasionally and in low num-

bers in the alimentary tract of other species (Gonichthys coccoi 8%,

5 myctophidae 2%).

Table 8. Stomach contents of myétqphids from the pleustal domain (1967)

_ H. rein. H. byg. M, nit, M. prnct, S veranyi | G. coccoi %
Total number _ 2T (16) .15 235 (12 . 13 28 315
Empty stomach _ T — (=) - — (2 2 — 30 i
unidentified remains 10 alg 12 17 (2) 5 19 25 .
calanid copepoda 21 (16 12 8 (3 7 22 48 .
amphipoda 1 gm_ 3 9 (2 1 3 .26
Oncaea . 4 4) 3 8 4) 2 2 18 .
Euphausiacea 3 —g - 4 () 2 6 5
§astropoda 1 . -2 2 2) 1 3 10 .
ish scales - (4 - 2 (=) 3 1 7 .
isopoda - (=) - (=) - - T
~ Pyrocystis - E?; . } . Hi_E_% 5 ”q s
zoea = . - (. (=) ‘ -
ostracoda 6 (6 L4 1 (1 1 4 28
cladocera 8 (4 - 1 (1) 2 -2 10
"tar!' - E H - - (=) 1 - —-
Sapphirina 1 (=) - - (=) - 1 —
Miscellaneous 4 (4 - 1 (=) 3 - -
Number of samples 14 (7 6 16 (11) 9. 8 -

" Numbers between parentheses refer to animals caught with middle or
lower nets

Excépt for Centrobranchus nigroocellﬁtus and Macrorhamphosus scolo-
ax, ho dther food épecialists vere found'among_ouf material. 'Fig; 20 (p.95)

will’éhOW‘thét the intestinal contents of.ichtﬁybneuSton of siﬁilar size,
which had sﬁayed in the pleustal domain at the same time, were surpriSingly
.aLiké. This>min6r‘specialization; which is in.cbntrast' to . LEBOUR'S ob-
‘servations~(19l7-1922) on boreal pelagic young étéges, could represent an
adaptation to the pbor foo& supply (cf. 4,7, p.121) in the subtropics: - A
fish of theAplankton;poor_SthropicaI pleustqﬁ can perhaps not afford to
be choosyAbeCause the trbpical_blanktdn'is very<heterogénic and the ‘speci-.

fic species occur too sporadically to serve as the exclusive food. The fact that

even “LdF¥ dnd’ fish sedles were ingested“a}so Poiats to a minor extent of

~specializafion among our ichthyoneuston in regard to théir fosd; ™ ™

saea,

’
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in large amounts(Figs. 12 s and t, p.67). 'In harmony with our observa-

tions on fish is HERRING's characterization of the isopod Idotea metallica
(driftage fauna) in the East-Atlantic as being omnivorous.

4,523 Trachurus spec.
. _—

All Trachurus spec., were caught during the night, The stomach
contents of the 15 animals were the following: 12 timcs Oncaea, 6 times
- Corycaeus, 6 times ostracoda, 5 times calanid copepoda, and once mollusks.

Fig. 20‘(p.95) offers a synopsis of these data in relation to the other

findings.'

vé;Sgénggprorhamphosﬁs,scolopax

In this sbécies, which is'chargCterized by a tube-like mouth; the
entire aliméntary tract-was exaﬁined.

The material originated from 22 samples caught during spring (1967)
and could be divided into two length groups: 8-22 mm (20»animals), and
'24-50 mm (35 animals),

Fig. 15 visualizes the gfeat importance of calanid c0pepoda,fof
‘both 1ePgth gfoups of MaCrorhamphoéus scolopax (75%, 85%)., Next to the

calanid5c0pepodé<EE§;EEZ#ZI;hocefa~an important food for both'length

groups (457, 78%). . o .

For the larger Macrorhamphosus, the copopod Corycaeus played,

with 85%, a surprisingly ektensiVe role. By contrast, in the smaller

Macrorhamphosus scolopax (8-22 mm) only 5% of the specieés Corycaeus were

found. Frequent and numerous in the larger Macrorhamphosus sc010pax>

wére also Pyrocystis (58%) and the ostracoda (26%). The fact that Pyro-

'cystis was ingested in great numbers'by more than half of the larger Macro-

rhamphosus_scolopax (2450 ﬁm),-but not by the othar'species that graze
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in the pieustél domain during daytime (Fig. 20, p.95), led us to believe

that the ball-shaped Pyrocystis are easier gathered with the pipette-

mouth of Macrorhamphosus than by the jaws of other fishes that work more

like a pair of pliers,

Length of fishes (mm) o
. P 8 q. .
8-22 - 23-50 Intestinal contents
r Pvrocystis
N L Gastropoda .
L Cstracoda

l Cladocera
- Uncaea -

;Sapphirina

L Corycaeus’

-.Calanid copepoda

T T . T T T T T T T T T T ——— T T . NN :
% K0 %0 & 70 60 5.0 40 30 20 » o 0 20 30 40 50 60 70 80 90 100" %,
|- Fishes with intestinal contents were rated. with 1007

Fig, 15, Contents of the alimentary tract of Macrorhamphosus
‘ scolopax (1967). For detailed descriptiop on the de-
- sign of the diagram cf., Iig. 12 (p.66) and text(p.62-63).

The most important-food for thé smaLler Macrorhamphosus.écolopax
were;ﬁext to the calanid copepoda (75%), the gasffOpoda (65%). Compari-
sén of the varieties of food inges&ed by both 1ength‘grdups (Fig, 15)°
shows that thé'smaller énimals bad only a limited choicé of spécies at

K .their;disposal. |
| As shown By the bléck.bars,.most food tybes were intensively uti-

tized by Macrorhamphosus scolopax.

4.525 Exocoetidae
1. Fig. 16 illustrates the results obtained with 77 Ecocoetus

(70 E.obtusirostris and 7 E.volitans) from 18 top-net samples. Their length’

‘fangas from 6 to 33 mm. In the diagram (Fig.16), the results are pfesen-

p. 34
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ted separately for the following 4 length.groups: 6-8 mm, 9-14 mm, 15-18
* mm, and 19-33 ﬁm. As can be seen from Fig.]é, mollusks had been ingested
jmost frequently by thé smalles; length group (927%), while their importance
gradually decteased with increasing length of the fishes (60%, 32%, 8%). .
In the length group of 19-33 mm, the mollusks were found only as single
specimens, = The cladocera-diagram takes gn opposite course to that éf the
mollusks: a Highef percéntage‘bf c]ad@cera~positive animals .in the larger
lengtﬁ groups and a lower percentage fér the smaller length groups (76%,
84%, 6QZ, 18%), The same tendéncy becomes apparent in the copepoda-dia-
gram (762, 38%, 32%, 26%). In>the length group between 6 and 8 mm, the
copepoda were found only in single qﬁnﬁne1s. In comparison with the mol-
luéks, cladocefa,-and-édpepoda-ihgested, Exocoetus had hardly touched
any of the other food listed as ”miscelianequs", The percentage~for thé
latter inéréased with increasing length of the fishes: 0%, 10%, 12%, 18%.

A Tlle'diag;'ams of Fig. 16 ghow that the small !Exocoetus had in-
gested méinlj mollusks while, with increasing length, the portion of ento-
mostfaca in fhe alimentary fracts gfew. Mollusks,\cladocera and éOpepoda

made up the basic food for Exocoetus.

_ ) ] : : Length of
Cladocera . Copepoda . Miscellaneous  Evocoetus

~{mm)
<0

ﬁollusks

0

20.

0

O U —— Ny

.90, % w0 0. _ s w0 0 S s % 0 50. 0

_ - Fig, 16. Stomach contents of Exocoetus obtusirostris and;Exo-
coetus volitans (n = 70 + 7). For detailed descripton on the design of
the diagrams cf., Fig.12 (p.66) and text (p.62-63).
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2. Only 24 individuals of exocoetid D with a length of 6-17 mm
from 11 top-net samples contained distinguishable food in their alimentary
tracts. None of the animals contained fresh food, but gastropoda, clado-

cera, and Corycaeus (Fig. 20, p.95 ) pointed to a daytime grazer.

4,53 Feeding rhythms ‘ ) p.35

4,531 Introduction

Feeding rhythms_are' known bhénomena in invertebrates (MéRSHALL
-& ORR 1955) and vertebrafés. SCHIEMENZ (1922) reported fhat fresh-water
fish in plankton-rich lakes usually digest one meal completely before they
will-eat again. - a phenomenop which was observéd experimentglfy'by MOORE
(1941). LEBOUR (1919-1922) established the feéding rhythms ofAfish larvae
and young stages. According té ZUSSER (1956) : the majority of plankfo-
trophic pelagic fish eat in the morniﬁg*and again in>the'e§ening: #Plankto-
trophic fishes do.not ingest food during the nighf, but they do neverthe-
leéé stéy in the surface layers oi the water body." A smaller proportion
of the planktotrophic pelagic fish eats, according to ZUSSER,‘during day;
time. A divergency of feeding rhythms according to the length groﬁps of
the fishes is descriﬁed,e.g., by DARNELL & MEIEROTTO (1965): The younger

stages of the fresh-water fish lctalurus melas eat during dusk and dawn,

whereas the aduit fishes ingest their food after darkness has settled,

but the exact time of food absorption .could not be determined.
o . . determine
Unfortunately, it is not possible to with
' o while .
the feeding activity of the_tishesﬁgaught in the net (cf. 4,51, p.61-62)

certainty from

whether_feéding activity would have been pursued by them at this parti-
cular time also under normal c0nditfdns. THerefore, in the present work,

the time element of food intake was estimated mainly on the basis of the*®



percentage of animals whose respective portions of their alimentary tract

were filled to varying degrees during individual time intervals.

4,532 Pleuston-constant and dav-positive neuston

‘The first three of the following neuston groups inhabit the pleu-

stal domain on a permanent basis: The smallest pleustal stages of Scombe-

resox saurus, Coryphaena equiselis, and one berycid.

1, The feeding rhythm of the smallest Scomberesox saurus among

our material (6-50 mn) is described by HARTMANN (1970 Db): Scomberesox
saurus measuriﬁg 6-50 mm feed during the day and discharge bowel contents

during the night.

2. Of Coryphaena equiselis,(10-40 mm), a total of 27 animalé

were«éxamined; 14 Qf-tHese'conﬁaihéd identifiable food in.their stomach.
12 of the 18 fishes caughﬁ during time intervals 10-1 (night), but none
among the 9 fishes caught during time intervals 2-9 (day?, éhowed an empty
digestive tract. Fresh'étomaCh'contents could be established only in
animals cgught durihg the day, and in onewgpecimen froﬁ time interval 14
(hight).- Especially well filled were the stoﬁachs of animals caught du-

ring evenings. Coryphaena equiselis (10-40 mm) grazes during daytime, as

"indicated by these findings.
3. From one species of Eérycidae,i]llindividuals (6-17 mm).Erom
' ll.samples kone'of thése-cgugbt with the 16wor net) were éxanined.' The
stomachs of four Eerycids caught during the latter half of the niéht were:
empty. Four animals with fresh food contents originated .from hauls made -
duringAdusk. Two animals caught in the mofning (time intervals 16 + 1)
were foupd to have empty sgomachs. 'Accofding to these results doeé thé
.Berycid:gréze during daytiﬁé, as-is indicated also by the type of food

identified (Fig. 20, p.95) .
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The two following groups belong to the day-positive neuston groun.

4, Of 56 Macrorhamphosus scolopax examined (8-50 mm), onlv one
' e - ha ‘ -
caught at the end of night (time interval 16) an empty stomach. During
. A

.dawn (time intervals 16-1) there was no' fresh food in either of the 7

animals examined, in contrast to cur findings in animals caught during

daytime. According to thesc obscrvations Macrorhamphosus scolopax

(8-50'mm) ipgestsits pleustal food exclusively during the day.

5. 0f the smaller LExocoetus obtusirostris (6-17 mm), 68 animals were

examined. In contrast to all 23 animals caught during the evening (time

“interval 8),Chad) 6 of the 7 animals caught during dawn (time intervals

16 + 1)V¥an empty stomach, During daytime (time intervals 2-7) the stomach
contents of half the animals (17 out of 38) showed partly digested material,
but in the evening (time interval 8) this was the case only in one of

all 23 animals. These observations support the opinion that the smaller

Exocoetus obtusirostris (6-17 mm) graze in the pleustal zone only during

the day.

4,533 Night-positive neuston

1. According to HARTHANN (1970 b) there exist two possibilities

as regards the feeding rhythm of larger Scomberesox saurus in the pleuston:

a) The behavior of Scomberesox saurus (55-113 mm) is in accordance

Qith ZUSSER's-rule (1956), that is, it grazes only during the times of
dusk and dawn., The digestiﬁe rhythm would Eheu be as follows: the food
ingested during dusk would in the course of the digestive procesé pass

the middle and distal»portions of the alimentary tract, and would be eva-

cuated by the latter part of day. 6h the other hand, food.ingestéd during

dawn would pass middle and distal parts of the intestine during.the first



half of night, and would be evacuated when the latter part of night be-

‘gins. Such a feeding rhythm would nccessarily lead to the conclusion

that. the pleustal domain doss not scrve at all as a grazing place for

Scomberesox saurus (55~113 mm) since they center the pleustal zone only,

after sunset and retire from there already before sunrise (cf., &4.32, p.45).

Evening Night © tiornine Dav p. 36

- . - : . . .

s T 0 N

.Exrlanation of signs B : - QR

M = fresh intestinal contents
B = partly digeSEﬂintestinal contents :
small fishes = 6~50 mm; . lavge fishes = 55-113 mm; ? = nature of intesti-

' ' ) nal contents obscure

Fig. 17. Vertical migration and feeding rhythm of Scomberesox
saurus (6-113 mu),

b) The second bossibility would be that — chtréry to ZUSSER's

categorical statement that pianktotrophic pelagic fish do not feed by night = .

Scomberesox saurus (55-113 mm) feed only during dusk/dawn and during the
~night, Light conditions, which are especially favorable in the pleuston
layer, seem to make such feeding habits feasible. In favor of this type

of feeding rhythm is the fact that Scomberesox saurus (55-113 mm) did in-

s

.gest large amounts of food in the net throughout the night, but this might
- be an irregular behavior elicited by the high plankton concentration in

the net.
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Although the time of food intaker by Scombercsox saurus (55-113 wm)
corld not be narrowed down with certaintv, a dificrence between the Feed-

ing rhythms of small and of large Scomberesox saurus became neverthe-

<

less visible. Small animals (6-50 rm) gfazc in the pleuston iayer during
daytime, whereas largg individuals (55-113 mm) ingest food in lower le-

vels during dusk and davn, ana berhaps also durine thé night in the nleu-
' sﬁon. This d;fference in feeding habits betwcen the lenpth groups is il-

lustrated in ©'ig. 17 (p.87) which combines the results ?& vartical migra-

tion und feeding rhythms of this species.

Different from both length groups of Scomberesox saurus ave the

feeding rhythms of juvenile and adult Myctophydae which were caught in
the pleustal layer exclusively during nights.

2. The most numerous species among the Myctophydae family is Go-

nichthys coceoi of’which 524 individuals were ohtained with the top net,

niddle net énd lower net, and- divided accérdiﬁg to the,foi]owing time
_intervalS: first'quaftef of the night.= time intervais 9-10, second quar-
".ter of the night = time interva#s 11-12, third quarter of the night %.13;14,
fourtﬁ quarter of the night = time inﬁerva]é'15-16;< In this manner, the

number of Gonichthys. coccoi in these individual time intervals were in 1967:

61-62-176-105; and in 1968: o-7a;19-27. The sampies from the third and
fourth quarter of the night were combined.(46 excmplars). The'vertical
lines in Fig, 18 distingﬂﬂkh the results fromI]967 by a solid iine and those
from 1968 by a broken line. - |

The condition of the stdmach‘éontepts in the ecourse of the ﬁight

“offered the fOllbwing picture in regard to Qgg;ghghxg;gggggi (Fig. 18, p.91):

The percentage of animals with fresh stomach contents were low both in
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1967 and 1968 (207, 33%) as compared to Scomberesox saurus measuring

55-113 mm in length (100%, 76%) (HARTMANN 1970 b).  This proportion shif-
ted slightly in the course of the night. Fresh food was found also ‘toward
the end of the night.

Partly digested food was, in 1967, constant and frequent at all
time intervals (14-207%) while the percentage of animals whose intestines
contained remains increased from the first quarter (10%) to the last quar-
ter (347) of the night. The percentage of animals with an empty stomach
‘decreased slightly from 32% to 207 only during the last quarter of the

. : performed

night, Using the 1967 material separate tests were /for a) fresh,
b) partly digested stomach contents, c¢) food remains, and d) empty sto-

to establish ‘ -
mach;whether the hypothesis holds true that, between the four quarters
of the night, the ratio 1l:1:1:1 applies.

The hypothesis that the propertional values do not change signi-
- ficantly during the night was acceptable for cases a), b), and d).

How is this result to be interpreted? Against the presumption

‘_that~Conichthys coccoi eats only during nights,;or exclusively during day-

time, speaks the fact that the proportion of animals with fresh stomach

. contents stays constant throughout the night, and also that the diagrams

do not exhibit any regularity. On the other hand, if Gonichthys coccoi
would restrict its food intake to dawn and dusk, a percentage of more
than 25% could be expected during the night of animals with fresh stomach
' ' for | | o

contents; furthermore, the diagrams which show the percentage of animals

with stomach contents that are no longer fresh, obvious maxima could be

expected. Under no circumstances dées this species feed only during daytime

in deeper layers, since the stomach contents of Gonichthys coccoi from
. the NW Atlantic (CRADDOCK 1969) consisted up to 507 of terrestrial in-

sects (cf. p. 79).

w

“p. 37
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This leaves only_the conclusion that the Gonichthys population
feeds by day end by night. This is supported by the fact that the per-
centage of stomachs with fresh, partly as well as extensively digested,
or no food waS'abost 25% each during all 4 time intervals of the night,

Especially the low percentage of Gonichthys coccoi with fresh food in their

stomach speaks for continuous food intake by the Gonichthys population, -

It could also be quite conceivable that the myctophids, being the most

massive among the ichthyoneuston, ingest additional food in the sub-

pleustal layers of ﬁhe trophically poor region sampled during the "Meteor™
to

cruises, - However, the individual seems pause between meals 1ndependent-

ly from the time of day, as judged by the percentage of Gonichthys coccoi

found to have their stomach empty..

3. As a parallel investigatioﬁ to that on Conichthvs-coccdi, the

five myctophid species Hygophum hygoml, Hygophum relnhardtl, Myc tophum

'

nltldulum, Myctophun punctatum, and Symbolophorus veranyi, caught in 1967

were investigated:as one unit, . This meterial consisted of 128 animals
which were caught during the four quartersintervals of night-time in the

following ppoportions: 24, 15, ba,-ia individuals (f2g.18, ».91). In com-

parison with.the diagrams tﬁat felete to Gonichthys csccoi, the'most stri;
- king feature of Fig. 18 is the low, percentage of .animals.with empty sto-
machs (0-147). This ceuses‘en elevation of the percentages fof‘the other
.three'diagram series that comprise theﬂexteht of digestive states in the
digestive.tract (fresh food, partly digested, food remains). Similar to

Gonichthys coccoi, those diagrams that illustrate theipereentage of ani-

mals‘with'freshly ingested food, or-with empty stomachs, do not show any
regularity; In total, the 1imited and heterooenic.material is not indica~g
tive of differences between the feedlng rhythnt of the five myctophld spe=

cies and Gonlchthys cocc01.

»

‘
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In the same manner as for Gonichthys c¢oecoi,

the hypothesis.that

the various digestive stages of the stomach Gonfents (fresh, partly di~

gested, remaiﬁs, and empty stomach)remain constant in their proportions

throughpout the night, was tested also for the S;mycédﬁhid.species.

Separately for. each digestive stage ifﬁwgé;checked wether the

: : ) ot o : ’
proportion of these stages remained 1:1:1:1 throughout the 4 quarters of

’

’:féuijCf~t°'Statistically significant changes.

;nzafthefnight. The result of the chi;squﬁre test showed that the percentage

‘ -55f animals with fresh stomach contents and those with empty stomachs isnot
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Fig, 19, Time and location of food intake.
= feeding activity
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during daytime

1 ‘dusk or dawn

" the night
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It cén thefefore be assumed tbat, similar to Gonichtbvs coccoi;
tﬁésé‘fivé chtoghidaé maintain food intake during both day and night,

4, The 1a§t'3pécies whose feeding rhythm shall be discussed is

. Trachurus spec, (15-56 mm); 50<aniﬁals from 9 top-net'aﬁd 3 lower-net

samples frOmithe Creat Meteor Seamount region (spring 1967) were examined:
Unmlstakably fresh food was'found in 4 of 11 Trachurus spec. from the
flrst portion of the night, whereas empty stomachs were found in 2 of 11
animals during the first half of night, and 35 out of 39 specimens during

half,
the 1.‘atter‘A As judged by these data, Trachurus spec. (15-56 mm) does

not graze in the pleustal domain.

Fig. 19 summarizeés the results obtained so far on time and loca-

tion of food~intake by ichthyoneustof. This illustration shows once agdin
that thé-day-poskive and the pleuston-constant' fishes are similar in

their feeding Habits: They inéest only during daytime and exclusively
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in the pleustal domain. By contrast, the beha&ipr of night-positive ani-
mals seems to>differ: Most night-positive. species ingest their food dufing
theirnascendihg or descending vertical movements'during dusk or dawn, and
probably do not interrupt food intake during the night either, while they
are staying“in the pleustal layer (juvenile and adult Myctophidae., large
Scomberesox saurus (50-113 mm). | | |

During daytime in. deeper layers, the behavior of night-positive spe~

cies seems to differ from .one anothér: The large. Scomberesox saurus(50-113
mm) do not ingest food theh, whereas the Myctophydae probably feed also
during daytime  in deeper layers. Trachﬁrus spéc, (15-56 mm), on the other
hand, does probabiy feed only‘during»daytimé_and ekcldéively in subpleusta}
layers. Therefore, this species uses the pleustal domain nof;for trophi-
cal purpoégs'butmereiyasainichetx)beyisitedat repular intervals,

The QUestioﬁ whether the pleuston serves as a pasture for ichthyo-

.neuston, can-therefore not be answered generally, It applies without 1li-

mitation for those fishes among our material that live constantly or ex-

clusively during daytime in the pleustal layer. Also the Myctophidae feed

du¥ing the-nighévat the surface. For the larger Scomberesox saurus,'pléus
stai food intake. was. not established wﬁth;certainty,‘énd for. one. species
(fraéhurus'sped.% it can be aésumed théf food.is not ingested in the pleu-
stal 1ayér.

4.54 Competition for food

4,541 Percentage of individual food types

Fig. 20 is a compilation of the results -described in chapter 4.5
so far. “According to this, the contents of the digestive tracts consist

of three types which correspond to the following three groups of ichthyo-

neuston:.

‘v
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1) smallexr fishes that feed on ﬁeuston during davtime,

2) larger fishes that feed on neuston dﬁfing daytime,

3) fishes that do not ingest»neuston during daytime. . )

The émaller fishes that féed on neuston during the dayvconsisted'of

5 individual groups: small Exocoetus (6-15 mm), larger Exocoetus 16-33 mm),

very small Scombéresox saurus (16-30 mm), and small Hacrorhamnhosus sco-
lopax (8-22 mm). The group of larger fishes that feed on neuston by

day is made up by certain length groups of 4 species: larger Macrorham-

phosus‘sco“opax (23-50 mm), medium Scomberesox saurus (31-45 hm), Cory-

;phaena’gquiselis (10-40 mmi,.and the beryeid (6-17 mm). - Becgusevof its -
body siZe,-fhe beryciddoes'actualiy $elong fo the précedihg maﬁx group, but

_ the‘cépacity of ité mouth obvioﬁsly permits thevbérycid to ingest relati-
vely voluminous pieceg, The following fishes were combined to the group
that:does'no£ feed - @n ‘neuéton by 'day:_Trachurus spec,, (15~56 mm) ,

five'chtoghzdae as a subgroub, Gonichthys coccoi, and the larger Scombe-

resox saurus (46;113 mm). The five myctophid species that made up the sub-

" group were: Hypophum hygomi, Hygophum reinhardti, Myctophum nitidulum, Myé- - p.3C

tophum puactatgg,and Symbolophorus veranyi.

The results shown in Fig,20 (p.95) are based on material of vary-

ing extent. Identifiable intestinal contents were avazilable in the folloy-

“ing: 48 smaller LExocoetus (6-15 mm; 45 Exocoetus obtusirostris and 3

Exocoetus volitans), 29 larrer Exococtus (16-33 rm; 25 Exocoetus obtusi-

rostris and 4 Exocoetus volitans), 204 very small Scomberesox saurus (6-15

mm), 162 small Scomberesox saurus (16-30 mm), 110 medium Scomberesox saurus

(31-45 mm), 207 large Scomberesox saurus (46-113 ﬁm), 20 smaller Macpgw

fhamphosus scolopax (8-22 mm), 36 larger Macrorhamphosus scolopax (23-50 mm),
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14

of

~of

Coryphaena equiselis, 7 berycids, 15 Trachurus spec., 108 specimen

the famiiy of Myctophidae, and 262 Gonichthys coccoi. The evaluation
the berycids led despite the low number of 7 animals to results which

rmonize with those obtained from the other species that feed on neu-

ha
ston during the.day,
. oumiimi——
1 _ 11 111
Smaller fishes fee- Larger fishes fee-'| Feeding on neuston
ding exclusively ding exlusively on | only by night
on neuston during day | neuston during day | or not at all’
: 18 N gl
‘ 18 113 Bl - § 3
% g § g g* '§' éw : § 5113 ¢ ‘Species
HIHEELEI LR R E A S A IR E
S| a ] WE| S8 |¥8] 28] (&8 |9F| | & Sl e | [88] |88
eligttatda il i ertstist el [ [s}]8 ,
ol lallel]a 2 g 1alla]]e Z if1of (2], Length (mm)
48] 129 | foos| |82 |20 3| {m| |« 7 15 | | 08| |262| | 207 No. of fishes
i o F-.f-ﬂ‘f-‘ e N S = T e T I = N IR 5 | p | P | Gastropoda
e e el e e B I P | P | m | Cladocera
'B H :‘3 H H H h \-—L—J ma— — Calanid copepoda
P o P- F' =] e P = | mm | Ostracoda
B =) bh o == - | B | Corycaeus
' =] = puwm [0 2| Bt Oncaea
=N - B = ' . Sapphirina
b | 2| b | Amphipoda

Fie, 20.lSimplified graphic illustration of intestinal‘con-
tents in various ichthyoneuston species. As described before (Fig, 12,

p.66; text pp.62-63), black columns indicate that more than 497 of the

fishes contained more than two specimens of the particular type of food
1/40 of com-

in their digestive tract. Full-length column = >397%;
plete column = 1%. ' A ‘

A high peréentage,of gastropoda was characteristic for the smaller

fishes that fed on neuston during‘daytime. The smaller Exocoetus (6-15 mm),

1
~

small Scomberesox saurus (6-15 mm, 16-30 mm), and small Macrorhamphosus
scolopax (8-22 mm) had each cohsuméd more than 40% géstropoda, mostly in
Iarger;amonnté5(bla¢R;column).Only'wnpng.larger Exocoetus (16-33 mm) there

&
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were less than 40%, namely 20% that had pastropoda in their stomach. Next
to gastropoda, the cladotera were characteristic among intestinal contents
of the smaller fishes that were feeding during daytime. Cladocera were

found, in most cases in larger amounts, in more than 407 of Exocoetus

(6-15 mm, 16-33 mm), of small Scomberesox saurus (16-30 mm), and of small

Macrorhamphosus scolopax (8-22 mm). However, of the smallest Scomberesox
saurus (6-15 mm) only 30% were found with cladocera. The calanid copepoda
“also played ah'important part already in small fishes ingesting neuston

. during the day. More than 40% of the larger §xocbg£ﬂ5 (16-33 mm), of the

small Scomberesox saurus (16-30 ‘mm), and the small Macrorhamphosus scolo-

pax (8-22 mm) héd-ingested.qalanid copepodé. For the youngest stages
émong the fishes that fed on neuston during the day, the calanid .copepoda

had not yet reached the importance observed in later stages. Only 26%

of the small Exocoetus (6-15 mm) and 20% of the small Scomberesox saurus
(6-15 mm) had consumed calanid copepoda. Finally, the importance of Corva-
ceus gained grounds for thelargest among the smaller fishcs feeding on neu-

ston during daytime. .= The copopod Corycaeus was found in 22% of the lar-

.ger Exocoetus (16-33 mm), and in 207 of the Scomberesox saurus measuring

1.6"30 mm.
The difference between the larger fishes that fed on neuston during ﬁ,a
the day and the smaller ones was found to lie in the decreased percentarge

of géstropodé among’ the food of the larger group. The percentage of gas~

tropoda-positive fishes among the larger Macrorhamphosus scolopax (23-50

mm) was 327, among medium-sized Scomberesox saurus (31-45 mm) it was 12%,

_and’l6%_for Both,Cérybhaena equisekfs and the bérycid. In these cases,

the gastropoda had mostly been ingested in the form of single Spacimens, .
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In contrast to the smaller fishes that fed on neuston during the day, large

todt ]

amounts of Corycaeus were found in the larger fishes whose food-intake .took

: ' in: "
-place by day in the pleustal layer, namely more than 40% of the larger

A

Macrorhamphosus scolopax (23-50 mm) , of Coryphaena equiselis and the bery-

cid, as well as in 22% of the medium-sized Scomberesox saurus (31-45 mm).
Ostracoda, whose presence in smaller fishes was an exceotion (in 16% of
Exocoetus measuring 16-33.mm,in form of single spccimens), occurred usu-

ally in large amounts (black columns) in the larger group of fishes that

feed on neuston during the day. They were found in 32% of the larger

Macrorhamphosus scolopax (23-50 mm), in 227 of medium-sized Scomberesox
saurus (31-45 mm), and single exemplars were present in 10% of Coryphaena
‘equiselis. Especially characteristic for the stomach contents of larger

fishes among those feeding on neuston during the day was Sapohirina: Most-

ly in the fotm‘of single individuals in 24% of the larger Macrorhamphosus

1

scolopax (23-50 mm), in 10% of medium-sized Scomberesox saurus (31-45 mm),

and in 16% of Cﬁryphaena equiselis. Inlbqth the other.ﬁain groups,'nameiy
the small fishes that fed on necuston during daytime, and fishes that did
not consume any néuéton during the day, Sapphirina wés not observed. Ca-
lanid copepoda were found stili more.frequently (more than 40%) than in

the smaller fish that consumed neuston during the day. Cladocera had also

been ingested regularly and in great numbers: More- than 40% of the lar-

er Macrorhamphosus scolopax (23-50 mm) and the bervcid, as well as 32%
ger . , _ > .

of the medium-sized Scomberesox saurus (31-45 mm) and Coryphaena equiselis
had consumed cladocera,
The group of fishes that do mot feed during the day on neuston is,

in contrast tO both previously discussed main groups, composed of larger
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animals. As can be seen from Fig. 20 (p.95), the fishes that do not feed
on neuston during daytime are characterized hy the fact that none of the
food types was especially prominent (short, white columns are domineering).

The.percentagé‘of.gastropoda is reminiscent of the proup of larger fishes
. : . . 1

that do feed on neuston during the day, Here also, 8-20% of the animals
' ’ the -

"had ingested gastropoda mostly in/ form of single pacimens. The percen-

tage of ostracoda as part of the stomach contents is also very much alike

in both these groups: Trachurus spec. more than 407, the 5 Myctophydae

14%, Gonichthys coccoi and large Scomberesox saurus (46-113 mm) 2674, In
contrast to the group that did feed on neuston during the day, cladocera
were only. seldom found in fishes that do not graze on neuston during day-

time: The five myctophid species, Gonichthys coccoi,and larpe Scombere-

S0X éaurds_(46-113 mm) each contained 10%. While calanid copepoda were

still ingesied-by many'of these animals, fhey were foung only in the

form' of single specimens in 36% of Trachurus spec., ana in more than-40%

of 'the femaining species in this group. The cdpepod Corycaeus was also
found only in single instances.in animalsAthat do not feed on neuston
during the day, which 'is in contrast to the findings in_tﬁe érOUp of lar-
gefAfish’that do. The amount éf Corica@gg-positive fishes varied between
0%.and more than 40%. éharaéteristic for the intestinal cdntents of fishes
that do not feed. on neuston during the day was Oncoea, found in 107 to

more than 40% of these animals. This species was otherwise found orly

in Macrorhamphosus scolopax (8-50 mm) whose food-intake is during daytime.
On- the ~other hand, amphipoda were detected only in those fishes that do

not feed in the pleustal domain during the day (0-24%).




The great variety of trophie organisms found regularly, but sel--
Vdom in large amounts, which distinguishes this eroun Jrom that fa'ding
on neuston during the day, indicates that o vidar choea o Toed is offarerd
to fishes that do not_gtaze in the p?dﬁstnldqmain dur ing dayﬁimo'(pnrhnpﬁ

also on account of the zapacity of their jaws).

N

i thg nost important resuit.sheown in a2 23 (p.23), the homow

geneity the intestinal contents within each of the three main QrouNs

deserves special mention. This uniformity indirect’y coniirms the results

obtained - from individual gtoups, and sneaks in favor of the narticivation
)

of identical sensory organs in the hunt for Feod, - rfurthernore, the homo-

¢

geneity of intestinal contents is indicative of a stroneg comnetition for
food within each 6f the tﬁree main groups. The specialists amonyy 6ur
ichthyvoneuston. species are orceptioh§ (ef, 4,522, §.79).
Viith the purpoge of expressi;g the decrec of conretition Zor Lood
between two groups of {ish in the form of ‘numerical values, comparisons
) :

. U : >. ) 3. : fod ]
were made between the lengths of columns that indicated ‘howmologous food

types for both fiSh groups. The extent to which the pairea. cqlumns were
o%erlappihg.was tqken'as the degree ol conpetition fer this tyve of food.
VFor_the compafison of two fish species, the columns oi ali food types

were paired in this manner and the extent to vhich the individual pairs
were oveflapping was note&. The total of these congruential stretches:
furnished for eachlpair'of'comparablc £ich groups & numerical’ value which
was all the higher, the longér,thc.pongruency of the paired columns.
AThe4différence;b§tween Eldck and white columns waé-aiso takén into cén-
sidéfatibn in that the extent: to which a black and a wﬁirg column over-
lapped vas dimidiated in subsequent calculations. 1/20 of column length

“'was considered as gauge point 1.
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Table 9. Competition amone ichthyoneuston for the various types

the average of competition for food within each of the three main groups,

as well as of the three main groups with one another,

Table 9 "illustmtesthe following results: The sfrongest'compe-

tition for food exists within the group of larger fishes that feed on

neuston during the day-(highest individual value: 74,'; = 64), A consi-

derable degree:of competition for food can be observed also among the

small fishes that feed durihg dayt

P

ime on neuston (X = 48), whereas the

p.4l
- of food. '
1 1 m
T 8§ 5 |3 g
§ § ¥ |¥ § g ; 5 B
EE SE B g £ 88
a8 BT 15 8.y %4 5im
K o~ 3 ~ 8 ~ — ~ o/ 8 L, o £ L«
IERSRTgIRsT S 3|8 € § 5%
RSeEIELET (8480 8 2| § 5 % §e
i Hodedose (Rgda § a [ K w U as
T EXOMCHS . eveesnanennen ceeere  (6—15)| 43 40 63 53 | 50 23 33 36 8 19 11 13
Bxocoetus . .......co.ovviiiin cerees (16-33) 1 . 30 60 50 54 48 50 52 29 32 25 34
Scomberesox sanrsds ... ...oiiiiena . { 6-15) . 40 40 27 22 24 23 12 11 20 20 -
Scomberesoxc saurus ... .ooiiiiiiiiiin 16=30) | & = 48 60 52 42 46 49 21 26 17 29 .
" Macrorhamphosus scolopax ........... 8—-22) 52 37 40 44 14 31 20 25
IIM:mrbampbo:mnolopax23-—50) .............................................. e T
Scomberesox satirus ... ooooviinns iy (3145) | @ =41 58 50 25 30 24 34
‘Coryphaena equiselis . L Cheaen e 2 =64 65 29 36 24 30
Berycide . ...ov i e JR 24 29 18 27
" AIX Trachurus spec. «......... 25 42 41
~ - -5 Myctophide " ....... e e e e e 2=21 & =30 . . 43 33
Gonichthys coccoi . .v.viii i i & =38 45
h i I = small fish feeding on neuston by day
IT = larger fish feeding on neuston by day
III = the rest, not feeding on neuston by day
. More explanations in the text.
» ’ ' : . ’ from
The values for the competition among f£ish groups for their food, .1 p. 40
calculated in this-manner, are shown in Table 9. The Table furnishes ’
first of all 78 valules indicating the competition of individual groups. »
‘ - , o ‘ ‘ ' pe 4l
From these individual values, 6 medians were calculated which characterize  cont!
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Table 10, Competition for food among ichthyoneuston in regard
to the size of atlantide shelis. '

I 1I . 111
I = small fish feeding on neuston E g € g g . E é
by day _ E E & £ E E
. v oo N [ 7 g .«
11 = larger fish feeding on neuston | = © & R LT
o day ° g @ S8 | 8 %
I1l = fishes not feeding on neuston - Lk X ) i
by day . . i 1 §
bBeta®led explanation for B 8 S s : |
i § 3 e ¥ ] \
Table 10 in text (p.111) - 3 § 8 8 [ s &
- S ‘ 'y § 3 £ 3 § 3 -
x x & S x S T ox
2 8 § S8 2§
£ § 3 T % 3 8
R EEEE
8§ 8 = s 8 5. & !
S 8 = S g O & |
e w
I Scomberesox satirtis ......oooiianienninn Y. 6—15mm " 59 67 18 40 015 1
Scomberesox saurus ... ... PN . 16—30 mm 44 4 67 128 !
Macrorbamphosus scolopax .............. W.. 8—22mm | & =57 ) 11 29 0 17
.-ﬂ.M;crorlmmégo‘;lvl‘;.J'colopagt e
Scomberesox saurts ... ... A o A5
_ IIIGom:/:t/y:cano: ........................ ~ 20—61 mm ] & =12 - =36 - - 8 .

heterogenic group of fishes not feeding on neuston by day exﬁibits a lower
"degree of mkm competition for‘fbodl(g = 38), The competition for food a-
mpng both the main groups that feed:on neugton by day;readﬁﬁh high vélue
(x = 41) which is eyen‘greater than the competition'for food within the
' group that does not feed on neuston by day (x ¥ 38). Beﬁweeﬁ the largert " P42
fish thaf feed on néﬁston.by day and fishes that do not feed on ncusten
by»day, the éo@petition for.fﬁod hecomeé, then, coﬁsiderably.weaker x = 30),?
~and the lowest value is reached in the‘cémpetition for food between small :“ .
fishes feeding on néuston_by déy and fishes thaf do not feed on ncuéton
during daypime, two grodps which show also extreme differenées in their AA S
lengths (X = 21, lowest value 8).

S0 far, upon evaluation of Table 20, interest was focused on

the group of grazers, and the question was what type of prey the individual
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fish group had'ingested.A In the following, the importance of the.indi~
vidual g;oups among trophic animals will be discusscd;

Mollusks were considered by LEBOUR'(1§33) as ‘the princibal food
of thé plankton grazers, especially of their younger stages, and ZAITSEV
- (1961) coﬁsideréd the mollusks as the principal food of the young étages«
of ichthyoneuston in the Black Sea. Fig. 20 (p.95) shows on the bhasis of
.our materialv;hat gastropoda were of importance only to the sm;11 fishes
that fed on neuston.during thé day, but_pléyed only a miﬁor role for lar-

. ger fishes. This obserQation indicates that our material contained length
groubs which the drifting device of ZAITSEV (Table 1, p.1ll) was unable to
catch.

Cladocera were an important-food for fishes feeding on neuston b&
day. dn the other hand, only few of the fishes thét did not feed on neu-
ston by day had ingested cladocera.

Copepoda have been named unaniméqs;y by LEBOUR ((1~9A17)', MIELCK (1925),
COVILLV(1959); and MARAK.(1960) as an important food for young stages..
>Speciai‘importanCe seems to be attached to the.éopepoda in thevﬁoreal do-

main. In addition to corresponding statements in the literature,this opi-

. ‘ also : - o '
nion is supportedA by the findings in stomach contents of 340 Onos cimbrius

(6~43 mm total length), and Onos mustelus (8-39 mm total length) from the

pléuétal layer of the North Sea: 65-100% of ﬁhe fishes.frOm tﬁe'indivié
.dual 3 mm iength groups had ingested some copepoda.

| The Beterogénié group of éalanid'copepoda,which makes up the
v}afgestpart of all copépoda,played an important role also in the subtro-
pical pleustal dOmain.‘ Especially in the stomachs'of fishes that feed by

day have they been found. in large amounts in more than 40% of the animals.
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However, as a rule, night-positive ichthyoneuston had ingested calanid co-
e : '
pepoda only in[korm of single specimens (white columns), which is explai-
ned by the greater variety available in deeper strata, as well as by night
at the surface, and by "scattering in the darkness" (CUSHING 1951),
OétraCOQQ were part of the ingested food only in ichthyoneuston
of advanced length: They were present in the larger fishes feeding by day
(0%-22%), and also in those not feeding on neuston by day (14%-40%),
Multiple Corycaeus among intestinal contents were characteristic
for larger fishes feeding in the pleustal layer bv dav.
The related copepod Uncaea had been ingested all fishes that do

A
not feed in the pleustal domain by day, but also bv Macrorhamphosus sco- .

lopax (8-50 .mm) who does feed on neuston during daytima. The irregular
distribution pattern of'Qggggg (Fig. 20, b.95) may perhapg be connected
with the fact that this ccpepod was found only during spring améng thé
intestinal contents of fishes'from the Great Meteor Seam;unt, the bri-
mary éampling region, Qggggg"has>also almost completely missing erm_the
coffesponding blaﬁkton samples (WEIKERT, oral communication).

SaREhirina — insignificant in its number - occurred only 1in
_lérgef‘fishés that feed during thé.day in the pleustal layer.

As for émghigoda; it was_siated by LEBOUR (1919-1922, p,267) that-
théy are seldom ingested by youhg stages, hut frequent}y.ﬁy adult fishes,
Anélogous to LEBOUR's result, amphipoda were found almost exclusively in
the alimentary tract of night-positiveVichthyohéustonh This may be due
to phe relative size of amphipoda and their diurnal‘migfétion.

"LThé results on the intestindl'éOntents of ichthjoneuston~éhhll,

.here again be compared in their entirety with LEROUR's observations (1917~
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1933) from the boreal pelagic domain: Tintinnids, invertebrate eggs, cla-

~docera, copepoda, amphipoda and mollusks plaved a similar role as food For

young staées-in LEBGUR's material as here for the suhtyopical ichthyoneu-
ston. However; in thé_éubtrépical pleustél domain, not many species were
found to practice specialization in the choice of their food; surprisS ing
wés furthermore the homogeneity of intestinal contents in fishes from
equal length groups whose preseﬁce in the surfacc laver coincided, This
deviatibn from LEBOUR's‘findings'can be'explained'with a different.plank4
ton combosition iﬁ both these climatig regions: In adaptation to the foéd
shortage icf; 4.7, p.l2l);and the great vqriéty of species in ghe subtro-~
pical pleustal domain, the fish population will here ingest generallv any
piecé of suitably-sized food. However, it was observed also in‘the boreal
region by MARAK (1960), who collected with a pingéshaped:trawl,froh the
surface,larval and postlarval Gadidae consisting of three species, and by

g - basis . _
COVILL (1959) on the of larval and postlarval Ammodytes, that the fish

" ingested what was. found most frequentliy,and that they were selective only

in regérd to the size ofvtﬁeir food.
The'following compilation summarizes the food types that wépe
most charactevistic for ichthyoneuston:
1. For all fishes fééding in the pleustal iaycr by day: great
amounts of clédocef&, and of calanid copepbda;
. 2. for smali fishes feeding in the pleustal layer by day: great
"amounts of ﬁollusks;
3. for large fishes feeding in tho*pleustal.layer'by day: greét_- P. 43
amounts of ggggggggﬁ, iéglated Sapphirina (both cycloﬁoid-co—

pepoda) ;




ot
y
<
9]
.

4,  for fishes nog feeding in the pleustal laver by day: amphi-
poda;
5. for 1érger ichthvoneuston: ostrncéda.
Following the discussion on plankton ormantisms thét serve aS-food
"~ now : : '

for ichthyoneuston, it shall be'optlined for which species the fishes of
the pleustal domain could serve as fodd: As the higher links of the tro-
phical chain should be considered, besidas birds (4A1TTSEYV 1968), the fishes
Eglg; Manta (NOREAN4§ FRASER.IQ 37, Corvphaena (GfBRS 1656, KOJIMA 19€1)
and tuna (SUND & RICHARDS igasi. ZATTSEV (1061) Jound ncuston in the 'sto-

machs of skipjacks, Scombridac, and nelamyds ! voung tunal], among others,

Smaller fishes were preyed on also by coelenterata {e.o,, nhotogranh in

FRASER 1962). -4 Maérorhaﬁphosus scolqgﬁx who suceessiully avoided the
tentacles of Physalia for a fuli day in an aquariuwa, feilhthen victin
along with other fishes to a pleustonic brachyﬁra. Isopoda (nggggigg~
‘tgllica, identif.4WEIKERT) ﬁ@fc obhserved to skeletonizo £leir nrey. even

while being already in the concentrater {compare HERRING 1969), Important

are perhaps also the cephalopoda. BAKER (1960) repeatedly observed in the

NE Atlantic By night Ommastrephes pteropus that had come to the surface
and fed -on small Scombe¥§§9§ and ﬁxggpéhvdae. Howcver; £hcse quttlefish
may have been lured byvthé ship‘s_artificiél illuminatibn to the immediate
surface to which théy ate>dbvioﬁsly not limited, since they wére spotted‘>
at the same time)with.the‘help of a camera and depth cable, in depths of

up to 1,000 m.

4,542 Size'of tronhic animals

4,5421 Introduction .-

While,in chapter 4. 54] merely the number and tyngg of animals .were

discussed .that -were found as food in the digestive tracts of ichthyoneuston,



v =

106.

we shall discuss under this heading the size of food objects., Comparison
of the length ranges of the ingested orpanisms will shed additional licht
on the competition among individual fish mrouns Ffor the available food.
. MARAK (1960) observed (ci. 4,541, p.104) in larvae and juveniles

. _ . ' . w
that the difference between stomach contents was not so mucthhe tvne of

. _ _
food, but rather the size of food objects, and that with increasing size
of the fish the average size of food objects incieased as well, - The
lower limit of object size is, according to YASUDA (1957), dependent upon
the '"mesh size" of the gills (YASUIA investicated five oceanopelagic fish
species of appr. 20-50 mm in Jength). The maximal volume of ingested
food objects is ‘likely determined mainly by the capacity of the fish's

mouth, but G.F. HARTMANN (1558) demonstrated that structure and reaction

of the prey also play a role here,

Length of fish :
(mm ) . \"-

1004 eeetsene Scomberesox sourus

Macrorhamphosus scolopax
30 4

o= e~=  Gonichthys coccei

404

10 4

T

v v —r~ T e T
o 250 300 . 750 . 1000 1250 1500 1750 2000

Length ol gastropode Tp) -

Fig. 2l. Maximal and minimal Jengths oi atlantid shel'!s congsumed
by three species. )
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: objects
In the present work, the size of food / found in the digestive

tracts was determined on hand of the following matervial:

Scomberesox saurus ( 6-3113 +m): 6383 animals,
Gonichthys coccoi (20~ 61 tm): 262 animals,
Macrorhamphosug scolopax ( &~ 50 mm): 56 animals.
‘ ~ objects : .
Calculations for the length of food A were limited to one oplank- p. 44

‘ton group, the atlantids {nel. all gastfopoda with similar)y shaped shel}shv
The sizes of gastropoda shells -~ considered herc as indiéator of the
size limits still acceptable té the fiéh ~ reprosent of céursn merely an’
approximate norm, Other food objects may vary withir differeat size ranges
dependibg’upon their form and ruactﬁon. Atlantide are. especially suited
Afor length determiﬂéﬁions because size and shape of Eheir shells do .not
change in the digestivg tréct nor upon'fixatio%,‘and furthermore,.because
they aré consumed frequeﬁtly and by many. length group§ of neuston fish.
The maximal diameter of the mollusk shells was measured ipdividualty with
the help of an ocular micromefef:(to 1740 of a millimeter = 1 eraduation
mark). In-between values:were rounded off to the closest graduétion.mark,
Fish«lengﬁhs were measufed to the exact i, alwafs takiné'the full milli-
meter as the group median., ¥For each one-millimeter group of fishes,

the maximﬁﬁAand minimum lengths of gastropoda shells from théir>digestive
tracts were determined; the points from the peripﬁery of the field were
theﬁ piotted against the length of fishes, separateiy for each fish spe-.

cies, in the form of three'graphs, Out of 683 Scomberesox saurus, 22 ani-

mals furnished extreme values, of the 56-Macrorhambhosus scolopax there

~were 30, and of the 262 Gonichthys coccoi there werée 27 animals with ex-
treme values. In each of the three graphs, the peripheral pointé of the

field thus'plotted waae vere connected so that this line became represen-
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tative of the length range of gastropoda shells consumed by the individual
fish species, &ll three graphs within the field of points (HARTHANN 1969a)
sare combined in Fig. 21 (p.106) in a simplificd mamer,

4,5422 Results
SES—————

1. Scomberesox saurus. The minimum lengths of gastropoda shells

showed only minor variations hetween individual fish groups. They were

at 95 n for the smallest Scomberesox saurus (6-15 mm), and at 310w for

the largest among the Scomberesox saurus (52 mm} sampled. Starting at

15 mn fish length; the length of the smallest gastropoda shells increased
at first rapidly, then more slowly. & breal in the minimum curve at the
15 mm point of fish length wight indicate that,ffom this length on,it is

‘no longer worth bothering for Scomberesox saurus to ingest the smallest

gastropoda,
The maximal lengths of consumed pastropoda shells increased sharp-

ly with advancing fish length. While [ishes measuring 6 mm had consumed

. gastropoda shells . of up to 200 g, the Scombercsox saurus measuring 54 mm
had in their digestive tract gastropoda of 1070 w. & hreak in the maxi-:
mal curve at the 8 mm point of fish length wight indicate that the smal-

" lest Scomberesox saurus still lacik the technique te obtain those gastro-

poda sizes that would correspond to the capacity of their jaws.

- Particularly worth mentioning scems the divergence of the minimum

Felty
t

and maximum values with increasing. length of the {ish groups. This indi-
cates that the fishes gave up consuming the smallest gastropoda at a much
’ ' of : A :
slower rate than that at which their abiiitﬁkcatching the larger gastro-
; : [ ,

poda was increasing. Thus, the fishes continued to make use, as long as

possible, of the richer populated Lower'gastropoda classes.
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2. Gonichthys coccoi. The length range of Conichthys coccoi ghif-

ted, in comparison to Scomberesox saurus upwvards while that of the gastro-
poda shells moved to the risht. The stomach contents of the smallest Go-

H

nichthys coccoi (22 mm) showed gastropeda shells starting at 475 p, while

those in the largest' Gonichthys coscoi (54 mm) started with 500 p, In

contrast to Bcombersox saurus, the minimum . length of consumed gastropoda

shells remained almost constant in Gonichthvs coccoi, It is possihle that

- light conditions by night,which make recosnition of .smaller gastropoda

difficult, may revresent a limiting factor for Gonichthvs coccoi.

The maximal lengths of consumed gastropoda varied in Gonichthys

coccoi between 840 p at 23 mm.fish length, and 1750 p in fishes neasuring

46 mm. Therefore, similar to findings in Scombercsox saurus, the diffe-
rence between maximum and minimum lengths of ingested castropoda shells

increased here also with progressing length of the fish.

3. Macrorhanphosus scolopax. The position of this graph shows a
’ . R ‘ . . [ ]
similar tendency to those of both previous species. The length range of

the gastropoda lies within the limits of that established for ScomBerquE

saurus. Also in the case of Macrorhamphosus scolopax, an increased broa-
dening of the length range of .consumed gastropoda shells can be observed

-with increasing length of the fish groups. = Very instructive was the exa-

‘mination of the stomach contents from one Macrorhamphosus scolopax (49 mm
long) who had stayed for about a week in the ship's aquarium.. Stomach as
well as intestine contained exclusively gastropoda shells. Apparently,
these gastropoda were the only morsels of food that succqﬁed in passing

~the filter system and landing in the| basin with the fish. They wére, with

150 p, considerably smaller than would have to he expécted according to
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the graph (375 p) in Fig. 21 (».106). This observation indicates that
a hungry fish accepts a broa@er length range of individual pieccs ior
his food (lowering of stimulns?thrcsho]d).
Based on Fig. 2T, the competiﬁion for fooud as related to the size

of the atlantid shells was calculated for 21 pairs of iishes (see bhelow),

In order to obtain comparative values to Table Y, which derived the degree

of competition for food among fishes from the proportions of 8 principat
food groups in their stomachs, the same loagth groups and the same three p. 45
main groups as in Table 9 were utilized for this purrose:

“I. Smaller fish feedine on neuston !y dav
a Y 3

Scomberesox saurus . 6=15 mm
Scomberesox saurus 16-30 m

Macrorhamphosus scolonax 8-22 nun

II, Larger fish feeding on neuston by dav
Scomberesox saurus 31-45
Macrorhamphosus scolonax 23-50 um

ITI. Other fish, not feedingwon ncuston by day
Scomberesox saurus 46-113 mm
Gonichthys coccoi . 20-61 mm

.The numerical values indicative of the deqree of competition for

food among individual fish proups were calculated on the hasis of group

medians (e.g., in the casc of Scombevesox saurus 6-15 mmi on the basis of

the mean fish Jength of 13,5 mm) according to. the following formula:

il 4
N"IQOA;-i

Competitioh for food as related to sizc of atlantid shells;,
= the greater of the two maximal lengths of gastropoda shells
' to be compared (Iig.21, p,106 — unit of measure: 10 p = 1);
the smaller of the two minimum !engths of . gastropoda shells
to be compared (Fig. 21, p.106 — unit of measure: 10 p‘m 1);
a = the smaller of the two maxima! lengths of gastropoda shells
to be compared (I'ig.21 ~~ unit of measure: 10 p = 1);
'J = the greater of 'the two minimun lengths of gastropoda shells
to be compared (Fig.2i — unit of measure: 10 p = 1),

e~
i

("8
il
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.The values calculated in this manner are showm in Table 10 (p.101).

Cn'account of the.factOr 100, contained in %ﬁ@ formula, the values
in Table 10 appear in the samé order as.in Table 4, aﬁd are to be reaa in
the same manﬁer: lLarge numbers repfesent in.both Tables a high depree
of competition for food.

Table 10,which is designed in the same fashion as Table 9 except

that it covers only 21 pairs instead of the 78 ﬁairs of fish groups in
Table 9, illustrates the following resultsr & strompcompetition in re-
gard to the sizé.of.the atlantid shells exists batveen pairs of each of
the three main groups (I = 44~57; 11 = 77; III-:ISS);. Within both of tﬂe

two proups feeding by day (I and II); maximal values were seen also in

Table 9 (I = 48; II

n

64). However, for Scomberesox saurus (46-113 mm)

and Gonichthys coccoi (20-61 mmﬁ,which_fepresent iﬁ Tgﬁle 10 the only
pair of group IIIL, Table 10 shows a high degree with X = 83, while only
a mediuﬁ degree of coﬁpecieion for food is sﬁown in Tabie 9 with x = 45.
Tabhle 9<énd 10 again correspond in regard to the competitioh‘for
food between both of the main oroups that feed in the pleustal aomajﬁ by

5 point to a moderate

[$%)

day: Table 93with‘;;= 41 aﬁd Table 10 with % =
degfee of competitién for food. &n additional parallel in both Tahles
exists with fegard to the competition'hcfwéen the «two main croups 11 and
111, Accérdiﬁg to Table 10 (X = 36) ahﬁ‘Tahlé 9 (; = 30), these two'groups
compete only modeféteiy . Finally, both Tables apree with respect to the
éompeti@ién for food between the smajl day~feedor and those fishes tha;

ao not feed ip the pleustal layer by day (groups T and Tif). Both Tables
indicate an extremely low degree of.competition for food (Table 9: % = 21,

Table 10: X = 12).




112,

The figures in Table 9.¢orre1ate positive with the 2i values in
Table 10 in that r = Q.7O (95% coniid, (1.'.’_‘}‘59 g 0.85). This value shows
once again: Those groups whosc.intéstinal contents showed certain éimiia»
ritiés as’ to amountAabd type of food, wéré usually alse great rivals with
regard to the size of their féod, whereas groups who competad little for
type and amoth of food had'genéraliy_cﬁnsumed LfoGd specimensl(atlantids)
of diffefeﬁt sizes(‘ Therefore, among the species investigated, thére exe-
isted a similar degree of competition for type and size of the avajlable . .
“food,

Chépter'4.7 (p.l2l5diséussés the resul?s from the examinations of
infestinal'contenté on the basis of bfoader inplications,

[

4.6 Regional and scasonal differences between nopulations of the
areas sampled . : '

4,61 Repional distribution within areas sampled

In fhe aréa sampled iq)1967; 10 groups of fish can be distinguished
acgérding to their regional distribution.

From tﬁeir disﬁribution results a_fqtai»of five regions (Iig.22,
p;113) which ére distin§t also in thci; pOSitioﬁ to the muinlaﬁd, their
plaﬁkton c0ntent,.énd the surface temperature of the water (Fig.22):

1) two upwelling regions in_coqstal_wateré (Stafion;56-58, 67-68);

2)-tﬁe coastal region (Stations 44-55, 59-66, 69);

3) the regioﬁ between Cape St..V;ncent’and Madeira (Stations 70-107) 3

4) the region between tiadeira and the Greaﬁ Méteor Séamount (Sta-

| tions 108-124);

5) region of the Great Meteor Seamount (Stations 8-43, V-leV-32,

125-175).
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ticular species was found in the Creat

spring only, whereas !Su" indicates that the species mentionnd

In the following list, the qbreviaﬁion "SpY means that

Meteor Deanount regions during

was there

caught during the summer months onlwv., The numbers preceding the infor-

mation

page).
(1-5)

(2-5)

refer to the number of regions shown in Fig.22 {see also nrevious

Regional findings:

throughout entire region incl. unwelling areas
Myctophum punctatum (Su)

Scomberesox saurus

ﬁhroughout entire region excent upwelling areas

Gonichthys coccoi
Myctophid larvae _ ‘
Macrorhamphosus scolopax (Sp) (in coastal

-t

region only in 1968) .-

from
P45

.--p.-’+6
cont!
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(1) in upwelling waters only
Belone belone
(23 - in coastal region ontv, except unwelling avoeas
Species
Exoceoetidae D 11 b
(3) strictly oceanic, Epst of lladeira

‘Species D

(2-3) Bast of Madeir#, excent unwelling arcas
' Species B ,
Symbolovhorus veranyi
Onos spec.

(3-5) in the entire oceanic renion
Hyeophum reinhardti

(4-5) West of Madeira only A
Exocoetus obtusirostris (Sul

Exocoetus volitans S (Sw
“Danichthys rondeletii™  (Sp)
Exocoetidae C9 - (Sw)
Coryphaena hinpurus (Su) -
Coryvphaena equiselis “(Su)

Centrobranchus nigroocellatus
Myctophum nitidulum

(5) - 1in Great Metcor Seamount region only
one berycid '
Trachurus spec.
Nealotus tripes.(5u)

(Sp 5/ 1in Great Meteor Seamount region durins soring,
Su 1-3) East of Madeira durins summer
: © Hvgophum hyecomi

This distribution is determined, among others, by three factors.

First of all, water depth plays an important part; IZor examn'e, Pelone

belonc (region i 1) attaches its cans to plants, and species C (region #

2

o

"has barhels, therefore the aduit 1ife is spent at the bottom, inm: 23

(p.115) shows that  the neustonic stares of Belone belone werc caught pre-

dominantly at or close to the. shelf, Dy contrast, the mvctophids of the

pleuston preferred,‘accordinj to Figs 24 (».116) particularly the oceanic




115.

vaters off the edge of the she’l: In i%96i, In tha nleustal region above
the shelf, not one myctophid was caught. This distribution of the Mycto-

phidae is due to the fact that, hy day, they are staving at a denth of

200-500 1 (BzCKBR 10773,

R
X Belone’ belone
o . Scomberesox saurus
+
;
. y;
N W,
~ ,I
[+ ! x X .
o S /- X )
&
¢ 1
§E
. § :
o o 7 °
ll L]
! X
1 .
]
,’ [}
! Gape’ Blanco
!
! f .
. x | Fiag, 23, Scomberesox
t T -
| ; saurus and Beione
" x \ \ belone caught in
A v '. |
20" . i A nleustal layer (1968).
. \
: \
1
]
\\
X
X x \‘
' \
A
\
\
v \
\
A
20° ~

Thé sécond distribution factor i$ the tewperature of the water.
In-1§67, the water temperaturcs for thc fishes irom regﬁons 1~5*1ay bhet-
ween 17;39C and 24°C, that is, the range of’tompératures was very wide,
For the fishes in the reéions 4-5,hovever, the surface temperatures of

the water stayed above 22.59C, ¥hile 4 of the 5 shecies of this region

(4-5) were missing, perhaps because of the low spring temperatures (19.5-

0 . N . . :
-217°C)  at the Great Meteor Seamount region during spring, the fish of

regions Sp 5and Su 1-3. avoided perhaps particularly the high temperatures

*Translator's note: possible printing error (1-2 ?) since this would be
in contradiction to the next sentence in which seperate temperatures are
mentioned for regions 4-5 which would be included in "1-5",

’

p. 46
cont'
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surface toemperature of water (©¢)

that prevailed during summer in the Great Meteor Scamount region, p. 48
‘ ‘ . cont'd

The influence exerted by the water temperature upon the distri-

bution of ichthyoneuston had been established also by BARTLETT & HAEDRICH

(1968). They found, for examnle, along the Atlantic coast of Southhmerica
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. N _ _ . .
the larvae of Makeira migricams only at surface temperatures above 257C,

and BACKUS et al. (1969) caught Gonichthvs coccei and Astronesthes niger
almost exlusively or exclusively in the pleustal domain north of a tempe-

rature front in the Sargassc Sca.

_The alternating distribution of Belone belonec and Scomberesox
saurus obser?ed in our material emphasizes the important roleplayedlurthésur-
face temperature of the water in curbing the distribution of species. In
the 4 :
the case of bothﬂﬁpecies just mentioned, the distribution observed in the
principal sampling area during the "Meteor" journey of 1968 is shown in
Fig., 23 (p.115). It shows that, of the 43 hauls in which one of the two

related species was caught, only three hauls contained simultaneously Be-

lone belone and Scomberesox saurus, . It can be suspected that,in this ex-

tensive isolation of both these species from one another, water temperature

plays a decisive role: While Belone belone (1967 and 1968) was limited to

1

: ‘ 5 @O o
water temperatures between 12.8°C and 19.4°C , Scomberesox saurus was found

in - temperatures ranging from 17°C to >23°.. Génerally,.Selone belone -
thus pfeferred the lowef temperatures. o

The ffeqﬁehcy;of di;tributiohAof Belone-positive and Scombereséﬁ-
positive hauls to the indiViaual temperature regions in 1968 is illustra-
ted in Fig. 25.(b.116). It shows a partial isolation of both species.
Prbbably, besides Qater temperaturé, the distance to the mainland and the

abundance of plankton in these waters also play a role in the distributioh

of Belone belone: Similarly to 1968, Belone belone was found also in 1967
only in upwelling waters (Fig. 22, region # 1 = 5 hauls; p.113).
Paragréph 4,7 (p.121) represénts the regional distribution‘of Be-"

lone belone in connection with large-scale interrelations, In the follo-

wing, the surface temperature of the water prevailing in the sampling re-
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gions will be discussed in régard to some of the species caught. »itvis
of course‘poséible_that, in this respect, iuolated,drifting fish cadaQefs
may have falsified the picture., The values obtained should also not be
generalized because ‘ﬁarious ‘ecotypes can, 53 is known, have différent
tolerance limits,

In 1967»and 1968, Cnos spec. was limited to repions with the lovest

temperatures (11.6°C to 14.8°C). l.ow teaperatures are tolerated, besides

Belone belone, also by the myctophids hyctophum punctatum and Symbolonbo-

Tus veranzi'(lzoC). Mvctophum punctatum advances, according to BECKER

(1967), in Atlantic waters all the way to Greenland, -
Among the'species that were not caucht in waters with surface tem-

peratures above 21°c, there were Onos spec., Belone belone (up to 19.&00),

' R i
the myctophids Symbolcophorus veranvyi (up to 19.6 C) and Hygophum hygoni

. [e] . "
“(up to 219C), Mugil spec. (up to 20,9 C), and Hacrorhamphosus scolopax
{up to 21°C). .
However,‘accérding to BECKER (1967), the southern boundaries of

distribution in the Atlantic start for Symbolophorus veranyi actually

only with.: the 25°C summer isotherm.

, . . ') .
In regions with temperatures above 21°C, the species caught were

Scomberesox saurus, the four myctophids Hyctophum punctatum, Myctophun
s _myctoj] yeLor s HYCLOD

nitidulum, Gomdkchthys coccoi and Hygophum hysomi, as well as Astronesthes

niger,

4,62 Quantitative comparisons between regions and secasons

CLARKE (1940) observed on aneustonic zooplankton in the subtropical
West-Atlantic, that density of catches diminished with advancing distance
from the coast. He found,as an annual average, the ratio for coast / con-

tinental slope / ocean to be 16 /4 /1.
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In analogy to this finding, DAVID (19654) observed that oceanic
catches were usually poorer than haulé in coastal or upwelling areas.
'-As»fof the method for the following comparisons of sample densif
ties, therg were a1way$ two seriés of ;amples'compared with one aﬁothér(
The two series to be éompared originated from\difﬁefent regions, but wérg

obtained during the same or adjacent time intervdls.l(A~244hr.-day was sub-
divided'into>é day and 8 night groups; cf. chapter 3, p.2l.); The pair
by pair comparison furnishgd the larggsf possible number of appreciable
samplési which had to have been obtained.during'identical or adjaeent:
timé intervals. so that the érror, intréduced by diurnal>migration»of the
.éniméls from bothfsamﬁle séfies, could possibly be eliminated. '~ Since each
-of tﬁe five serieé of coﬁpared pairs consists of sanples from different |
fime intervals, the calculated values ao not represent the absolute, but
"fhe relatiye-abﬁndance.

For an apprgisal of the difference betwecn océan'and shelf, 26
_samplés eéch.wéreionce compared,- both éeries fme thé summer of 1967. The oce-
anic stations.weré located Qest of longitude 22° (sémples 115-£75); while the
neritic stations were néar'the Norfh—ifrican/Portugugasé coast (samples 45-70,
.regions #1 and # 2 in Fig.Zé, p.113). The resulting ragib for the sampié.
‘density.was 576:811 = abpr, 2:3, whereb} the.co;fidencé limité of the means
were overlapping.

19 samplés each frOm.éreat Metnpr Seamount / shelf, obtained in p. 49
.spring 1967 showed a relative abundance of (242:806) 1:3.

In the three following appraisals there is al@ays a planktonjpoor

Tegion cdmpared with a planktOn-rich\regioﬁ.

For comparisons between the areas north and southof Cape Blanco,

19 samples each, taken in 1968, were utilized., The entire region is loca-
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ted between latitudes 22930'N and 18°N and longitude 13°W, The location
~of the upwelling region at rhat time became  apparent. Iron the'rbugh evalu-
ation of the results of individual work teaus ohtainﬁd'during e teor
cruise # 13: South of Cape RBlanco was the center of the upwelling avea;
-‘north of.Cape Blanco certain manifestations of uﬁwni!ing waters could

'still be observed but these became more and moré weak in north-bound di-
rection, Acco;ding to this location of the upwellin~ area, different sample
densities were to be expected from the afeas nofth and south of_Caﬁe Blanco.
There fesulted still a felative abundance’ or (7&531955) appr. 1:2.5, but

the confidénce Timits of thé mean valuoéfwerc overiapning,

Furthermofe, 21 samples cach were compared Irom the Grcﬁt Meteor
Seamount region (taken in April 1967) and from the remion of our actual
assignmént.soutﬁ of Cape H;aﬁco (the boundaries of which were mentioned
in the previoué paragraph) samnlied in May 1968.. The rosulting ratic was
25?:2276A= 1:9.  Here, the confidence limits de not ovorlap;'howevéfy i3
it is considered that the immersion of the ncuston net was only about 10 cm
in 1967,‘but 13 ém(in 1968, ﬁhe ratio decreases to 1:7.

Finélly, lg‘sambles each were compared from fhe Great lMeteor Sea-
mount (spring) and from the region north of Cape Blanco, Here, the ratio
for sampie density was 176:837A0r; upon taliing the dificrence in net-immier-
sion into consideration (sec above), ;t was (256:837) 113,

Comparison of thése regions reveals meanine’ul relations: The low-
est'samplc densiéy was foﬁnd inlthevtrophically.poor regioh‘of the;Gréat

Meteor ‘Seamount., More f£ishes were caught in 1967 along the Forturuesc-

s

‘African coast, and in 1968 in the unbelling fringe-repgicns, V

inaliy, the
greatest amount of fishes were causht in 1968 in the upwelling region south |

of Cape Blanco (the ratios were 1-3-3-7).
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Seasonal fluctuations of ichthyoneuston have been investigated

only by PENNELL (1967) in the boreal West itlantic. The only neustonic

speciés, Onos cimbrius, caught bvaENNELL in the Gulf of Saint Lawrence
Qas found only during.summer. Perhapé,\séasonat.migration_§E ichthyo-
~neuston in éubtropical regions is'similaf to that described by SHOJIMA
(1964) for Sa?gasso fish, namely that ﬁualitative antd quantitative compo-
sition undergoes seasonal changes, and that‘the-ﬁiéh is. found less fre-
quently during winter,

In the region 6f the Cfeat Meteor Seamount, material was collec-
ted in 1967 dpfing spriﬁg and sumﬁer; Upbn comparing the species of this
region from AprilAwiththose from June/July, it becomes apparentAthét four

species (Macrorhamphosus scolovax, Danichthvs rondeletii, Phyveis phvcis,

and Hygophum hveomi) were caught exclusiveiv in spring, and six species

(3 Exocoetidae, Coryphaena hippurus, Coryphaena equiseiis, and Nealotus

trigéé) exclusively during summer. lThis hdy-be due to the scasonal fluc-
tiation in the témperatufes oi the wvater.

The séfihg/summer ratio of the sam@]e density of {ishes from the
Great HMeteor Seamdunt vas calcuidted_from the total number of fishes in
the 30 samples each from.April and from June/July. The résulting'ratio was
. 359:536 ; 2:3. The mean values from boﬁh.seriés show no statistically sig;
nificant difference, Thgrefore;'as was expéqted, seasonai,fluctiation
was not demonstrable on'our material,

4.7 On the ecology of ichthvoneuston

The general ecology of the pleuston'has.been outlined by ZAITSEV
(1968). However,thedistinct’ecolog§ of the ichthyoneuston requires spe-

cial attention,
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Chapter 4.2 (p.27).emnhasizes the'biolégidal distinction of the
0-15 cm level from the adjacent micvolayvars in quantitative as well as
.qudlitative respects, and shows at the same time that the population den-
'sity of the pleuston stayed bchipd that of the 0-30 m macrolayer. This
distribufiqn nposes the question as te the.ecolopical correlations.

Thé basic problem dealt with-in this.chuﬁter should be summarized
as fol}ows: ‘fhe distinctive vhysical conditions nrevent a normal nopu-
1atiqn density in the uppcimost centimeters of (he ocean, On the other
.hand, this pgrticﬁlaf laver oflers certain advantaces to ad nted species.

Factors adverse to iife in the pleuston'shall be mentioned first:
The upbermost centimeters .éf-the ocean‘nre marked by strong undulations

' : 8
and extreme. fluctuations in salinity and temperature. Dashing waves

disturb first of all the youngest staces. White older fishes étnv in
their biotope even i waves rise to 3 and & n, fish coos can he dispersed
~and killed cémmencing at forece 3 winds (ZAITSEV !1968). An influence by
wave motion updn vertical dist'ibution oif fishes was suspecﬁcd also by
ZUSSER (1956).‘ Hé.believed that, ahgng other ﬁaqtoré, the quiehnr hvdro-
iogical conditidns in the deeﬁ scﬁ entice fishers participating.in verti-
cal migration to leave the surface in the ﬁorning Tor déawer strata,
Important:fotA?ife at the surface is,furthermore,the intensive
fadigtiqn. Characteristic for the pleustal domain ig the extensiye ab«
sorption of infrared radiation ({ERLOV 1968). HERRING (1965 and 1969)

‘considers for example the pipmentation of a copepod and an f{sopod from

the pleustal layer as a protection against radiation. Juveénile fishes

. 5) T. POMMERANZ is p)enarlnp his thesis on the )nF]uence of wave

forces and radiation upon fish eggs, at the Institute for Oceanographv
Kiel, Germany. :
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are protected by melanin or, like the copepoda Pontella atlantica, Pontel-

la lobiancoi, and Anomalocera p., hy silvery (guanin ?), reflecting backs

(Liza aurata, ZAITSEV 1961; Belone belone)., However, it is tﬁe youngest

stages that are endahgered, also because of theif felatively large super-
ficies, MARINARO (1966) established experimenra}]y that solar radiation
can kill fish eggs, DANNEVIG & SIVERTSEN (1933) showed that radiation does
harm larvae, ‘

Diurnai distribution (three times as many fishes by night than by
day; cf. Fig.6;vp.30); and the noon-time descent (Fig.5, p.29) are to be
considered as a reaction to extreme conditions of rndiation;

The intensive illumination must be an additional nepative factor
for every petential prey among the fishes of fhe pleuston becahse;in the
light, the fiéh isAeasier snhotted by its enemy. The surface;negative ver-
tical dispribution of eggs and-larvae.in thé Atlantic pleuston (Fig.9, p.40)
is perhaps to be iﬁtérpretéd as’ an adaptation éo the stronger moving waves,
radiation, and the observability-in_the.light at the surface-offthe ocean;
also, eXtreﬁe radiation and wave conditions may nerhaps permit the most

to . '
successful neuston speciesAmigrate into the 0-15 cn {aye; only at a length.
of about 6 mm (Gf. 4.4, p.53).

After discussing'the factors advérse to Jife in the pleustal dé«
main (dashing waves, radiqtion,'prcdatérs), the queétion of food supply
fof'ichthybneuston shall now be déait4vitﬁ., In thi; éohnection? the micro-

gbiology and especially the'phdsphate striation of the pleuston should ge
mentioned which was investigated by GOERING &.WALLEN (1967):

They found the highest concerttration of phosphate above the leap |

zone, often in the uppermost 50 cm, and even -at wind forces 2-4 (Beaufort




-scale) was the characteristic phosphate stratiiication in the uppermost

50 cm pfeéerved. Such a degree of stability of the nhosphate'stratﬁfin
cation points to a minimﬁm of whirl in the surface water; this is Dér—
haps the prerequisite for the existcnce of small organisﬁﬂ at the surface.

Important to the microorganisms in the pleusfon could be, in ad-

dition, the high concentrations found in the surfacé fiim of paft{culaﬁe
and solhte organic carbon, nitrogen and phosphorus,‘nitrate aﬁd phosphate
(WILLIAES 1967), These subséances could perhaps furnish the nutritive ha -
sis for the organisms in the suriace Film (NORIS unvublishoed, after CASSIE
1963, HARVEY 1966), and in the 5]éuétoﬁ., However; it is nor CArtain whc~‘
thér the microfauna of the'oceanic'pleuston is equally abunddnt as that

of the pleuston in tﬁe Black Sea (ZAITSEV .1961, TSIBAN 1967, and MORQZOVS -
CAYA 1966 — after ZAITSEV 1968). In any chnt, a gréat number of ohserw
vations point: to.the food shortane for pleuston fiéhes; the preceding
.chapters iliustrated the heteroﬁeneity of ichthyonéuston\ in regard to:
"Diurnal ﬂigration (4.3, p.42)? seasonal migratipn (4,62, p;ILS), horizontal
distfibution as dependent upon water temperature and depth (4,61, p,112),
vertical distribution (4,22, p.37),.feeding rﬂythms (4,53, 5.84), tvpes
5nd size of food objects ((4.54, n.93). AéAa consequence of this heterof

geneity, there was only an averaze of 2,3 fish prouns caught per top-net

~Loon

haul, and in }968 only an average oj 4.7 of thé fish arouns listed in Ta-
~Bie 5 (p.25). This minimal number of specics per haul eould be -internre-
ted as fo!lows:.The food shortage of the surface layer does not permit a
-lafger numbef'pf_directly competing gpecieé at‘tﬁé giéﬁstal»1¢vey because
sPreadiné_of the food potentialAto include more consumers would endanger
the continuity of tﬁose particular snecies whose lifae patterns,are ggugéd

especially to the pleuston.
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A number of additional phenomena, which have in part heen dis-
cussed hefore under the apﬁrOpriate»headings,.all point.to the food shor-
tage in the nleustal domain:
The resul: oonﬁIy one neustonic invértebrate and only a‘single
.fisﬁ sbecigs in the Gulf of Saint Lawrence (FENNELL 1967 — catching, de-
vice Table l,_p.ll); the poorer catches f&et'weigh? of total haul) in the
pleustal laver éf the North Sea (HEMPEL & NELLEN '969) as cémparcd to the.
S 0-60 m macrolayer (Gulf ITi, oblique haull; the low samnle density of
fishes caught at thg 0~15 cm level in‘contrast to the 0-30 m macrolayer
sampled with the larvae net (4.213, ».35); the dominance of juveniles in
the pleustal domain aé a_coﬁvergency rhenomenon mimicking dwari fauna ol
sérgaéso weed (4,4, p.57); thevexiﬁ§ﬁs>numhcr ol food specialists (4,522,pp;
.79-80), and the ﬁomogenéity of étOmach 6§ntcnts (4,541, »,93); the indiscriminate

consumption of food (iigs,12s, 12t; p.67); {finally, the fact that espe-

cialIyAthe’ﬂxctthidae (besides ﬁejone belone the most méséive neuston
fish; see below)-supplement their iood in the subpleustal 1ay&rsA(Iigf 19,
.p.92))ahd that particu]érl§ two 6f'thé smalteét (Table 5, p.25) Nyctophidae
are markedly surface-positive (Table 6,Ap.3§);
Some observations indicate that in the vleustail domain, planktqn
scarcity ‘is eépecially pronouﬁced hy day:
\In 1967, the day/night ratio (time limits 2-7/10-15) for the sample - p.5°
,density of fishes qaught at the 0-10 cn level (4,21, p.27) was 1:3-(Fig;6,l |

‘

p.30).

The day/night ratio for the number. of species (grouns mentiéned in

Table .5, p.29) per haul from the 0-15 cm 1ﬂyer‘was, in 1967, 1:2 nawe Ly

(108:68):(173:56).
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By day, aggregations (4,36, p.50) and larper staces (4.4, n.52)

were largelv missing Croir the pletston.  “ven the only oceanic cephalo-

pod which lives, according t. CLARKE  (19GH) an an adult at the surface

also by dav, the biuc=pigmonted (as many neustenic @ ish are) Onyehin
b : . i . Z

-carrihaea,  reprasented. as s dnranll~ inanp gawmnles. {(Tapbtmann }@70 a2

only a mantle.longth of 36 i (CLARKE 1366),
Final'y, the intestinal contants of Tighes {eadine in the nleustal

layer by day show an especially marvked sisitoaritye (40540 n.03). .

The rood shortagc could be intarnrcted as & conscauence o) the

distinet physical conditions in the nieustal domain.

It seems that more favorabic food conditions prevailed in the pleu- .
stal layver of the upwelling vegions than in the rest of the area sampled,

The indicative factors for this are: The high densitcy of the samnles from

the upwelling region (1968) (4,62, =,113), and the distribution oi Belone
belone (4,61, p.112) in connection with its waximal size which is unusual

£Lor ichthvoncuston, and its divraa! rhvthy which is equaily unusual lor ol-

der neuston fishes (4.31, 1. 423,

) Belone Delone un to 374 mm (aeasured Jrom the anterior rim of the
eye to the tip of the caudal iin) wrs linmited in 1667 as well as 1960, to

AL the same

the upwelling regions and their Jrince-aveas (4,01, n», 112).

time, Delone belone distributed the taricest amonp the fishes caucht with

the ncuston net: 29 animals between 81 un and =370 ma; unusual is further-

more that Belone belone remains in the nleustal ‘aver bv day even with its

“older stages. This distinct behavior of Beione belon~ with res»ect to

diurnal migration, ontogenetic vertical wmovement, and horizontal distvi-

bution can be perceived as the consequence of an increased food sunply in




127.

the pleustal 1ayer_of the upweiling regions: In the upwelling region alone,
and here even by day, the abundaqce of food madé the existence of such
large neuston fiéheé pés;ib]e.
| Thé_arefoz:e, foéd shox:tagé seex:\;s to exi;st for fishes partim;]ﬁrly by day

in the pleuston of the open ocean which is devoid of upwelling waters,
While the observations cited indicate a regional food shortage-
in the pleustal layer, a multitude of iﬁvertehrates and fishes live, accor-
ding to ZAITSEV (1961, 1968) in the uppermost 5 cm of the Biack Sca, ex-
ceediﬁg'othgfwise kﬁown.concentrations éonsiderahly. This discrepancy
between the results frOm'the Black Sea and the Atlantic Ocecan may, in-
part, be due to-the fact that the‘mic;olayers'sampled wefo of different
thickness (5 cm/15 cm)., Neverthglcss, it seems that different conditions..
exist in the ocean than in the Black Sea which_;s knéwn~tp have its
own specialVhydrographié‘conditions. While, according to ZAIISEV (1961)
the bulk of pelagic eggs and fish larvae of the.B]ack_Sca déveIOps in the
0-5 cm 1ayer; the first fish gtages occufred’in the Atlanpié pleuston in
fewver numbers-than in deépef micrﬁlayers (Fig.ﬂ, ﬁ;ao). The acéumulation
of’juveniies also finds, aqcofding to ZAITSEV, "abundant food' in‘the 0-5
em léye%.of.thé Black Sea, and finally, the planicton concenératidns in the
0-5 cm layer of the Blaék Sea attract the adult fishes, DBy contrast, the
number of individuals of all stages remained lﬁﬁ in-tﬁe Atiantic pleuston.
Therefore, the pleustal ]ayér of the subtropicai NE Atlantic (0-i5 cm) has an
infer;or éé#acify.as a‘graziﬁgoground~*for fishes 'to,tﬁat of.the Black Sca

(0-5 cm),
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It seems.therefore that generalizations (ZAiTSEV'l968: La Neu-
étonologie marine) eépedially with rega;d to tﬁé impértanf probicm of
food suPbly for ichthyohguston would be premature,

Having discussed the factors adverse to life as well as their ei-
fects, fdactors that are favorable for fish shalf he summarized.

A._special source of - pourishment in the pleuston i@ seen by ZAITSEV
in fhe upwelling,»deéaying>plankton cadavers as thgy were - found by ZELE-
ZINSKAYA (1966) iﬁ the Black Sea after'ZAITSEQ. In this connection, it

-Shoﬁld be méntioﬂed that.the “Hetopr“ neuston’ samples occasionally con;
tained considgrhble‘amounts of exuviae.

" The favorable lighticonditions in the pleuston serve not only the
predatbf but also the visually guided'plankton grazer: The fact ﬁhat the
rﬁost light is heeded'for spotting the smallest ébjects agrées with the ob-
servation'that the smallest_stages feed in the pleustai layer.by day. (Fig.
19, p:92), while, genefaily, the medium stages prefer‘feeding By ﬁight in
tﬁe then lessilluminated but ﬁlanktanficher pleﬁston (4,533, p;86). Stiii

. longer fishes finally, are brébably least dependent upoﬁ illumination of
the covef layer because_of.thé size of their prey and, as shown in‘chap~'
ter 4,4 (p.52), many specieé leave the pleustal domain upon having reached
pubefty to feed ﬁhen'in-perhaps nutritionally richer, but weaker illumina-
ted, Qeeper strata.

The fact tﬁat.some neuston fishes are an exception to the rule
{ZUSSER 1956).that plénktotrOphic relagic fisﬁés do not feed by night,fbut.
during dusk/dawn or_by day (4.533, p.BB%cxuxprdbably élso‘be reiatea~to

the special light conditions in the pleustal domain. Interestingly enough,

Astronesthes niger (Table 7, p.43) who apvears in. the pleustal layer only
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around midniéht and is conspicuous also hecause of the smaliness of his
eyces, does not seem to ingest any food while visitin~ the pleuston.

The importance of if?umination is enchasized also by the diécrcpan~
cy betWeenthedisEribﬁtion of invertebrates and off fish, Although the »lank-
ton>density was more pronounced, by night and dur}ng dusk/dawn, in the
15-30 ¢cm layer thén in §he layer above (WEIKERT, oral commﬁnication), ninc
frequent fish species (¥ig.9, p.40) were roanins »rodominantly within the
upperﬁost 15 em.  The same tendency was observed in the boreal dowmain
(HEMPEL‘}Q70).

The uppermost'}evc! provides, next to Favorable tfophic nonditioﬁs,
despite the illuminatioﬁ oi the biotone also a relative protection‘against
aquatic enemies because the fisﬁ who migrates ‘nto the unpermost centime-
ters thus decreases the target area for an attacie hy tﬁe swiﬁming enemy :
ﬁére, "he stays with his back to the walll 'so’to Speak, This hypothesis

£inds support in .the well-knowm £{light behavior oif sonme surface fishes

such as the Exocoetidae, and Scomberesox saurus (LEIM 1966) Qho, nyrsued
by predators, even leave the Wate; in their upward‘ escape, Ichthyonéuston
that'escapes below‘the water surface is mentionedvinrchaptnr'2.2 (1, 13),
'The surface represents proﬁably a relativcly'protected.niche especially
for those fishes that do not "inrest food.during their staylin the neusto-

£

nic layer (4,53, p.84). However, sincc n'euston fishes get into the reach
. . )

of neustonic predaﬁérs (brachyura, isopoda) and of birds (4,541, p,105),

the advantage of this peripheral environment is again dimiﬁighed.
However, since,despite the advantages offered by the pleustal do-

main as a trophical niche and temﬁoféry habitat, the macroiayer of.OABO m

is populated by at least 1.65 times more fishes (4.213, p.35), it is ob-

vious from this ratio that special ifactors chnaracteristic for the pleuston,



but adverse_to 1ife, such as the dashing of the waves. radiation, and vro-
dators whiéh hiydcf normal ropulation of the hiotonre, exert a preatcr ine
fluence than'thg favorable “actors such as ~ood visibility ol the.lodd,
"anticadaver=rain", and pevivnheral! rosition,.

Then again, tﬁeir de nuabnr oifers another advantare to the ich-
thyoneuston, nﬂﬁe!y}if honulation.dqnsity in the »leustal domain»reﬁnins
so low thsat it is not ﬁdrthébi!e for some nredators to hunt the ichthyo-
neﬁstén, this diminisheé for the potential wvictim the dancer to be devoured.

Interestingly enouzh, KRISTENSEN (1964) descriiped another tropnhi-

-cally poor veripheral bictope, the hvnersaltine bays oi Curagao, as an

environment for young stages (Mugil, Atherina, Elops, Harengula, among

others). There too, some of the factors mentioned may be of ecolonical

importance. However, in thcse bays, additional ovpanic components of the
water, not’ yet analyzad, secm to be an important factor to these iishes

(KRISTENSEN 1964).

Summar‘{?'*'

The marine dchthyoneuston nopulates the frec waters of the cover-

layer of the pelagial, that is. the unrermost 15 ¢m known as the pleustal

N

domain._ équect of this work 'is ﬁhn h&pothcsis that'thé.pleuston in the

horse-latitude region of the open AflantiéaAalthough nutritionally»poor,

represents a relétively planktton-rich nasture for the Tish Ery: The dis;

tribution of the fishes from the »leustal ;ayer hae been included in this
invéstigatidn;

The samnling device — a modified neuston glider, after DAVID —

‘ during ' :
was towed f\‘ a standard haul for 33 minutes at a speed of 6 knots. Jt

) - at . .
fished with a net-opening of 30 x 15 em,the level of apnr. 0-10 om, and

TOTA
*) Translator's note: Althoush an Fn~lish summary is provided with the
original text, it was found toc b incomplete and somewhat awkward in
its formulation; therefore a translation of the Germapn YZusammenfassung!
is herewith provided. ‘

’
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with an additional net of equa' sizc, in nost cases = nul taneously, one
of these thfec microlavers: apnhr, 10225 cm, 23-33 eom, 28-53 e¢m,  Tho wmesh
sizes used were 300 p and 50 p,  The hu1\ of the material,consisting of
354 samples,was obtained in 1967 by the rescarch vessel 5.8, lHeteor"

in the predominantly nutrient- -poor region bhetween the Great MHeteor Sca-

One 0. an .
mount (307N 28730'W), and the Portusucae-Horoccan cvast: and in 1968, the

material was supplemented by 123 samples collectad by the "Meteor! in the
nutritionally rich region -of the u welling waters off Mauretania.

Between the results from 1967 and ln,u. no contradictions arose.

, , o i were found :
34 groups of fish (different taxa), in at least three of the 262

A

hauls from the 0-10 em level., Predominant were the beloneforms with 8
and the Myctophidae with 9 species. The most frequently found specics

wvere:

(l) Scomberesox: saunrns (6—136 mm total length)
162 hauls :

(2) Gonichthys coccoi - (17—61 mm total length)
62 hauls ' ]

(3) Belone belone (8370 mm total length minus
snout) 40 “hauls

The most frequent lengths were hetween ¢ to 80 wm.
. . ) .

The majority of necuston fishes limited their oresence in the pl eu-.
stal domain .to a certain tine of dav, as follaws!

(1) by day and night:
" - Mugil spec, (T—63 mm)
Coryphaena equiselis (10—40 mm) .
x a Berycid (6—17 mm).

latvae of Clupeoidae (1630 mm)
'Belone belone (8— > 370 mm)
small Scomberesox sanurus (6 ~—29 mm)

~ (2) in the daytime
Macrorhamphosus scolopax: (7—69 mm)
small‘Exocoetidae (4- 6—20 mm)

(3) at night -
latger Scomberesox sanrns (50—136 mm)
larger Exocoetidae (4 20 —70 mm)

Tracharus spec. (15—56 mm)
juvenile and adult Myctophidae



{4) especially‘at dusk and dawn -
larvae of Myctophidae

(5) about midnight

Astronesthes niger

Ot thg.érOUﬁsVinhahiting'the p]enstai domain-hy day. thosc rich
in numbers did,as a thle;not migrate into déeper layers in contrast to
grbups numbering fower individuals. In the diurna’ riavtha of the ichthyo-
neuston on the whole, a midnight and a noontiue descend could be obscrved,
Fishes caught by day were wmostly few in numbers and sma'ler than tha nicht-
positiveAspecieé or staées. ?hu.top—net catches were vicher than those

from the middle or lower nets, © Tn 1967 the sant!e density per 160 o

water of the three microlavers covered vere:

by day " dusk/dawn by night
0~10 cm 7 17 25
10-25 cm 1 ‘ . 12 4
38-53 ¢m 2 : L 2

fﬁ the 0-30 m layer which was fished with a Helgoland larvae net
cquiﬁped'with altefnating bucket mechaniﬁm, the sampte dansit§-was,st5tist-
ically significant 1.65 times hicher than at the 0-10 ca level. -Radiation,
iilumination, dashing waves, and spcciaiiziﬁﬁ ﬁredators probably nrevent
a higher population dénsity in the rleuston.

The vertical distribution of soccies within the uppernmost 60 onm
showed three pattefﬁs of behavior:

| 1) surface-negative = firsﬁ develbpmpntai sfages (3 mrouns)
2) slightly surface-nositive £ Myctonhidae (4 proups)
3). strongly surface-positive =~Myqt0ﬁhidae end others (9 proups)
- The horizontal disftibut;oﬁ Qf the ncﬁéton{c sncceies is determi-

ned by water depth, surface temperature, éﬁd food supniv, In 1967, sample

~density in the three microlayers rcached at 0-'0 cm = 15, 10-25 cm = 5,

p. 53
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and at 38-53 cn = 2'ri‘hcu nor 160 ma; Upweitin: »laniton cadavers, illu-
mination, microfauna, and perivheral location of the hioto»e mav be cau-
sative Zgctors for'thc_greatérldensity o ichthvoneuston at the 0-10 an’
level,

Tt c\dcnsLty of - samnles from the foflowiny racions wern compared:

1) Great Meteor Scamount, Anrii 1947

‘2) Great Meteor Secamount, June-Jul!v 1867

3) African-Portuguese shelf, 1967

4) friunge-region of upwelling ares north ol Cape Blanco, 1968

5) upwelling rersion south of Cape Blanco, 1663

This list comprises rogions whose watars difTer in nart vastly
as regards nutritional contents., Corvesponding diflerences weve apparent
also. among relative sample deneiting; here, Uthe values were 1-1-3-3-7,
These pronortions are statistically not S1gni 1cant

Generally, the,neuston sanplas rovresented merely the averapge
proportions fvom the length-ranze oi the species: The lowev limit of the
total length of fishes that stav in the plerustal domasin by dav was for

™

nine species 6 or 7 mm. The majorityr, esvecia’ly among dav-onositive ich-
thyoneuston, were juveniles, a convercency nhonomenon imitating the dwars$

‘fauna of drifting Sargasso weed, Xbout half ot the 463 Gonichthys coccoi

Lollectﬁd in 62 hauls measured 22-25 mx, Accovdins to thoe characteristic
intestinal~contents from 693 animals, four develommental stages could

be determined in Scomberesox saurus based on their dict

i

1) protozoa-pgastroneda age (6-15 nm)
2) gastropoda-entouwostraca ace (16-30 mim)
3) entomostraca age (31-45 nm)

4) crustacea ano (4A-113 mm)

Characteristic contentd ol the digestive tracts waere:

1) fish, feeding on neuston by day only: large amounts.of cladocera;
2) small stages feeding on neuston by day only: large amounts of
- mollusks; _
'3) large fish, feeding on neuston by day on]y large amounts of
Corycaeus, isolated S*PDhlrlng.
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4) larger ichthyoneuston: ostracoda;
5) fish, not feeding on neuston by day: amphipoda..

It could be shown on Scomberesox saurus, Macrorhamphosus scolopax,

: —t . R
and the myctophid Gonichthys coccoi on hand of a cross-section from the
A

length-range of the atlantids-that had.served:as their food, that the
length spectrum broadened with increasing fish length and sﬁiftea toward
the larger gastropbda shells.” The larger fishes né longer fed on the
.smallest gastropoda. |

Similarly composed intestinal contehts wvere found in:eaéh of the
féliowing principal ichthyoneuston groups:

1) smailvfish, feeding exclusiveiy'on neuston and only by day;

-2) larger fish, feeding exlusively on neuston and only by day;

3) fish that do-not-feed on neusten by day, '

Hereby, each of the three pfinbipal groups was composed of 45
spécies-or developmental stages; The degree of -competition for food was
calculéted‘on hanq-of 78 bairs of species or sﬁageé on the basis of fre-

,qﬁenéy éﬁd ahount of the eight ﬁést impoffant trophical animals, High‘
degregs of cdﬁpétition>fdr food existed within the groups feeding on neu-
ston by day, a lower degree of cpmpetition was fouﬁa within the heteroge~
nic groups of fisﬁésﬁnpt feeding on ﬁeustbn during day;-and eSpeciain
between these and tﬁe smail stages.féeding oﬁ Reuscon by‘déy. In addition,
ffom fheISQerlapping‘of 1eng£h-fanges of the consumed atlantids:(see above),
‘the degree of coﬁpetition for food was calculated for 21 pairs from the | p. 54
1ength groups of three species (see abo?e). In each céSe thé individual |
' values)of the,pairs,calculﬁted.as indiées for thé food competition béfweén
the length groups,once on the basis.ofAthe fééd type,.then from.the size
of cansumediatldntids, ébrrelated positive with r = 0.701(952 confid. 0;32;§9}§L

0. 85,
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On the basis of time of day and depth level at which the food was

consumed, 4 groups were distinguishable from the contents of the digestive

tracts. Food was ingested

1

2)

3)

4)

in the pleustal layer by day only:.
smaller Scomberesox saurus (6-45 mm)
Exocoetus obtusirostris (6-33 mm)
Macrorhamphosus scolopax (8-50 mm)

-one berycid (6-17 mm)

Cotyphaena equiselis (10-40 mm)

during vertical movement in qubplgustal strata and probably in
pleustal layer by night:
larger Scomberesox saurus (50-113 mm)

by day in subpleustal‘strata and in the pleustal layer by night:
7 species of the lMyctophidae family

only (°) by day in subpleustal strata
Trachurus spec.

As indices for food shortage in the pleustal domain of the open

subtropical NE Atlantic may be conéidered:

9]

2)

3)

4)

5)

6)

7)

The variety‘of'distribution patterns; only 2.3 of the 31 groups
found most. frequently were caught in 1967 per 160 mS at the
0~10 cm level;

the low sample density as compared to the 0-30 mAmacrolayer;

the dominance of juveniles -- a convergency phenomenon toward
the nanism of sargasso fauna;

the exigous number of food spec1allsts and . the homogenelty of
stomach contents,

1

the indiscriminating féod intake;

food-intake of Myctophidag, the most massive neuston fishes,
which is therefore supplemented by feeding in subpleustals stra-
ta to compensate for the food shortage in the areas sampled;

the low maximal length especially of the two '"markedly surface-
positive' Myctophydae species.

‘Thé following observations indicate that food supply is p@rticular-

ly'short in the pleustal domain by day:
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1 and 2) The day/night ratio of sample density with regard to in-
dividual fishes caught was 1:3, with regard to fish
groups it was 1:2;

3 and 4) aggrégations as well as larger fishes were missing ex-
cept for Belone belone (see below). "

5) intestinal contents, particularly of fishes feeding in
the pleustal layer by day, showed a strong similarity
in regard to type, amount, and size of food object, .

On the other hand, in upwelling waters, more favorable food con-
ditions seem to have existed than in the remaining regions sampled. This’
" is indicated by

1) the higher sample density for fishes from the: upwelling region
(1968); ‘ ‘

.2) the distribution of Belone belone which was limited in 1967 as
well as 1968 to the upwelling regions, in connection with the
fact that Belone belone was an exception to the rule not only
by its maximum size but also by its older stages which remai-
ned at the surface even by day.

Literature
W -

1, Aroussouan, A. (1965): Oefs et larves de Teléostéens de
. - I"Ouest africain, IT Distribution verticale. —Bull, Inst.
. {ga;lgais d’Afrique noire, Sér, A, Sci. nat, 27, 4, 1504 —
2, Aron, W. (1962): Some aspects of sampling the macro-
: plankton. — Cons. perm. int. Expl. Mer, Rapp. et
.o Proc.~-Verb. 153, 5, 29 —38.
3. .ARON, W. & CorrarD, S. (1969): A study of the in-
fluence of net speed on catch: — Limnol. and Oceanogr, - S
14, 2, 242 -249. - ' s

4, © AscHor, J. & WEVER, R. (1962): Beginn und Ende der
' iigslichera Aktivitdt freilebender Végel. — J. Oraith.
03, 2--27, :
S 3  AssmanN, A, V. (1957): Microorganismen als Nahrung

fix Jungfische. — (Russ.), Zoologiceskij Zhurn. 36, 6,
- 900—908

6. . Backus, R.‘H‘, Crabpock, J.E., HAEDRICH, R.L. &
* 'Suorss, D. L. (1969): Mesopelagic fishes and thermal
fronts in the western Sargasso Sea. — Mar. Biol. 3, 2,

87--106. ‘
7. Baxer, A. pE C. (1960): Obscrvations of squid at the
sucface in the N E Atlanticc. — Deep-Sea Res. 6,
206—210. :
8. ° Barecm, E. (1959): Tintinnoinea' del Mediterraneo. —
. Trab. Inst. Esp. Oceanogr. 28, 1--88. . .
9. Banse, K. (1964): On the -vertical distribution of zoo-

; ) lankton in the sea. — Progreds in Ocecanography, M.

! 10, - - SEARS (Bd.) 2, 53—125.

 10. " “Bamreerr, M. R. & Hateprics, R. L. (1968): Neuston
: nets and South.Atlantic larval Blue Marlin (Makaira -

" migricans). — Copeia 3, 469—474, . :

p. 56



11.
12,

13.

14,

15, -

16.

17.

18.

.22,

23,
24,

25,
26, .

27,

29,
30.
3.

32,

33.

- BEckEr, V.E. (1967): Die Mpyctophiden deri ,,Petr
Lebedev““-Acantikexpeditionen 1961 —1964, (Russ.): —
Trudy Inst. okeanol. (Moskva) 84, 84 —124,

Ben-Yamy, M., Herzaerc, A., Pisanty, S. & Lonrig, A.
(M. S.): A side-tracking neuston net. (Ms.) — Sea
Fish. Res. Station — Haifa, Isracl, 1—13.

Briers, R. & Newsury, T. (1966): Booby 1], a quantitative
neuston sampler for use from small boats, — Publ,
Seto Mar. Biol. Lab. 13, 5, 405—410.

Brcerow, H. B. & ScHroeDEr, W, C, '(1953): Fishes of
the Gulf of Maine. — Fish. Bull. Fish Wildl. Setrv.
U. 8. 53, 74, 577 pp. . .

" aBocorov, B.G. (1'958): Perspectives in the s.tudy of
< seasonal changes of plankton and of the number of

generations at different latitudes. — In: Perspectives in
Marine Biology, ed. A. A. Buzzati-TRAVERSO,
145—158. :

BocGusravsky, S. (1956): Die Absorption der Sornen-
strahlung im Meer und iht dirckter EinfluB auf die
Wassertemperatur  (Russ.). — Arb. a. d. Meeres-
Hydrophys. Inst. 8 80—97,

BorcHakov, V. (1963): Etude de lhydrologic de la
couchie supéricure 4 1 métre - d’ean en Mer Noire. —
Notes Sci. Station biol. Odessa-(en ukrainien) (nicht
geschen) 5, 6369, )

Borv, R. (1959): Iniomi Myctophidae. — Rep. on the
Sci. Results of the “Michael Sars” North Atlantic
Deep-Sea Exped. 1910, 4, 2, 7, 1—45.

Breper, C.M. (1962): On the significance of trans-

atency in osteichthid fish eggs and larvae. — Copeia
-3, 561—567." '

BrinGER, J.P. (1956): On day and night variation in
catches of fish larvae. — J. Cons. perm. int. Expl. Met
22, 42—57. )

Brock, V.E. & RirrensurcH, R.H. (1960): Fish
schooling: a possible factor in reducing predation. —,
J. Cons. perm. int. Expl. Mer 25, 3, 307—317.

Brouuw, A. F. (1935): Flying-Fishes (Exocoetidae) of the
Atlantic. — Dana-Rep. 6. :

Cassig, R. M. (1959): Micro-distribution of plankton, —
N, Zealand J. Sci. 2, 398 —409. ,

— (1963):1Microdistribution of plankton. — Oceanogr..
Mar. Biol. Ann. Rev. 1, 223--252,

CrArkE, G. (1940): Comparative richness of zooplankton
in coastal and offshore areas of the Atlantic. — Woods
Hole Coll. Repr. 241, 226--255, .

CrarkE, M. R. (1966): A teview of the systematics and
.ecology of oceanic squids. — Adv. mar. Biol. 4,
91—300. - _ :

Cross, H., Dietricy, G., Hemeer, G., Scuorr, W. &
SersowLp, E. (1969): ,,Atlantische Kuppenfahrten 1967%
mit dem Forschungsschiff ,,Meteor** — Reisebericht. —
sn»Meteor-Forschungsergebn, A 5, 1—71.

Covir, R.W. (1959): Food and fceding habits of

Jlarvae and postlarvae of Ammodytes americanns 1952—
1955. — Bull. Bingham Oceanogr. Coll. 17, 1, 125—146.

- Crappock, J. E. (1969): Neuston fishing. — Oceanus

oo 05 (1951): The vertical migration of
CusHing, D. H. : e vertical migra
planktonic Crustacea. — Biol. Rev. 26, 2, 158 —-192.
D’Ancona, U. et al. (1931-1956): Uova, larve e stadi
iovanili di Teleostel. — Fauna Flora _Napol{ Monogt.

Dantessen, D.S. & Tverre, S. (1968): Sildelarver i
overflatelaget ved Treadelagkysten 1 april 1968. —
Fiskets Gang 40, 692—694. -

DannNeviG, A. & G, (1950): Factors affecting the sut-
vival of fish lacvac. — J. Cons. perm. int. Expl. Mer

16, 2, 211—-215. - . -

i

137,

P. 57




34,

35.

36.

37.

38,

39,
40,

41,

42,
43,

b4,
45,

46,

47,

48,
49.
50,

51.
52.
53.

54.

55.

56.

'57.

T RE SR
SEOEERE R

DANNEVIG, A. & SIVERTSEN, E. (1933) On the in-
fluence of various physical factors on cod larvae ..

. J. Cons. perm, int. Expl. Mer 8, 1, 90—99.

DarneLr, R. M. & MEIERROTTO, R.R. (1965): Diurnal
cnodxclty in the Black Bullhcad L. Ictalurus melas
g Rafinesque). — Transact. Amer. Fish. Soc. 94,1, 1-—8.

Davip, P. M. (1965a): The neuston net. A device for
samphng the surface fauna of the occan. — J. mar.
biol. Assoc. U. K. 45, 313—320.

— (1965b): Die Fauna der Meeresoberfliche. — Endea-
vour 24, 92, 95—100.

- (1967) Illustratlons of Oceanic Neuston. — In:
915 cﬁ of Mar. Zool., Symp. Zool. Soc. London 19,

3.

- (1968) Pelagic organisms in the superficial layers. —

: 0s. on Antarct. Oceanogr. Santiago, Chile

13-16 ept. 1966, Cambridge Scott Polar Res. Inst.
2429, .

Decunix, T. V. & SiNiNkova, V. J. (1964): Die Ver-

teilung von pelagischen Fischeiern und -latven im

l;f_ilsttclmccr (Russ.). — Trudy Sevastopol Biol. Stat. 7,
Derra Crocg, N. (1962): Aspects of microdistribution
of the zoop Jankton. — Cons. perm. int. Expl. Mer.
Rapp. et Proc -Verb. 153,25, 149—151.
Duncker, G. (1960): Die Fische der Nordmark. —
Hamburg

Eurensaoy, E. (1905): Eicr und Larven von Fischen. —

In: Nordisches Plankton Zool. Teil 1. — Kiel u.
Leipzig.

Ervrorr, J. M. (1967): Invertebrate drift in a Dartmoor i

stream. — Arch. Hydrobiol. 63, 2, 202—237.
Faune Ichthyologlquc de l’Atlanthuc Nord (1929 ff.)

hg. L. Jousm. — Cons. perm. int. Expl. Mer, Kopen- ;

hagen o. S.

)

- FEnaux, R. (1968): Un dispositiv pour péches planctoni- :

ques dans les couches superficielles. — Rapp. Comm.
int. Mer Médit, 19, 3, 379--381.

Fiches d’Identification des Oefs ot Larves de Poxssons, :

(19654f.): ed. ‘] H. Fraser et B. J. Muus. ~— Cons.
perm. int. Expl. Mer.

FOBW:HBR H. (1936): The marine fishes of West Africa. — .

Amer. Mus. N. H. 70 (2 Vols.) New York,

Fraser, J. (1962): Nature adrift. — G. T. Foulis & Co.,
London. : )

FrAsErR-BRUNNER, A, 1\&1949): A classification of the -

fishes of the famxly yctophidae. — Proc. Zool. Soc.
London 118, 4, 1019-1106.

" Frreorich, -H. (1965): Meeresbiologie. — Gebr. Born-

Hacmeier, A, & Kinng, C (1950): Die Nahrung der |

tracger, Berlin: 436 pp.

Fryser, G. (1955): Scale-eating habits of Afnc'm Cxchhd .

- fishes. — Nature 175, 1089-1090.

GumarpeLnr, E, (1966): L’iponeuston del Golfo di
Trieste. Metodi di raccolta primi risultati. — Boll.
Zool. 33, 221222,

Grezs jr. R.H. & Coverts, B. B. (1959): On the identi-
fication, distribution, and bioclogy of the Dolphins,
Coryphaena bippurus and C. equiselis. —. Bull, Mar. Sc1
Gulf Caribb. 9, 2, 117152,

Gorrng, J. J. & WarLen, D. (1967): The vcmcal
~distribution’ of phosphate and nitrite in the upper
onte-half meter of the southeast Pacific Ocean. —
Deep-Sea Res. 14, 1, 2933,

Meerestiere. — In: Handbuch der Seefischerei Nord-
curopas. 1, 5, a Schweizerbart, Stuttgart.

Harpy, A. & GUNTHER E. (1935): Plankton and rongh
Weathgr — Dlscoverv Rep. 11, 268272, .

.138.




139.

58, HarrMmann, G.F. (1958): Mouth size and food size in
young rainbow trout, Salmo gairdueri. — Copeia 3,
233234,
59. Harryvany, J. (1969a): Verteilung und Nahrung dc:s '
. . Ichthyoneuston im subtropischen Notdoscaclannk
Diss. Math. Nat. Fak., Univ. Kiel: 218 p
60. — (1969b): Chalimusstadien von Lepcop/)ilmrm auf
juvenilen Owor cimbrius und Onos mustelns, — Ber, Dt.
Wiss. Komm. Meeresforsch. NF 20, 2, 172—175. .
61, — (1970a) Tagesgang und vemkaleMzkrovcm_xlung von .
halopoden c%es Neuston westlich von Madeira, —
Bcr t, Wiss. Komm. Meeresforsch, NF 21, im-Druek,
62. (1970b): Juvenile Saury Pike (S:omberemx satirus
WALB ), an example of lchthyoncuston — J. Cons.
_ 3 perm. int. Expl Mer 33, 2.
63, : —: Bindung ecines Neustonfisches an dic Mecresober- )
fliche — Verhalten von juvenilen Liza awrats im
- Arenabecken und im Habitat.-Int. Rev. ges. Hydro-
biol. (im Druck).
64, —: Verhalten von Neuston im Arcnabecken. — (in
. Vorbereitung). :
65, + Hartmany, J. & Scunack, D. (1969): Verteilung von
: Heringslarven und Plankton am 28.5.1969 in der.
Schlei: Absetzvolumen, Ber. Dt. Wiss. Komm. Meeres-
forsch. NF 20, 3—4, 288—296.
66. HarrMany, J. & Weikert, H. (1969): Tagesgang cines
: Myctophlden (Pisces) und zweier von ihm gefressener
Mollusken des Neuston. — Kieler Meeresforsch. 25,
X 2, 328-330.
67. : HARVEY G. W. (1966): Microlayer coilection from the °
seasurface: A new method and initial results. - -
Limnol. and Oceanogr. 11, 4, 608—613. :
68. Haste, G. R. (1950): Phototactic vertical migration in .
marine dinoflagellates. — Oikos 2, 162—175,
69, Hewmree, G. (1970): Distributional and. trophic relation-
ships "of neuston and plankton. — [Paper of] IABO
' Symp., Tokyo, 20 pp.
- 70, Hemper, G. & NHLLEN W. (1969): Ichthyoneuston in
- the Notth Sea and in the Baltic. — Internat. Council
' for the Explor. of the Sea. C. M. 1969 L: 23, 1—14,
71, " HEeRRING, P. J. (1965): Blue pigment of a surfacc-llvmg

oceanic copepod. — Nature 205, 103—104.
72. — (1969): Pigmentation and carotcnozd metabolism of
the marine isopod Idotea metallica. — J. mar. biol.
" Assoc. U. K. 49, 3, 766779, ’
73, © - Husess, C.L. & I\AMPA E. M. (1946): The early stages

(Egg, Prolarva and ]uvemlc) and the Classification of -
the California Flyingfish. — Copeia 4, 188—218.
74, Huntsr, J. R. & MircueL, C. T. (1967) Association
. of fishes with flotsam in the offshore waters of Central
America. — Fish. Bull. U. 8. Dep. Int. 66, 1, 13—29,
75. . — — (1968): Field expetiments on the attraction of
- %u: fish to floating objects. — J. Cons. perm. int.
Mer 31, 3, 427—434,

76.. JERLOV N. G. (1068) Optical Oceanography. — Elsevier
. "~ Publ. Co., Amsterdam, London, New York.
7. - Kmnzzr, J. 3 HeMPEL, G. (1970): Probleme und Metho-

den der Elanktologlschcn Arbcxten auf den Atlantischen .

- Kuppenfahrten von F.S. |, Meteor®, Mirz—Juli
_ 1967, — ,,Meteor“-Forschungsergebn. D 7, 3-—-22,
78, KOJIMA 8. (1961): On food conteats of the dolphin. —
. Jap. Soc. sci. Fish. 27,.625—629,
79. . KOVALEvsxAJA N. V. (1964): Entwicklung der-,,zwei-

fliigeligen” fliegenden Fische der Gattung: Exocoetus
(Exocoetidae, Pisces), (Russ.). — Trudy Inst. Okeanol.
(Moskva) 73, 204 — 223




80,

81..

82,
83.

84.
85'

86.

87.

88.

89,

90.

91.
92‘

93.

94) .

95.

96.

- 97.
98,

99,

100, -

- 101,
102.

Knr;.xszrc;, G. (1965): Statistische Methoden uad ihre )

Anwendungen. — Géttingen.
KRISTENSEN, J. (1964): Hypersaline bays as ‘an eaviroa-

ment of young fish. — Proc. Gulf Caribb. Fish. I
16, 139—142. X “ o st

‘ Kunng, C. (1933): Wexterc Unte rsuchungen zum Ver-
lchh der Fangfihigkeit verschiedener Modelle von

vcmkal fischenden Plankton-Netzen. — Cons, perm.
int. Expl. Mer Rapp. ct Proc.-Verb. 83, 1—-19, i

LAuscHER, F. 51961): Sonnen- und Himmelsstrahlung
im Meer und in Gewissern. — In: Handbuch der
Geophysik, Hrsg, F. Linke & F. MOLLER 8, 723 —-768.
— Boratraeger Berlin.

. Lesour, M. V. (1917): The food of post-larval fish. —
J. mar. biol. Assoc. U. K. 11, 4, 433 —469.

- (1919 —1922): Feeding habits of some young fish. —

The food of post-larval fish No. IT '(1918). — The
Food of Young Fish No. III (1919). — J. mar. biol.
Assoc. U. K. 12, 921, 2247, 261324,

— (1933): The importance of larval Mollusca in the
lankton. — J. Cons. perm. im. Expl. Mer 8, 3,
35—343.

Leny, A.H., & Scorr, W.B. (1966): Fishes of the

' Atlannc coast of Canada. — Fish. Res, Board of
Canada Bull. 155,

Liuivg, K. H. '(1958): Zufallsbcobachtungen an Tetra-

- odon :ompbong.rz (Krapsewrrz) und Gyrinocheilus aymo-

nieri (TIRANT). — Aquar. Terrar. Z. 11, 11—15,

Marag, R. R. (1960): Food habits of larval cod, haddock,
and coalfish in the Gulf of Maine and Gcorgcs Bank
area, J. Cons. perm. int. Expl. Mer 25, 2, 147 —157.

Manivaro, J. & BerNarD, M. (1966): Conmbuuon A
Pétude dés oefs et larves pélagiques de poissons
méditerranéens, Note préliminaire sur - 'influence
léthale du rayonnement soleire sur les oefs. — Pelagos
6, 4955,

MARINARO,_] & HENRY J. (1968): Sur un nouvel engin
collecteut d’hypom.uston et son utilisation dans la baie
d’Algier. — Pelagos 8, 71—78.

MarsHALL, 5. M. & ORR, A, P. (1955): The biology of

a marine Copepod Calanus fmmarcl)/cm (Gunm_rus) —
London. .

. McLaren, I A. (1963) Effects of tempcratute on

growth of zooplankton, 2nd the adaptive value_of

zgts'ucal migration, — J. Fish. Res. Boarcf’ of Canada. 20,
727,

“Mierck, W. (1925): Hermgslarven Exer und Larven
anderer Fische und Nahrung der Larven in der west-
lichen Nordsce im Oktober 1922, — Ber. Dt. wiss.
Komm. Meeresforsch, N. F. 1, 209—246.

M%mt, E3 (1937): Revision der Ceatriscidae. — Dana-
¢

p. 1
Moore, W, G. (1941): Studies on the feeding habits of _

fishes. — Ecology 22, 91--96. .

Morozovskara, O. (1966) Appartenance zoogéogra—
?hxquc des Tiatinnoidea A lhomzon pélagique super-
iciel de la Mer Noire. — 4me Conf. Zoogeogr.,
" Odessa, C. R. (en russe) (nicht gesehen), 176—177.

Morris, R. W. (1955): Some considerations regarding
the nutrition of marine fish larvae. ~ J. Cons perm,
int. Expl. Mer 20, 3, 255—265.

Nauvmann, E. (1917): Uber das Neuston des SuB\vassers

. = Biol. Cbl, 37, 2, 98-106.

NosRE, A. (1935): Vertebrados. — Fauna Marinha de
Portugal I, Porto.

NorMmAN, J. & FRASER, T (L%B) Riesenfische, Wale und
Delphine. — rIaml-urg Berlin (Ubersetz.).

/ODUM,E P. (1967): Okologie. — Miinchen, Bascl, Wicen,

140,

p. 58




103,
104.

105,

106,
107.
108,

109,
110.

111.

112,

113,

114,
115,

116.
117,
118,

119,
120,

121,

122,

123.°

124,

© 125,

* Sameoro, D. D, & Jaroszynskr, L, O. (1969): Otrter | .

"Oxava, Y. & Suzusr, K. (1951): A review on the

Macrorbamphosns fishes of Japan. — Rep. Fac. Fish.
Prefect.”Univ. Mie 1, 1, 7—11. . :

Parmy, N.V. (1967): Diurnal variations in the larval
occurrence of some occanic fishes near the ocean
surface. — Oceanology 7, 115--121.

PennzLL, W. (1967): Preliminary report on a study of
neuston in the Gulf of St. Lawrence, — Rapp. Ann.
Station Biol. Mar, Grande-Riviére, 55—60.

PrerrrEr, W. (1960): Uber die Schreckreaktion bei
Fischen und die Herkunft des Schreckstoffes. — Z.
vergl. Physiol. 43, 578 —614.

Proray, T. V. (1953): A critique of the methods of study.
of food of fishes. — J. Zool. Soc. India 4, 185—200.

A RICHARDS, S. W. (1959): Pelagic fish eggs and larvac of

Long Island Sound. — Bull. Bingham Oceanogr. Coll.
17,1, 95124, _

RutrNER, F. (1962): Grundril} der Limnolbgie. — Beclin.

surface sampler: a new neuston net. — J. Fish. Res.
- Board.of Canada 26, 8, 2240—2244.

Savirov, A.I. (1956): Pleustonbiozdnose der Velella

Jata Cramisso und Ersenuaror, Siphonophoren, im
Pazifik, — Dokl. Akad. Nauk. SSSR (Russ.) 110, 3,
476—479.

- — (1963): Pleustonsammelmethoden auf der E. S. Witjas

(Russ.). — Okeanologija 3, 523 —526.

Scuremenz, P. (1922): Uber Nahrungsuntersuchungen
bei Wassertieren, insbesondere Fischen. — Z. Fisch.
NF 5, 49—65. -

- SCHNAKENBECK, W. (1955): Pisces. — In: Handbuch der

Zoologie Hrsg. J.-G.-Hgrycke & H. v, LANGERKEN 6,
i, 7. — Berlin. . - - :
Scuurz, F. (1956): Vergleichende Untersuchungen iiber
die Schreckreaktion bei Fischen und deren Ver-
breitung. — Z. vergl. Physiol. 38, 84—135.
SCHWOERBEL, ]J. ('19'66g): Methoden der Hydrobiologie. —
Stuttgart,

-Sears Foundation for Marine Research, (1964): Fishes

of the Western North Atlantic, 1, 4, -~ New Haven.
Suojima, Y. & Uekr, K, (1964): Studies on the larvae
and juveniles of fishes accompanying floating algae
II. — Bull. Japan. Soc. Sci. Fish. 30, 3, 248--254,
Speccr, M. (1968): Observations préliminaires sur
* Phyponeuston du golfe de Trieste. — Rapp. Comm.
int, Mer Médit. 19, 3, 491 —494,

. Sunp, P. N. & RicHarps, W. J. §1965): Results of trials -
of Guinea. — Ocean -t
- Sci. and Ocean Eng. 1965, Mar. Techn. Soc. Amer.

with a neuston net in the Gul

Soc, Limn. 1, 516--523, :

" TIMMERMANN, G. (1932): . Biogeographische Unter-

suchungen iiber die Lebensgemeinschalt des treibenden

. Golfkrautes. — Z. Morphol, Okol. Tiere 25, 288335, -
' TsisaN, A. (1967): Dispositiv de prélévement des

échantillons microbiologiques dans le. microhorizon
supérieur de la mer noire (en russe). — Gidrobiol.
Zhutn. 2, 84 —86. .

TvEITE; S. & Danielsen, D, S, (1969): Funa Av Neuston-
organismer I Norske Farvann, — Fiskets Gang .18,
'292—-296.

Ucuipa, K. & SnaojiMa, Y. (1958): Studies on the

" lafvie and juveniles of fishes accompanying floating
algac I. — Bull Japan, Soc. Sci. Fish. (Engl. Zu-
sammenf.) 24, 6, 411415, . - : ~

Varxanov, A. (1968): Das ‘Neuston. — Limnologica
(Betlin) 6, 2, 381403, .

141,




-1)
4)
8)

©11)

- 16)

126.

127.
128.
129.

130,

131.

132,
133.

134,

135.
136.
137.
138.

139,

140,

141,

142,

Rggs_and larvae of teleosts from West Africa; Il.Vertical distribution.

Beginning and end of daily activity of free-living birds.

ViNoGrADOV, A. (1966): Biologie des Hyponeuston vom
Nordosten des Schwarzen Meeres, Region der Insel
Berezan. (Russ.). — Gidrobiol. Zhurn. 6.

= (1970) Some ecological-morphological adaptations of
ichthyoneuston of the Black sea. (Russisch, engl. Zu-
sammenf.) — Zool. Zhurn. 49, 9, 1366 —1369.

| WAHLERT, G. V. (1963): Die 6kologische und evoluto-

rische Bedeutung der Fischschwiirme. — Verdff. Inst.
f. Meeresforsch. Bremerhaven, Sondecbd., 197—213.

WicksTeAD, J. H. (1965): An introduction to the study
of tropical plankton. — Hutchinsons Tropic. Monogr.,
London.

" WirrLiams, P. M. (1967): Sea surface chemistry: organic

- carbon and organic and inorganic nitrogen and phos-
phorus in surface films and subsurface waters. —
Deep-Sea Res. 14, 6, 791 —800. -

© Winsor, C.P. & Crarks, G.L. (1940): A statistical

study of variation in the catch of plankton nets. —
- J. Mar, Res. 3, 1, 1—34, :
WoopHEAD, P. M. (1966): The behaviour of fish in rela-

tion to light. — Oceadogr. Mar. Biol. Rev, 4, 337--403.

. Yasuba, F. & Hivama, Y. (1957): Mechanism of utili-

zation of plankton by some fishes. — Rec. Oceanogt.
Works in Japan, 3, 1, 85—91.

, Zartsev, Y.P. (1959): On the methods of collecting

pelagic eggs and fish larvae in the Regions of the Sea
unexposed to considerable water freshening (Russ.). —
Zool. Zhurn. 38, 9, 1426 —1428.
— (1960): Die Neustonbiozénosc im marinen pelagischen
§47cbcn2 (Ukrain.). — Naukovi Zapiski Odessa. 2, 1,
—42, ’
— (1961): ‘Pelagische Oberflichenbiozénose des Schwar-
zen Meeres (Russ.). — Zool. Zhurn. 40, 6, 818—825,
— (1962): Apparate und Technik zum Studium des
Hyponeuston (Russ.). — Voprosy Ekols 4, 107 —110.
— (1964): Hyponeuston des Schwarzen Meeres und

scine Bedeutung (Russ.) (nicht gelesen). — Autoref.

diss. doct. biol. scient. Odessa, 3--22,

" — (1967): Probleme der Meeres-Neustonologice (Russ.). —

Gidrobiol. Zhurn, Kiew 3, 5, 58—69.

- — (1968): La Neustonologie marine: Objet, Méthodes,
Réalisations principales et Problémes. — Pelagos, 8,

1—48. : .

ZELEZINSKAYA, L. (1966): Mortalité naturelle de cer-
taines formes d’ichthyo- et de zooplankton en Mer
Noire (en tusse) (nicht gesehen). — Autoref. Diss.
Cand. Sci. biol. Odessa, 3—20. . . -

Zusser, S. G. (1956): Tagesperiodische Vertikalwande-
rung pelagischer planktotropher Fische (Russ)). —
Rybn. Khoz (Moskau) 5, 5257, -

The tintinnids in the Mediterranean Sea.

The myctophids obtained at the Atlantic expeditiOn_”Petr Lebedev", 1961

-1964 (Russian text).

142,

The absorption of solar radiatien by the Sea, and its influence upon

water temperature (Russian text),




143,

17) Studies on the hydrology of the uppermost 1 m layer of water of the
Black Sea. (Ukrainian text)
27) Atlantic plateau cruises 1967 with the research vessel '"Meteor'.

Travel report and research results.

31) Eggs, larQae and juvenile stages of’te]eOstS.

32) Herring lgyvaeiin the superficial layers of the Trondelag coast,

© April lst, 1968,
..37) The fauna of the oceanic supefficial layer.

40)‘Distribu£ion of pelagic fish-eggs and larvae in the Mediterranean

Sea (Russian text).

42) The fishes of the Northmark,

43) Eggs and larvae of fishes. in: Northern planktoﬁ.
~4$).I§hthyoldgical fauna of the ﬁorth Atlantic,

46)

47)
51) Ocean biﬁlogy.

53)

56) The food of oceanic animals. In:" Handbook of the sea fisheiy of North
Europe,

59) Distribution and food of ichthyoneuston in the éubtropical NE-Atlantic,

60) Chglimus stages of Lepeéphtheirus on juvenile Onos_cimbrius and Onos
mustelus.,
. . \ b : . N -
61) Diurnal migration and vertical microdistribution of neustonic cephalo-

pods west of Madeira.



63)

64)

65)

66)

70)

77)

79)

80)

82)

83)

88)

91)

94)

95)

144,

Dependency of a neuston fish upon the superficial laver of the sea —
habitat.

Behavior of neuston in the observation pool.

Distribution of herring larvae and plankton on May 28, 1969 in the

Schlei river (Schleswig-Holstein, Germany): volume of deposits.

Diurnal migration of a mictophyd {pisces) and c¢f two neustonic mol=-

lusks that serve as its food.

) &
Ichthyoneuston in the North Sca and in the Balﬁic‘Sea,
Problems and methods of planktological work during the AtianticA
plateau Cruiées of the research vessel F.S, “Heteor', March-July 1967.
ngelbpment of the "double~winged" flying fish of the species [xo-
coetus (ekocoetidae, piscés) {Russian text).
Statistical methods and their applications.
Addifibnal investigatiods for comparison of the ﬁerformance of diver-
se vertical fishing plaﬁkton nets,
Sélar and ceiestigi radiation in the sea and in inland waters, In:

Handbook of geophysics.

Chance observations on Tetraodon somphongsi (KLAUSEWITZ) and eriqg-

cheilus aymonieri (TIRANT),

Herring larvae, eggs, and larvae of other fish, as well as food of
larvae in the western North Sea in October 1922,

Examination of the centriscidae.




97)

99)
100)
101)

:102)

106)

109)

111)

112)

113)

114)

115)

116)
119)
121)

122)

145,

On the neuston in fresh waters.,
Vertebrates.

Giant fishes, wales, and dolphins.

- Ecology.

On the fright reaction in fish, and the origin of the "fright sub-
stance'.

Basic outline of limnology.

Pleuston biocoenosis of Velella lata CHAMISSO and EISENHARDT, sipho-

nophores, in the Pacific Ocean. (Russian text).
Methods for the collection of neuston used aboard the E,S, Witjas
(Russian -text).

On the examination of food in aquatic animals, especially in fish,

Pisces, 'IntAHandbook‘of.zooIogy,

Cgmparative investigations on the fright reaction in fish,'énd‘its
spreading._

Methods of hydfobiologyi

Preliminary observations on the hyponeuston in the Gulf of Trieste.

Biographical studies on the conjugal existence of drifting gulfweed.

Locating neuston organisms in Norwegian wateérs.
The neuston,
Biology of hyponeuston in the nerth-east of the Black Sea, region

of the island of Berezan (Russian text).




L46,

128) The ecological and evolutionary significance of fish schools,

135) The neuston biocoéncsis in pelagic marine life (Ukrainian text),

136) Pelagic surface biococnosis in the Bi#ck Sea (Russian text),

137) Apparatus and tgchniques for the study of hyponeuston {Russian text).
138) Hyponeﬁston in.the Black Sea and its importanéc (Russian text).

139) Problems of marine neﬁstonology (Russian text).

140)
141)

142) . Diurnal vertical migration of pelagic planktotrophic fish (Russian

text).

‘Translator's note: JFor appendix (original p, 60) please seec next page.




147,

'Aggendix

Station log 1968

o Positidn Sampling time & speed
Je 1 .
Day  Month No, North North' Westo UeSt! Start / Terminated/Knots
19 4 N 1 47 20. 06 16 1010 1040 56
19 4 . N 2 46 35 06 55 2200 2280 - 56
20 4 N 3 45 13 07 . 51 100¢ 1030 5—G6
20 4 ‘N 4 43 33 09 08 2200 - 2230 5—-6
21 4 N 5 41 44 10 00 - 1000 1030 5—6
22 4 ‘N 6 39 .48 " 10 41 1000 1030 5—6
23 . .4 N 7 33 .45 12 50 1000 © - 1080 5—6
23 4 N 8 31 44 13 .33 2200 - 2230 5—6
24 4 N 9 29 . 35 14 18 100 . 100 - 5.8
24 4 N 10 27 32 14 46 . 2200 - 2230 5—-6
25 4 N 11 . 26 07 15 02 . 05% 0698 5—6
02 5 N 12 20 - 59 =17 30 2140 2210 5—6
02 - 5 N 13 T 20 54 17, . 25 2285 2305 " 5—6
02 5 N 14 - 20 49 : 17 23 2310 © 2340 - 5—6
03 5 N 15 20 47 17 12 1010 - 1040 6
03 5 N16° 20. 40 17 29 1340 1410 6
03 5 "N17 20 41 17 45 1818 S 1848 5-6
-04 5 N 18 20 40 18 - 01 . 05t 0540 5—~6
04 5 N 19 20 40 18 34 1025 1055 5—6
.04 5 N20 - 20 40 18 46 1605 1635 5—6
07 5 N 21 20 20 17 - 11 1300 1340 4
09 ‘5 N 22 20 20 19 22 1302 C 1345 3—4
09 -5 ‘N 23 20 - 24 - - 18 40 1835 1910 5
13 5 . N24 . 20 22 17 29° 108 1135 3
13 5 N 25 20 16 17 30 1140 1235 3
13 5 N 26 19 42 18 43 ©o238 (0005 5—6
14 5 - N27 19 40 18 . 52 1505 1535 5.
15. 5 N28 19 40 18 .03 - 01156 0145 6
15 5 N 29 19 . 4Q 17 42 L1123 S 1188 5
15 .5 N30 19 40 17 - 31 18038 1838 5
16 5. N 31 19 - 38 17 08 0513 0546 5
17 5. "N 32 19 53 17 32 0gso 0920 6
19 5 N33, 19 22 16 47 1526 1555 6
19 5 N34 19 19 17 - 02 1765 1830 4
19 57 N 35 19 . 18 17 11 2210° 22838 4
.20 5 N 36 19 16 17 21 0218 0248 6
20 5 N 37 19 12 17 44 . 0790 0825 . 4-5.
27 5 ‘'N38 21 06 17 ' 15 1730 1804 ’ 5
28 5 N 39 21 .58 . 18 - 55 S 1698 - 1635 6
29 5 N 40 22 03 18 24 "18%8 ' 1928 5—6
29 5 N 41 22 03 - 18 - 24 1933 2000 5—6
30 5 - N42 22 03 19 24 0048 0118 5—6
- 30 5 . N43 - 22 06 18 01 0300 0380 6
-30 5 . N44 22 01 17 48 0825 0856 5-6
30 5. N 45 22 ot . 17 48 1330 1380 5—6
30 5 N 46 _ 22 00 17 16 2025 2055 6
30 5 . N 47 22 .00 - 17 13 2227 . 2257 56
3 5 N 48 21 47 17 19 0750 0820 6
-3 5 N4 21 30 17 11, 1040 1110 .6
31 5 N 50 21 30 17. 17 1120 1150 6
31 5 . N 51 21 30 17 17 T 1168 S V2 6
31 5 N 52 21 30 17 24 1285 1305 6
31 5 N 53 -19 32 - 21 28 2334 2404 6
o1 . - 6. "N 54 19 15 21 26 1585 : 1625 56
02 6 - N 55 18 47 . A 23 0408 0438 5—6
02 6 N 56 18 32 "21 22 0615 0645 5
02 6 N57 18 i18 21 27 1230 1300 5
02 6 . N 58 18 11 21 26 2248 2318 5—6
03 6 N 59 21 32 17 58 - 0500 0530 "5—6-
03 6 N 60 21 38 17. . 36 1040 1110 5—6
03 6 - N6l 21 33 17 ~37 . . 13% 14905 5—6
03 6 N 62 2t 31 17 - 20 2045 2115 5—6




