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In four microlayers of the uppermost 60 cm of the 
- 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 
, 8 species of Beloniformes and 9 species of Mycto-

phidae. Most of the fish were juveniles of. 6-80 nim 
total length. — The regional... distribution, the 
vertical macrodistribution in 6 layers of the 'upper-  -- 
200 m, .3 patterns of vertical microdistribution, 
6 patterns Of diurnal migration, and 4 patterns of , 
teeding a.CtivsitY -are described. — Most of the fish 
fpund in the 0-10 cm layer by day were small in 
size and appeared only in a few Specimens per haul. — 

. The catches in the 0-10 cm microlayer were richer 
than.those of the 10-25 cm microlayer, but poorer 
than those of the 0.-30 m macrolayer. .According 
to their gut contents 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 . 
i.; food was calculated. -7: There is some eyidence for ' 

a 'scarcity of - food at the surface of the 'open sub- , 
tropical Atlantic especially by day. 
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- Foreword 

Food shortage throughout the horse-latitude region of the open 

Atlantic Ocean poses for the'fry,2who depend upon a relatively dense . sup- 
. 
ply of suitably sized planton, the problem of finding adequate nourish- 

ment. If food  supply falls short of a certain density, the animal is con-

demned to etarvation. However, adequate density of food stOres does not 

have to be distributed evenly throughout the entire water column populated 

by youngssèdes... It suffices for their survival if suitable "pastures" 

with adequate plankton density exist, on which . they can graze at regular' 

intervals. 	. 

Under hi,s first  impression of relatively plankton-rich samples 

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

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

cal .fry in the pelagic covet layer, which'is several centimeters èhick. 

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-

ese-Moroccan coast and 300  West. For comparison, additional material was 

collected with:the vertically fishing .  HelgOland larvae net. 
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In 1968, the "Meteor" undertook anotiler research cruise into'NW 

African waters. This cruise provided an opportunity for complementary 

neuston sampling especially in the upwelling area off Mauretania. 

In addition to a description of nutritional conditions prevailing 

close to the sub-surface, a presentation was required also of the verti-

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

fish larvae and young stages that roam the pelagic *surface of the.area 

chosen for thiainvestigation. 

Professor HEMPEL assigned the evaluation of the abundant material 

to •doetorand WE1KERT and myself; Mr. WEIKERT has been entrusted with in-

vestigating the invertebrates, while the present work, which represents 

the . main part of,a thesis (HARTMANN 1969a), describes the ichthyoneuston 

with special.emphaSis 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 bis assistance in many . 

respects. I aiào 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", and . granted a scholarship. Dr. KINZER*kindly provided 

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

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

to thank Mr. MAUL. (Madeira), Dr. NELLEN (Kiel), and Dr. AHLSTROM (La Jolla), 

for the determination of sample specimens, and for providing literature 

and references. My co-dogtorand,,Mr. WEIKERT, eased the burden of evalu-

ating the literature by translatinenumerous Slavic publications. My ' 

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

who assisted in saMpling . the material..- Mr. 11BKE took great care in draw- 
. 	. 

ing the Mustràtions, 	 • 
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The present work is limited to the investigation  of fishtypes in-

habiting the neuston. 

The biotopé of the neuston should not be designated as "hypo-

neuston" (ZAITSEV.1968, p.18), nor as "neustal", or "hyponeustal", since 

we are dealing here with one and the same "narrow borderzone of the pela-

gic domain" which is, according to FRIEDRICH (1965) to be designated as 

"pleustal". 'Whoever wishes to speak of the biotope of the submerged 

neuston as of "the neustal" should Consider that, then, the genus Halo-

bates (ePineuston) would remain outside the range of this "neustal". 

Who, on the other hand, includes-in the designation "neustal" the air 

which interfaces the sea surface,. depicts thus the actual biotope of the 

pleuston as "neustal". 	ZAITSEV (19(8) postulated on the basis of di- 

rect observations that, generally, the following thickness exists for the 

 layer  occupied by neuston: 1-3 cm for agitated sea, and 1-5 mm while 

surface is calm.' While these limits may apply to oceanic microneuston, 

they surely do not apply to macro- and megaloneuston which may nevertheleas 

constitute a considerable part of the ichthyoneuston. In this work, the , 

terra "pleustal" dePicts the particular layer that was fished by the upper- . 

 most net utilized (Fig.1), namely the 0-15 cm surface level. 

. 	1.2 Formulation of the problem 

An introduction to marine neustonology and first results have 

been furnished by ZAITSEV in 1968. 

Besides ZAITSEV, who concentrated his  investigations on the Black 

Sea.(1959-1968), it was PARIN . (1967) . who also specialized in the ,investf-

gation of marine ichthyoneuston, but he studied the ichthyoneuston of the 

Pacific Ocean. ZAITSEV was priMarily Concerned with substantiatinÉ that 
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the uppermost centimeters of the Black Sea are 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, làrvae, and juvenile fish, as well 

'as for invertebrates (for methods employed by ZAITSEV, cf. Table 1 (p.I1). 

ZAITSEV's and PARIN's specialized works did not include the eco-

logical role of the pleuston as a fish pasture, although . -- on the basis 

of dense hauls from the surface of the Black Sea -- ZAITSEV attached 

great importance to the pleuston as feeding ground for fishes. 

The present work is designed particularly for the determination 

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

However; the analyses of intestinal contents, which stand in the fore- 

ground of these investigations, cannot be considered separately. Obvious7 

ly, food intake must be - viewed in connection with other behavioral fact-

tors of. ichthyoneuston. Thus, PARIN . (1967) considered a relationship bet-

ween diurnal migration and feeding rhythm of neuston fishes. Therefore, 

• the vertical, horizontal, daily, and seasonal distribution of ichthyoneU-

ston Will here also'be taken into consideration. 	 • 

Furthermore, it shall be determined of which species and stages 

the ichthYoneuston is composed. Since, in addition, a relationship bet-

ween food supply and the abundance of fish was suspected, this raised al-

so the question of possible aggregations in the pleustal layer. 

The analyses of intestinal contents will 'show', according to type, 

amount and size, how plankton is distributed among the species and stages 

of grazers, and at what times of day food is taken by the individual 

groups. From these factors; a clear picture should emerge of the compe-

tition for food among ichthyoneuston. 
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In the closing chapter,, the cinestion of the nutritional capacity' 

of the pleuston in the subtropical Atlantic will again be dealt with by 

taking all individual results into consideration. 

The invertebrates among the sampled material are presently (1969) 

.being studied by WEIKERT, whose . preliminary results have, in part, been 

takèn into consideration in the present publication'. • 

2.'14a.terials and methods  

2.1 - .  Sampling devices. 
, 

The features of an ideal sampling device for.neuston have been 

described•before •by DAVID (1965a),and SAMEOTO & JAROSZYNSKI (1969). Be- - 

cause of low manufacturing costs, manageability, fast towing speed (?) 

and other advantages, the type Of net developed by SAMEOTO -& „TAROSZYNSKI 

(1969), which is, secured to a surfboard (see Table 1, p. 10, recom- 

• \ 
.mends itself as the future standard apparatus. 

• . The most important devices that had been utilized for neuston samp-

ling.by  1965, were,summarized at that.time by DAVID (1965a). Table 1 	• . 

describes modern .  Models that are suited for the collection of ichthyo-

neuston. The first effiçiently performing neustion sampling devices'were 

developed by SAVILOV (1955) and ZAITSEV (1957). 'Another newly construe-

. ted apparatus mas utilized by DELLA CROCE (1961). 

DAVID (1965) introduced a new prototype.which underwent several 

modifications (by HEMPEL 1967; PENNELL 1967; among others). By HEMPEL 

further 'improved models of DAVID's neuston.glider wére used in 1967 and . 

1968 on the "Meteor". 

Two types of sampling apparatus can be distinguished: 'There are 

the,nets devised by SAVILOV, ZAITSEV, and MARINARO on the one hand, which 
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are operated from a drifting or anchored ship. On the other hand, the 

constructions of DELLA CROCE, DAVID, PENNELL, BIERI, HEMPEL, BARTLETT, 

BEN yAmI et al., and SAMEOTO are designed to be towed by a vessel in mo-

.tion. 

The slow sampling speed (appr. 1 knet) of the models mentioned 

first permitsutilization of a wide-mouthed net -- a possibility which 

- found its realization in the devices of SAVILOV (net opening 100 x 60 cm), 

. and ZAITSEV (net opening up to 300 x 25 cm). Airthermore, drifting devices 

allow the use of finer mesh for the net. Another advantane is offered 

by  the  fact that these devices leave the water surface relatively undistur-

bed unless the leé whirl close to the drifting ship is being included in 

the sampling activity, as prefetred by SAVILOV. 

• 	Devices toWed under engine power have the advantage of .higher net 

speed, which comesto 2 knots with DELLA CROCE's apparatus, 6 . knots for 

those of DAVID, HEMPEL, and BARTLETT, and even to 1 1 .  knets for that of 

SAMEOTO. Probably, it was due merely to slow-speed• towing that  PARU,  who 

used SAVILOV's PT-1 apparatus (I knot) failed to .detect any rhythm -  in 'the 

.diurnal migration of Scomberesox.Saurus  which was observed, however, in 

the Atlantic Ocean with the aid of HE•PEL's glider (6 knots) (cf. 4.32,p:45): 

It can . .be assumed' that the larger Scomberesox saurus managed to aveid 

PARIN's slow-moving zipparatns. 

An important novelty was introduced by DAVID.in  that the towing 	• 

structure is guided with an asymmetrical bridle* to either side of the 

ship so that the net fishes in quiet water e  not disturbed by the turbu-

lence.  caused by the ship's propellex.'• . 

*) Translator's .  note:  The terni  "bridle" is used by DAVID (1965) in his 
paper describing his "Neuston - Net". 
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Obernetz 	 Top net 
15 

• ______ 	Middle net 
30 . 	• 

i  ihnv-174U , 	LoWe'r net 

4--50 cm —4 

Fts• 1. Aeringensenè of the net openings (1967), upper 
net teroudi subteerged. 

The derices of ZAITSEV accomPlish an absolute minimum of immer-

sion of 5 cm. Immersion of other oceanic sampling devices is deeper: 

10 cm (DAVID,. BIERI, • PENNELL, HEMPEL, • BARTLETT), and 20-30 cm 

SAVILOV, BEN. YAMI et al.): 

.DELLA CROCE-covered the microstratIfication by fishing several 

layers consecutively with the same net. The arrangement of several nets • 

on aqadderrlike frame, thus sampling simultaneously 5 (ZAITSEV)„3 (DAVID, 

. 	PENNELL), and.2 (HEMPEL, MARIHAR°) layers, does of course work more precisely. 

The sampling devices utilized in the 1967 and 1968  investigations  

-described here were developed by .HEMPEL,but were based on DAVID's. model. 	• 

Since the model - Used in 1967 was .  made of heavy mahogany, it was equipped 

• with.additional floats, made of styropore and affixed underneath the skis, 

thus differing from DAVID's neuston net. 

Initially, only the top net was in operation. Later, a secend net 

of equal..size was firmly attached tda metal frame; it thus fished simul-

taneously beneath  the top net at a depth of appr.. 45 .  cm. Finally, thià 

.socalled "'lower net" was 'supplemented with«a middle net situated directly ad, 

jaceni to the top net - (Fig. 1). 	 • • 



	

, 	 . 
• 0 

;11 
C./ 4-e 
e 	,e 
o z 

72e 
0 c- e 

4-e 

• ci: 
_ 

	

DèsIguat'ion 	cm  
• 

PT 1 

NT3 

• DAVID 

PENNELL 

HEMPEL 

40 

48 

1 1. 

Table 1. . Modern devices for the sampling oE ichthvoneuston. 	 p.5 

yhere author's name or sampledregion is enclosed in parentheses, 
this refers to - material which. had also been collected vith that particu-
lar type Of equipment 	SPF.CCHI  (1968) :. and FENAUX (1968) came to the 
author's attention only after this Table was already in press. 

Author • 

Smmov 
(PAEIN) 

ZAITSEV 
(DANIE4SEN) 
(GHIRARDELLI) 

4:1 

4..3 	• 

C1) 

0 

bC 
Jr; 

knots Quantity 

25 

PNC-5 

Position in 
relation to 

ship 
close to'shir 
in lee . whirl 

abaft •  

_ 
Repf,ioïi sampled , 

	

ac.,Lic, 	• 
Inen Ocean 

	

— 	— 
Black 	(N- 
Atlantic)(Medit.) .  

0 

4,4 

100 drif- 
	 ting or 
300 

anchor- 
60 	ed 5 

DELLA CeocE towed after Mediterranean Sea 2 10 

Neuston. net  

10 

Bimix Booby II 

MARINARD 

3 
Antarctica. 
Indian Ocean . 
Atlantic Ocean 

davrnside ship 
30 

32 

40 

5-76 1 

2.0 
5-6 

2 

North Atlantic 
Pazifib 

hauled.in  by Mediterranean 
hawser 	Sea' 

BARTLETT 
(BACKUS et al.) 

BEN YAmi et al. 30 

10 100 

60 

75 2,5-5 

9 

6 

1 
SMiLtiefré 8-11 

ELLior 

South Atlantic 
sid.P.waYs 	(Ne Atlantic) 
downside shi Red. Sea 

McdAefranean  
NW At&Antic-
Fresh water 

river  
No ship in-
volved 

Thus, 016 nets were later towed,in pairs: either in the combina_ 

tion top net/lower net,•or top net/middle.net .  For most catches,'the bag-

. shaped Nylon net had à mesh size of 300 p. and a length àf 3.80 m (MOnyl • 

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

an active filter area of 517:.. Each side of a .re otangle measured about 300 
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The total of mesh openings of • this net-bag wa.s 21 times larger tha.n 

the completely submerged mouth opening.. Only during the plateau cruises 

(cf.p.22); 
in 1967 was it 'temporarily necessary ,  after these nets.were worn out, to 

continue the work with short bag nets (1.34 m)havingamesh site .of 500 11. 

The net combinations used at individual stations are shown in . 

Table 3. 

For the investigation of the upwel ling waters off Maureta.nia, • the 1967 

neuston glider was altered in 1968. The most importaet changes were: the 

skis now formed hollow floats, and there were . t•o alternatives for the 

. depth-adjustment'.of the net pairs. During the entire journey, work Was 

performed simultaneously at the depths of 0-.15 cm and 23-38 cm. 

' 	The neuston gliders used by the - "Meteor" in 1967 and 1968 distin- 
. 

guished themselves by high net speed, utilization of two simultaneously 

operating nets,- but also by small mouth openings Of the latter.. 

In addition, a Helgoland larvae  net (ø 143 cm, 500 . 0 with aleer-

hating bucket.mechanism (KINZER und HEMPEL 1970, not seen by author)was 

used on thé "Meteor" in 1967. The  towing speed of. the Helgoland larvae 

net was 0;5-i m/sec. The advantage -  of this type — . as compared with the 

,conventional, vertically fishing bag net -- lies in its feature of fishing 

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

 jacent.to  the nextlevel. On the Other hand, it has the disadvantage that 

. Organisms fromHall. the layers are . being.led through the:same net bag so . 

that organiams hanging in the mesh, or those actively swimming in opposite 

direction can,uncontrolled,escape upwards (oral communication after "Me-

teor" journey 1970)— 	 • 
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2.2 Metheds 

The bulk of material .on which this work is based has been collec-

ted during the "Atlantic -Plateau Cruises 1967" of the research vessel "Me-

teor" by HEMPEL and the author. The station logs "Meteor"--1967 have  been 

 published by KINZER:Ex HEMPEL, the station log "Meteor"--1968 is added 

here as an appendix. Samples V-1 to V-32, and V-79 to V-81 were obtained 

by towing the sampling device with(and abaft)the commuter boat of the "Me-

teor". These  catches,  despite the slower,and inconstant towing speed, 

resulted in comparable values, es established by ,  a 	t-test on ma- 

terial obtained in Spring 1967-from the Great Meteor Seamount (HARTMANN 

1969a). 

• 	On the "Meteor", the néuston nets were generally towediDy a boom 

and , with the help of an asymmetrical 'bridle, the e.  iqere maète to —rtui appr.- 

10 m away, iOtbeàrà ! the ship's quarterdeck 	In this position, the net 

operated in relatively undisturbed waters. In 1968, it was also tried ' • 

to-operate the neuston glider when it was paid out appr. 80 m abaft ship 

The • asymmetrical bridle then steered the device toWard starboard into • 

undisturbed . waters This is the optimal position when see conditions are. 

not too rough since, in thiS manner, the net operates still farther away 

from the ship's lights and propeller noises. 

Whenever possible, .the net was towed at a speed of 6 knots.. A 

speed of mere than 7 knots resulted in apparently poorer catches, perhapS 

1 
because the glider Would then frequently jump into the air over the t rough 

, 

of waves. 'Speeds between 3 1/2 and 7 knots brought 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 net, the neuston glider would -- dn relation' 

• to the•water body -- moYe backward, while a subsequentjolt of the hawser 

would teat the apparatus again in forward direction at a speed of more 

than 6 knots— .  

An individual towing-time of half an hour proved to be the most 

favorable, Since longer duration increased the risk of getting the entire 

length of • the  net-bag filled, almost to the point of watertightness, with 

-oil, jelly-fish, protozoa, cuttlefish eggs, -  and'algae fragments. Some 

catches were so much intermingled with fuel residue that only fishes could 

be -utilized while the entire rest had to be discarded. 

At a speed of -6•knots, the top net fished within half an hour 'theo- 

retiçally an area of appr. 1,600 m 2 . The lower and middle nets each fil- . 

tered within the same time a water body of about 250m 3 , providing the • 

Water was . able - to pass•the nets without blockage. A flowmeter was not used l 

 .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 sautus (up to 136 mm), 29 Relone belone  (up to 

370 mm total length Minus length of snout), 11 Symbolqphorus veranyi  (up 	 • 

to 125 mm), 4 Myctophuffi nitidulum (up to 37 mm) and 4 Myctophum punctatum 

(up to 91 mm), as well as 1 each of Exocoetidae (165 mm), Bathystomias gigas  

(100 mm), and Lestidium spec. -(80 em). This listing shows that 112 fishes 

.representing 8 species were caught whose total lengths ranged from 80 to 

>370 mm. 	Howeyer, the fishes obtained by BEN YA•I (et al.,  H.S.)  from 

the Red Sea and the Mediterranean Seà by towing their device  at  a maximal 

peed . of 5 knots (Table 1) measured only up to 80 mm in length, and SAMEOTO 

. J:AROSZYNSKI (1969) mention a maximal length of .50 Mm - (1 speciMen with 110 mm). 

1) At the Institute. of Oceanography, Kiel (Cernian .0, an apparatus has been • . 

devised in 1970 which measures the depth of submergence àf the nets mouth 
(KRAUSE & GRAVE, unpublished). 
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The 300 p. mesh was selected so that fish and invertebrate plank- . 

ton Could be sampled simultaneously. The following sources of possible 

error should be mentioned: • 	• 

When  determining the vertical stratification, a certain degree of 

imprecision-resulted from the vertical 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 even pushed down under the 

water surface l only to jump through the air the next moment - over the t'rough 

of waves. In 1967, this resulted in an estimated amplitude of variation 

of up to 10 cm. . The top net of the model used in 1968 never left the 

water entirely nor was it ever.pressed completely beneath the surface. 	• 

Its amplitude of variation was about 5 cm. Under calm conditions,: immer-

sion of the top-net meuth• was appr. 10 . cm in.1967, and about 13 cm in 1968. 

. A possible source  of.error in the quantitative comparison of the 

microlayers• is the arrangement of several nets one upon another: WINSOR 

CLARKE (1940) fished in 30 m depth with three nets arranged in - this fashion; 

much to . their surpriSe, they found significant differences in favor of the 

top net  which they explained with an upward escape of the plankters. Such' 

an upward flight of the prey conveniently diminishes the area of possible 

, attack within the cover layer to the disadvantage of a ,predator. Fish 

"stand", so'to speak,•"with their back to the wall" when on the surface; 

they may even -- as many oceanic adult fish do -- leave the water in the 

course of their flight (LEM 1966). It is therefore quite conceivable 

' that, as eurule, upward flight is the preferred route of escape for ichthyo-

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

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

*) Translator's note: On p.4 of the original, the author stated that the 
1967 model was made of heavyMohagonyand therefore needed floats (here 
p.10): Above è he seems to make a statement to the contrary but what he 
probably meant-to say is that I due to . the tloats, this model appeared 
lighter on the Water. 
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anthor to leave the water before the net mouth, sail :lng about 2 m across 

the device. A doWnward flight under the surface lias  been observed by 

SCHUTZ (1956) on the fresh-water fish Esomus_i_ineatus, by rFEIFFER (1960) 

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

and oh Blennius galerita.(in  preparation),  and. h'  HUNTEl: & MITCHEli. (1967) 

on fish swimming with driftage. 

A  second possible source of error which may distort the day/night 

ratioj and may even simulate day conditions,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 fisheà from 85 day samplings', thert was - no differ-

ence found. It is probable that the high net speed favorably affects the 

sampling of smaller neuston fish .  However, this speed did not Suffice 

to catch the larger animals since the 29 lare Belone,  collected in the 

course of 9 hauls, and measuring more than.79 mm, were caught exclusively 

at night, or during dusk/dawn l despite  the  fact that they inhabit. the pieu-

ston during both day and night (cf. paragraph 4.31, p.44). 

A third source of error does perhaps exist in form of the "anti-

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

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

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

leads to erroneous conclusions in.regard to the digestive state  of  stomach 

contents. 	- 

A fourth source of error orl,ginates from 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-knots, just 0.4 seconds for orientation before he 

reaches the héightof the net's Mouth. However, since the actual net speed 

varies between 0. to >6 knots (cf. p. .14), the fisfi may -- depending upon 

circumstances --- have more time for orientation and, therefore, a chance 

to escape: either away - from the side boards before the net opening, or 

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

•to fly across the mouth of the net. 

•The capacity of the Helgoland . lervae net in relation to the time 

of day has been teàted by BRIDGER .(1956). During the night, he caught 

7 times more herring larvae  and  4 times more sardine larvae than during 	.• 

daytime; he related this result to the diminished effectiveness of the net 

 during daytiMe. As a consequence of the low tr)wit-g, speed, the larvae 

net selects the slower plankters and, also for the same reason, does not'.ceoh any 

fethoneuston. Thes e .  results have remained the only qualitative compari-

. son between fishes  sampled with the neuston- and those sampled with the larvae net 

The .fiShes . caught Were preserved aboard ship in a 4% . buffered 

forffialin solution. The fresh material was transferred from the draught 

bucket into sample bottlea with the help of . a "concentratoC, a 11!Iker- .  

shaped sieve (300 it mesh). The length .o f.  the fishes was measured, de-' 

pending  on the  ,species, to  the full millimeter for up to five months af-

- ter the catch. The indicated length represents -- with the exception of 

'Belona belone (cf. .p. 14) the total length of the fermalin-preserved ani-

mal. 

.4ome data on weather conditionsat the stationswerelisted in the 

protocols  on.  these neuston catches.-' In 1968, the sùrface temperatureS of 

the water were measured with the help of a . wonden bucket lowered over the 

.side.„_ During the Atlantic plateau cruises, temperature values were ob- 



18. 

tained from the day-book of the ship's weather station, and partly inter-' 

polated. In 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,in 1968, se-

veral hauls had to be stopped because sea motion was too strong. In these 

cases, not only the heightof the waves but also the course of the vessel 

in relation to their direction were decisive factors. In this work, sea 

motion and cloud cover have generally not been taken into .consideration 

because the attempt to isolate their influence from other factors did not 

lead to any tangible results. The metereological influences may perhaps 

have  been concealed by stronger factors such as patchiness, diurnal fluc-

tuations, as well as by temperature and other regional differences. How-

ever, HARD.'r& GUNTHER established as early  as 1935 that conditions of the 

oceanic surface, even at force Twinds, 	do not exert any,influence upon 

the population density of the "surface layer, and ZAITSEV (1968) observed 

ihat typical neuston organisms remain in their biotope'even when waves 

are 3-4 m high. 

3. Material -sampled  

The positions of all  1967 and 1968 stations are illUstrated in 

Figs. 2-4, pp.19-20). 

The 1967 sampling aTeai,i were mostly located in a region whose oce-

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 cro2sed at the shelf which gave themselves 

away by low surface temperatures (17.3 °--17.6° C, in cOntrast to more than' 

18.6°C at,neighbouring stations) (Fig.22 p.113).. 
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Fig. 4. Stations in the main 
region of investigation • 1968. 
Explanation of the signs: 
Titne of catching: 
spring/day 
spring/dusk or dawn >- 
spring/night 	- 	1967  
summer/day 	A 
summer/dusk or dawn >. 	• 
summer/night 	V 

• 1968 

For reasons  of comparison with the nutritional deficient region 

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

was investigated by WEIKERT and the author . in  1968 during voyage No. 13 

of. the  "Meteor". 

The regional and seasonal data on.all catches are as follows: 

1967:  catches 

	

1-7 	- between English  C1mnnei and Great Meteor Seamount, from 
April" 1st to stb; 

	

8-43 	Great Meteor Seamount region, from April 9th to 29th; 
VI-V32  at a permanent station NE of Great Meteor Seamount. from • 

April 20th tho 26th (commuter boat); 

	

44-69 	en route  • between Las Palmas and Cape 'St. Vincent along the 
African-Portuguese shelf, from June 15th to 23rd; 

	

- 70-107 	en route between Portuguese shell and Madeira, froM June 
- 23rd to July 6th; 

	

. 108-175 	regien west of Madeira up tu Great Meteor Seamount, from 
• July 10th to 26th; 

1968:  N I-N 11 between English Channel and upwelling region off Maureta-
, 	nia, from April 19th to 25th; 

.  N12 -N62  . upwelling area off nauretani.a, from May 2nd to June 3rd. 

This listing shows that samples were taken in 1967 during spring 

(April) and summer (June, July), but in 1968 exclusively in spring (April, 

May, beginning  • f June). 	 • 
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Table 2 shows, among other data, the diurnal distribution of the 

catches. In 1967, 70 hauls were made during daytime, 74 during dusk or 

dam,  and 61 during the night. In 1968, there were 30 hauls durng day-

time, 15 during dusk or dawn, and 17.during the night. • 

eniremeeemeerme. 

Table  2: Distribution of catches jo time intervals 

Dates I Cateh 	 . Day 	 S S 	 Night 
1967 	Nos 	 , 1 	2 	3 	4  •5 	6 7 	8 	9 10  11  • 12 13 14 15- 16 

4. 4.-29..4. 	3— 43 

15 •  6.-26. 7. 44— 69 
70-175 

2  2— 1.2  4 2 2 • 2 —  3•1• 1121 
 9 3 6 7 5 10 10 8 8 3 2 4 5 10 8 8 

Total : 	21 9 10 9 10 17 15 16 18 8 6 9 9 15 14 19 

2 2 11 1 	6 2 1 11 	1 	1 	2 1 	5 
i9-68 

19 .. 4. -  3. 6.  N 1—N 62 

SS = sunset ;  SR = sunrise 

For chronological coMparisons of the samples taken during diffe- 	p.10 

rent Seasons and at different locations, each day of - sampling was divided 

into 16 time intervals. Sunrise (SR).and sunset (SS) were chosen as fixed' 

points. Eight.  time intervals  (Nos. 1-8) fell into daytime, and eight more 

-(Nos. 9-16) fell into night. . Sunrise [dawn] divided time intervals 16 

and 1; sunset [dusk] fell between.time intervals 8 and 9. High noon lies 

between time intervals 4 and 5, midnight between time intervals 12 and 13. 

This division into time intervals has been utilized in many of the Tables 

follow. Table 2 shows the number of catches during the individual time 

intervals.. 

Series of consecutive hauls were executed especially during the 

dawn or:dusk periods. For clearer presentation, the individual yields 

of these series- have not been indicated in the station charts. 
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Which layers have been sampled at the individual stations can be 

seen from Table 3: 

Table 3. In.vestigated. 

. Top net MU-idle net: Lower net 
appr. -  0 -10 cm 	10-25 cm 	38 —53 cm • 

	

3— 39 	67-148 	30-65 

	

41 	163-164 	V 1—V 32 

	

43-148 	166-167 
1967 	 169-175 

150-168 
170-175 

V 1—V27 
V29 —V 32 

appr. • 0-15 cm 23-38 cm 
1968 	N 1—N 62 • N 1—N 24 

N 26—N 62 

In 1967, the top net collected 200 valid samples, the.middle net 

92, and the lower net 68 samples. These were complemented  in. 196$  with 62 

top-net samples, and 61 middle-net samples. Net  arrangements were chan-

ged in 1967 during the voyage: for catches 3-29 Only the top net was • 

utilized, for catches 30-65 and V 1 - V32  the lower net wms  added, while 

. for catches 67-175 generally . the  top and midde nets vere paired. 

• In 1968, the topheiddle net-pair was used. However, of the 61. 

paired catches in 1968, only'45 ceuld quantitatively be considered as 

double-net catches because, during the remaining catches, the lower situ - ' 

ated middle-net bag was either damaged or blocked by algae. 

With  the temporarily used  net, described under "ampling devices" 

as being shorter (1.34 m) and having a coarser mesh (500 .11) than the neu-

ston net-bag (3.80 m/300 11), all 1967 commuter-boat cetchcs.were made; it 

was also utilized for 7 lower net catches. 

The Helgoland larvae net with alternating bucket mechanism was 

used 27 times in 1967 in preparatioh for  the present. work: During the 

months of April and July at the Great Meteor i3eamount,  and during June 
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at the Josephine Bank (15°W 37 °N). At the Great Meteor Seamount, 11 se-

ries were sampled during daytime, and 8 during night. Of these, 5 day 

and 7 night 'series were sampled in April. In the region of the Josephine 

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

Table 4.  Some neuston fishes  found in  the 1Lléustal layer of 
various oceans. 	 • 

	

Authors ZAITSEV DAVID 	PARIN 	BARTLETT HARTMANN 	BACKUS et al. 
CRADDOCK 	- 

, 	  
Black 	Indian 	Pacific 	South 	Northeast 	Northwest 

Location 

	

Sea 	Ocean 	Ocean 	Atlantic Atlantic 	Atlantic 

Year 	1968 	1965a 	1967 	1968 	1969 (a) 	1969 	. 

Scomberesocidae 	* 	* . 	* 	 * 

Exocoetidae 
MyctOphydae 	 * 	 * 	 • * 

Carangidae 	 * 	 1 

Clupedae 	 * 	* 	I 	 * 	 • 

. 
Mugilidae 	 * 	 * 

XiPhias 	. 
Coryphaena 	 * 
Nealatus 	 • 

Makaira 	 * 	* 	 * 

Astronesthes niger 	 * 	 * 

4. Results  

• 4.1 Listing of species  

Up to now, only few results exist on ichthyoneuston of the North- . 

 Atlantic. PENNEL (1967) who studied the seasonal migration (for sampling 

device see Table 1) in the Gulf of St. Lawrence, found only asingle spe- 

cies, Ônos cimbrius.  From the saine family the related Onos mustelus  

(HARTMANN 1969b), as well as herring larvae (DANIELSEN & TVEITE 1968, 	p.11 
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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, 

ZA1TSEV (1961). observed the bulk of pelagic  ergs and larvae in the tàp, 

5.cm surface layer of the Black Sea, .In the subtropical NW Atlantic, 

BACKUS'et al. (1969) collected species which also appeared regularly among 

our samples: Gonichthys coccoi, Centrobranchus nigrocejlatus, Myctophum 

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

CRADDOCK (1969) mentions in addition flying fish, sargasso fish, juvenile 

swordfish, sailfish, marlin, porcupine fish, tuna, and Diplonhos taênia. 

KREFFT (private communication to NELLEN) identified the following 8 myctoL, 

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

Walter Herwig): Centrobranchus ninroocellatus, Gonichthys coccoi -, llygophum 

macrochir, Myçtophum affine, Mvetonhum,nitidulum, Myc_t.ophum_asperum, gya-

bolonhorus rufinus,  and Syabolqphorus_veranyi„ In the Gulf of Guinea,, 

SUND & RICHARDS (1965) caught . besides Auxis also five myctophyd subspecies 

included in the listing above. Neuston fish found in other territories 

are shown.in  Table 4 (p.23). 

Table 5 lists the form or species of Which our material consisted. 

It also shows how the individual groups were identified. 	Not a single 

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

tainty as Myctophum affine. 

Table 5 comprises those fish groups that were .found among at leas .t 

«three top-net samples. According to the number of positive hauls, the high-

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

for the following types: Scomberesox saurus (262 times), GonichthVs coccoi 

(62 times), Belone belone (40 times,. bitaki.1  spec. and Macrorhamphosus  

«scolopax (26 times). 
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Table 5. List of  fishes  caught  with to net. Type specimens were 
identified by MAUL and AHLSTROM. 

Type br group. . 

Scomberesox saurus 
Gonicbtbys coed 
Macrorhampbosus "(dope: 
Exocootter obtusirostris - 
Centrobrancbut nigroocellatur: . 
Coopbasna•equiselis 
ExocoetiçIe 
.1-1:ygophicre reinbarela 
Myetophtme nitidulune 
Berycide 
Trachurter spec. 	- 

dop.bumpunctatunt 

lYpe
etroneees niger 	• 

Type 
Dank&bys roncreletii 
_Fljgopbtan hyped 
Symbolopborus veranyi 
Type D 
Exococtidge • 
Mahous  tripe! • 	. 
Exorottus met= 

, Pbeis phycir 
Cyclabone spec. 
Beim belone 
Sternop4yx eliaphana • 
Ceratarcopetus Inaderensis 
Ono: spec. 	. 	• 
Corypbaena bippurus 
.fixocoetideD JI b 
Bleriniide 
Ensraulis encrassicbolus 

..Emgrautis r. Sardinap.  
Afeitspcc. 
H.ysopbum macrocbir 

e e Total 	1968 ' Total ` pos..  in 	 posdn Quan- lelge 
hauls tity —7---hâuletey 
n 2uu ** 	n = 62 	* min. max. 

5 - 
MAUL 5 

a KOVALEVSKAJA 
a FOWLER 

FOWLER 
MAUL 

• AHLSTROM 
a D'ANCONA 
ea GE8BS 

4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
2 

*) Total length minus length of snont.;/ 	n = total - -No.of hauls; 
**) calculated on the baSis. of standard hauls (30  min. /6  knots). 

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

basis of standard  hauls at 6 !mots/30 minutes 	. 

.6.30 	' 	• 

( 
(Faktor—

t-c 
 . 

i 1...'towing time in minutes, 
. 

	

i_c==,towing time in knots.' 	 . . 	. 

. 	AcCording to the number of individuals the following are highest 

on the list of the "Meteor". -catches: Clupeidae larvae (3237), Scombere- 

sox  saurus  (1474), pnos 1968 (1074) CeratoscoPelus maderensis (637), Po-

:nichthys coccoi (597), Mugil spec.(348), and Belone_belone (340), 
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The total lengths of the fishes,which will he discussed in the 

chapter "Ontogenetic vertical movement" (4.4, p.52), was generally bet-

ween 6 and 80  mm;  however, as has been mentioned before, 112 fishes 

nevertheless reached lengths rahging from 80 to more than 370 mm. The ma-

jority of fishes caught in the pleustal layer were juveniles. 

Some have already been characterized in the literature as "sur-

face fish": BIGELOV & SCHROEDER (1953), among others, counted Scombere- 
among 

sox_saurus / the most frequently found juveniles at 11 °  and 400  N in the 

Atlantic. DUNCKER (1960) reporte .  that Bglone belone stays at the surface 

during daytime', and Myctoohidae and Astronesthes niPer are known (e.g., 

SEARS 1964) to come to the "surface" at night. muull (1935) speaks of 

characteristic resting position of juvenile Exocoedae at the water-air . 

interface. 

In the Atlantic samples, blo families were domineer ,ing in that. 

they represented half-of the èntive number from all fish groups: Next to 

the  autoplidae 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 Ones and.2hycis.nhycis which have 

barbels, as well as Macrorhamphosus . scolppw; if M.scolopax and tl,_=cilis 

are 	considered as one form (cf. 4.4, n:55). The bottomtrawl cat- 

ches made diaring the "Meteor" journeys .centained only two forms that were 

caught also in the pleustal layer: rhvcis_pbycis and  Iacrorhamphosussco-

lopax. 

. Comparison of the "Meteor" catches of 1967 with the groupS. caught 

farther .south in 1968 shpwed that half of the most frequent groups of 1967 

were collected again in 1968. Among the forms-obtained during both jour- 
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neys were 8 species of Myctophidae,  and 2 each of Scomberesocidae,  Macro-

rhamphosus scolopax, Phycis phvcis, Astronesthes  niger,  and. Engraulis  en- , 

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

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

hauls of 1968 that had not been present also in 1967. The relative homo-

geneity of both the Materials of. 1617 and 1968 . despite differing sampling 

conditions indicates a far-reaching area of distribution for several ich-

thyoneusters. . As can be seen from Table 4, several families show'such an 

extensive distribution, . 

4.2 Vertical distribution  • 

. 4.21 Saffiple density 	 • 

4.211 0-52  cm layer  

A descriptive review on the  vertical dispersion of zooplankton has 

been furnished by BANSE (1964). Little is known (1969) about the vertical 

microdistribution of metazoa on the surface. 

DELLA.CROCE (1962) once collected invertebrates under calm weather 

' conditions.  With one net, he consecittively sampled 10 layers which, to-

gether, covered a depth of 1 m. He attached special importance to the • 

40-50 cm layer  because, here,• the tendency 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, invertebrate's, and eggs already 

in the uppermost 5 cm layer, DAVIT? (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; 

iMeuston stratification does, of course,vary with location and time 

interval, as.well as according to hydrographie conditions, and with the. 
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composition of the plankton; '1,AITSEV (1968) postulated varying dimen-

sions for the rayers occupied by neuston; 1-3 cm with rough sea, and 

1-5 mm with calm surface waters. He observed, furthermore, that force 3 

- winds disturb the microdistribution of the es.  

• The 0-52 cm layer has been sampled by . the author at four levels. 

A source Of error which may possibly result from the arrangement of net 

openings has already been discussed under "Methods" (2.2, p.15): A maxi-

mum of organisms might-be simulated in the uppermost microlayer fished 	- 

. by the ladder-like nets inthat the nekton tries to escape preferentially 

by upward flight and,irLthis manner,does land with unrealistic frequency • 

in .the top. net . 

In this chapter, the amplitude of variation (estimated as up to 

10. cm) will mot be taken into consideration in the designation of the 

microlayérs. In the following, the diurnal fluctuation  in  quantity of 

catches in the 0-10 cm level will first be dealt with (igs. 5-7, pp.29-30). - .1n 

Figs. 5 and 6, the thickness of the uppermost layer is estimated with 

10 Cm, whereas the levels beneath this layer (Fig. 6) have .a thickness 

of 15 cm. The ntimber of fishes per standard haul with middle and lower 

nets has been multiplied by 2/3 and j thus,calculated for 1601e. In Fig. 

tile thickness of the layer sampled in 1968 with the top net has been 

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

then used. - 

ABOUSSOUAN (1965) who sampled the 0-m-level (2 knots/hr) off the 

WestAfrican coast,'registered at the surface three times as many fish' lar-

vae  (larves")  during the night than during daytime, and ZAITSEV (1961) 

also reports from the Black Sea that population density at the surface 
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increased rather suddenly towards night. By contrast, IARIN (1967) found 

the maximum of apparent abundance during daytime. Nis result may perhaps 	p.12 

be due to the limited efficiency of the pleliston trawl which operated 

sideways in the lee whirls of the drifting ship and thus, presumably, 

collected mainly the youngest stages which, as confirmed by the results 

of the "Meteor" cruises, occupy the pleuston predominantly during daytime 

(cf. 4.35, p.48). 

Number of fishes 
, 30 1  

20 

LI II 
' 10 -I 

13.11 • 15-15 12.I • • 2 J 	L 5 

bight 	• day 
SR  

fl 15  100 time intervals• 

. 	. 
Fig. 5. Diurnal changes in number of fish caught. in 

	

n 	about 160m3  of the 0-10 cm layer (1967). (200 hauls 

	

SS 	, and 2990 fishes). 

During the 1967 "Meteor" catches (n = 200), the diurnàl fluctuations 

were surprisingly extensive as can be seen from the following figures: time 

intervals. = 378 fiShes in 37 hauls; 2-3 = 144/19;4-5 = 114/20; 6-7 . 

 = 220/31; 8-9 = 802/34; 10-11 = 267/12; 12-13 = 287/15; 14-15 = 777/28. 

The maximum  after midnight (time.  int'erval 14-15) amounted therefore  to 27 . 

fisnes per 160 m3 , and the minimum at noon .  to 6 fishes per 160 m3 . This 

results in a ratio of 5:1 for the extreme Values. During nights (time in-

tervals 10-15), the values were,with an average of 23 animals, three times 

higher than during daytime (time intervals 2-7). Comparbson of yields 

, during dusk and dawn shows'that during sunset (time interval 8-9) about 
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twice as many animals were staying at the surface than during sunrise 

(time interval 16-1), namely 24 as cOmpared to 10 animals. Around mid-

night (time interval 12-13) a night minimum was established with 15  ani-

mais per 160 m3 . 

time 	intervals 	PO- 15 	1.8. 9.16 	1 - 16 

	

ClUtit(CM) 	Itiel ,SUliS 	Da, ' 
. 	0--w 	___ 

	

'.0 -es 	— 	 ..-. 

	

35 - 53 	. 	 • 	 " 	 . 

	

0.0f fiShg S 11.60ffi 	7°  " " 	 e  " " 	 m .20  
, 

Fig. 6. Number of fish caught in about 160m'  (1967). 
200 hauls. 

Q. of  fishes/24 m3  , 	'ffl 	19  

• Fig. 7. Ntimber of -  fish caught in about 24 m3  -(1968). 
51 hauls. 

In 1968 (Fig.  7) as in  1967 .(Fig. 6), the maximum of fish was 

caught in the Ô-I5 cm layer.during 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) , about 4/1,5 1 1. 

The increased abundance durinà the night originates from the well-

known phenomenon of vertical plankton migration whose causes need not to 

be discussed  hère. The  minima (noon and midnight declines) illustrated 

above are alsolchown manifestations of.vertical migration. 

The difference between the yields during dusk and dawn (time in- 

• .tervals 16-1 and 8-9) 2  is remarkable.  •  The same asymmetry as well as a 

'tendency tewards corresponding diurhal. migration is shown also by the 

precipitative volume. of invertebrate plankton among these neuston samples 
•■••••••••••••""""isimer•••••••••••  2) .Cor darkness-active birds applies, according to ASCHOFF & WEVER (1962) e  

the rule that there is more light evenings at the start,  of activity . 
 than in the morning,when activity. ceases; 
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(WEIKERT, oral communication). UEITERT intends to investigate to what 

extent the diurnal migration of individua1 ',1'ish forms are synchronous 

with that of their principal prey. A relationship betWeen diurnal migra-. 

tion of the specialist :12'9 3d.c2 	Centrobranchus nigrocellatus, and 

two mollusks among this material has been observed by HAIUMANN & WLfl:ERT 

(1969). 

FolldWing next, the microlayers (0-10 cm; 10-25 cm; 38-53 cm) samp-

led in 1967 are to be compared with one.another (Fig. 6). The 1968 mate-

rial did not suffice for this purpose because 16 of the 61 lower-net samp-

les were quantitatively not valid. 

Fig 6. is - based on the following figures: At the 0-10 cm leVel,. 

1331 fishes were caught during 59 hauls at tine intervals 10-15; 71 hauls 

during.time - intervals 16-1 and-8 --9 yielded 1181 fisheS, time intervals 2-7 

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

from 200 hauls. The 10-25 cm level brought the following results: Time 

intervals 10-15.= 175 fiShes with 30 hauls; time intervals 16-1 and 8- 

477 fishes with 34 hauls; and time intervals 1-16 = 695 fishes with 91 

haulà: The 38-53 cM level netted: During tire  intervals 10-15 = 68 fishes 

. with 19,hauls; time intervals 16-1 and 8-9 = 30 fishes with 26 hauls; 

time Intervals 2-7 = 56 fishes with 22 hauls; and time intervals 1-16 = 

i54 fishes with 67 haUls. • 

In summary, the yield ratios for the three levels (0-10 cm, 10-25 • 

cm, and 38-53 Cm) sampled in 1.967 were: during nights (tjme intervals 10-15) 

12/2/1; during dusk/dawn (time intervals 16-1 and 8-9) 17/12/1; . Ouring 

daytime (time intervals 2-7) 4/1/1, and 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 markedly decreasedwith advancing depth. The differences are 

less pronounced during daytime than during the night. The fact that the 

yield from the 0210 cm level is three times higher than that of the next 

lower level (10-2 5 ,cm) emphasizes the quantitative characteristics of the 

pleuston. Fig. 9will demonstrate also the special' quality of the fishea 

from the 0-10- cm level (p.40). 

The tendehcy towards poorer catches with advancing depth is indi-

cated also in ZAITSEVIs (1961) diagrams from the Black Sea. 

It may have - diverse causes that the maximum of plankton is found 

at the surface. Oh:the one hand, the lower nets may "chase" the fish in- 

to the top net (cf; 'pp.15 and 28); on the other hand, Organisms of low spe- 

cific'gravity accumulate passively at the.surface. However, generally it 

can be assumed that ichthyoneuston actively approaches the surface. The 

accumulation in the pleuston may be due to the pile-up of ascending nekton 

at the water-air interface, but light-conditions in the pleustal•zone are 

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

4:212 0-200 m stratum,  

- DECHNIK & SININKOyA .(1964) studied from 1958. to 1960 the Vertical 

distribution of pelagié fish larvaè in the Mediterrenean Sea. They found 

the maximum tole located in the uppermost 25 m of the 0-200 m stratum, 

and a decline in the density of their samples with advancing depth. 

The result oe DECHNIK (1964) from the MediterraneauSea does es- 

sentially correspond with our findings in the 0-200 m stratum of the Atlan-

tic in regard  to the vertical dispersion of fish larvae. 

. 	During the Atlantic plateau cruises, a larvae net was utilized 	• 
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(cf. 2.1, p.12) which fished 6 levels (0-30 m, 30-.60 m, 60 -90 m, 90-120m, 

120-150 m, and 150-200 m) alulost simultaneously. The macrostratification 

of the upper pelagic biotope was included in the investigations for com-

parison with yields from the 0-10 cm.microleyer ,(cf.i4.213,p.35), and in 

order to gain knowledge of the ontogenetic vertical movements (c 2.4.4, 

•p. 52). 	• 

Before comparing the larvae-net .catches with the neuston samples, 

the macrostratification of the upper pelagic biotope (0-200 m) ..shall be 

described separately for fish (without egr; stages) and fo i  . fish eggs, as 

. it presented tself from the larvae-net catches. The total result-from 

the 27 runs.(Josephine Bank I59W 37 °N; Great Meteor .eamount) is illustra- 
. 
ted in Fig. 8, which is a comparison between 15 day.2and 12 night-sertes. 

• However, since the July catches consisted•almost exclusively of espeéially. 

. rich day-catches (6 day and l'night runs) which distort the overall pie- 
sampled 

. ture, the results of the series
A
in April and June have also been described 

separately (HARTMANN 1969a). As additional, sources of error should be men-

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

of drifting .• of the sampling device which becomes more p .i-onounced toward: 

the top. During the larvae-nét operations described here, visible drifting 

was 	compensated by active maneuvers of the ship. Furthermore, the 

plankters clinging to the meth and being rinsed l aboard ship,into the bucket 	• 

that contains ,the 0-30 m catch, could very well originate from lower lay- 

in the same manner, .the top-net . .samPtc.›.May be enriched with fishes 

that.managé to resist the water current in the net-bag. However ,  such a 
_ 	. 

decisive fa1lfica ion  of' 	ca cn IF unlike]v irr view 01 the fac 

that DECHNIK & SININKOVA (1964) feund e in horizontal hauls,a similar, vertical 

ers; 
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stratification as described hereafter. On the other hand, it . is possible 

•that more nekton successfully avoids the larvae net in this zone which is - 

more strongly penetrated by light. 

As shown in Fig. 8, the distribution of fish and eggs .does show a 

Maximum in the uppermost level (0-30 m), and there was an especially marked 

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

time: While, in the 0-30 m layer, an average of 16 eggs and 11 fishes per 

40 m3  were found during the day, only oee egg and practically not a single 

fish was caught at a depth of 150-200 m. The  obvious day/night difference 

between the egg.collections in the 0-30 m layer is nôt significant. 	' 

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

during nights. In the 0-30 m level there were two times (April, June) to 

three times (April, June, July). more fish (without egg stages) caught than 

during-  daytime. 

In the 30-60 m layer, the number of fish (without egg stages) re-

mained, with one fish per haul during day or night, considerably lower than 

in the adjacent  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, or/the number of fish (1 gish as compared with appr. 4 eggs  per 

haul. 

As the Most important result with respect to our work,.the follow-

ing should be emphasized: At the 0-30 m level, relatively many fishes 

and relativelY few eggs were found whereas, at the.30-50 m level, relati- - 

vely•few fishes and relatively many eggs could be obtained. At the still . 

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

These results pointTtewards an Ontogenetic vertical mibvement due tcy which, 

perhaps especially fromthe 30-60 m level, fishes migrate into the 0-30 m 

level. 	 • 
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. 	 . 
Fig.8:  Vertical  distribution at 0-200 m level 	. . 

4.213 Com arison:  0-10 cm/0-30 m revels 

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

the 0-10 cm.microtayer• on hand of the 1967 larvae- and neuston-net samples.' 

The larvae-net samples originated from the Great Meteor Seamount and from 

• the.Josephine Bank regions. The material available was obtained in the 

• course of 11-daytime hauls (time intervals 2-7): and . 9 night hauls (time 

intervals'10-15): The larvae-net catches were compared.with oceanic neu-

ston-net samples (regions 3-5 of Fig.22; see p.113). There were 46 day- 

' and 36 night samples. Comparisons between the 0-30 m and the 0-10 cm 

1evels were made by always comparing  the  day samples from both net types 

and the night samples from both het types with one another; -During one 

haul,.the larvae net fishes 40 m3  of water  (BRIDGER 1956), whereas the 

neuston net filters 160 m3  per standard haul at 10 cm depth. of iMmersion 

.(1852 x 3 x 0.3 x 0.1); thereforethe values.obtained with the neuston 

net were reduced tO one fourth. 	 • 
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The mean value for day samples from the larvae-net hauls was 

,V10 

= 9.3, with confidence limits (95%) at 3.9 -- 14.7. For the correspon- 

ding neuston-net samples, the mean value was x= 1.8 with confidence li-

mits (95%) 1.24 --•2.36. 

The night samples from the larvae-net hauls reached a:mean value 

of 	= 33.4'(confidence limità8.0 -- 59.6), and those from the neuston 

net resulted in a mean value of jç= 4.55, with confidence limits (95%) 

at 2:22 -- 6.88. 

,Therefore, the density of samples obtained (larvae net) in the 

0-30 m stratum was, by day and by night, significantly higher than of 

those froM the 0-10 cm microlayer (neuston.net ). This result is surpris - . 

ing because, in these calculations, the difference in : catching-efficiency 

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

the larvae  net/' 	catch any typical neuston fish at all, due to its 

minimal towing-speed (cf. .2.1.; pp.9 and . 1 2 ). .The abundancies of the lay-

ers just compared could therefore differ even more strongly than indicated 

here. The ratio of 3.90 : 2.36 = 1.65 is statistically (3er -tail?, 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 (95% confid.). 

• - The observations made by DECHNIK in the Mediterranean Sea confirm 

the difference bètween the population density of both these layers: At 

the surface (0 m) .the number of fishes caught is almost zero, while, at 

the 25 m level,they .representa.' maximum. This distribution of fish popu-

lation is likely to depend upon thedistribution of.phytoplankton since, 

according to FRIEDRICH (1965), the maximal rate of  Photosynthesis through-

out the open sèa is usually found'at a depth of 20-30 m. 
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The lesser number of fishes caught in'the 0-l0 cm micrOlaver•as 

compared with the 0-30 m macrolayer is in contrast to ZAITSEV's observa-• 

tions from the Black Sea. ZAITSEV (1961) found ) at the 0-5 cm level,fish 

congregations "which considerably exceeded the known concentrations." As 

• long as no comparative catch with the same device have been made, it 
the  

must be assumed that pleustal zone of the .Black Sea (0-5 cm) has a Considerably 
A 

higher concentration of fish than that of the investigated region in the 	p.16 

Atlantic - Ocean (0-10 cm). This could . have some re 1 ationshiT1 to the par-

ticular hydrographie conditions in the Black Sea. 

4.22 Vertical distribution of species 	 i• 

mnông 
In this chapter', the distribution oj'1/4types or species/ the in- 

dividua1 .  microlayers of the  surface will . be  discussed. 

ZAITSEV (1961) shoWed• in. a series of*diaarams that larvae and 

juveniles of-many fish types have been caught with marked frequency in 

the  uppermost 5 cm of the Black Sea (graylings, barbels, anchovies, Sea 

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

types which prefer one of the four  deeper microlayers within the 0-8.5 cm 

leVel sampled, but DANIELSEN 	TVEITE (1968) who wàrked with ZAITSEV's 

PNC-5 off the Norwegian coast caught most herring larvae in the lOwest 

(10-90 cm) of the five microlayers sampled, and SPECCH1 (1968) also 

caught with the same apparatus in the Gulf of Trieste most eggs and lar- 
. 
vae of Clupea; and Engraulis,  as well as indeterminable larvae, in one of 

the lower microlayers. 	 • 

The  following discussion of the levels does not.take the undulation 

. of the neuston_net into consideration. ' 
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Table 6 and Fig. 9 illustrate the vertical dispersion of those 

neuston fishes that occurred most frequently among our material. First, 

in Table 6, the density of the catches is compared in pairs of two micro-

layers each, and groùped according to the types of fish. The pairs of 

'rnicrolayers result from the net combinations used at the individual sta-

tions: In 1967, the 0.-10 cm and the 38-53 cm levels were first sampled 

simultaneously with two nets (top net/ . 1ower net = t/1), and later the 

0-10 cm/10-25 cm levels (top net/ middle net = *Um 1967). During the fol- . 

lowing year, the pair of top net/middle net (t/m 1968) was used simulta-

neously for the 0-15 cM/23-38 cm levels. The. number of fishes caught . 

with the individual combinations are listed in Table 6. Comparison of 

all three pairs (t/1, - t/m 1967,.t/m 1968) with one another . does not show -- 

as far as can be seen from the few.  animals caught -- any•essential differ- 
the 

ences between
A 
 individual coMbinations; therefore, the results from all 
 - 

three combinations have been.combined in the right column of Table 6 ) and 

in.Fig. 91 to allow comparison of top net/lower-situated nets (t/m or 1). 

Inthis manner, the number of double catches evaluated reaches frOm 10 to 

137, depending:upon the fish type. Since, in 1967, the top net was immer- • 

sed only at times, these top-net samples had to be corrected for subse- 
. 

quent - comparison (t/m or 1). The depth of immersion was estimated at 10 cm 

(as compared with 15 cm for middle and lower nets), and the value per stan-

dard haul was raised accordingly by half its number (Table 6). However, 

even without this . correction the results showed essentially the same dis-

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

top-net sample's remained uncorrected sinee,then,  the net  worked at a greater 

depth of immersion (cf. '2.2; p.15): 
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Table 6. Vertical distribution 

. 	 1967 	 1 	1968 	1967 + 1968 

t i 1 	tin 	t /r. 	 . 

	

... - 	  

	

ur,- 	correc- 	
. 	---1-

• Quotient 	n. 	Quotient 	nco 	 Quotient 	n 	Quotient 

	

rected 	ted 	 Rati 
......., 	- 	,  
Small 	larvae 	0/42 	11 	27/151 	19 	27/193 	41/193 	322/10326 	21 363/10519 	41 1/2,8 
Egg s 	 103/292 	18 1384/2140 	49 1387/2432 	2080/2432 	782/2093 	21 2862/4525 	88 1/1,6 

21/20 	3 	. 	-. 	- 	21/20 	. 31/20 	1883/2808 	26 1914/2828 	29 1/1,3 
_...£.1,lipe,idea...1arvae, 	 

Myctophid larvae. 	' 4/10 	.8 	442/447 	18 	.446/457 	669/457 	. 	65/20 	3 	734/477 	. 29 1/0,6. 
F
r

phum reinhardti 	• 9/13 	5 	18/10 	9 	27/23 	40/23 	7/5 	4 	47/28 	18 1/0,6 
Mcphum rxinctatun 	8/2 	3 	13/6 	12 	21/8 	31/8 	112/79 	12 	143/87 	27 1/0,6 
tv..1yeophlryn nitidulum 	7/2 	•. 	8/8 	11 	15/10 - 	23/10 	4/3  	27/13 	19 1/0,5'  	, 	  
. 8, _ Exocoe,ti dele 	14/1 	7 	117/21 	30 	131/22 	196/22 	- 	- 	196/22 	37 1/0,1 

9. geomberesox sauna .. . 	 502/7 - 	58 	534/79 	• 	64 	1036/86 	1554/86 	188/24 	15 1742/110 	137 1/0,1 
.10. Be/one belone 	• 	2/f. 	2 	2/1 	3 	4/2 	6/2 	• 	216/16 	27 	'222/18 	32 1/0,1 
11. Macrorbampboms s. ; 	 25/1 	13 	- 	- 	25/1 ' • 	37/1 	• , 1:07 18 	4 - - 144/9 	17 1/0,1 
12. Gamic:bibs coceoi  	38/0 	15 	312/24 	29 	350/24 	475/24 	167/8 . 	11 	642/32 • 	55 1/0,1 
13..Mugil spec. - 	- - 	‘-. 	_ 	_ 	:-. 	- - 	283/32 	20 	283/32 	20 1/0,1 
14. Astronestbes niser . ..  	2/0. . 	2 	5/1 	5 	7/1 	9/1: 	1/0 	3 	, 	12/1 	10 	1/0,1 
15. Centrobraxchus n. 	. .  	 1110 	5 	14/1 	7 	23/1 ' 	39/1 ' 	• 	/0 	1 	; 	41/1 	13 1/0,0 
16. Coopbesena equiselis .  	 34/1 	13 	- . 	34/1 	51/1 	i , --- 	- , 	51/1 	13 1/0,0 , 	 r 

n = number of hauls , 
t = number of fish caught - in n hauls with top net 	' 
m = number of fish caught in n hauls with middle net 
1.= number of fish caught in n hauls with lower net 
m or 1 = collective number of fish in n hauls'with middle and lower nets.; 
correction (center column) and other details are,explaineclin text. 

. The ratios from the-right column of Table 6 - (t/m  or  1) are graphi- 	P.17 
•cont'( 

tally.illustrated in Fig. 9. In evaluating the diagrams in - Fig. 9, it 

shoiald be kept in mind that the true distributions are Obscured by the 

• vertical undulations of the neuston glider. 

Continually migrating fish types do only slightly influence ver-

tical stratification since, 1,f 60 meters per hour - is.postulated as the 

speed of migrating, the fish  passes, in the course of a 24-hour'day,the 

vicinity of the lower and middle nets in 40 seconds. • 

On the basis of the results (Figi'9), a Surface-negative; a slight-

ly surface-positive ., and a markedlyurface-positive group can .be distin-

guished within the 0-53 cm layer. 	 • 
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Mycto- . • 
eggs and !man phidne 

(7777-77777-  3 	' 4 - 5 	7 	8-Ii 7576  • 

ID caught with top net 
1111 caught with middle or lower net 

.Fipé 9,  Vertical distribunohaLspeçim. The numbers corre-
sponcrto the consecutive numbers of species in Table 6. 

Individual species and stages of the fishes caught are fairly 
. 	aim:mg 

evenly distributed / these three groups. 

In the following, the numerals between parentheses refer 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 (I), a mixture of forms that. could not be 

classified as belonging tc; specific species (t/m or 1, ratio 1:2,8), eggs 

(2) (ratio 1:1,6), and Olupeidea  larvae (3) (ratio t/m or 1 = 	,5). Her- 

-- ring larvae investigated,by DANIELSEN & TVEITE (1968) proved to be as 

surface-negativeas the PJunoidea larvae in our material, while HARTMANN 

(SCh.leS'Wig-1I011 qtetÉl) 
-& SCHNACK (1969) obserVed on herring larvae in the Schlei-rivegalso asur- 

face-positive behavior. Finally, in our sense.partly surface-pegative 

(Osmeru$ eperlanus  and Percidee)  and partly surface-positive (.(-.prinidae)  

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

Germany) (HARTMANN & LINK, in preparation). 
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The preference for the lower microlayers,exhibited only by the 

first stages of groWth,is presumably due to the marked Ultraviolet radi-

ation throughout the pleustal domain, as strong radiation may harm espe-

cially eggs (BREDER 1962, MARINARO 1966) and larvae (DANNEVIG & SIVERTSEN 

1933). However, eggs are known to float up to the covering layer when 

the sea is calm. 	• 
• 

In contrast to the conditions illustrated in Fig. 9 iFound . A117.. 

(1961) an èspecially "characteristic" abundance. of fish eggs in the upper-

most 5 cm of the Black Sea, which persisted even.with waves up to 2 m high. 

The discrepancy between ZAITSEV's result from the Black Sea and 

. that described here in regard . .to vertical. distribution of eggs at the sur-

facemay perhaps find its explanation in another observation by ZAITSEV 

(1968) according to which waves, caused by force 3winds or more , destroy 

the stratification of the eggs and even kill part of them. :ZAITSEV has evi- . 

:dently collected his material under comparatively calmer weather.conditi- . 

 ons.. -- It Would be imaginable, furthermore, that oceanic fish eggs -- in 

adaptation to the rougher surface of the open sea -- have a higher speci-

fic gravity and therefore develop preferentially in sub-pleustal layers. 

Similar conditions.  may apply for the larval stages (compare . VINOGRADOV 

.1970). :. • 

Slightly surface-positive were, among our material, several Mvcto - . 

phidae: Myctophid larvae (4), HygoPhum reinhardti (5), Ilyctophum Punctatum 

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

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

the 16 groups - investigated;. Myctophidae and other species  (ratios. 1/0,1 

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

*) Translator's note: In Table 6, the ratios for this group are 1/0,6 
or 1/0,5. (cf.p.38) 
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Macrorhamphosus scolopax  (11), Gonichthys coccoi (12),  Mugi!  spec, .(13), 

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

phaena eouiselis  (16). 

The vertical dispersion of our wyctophids is similar for related 

- genotypes sinceonly the small (cf. 4.7, p.121) slender-tailed myctophids 

gonielithys and•Centrobranchus  Who are barely distinguishable by outside 

appearance, were "strongly surface- positive." 

It should be mentioned at the outset that, as a rule, neusten. 

fishes remain only temporarily in the pleustal domain. For most groups, 

- 'a diurnal .  migration (cf. paragraph . 4.3) and an ontogenetic vertical meve , 

 ment (cf. 4.4, p. 52) could be observed. In connection with the vertical 

distribution of species, it is interesting that the characteristic phos-

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

wind forces 2-4 (Beaufort scale) (cf. 4.7, p.121). 

4.3 Diurnal migration  
basis 

CUSHING (1951) described on the/of•Crustacae the phenomena of ver-

tical migration. McLAREN (1963) provided a review of the attempts made to 

interpret these phenomena. • 

The • values in Table Trefer to top-net catches (0-15 cm). The num- 
. 

ber of fishes per haul has been corrected in all instances to standard 

hauls of 30 min. duration at the speed. of 6 knots. Double hauls that fell 

into the -same time interval were listed only with their mean values. Num- 

. 
bers preceded-by a zero refer to 1968 samples. Only positive hauls are . 

• recorded in•the Table. 

.4.31 Bleuston-constant ichthyoneuston  

To this group belong the smallest members  of  the neuston popula-

tion, namely ScomberSèlx  saurus measuring 6-29 mm (HAli.TMANN 1970 b). 
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Table 7.  Diurnal migration 

Time interval  

	

Nif_7,ht SR 	 Day'

• 14 • 15 	16 I 	1 	2..  3 • 4 	5 	6 	7• 

Macrorbamphoms scolopax 	 1 	3 	6 	2 	4 	1 	1 	2 	.1 	1 
086 	1 	' 	 8 	 13 	3 	7 

- 2 	05 	2 	1 	1 	 . 

	

015 	01 	1 
01 

• - 	
. 

Gonightlys-coccoi 	
- 	 1 Ô 	 •i :. . 1 	. 	 1 	5 	• 4 	4 

. 	 5 	2 	5 	13 	 2 	55 	10 	4 
« 	 1 	29 	. 	 3. 	1. 	 2 - 	 1 	03 	10 

4 	27 	34 	3 	 15 	02 	1 
01 	10 	2 	4 ' 2 	077 	3 

. 	 I' 	8 	1 	 « 4 	03 	08• 

	

,  019 	2 	1 	 1 	• 031 
016 	05 	 02 

Trachurser spec. 	 12 , 	 2 	1 	 3 
' (12) 	- 	 (4) 	 (2) 

1 	 . 

1 
1'. 	 « 	 — 

.13erycids 
. 	- 	1 	. 

Astroneber miger 	 1 	 1 	1 
1 	 • 	 2 	1 

	

01 	1 
• 01 	01 

Cotypbaena quires 	1 	2 	1* 	i 1* 	1* 	1 	 1* 	1* 	2 

	

1 	1 

MYctoPhidc rarVae 	 10 	2 	1 	1 	 1 	1 	21 	140 
27 	

1 
11 	1 	 50 	14 
63 	1 	 01 	1 	1 

8 	 01 	100 

	

063 	 1•  

* = two positive.hauls made consecutively within same time interval 
0 = caught with lower net 
Numbers preceded by - zero refer to 1968 hauls 

2. Coryphaena equiselis  was Caught, as shown in Table 7, always 

in form  :of single specimens, but these were present in 17 hauls . This 

species as wel .l  as the smallest Scomberesox saurus  (6-29 mm) appeared 

among-day (9.animals)  and  among night  catches  (10  animal s). The same 

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

resulted from PARIN's (1967) catches in the Pacific Ocean. 
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3. Belone lelone . with a length of 9-78  mm  (30 ) animais  from 38 [36?1 

hauls) were spread over all times of day (14 night:-and 22-day hauls). Al- 

though those measuring  79-370 mm  (31 animaJs 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 DOCKER 

(1960) reported that Belone belone up to 12  cm  longwere present during 

daytime in abundance .at the "surface", and adult betonids could be obser- 

' ved in 1968 during nights .  in free waters ? and at noon in the harbor waters • 

.of  the  seaport Bathurst (W.Africa) (under clear skies) directly at the 

surface. -- Chapter 4.7 (p.12I)deals with the diurnal migration of Belone 

belone within  the  scope of overall correlations, 

4. The Berycid  was, acéording to Table 7, absent - from the pleu- ' 

stal domain only during the time of most intensive solar radiation. 6  ani-

mais  were caught in • 6, night hauls, and 5  animais  iere obtained with 5 

hauls during daytime. 

5. Hugil  spec. (348 animals from 26 hauls) were fotind in the 

pleuston during the day (15 hauls) and during the night (11 hauls). It 

cannot. be  determined . from the ptesent material.whether individual length 

groups vary in their behavior. -- Liza aurata (= Hurt]. 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-

'face of a 1 .45 m deep "arena" hasin(HARTHANN:Internat.Rev., -  in.press). 

6. The.Clupeidea larvae, 3237 Engraulis encrassicholus and Sardina 

pilcharduS,  were collected in 13.day-and 15 night-hauls. 
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4.32 uâuletuLnn  neuston 
1. The larger neustonic stages ai comberesox -  saurus (5)-113 me 

- belong, in contrast to those measuring only 6-29 mm, to this group (HART-

MANN 1970,b). 

2: Trachurus  spec. (15-56 mm) is another example of night-posi-

' tive ichthyoneuston.27 animals - from 9 hauls were caught exclusively  du-

ring the night (Table 7)... 

3. Myctophids, eXcept for the larvae (ci. 4.33, p.46) ,. do of 

course also belong to the group of 11111t-positive neuston fish. Gonicht- 

hys coccoi,  the most frequent myctophid among owucatches, was represented 

according to Table 7 with 597 individuals from 60 hauls during all time. 

intervals (9-16) of the night,near the surface. Not a single Gonichthys 

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

The sorting of the Gonichthys coccoi  from top-net samples accor- 

ding to age and sex, namely. 

1) males, 
2) females, 
3) juvehiles.in which the photophores at or below the caudal pe-

duncle were not yet developed, 

resulted,in  l967 	an "adult"/juvenile ratio Of 1:>5. The sex ratio was 

even. 

4. Of the larger , Exocoetus obtusirostris (32-68 mm),.Only'one in- 

dividual was caught  in the pleustal domain during daytime, 4 specimens du-

ring dusk and 6 animals during the night.Analeln to this, Exocoetus, 

caught during nights by PARIN (1967) in the• Pacific Ocean, measured.in 

most cases more than 20 mm. 

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

Not one animal during  the  day, one specimen during dusk, and. 5 -specime,ri 
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during the night. PARIN (1967) also observed that larger  Exocoetidae  (in ' 

contrast. to the Smaller ones, see below) did stay in the pleuston during 

nights.' 

. 6.. Astronesthesniger  (Table 7) represents a special case among 

the nightpositive neuston fish.  •  In 1.967 and 1968, 13 animals from 12 

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

midnight. Astronesthes niger  also differs morPhologically from all other 

neuston fish obtained during the "Meteor" cruises by the smallness of its 

eyes. 	. 

• 4.33 Dusk/dawn-positive  neuston 

The diurnal.migration of myctophïd• larvae (diverse species) was 

'observed already by PARIN (1967) in the pleustal domain of the Pacific' - 

Ocean. He found myctophid larvae almost exclusively during broad daylight, 

and especially numerous towards evening (18 •rs) 	P.1.] and in the mor- 

nin08 . hrs) [8  AM.];  in addïtion,he noted a decline at noon. 

Table 7 - illustrates our results from the catches in the Atlantic 

*Ocean; 25 hauls were gpaced over.24-hour days as follows: During night 

(time intervals 10-15) 3 hauls with a total of 12  animais,  during dusk/dawn 

. (time intervals -  16-1  and  8-9) 17 hauls with 479  animais, and during day-

time (time intervals 2-7) 5 hauls with 31 animals. Table 7 thus confirms 

in'esSence PARIWg observations,but with the following limitations: The 

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

decline much more obvious, and during daytime (time intervals-1-7) only  an ' 

insignificant number of myctophid larvae was caught except for one haul, 

. The duskidawn- positive •behavior of myctophie larvae was recognizable 

also in a series of 5 consecutive 35-minute hauls .(Nos. 131-135). Because . 



of the cloud cover, sunrise could not be directly observed. Most animals 

' stayed during dawn within reaCli of the middle. net . However, the dawn as-

cension of part of the myctophid larvae into the.uppermost microlayer be-

came. visible: While darkness prevailed, not  orme  myctophid larva  was found 

in the top net, and only few (6) were in the middle net. At the beginning 

of sunrise this pictùre.had still not changed (0/5). Later during dawn 

there were 63 larvae in the top net and 145 in the middle net. At the 

time of- transition te.daylight one larva still landed in the top net, while 

22 were still caught by the lower net. The last haul of this series did 	. 

net yield any more Myctophid larvae. . 

4.34 .,Day-positive•neuston 	 • 

. 1. Mactorhamphosus scolopax (7-65 mm) was found in the pleustal: 

zone only during daytime and during dùsk/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  tinte  intervals 10-15 (night) (Table 7, p.43). 

2. Smaller Exocoetidae  must also».n contrast'to older atages, 

be included amonà 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. The next-larger group (9.7 1 9 mm) also stayed. in the pleuston 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 

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

shifted szill further into dusk or daWn. Exocoetus  of this length numbered 

5 during the day, 5 during the fight periods of dusk/dawn,.and 2 animals 

were still found at the surface during the dark part of dusk or dawn. 
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, The younger stages oE exocoetid D behaved also day-positive. • 

The length.group of 6-13 mm was represented with 28 animals during  the 	- 

day, with 3 animals•durim; dusk/dawn,. but not once during the night. With 

the next length groups, dist:ribution was shifted gradually toward the 	- 

night,-as it was for Exocoetus.  Exocoetids D of 14-17 mm in length were 

represented during the day byonly 7 specjniens, once during dusk/da • n and 

by 	2 -animals during the night. •The•day-positive behavior of smal-: 

ler ekocoetids was observed also by Pis.P.IN (1967). 

4.35 Alternatinp  diurnal  miPration of two len th , rou s 

• 	 It becomes apparent from  th è review on diurnal migration that most 

neuston fishes stay in the pleustal domain only temporarily, and then du- . 

ring different times of the day. The ecological importance of such a • dis-• 

tribution may, on the.one hand, lie in the fact that the accumulation.of 

individuals.at  the surface is being avoided, and that, on  the  other hand, , 

a certain ecological isolation of individual length groups (*DARIN 1967) is-

being achieved 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 spurt's  were not completely iso- 
. 

lated from one another becaUse the smaller  animais (6-29 mm) were present 

. in the pleuston by day end by night, whereas the larger ones (50-113 mm) 

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

ted according .  Co the rule that the younger plankton stages stay higher and 

do not* partiCipate'in vertical migration, or at - least to a lesser degree . 

than adult plankters. 

The two most frequent exocoetids, however, exhibited an alternating 

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

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

ston took place from length group to length group, as described above. 

Finally, myctophid larvae  and  older myctophid stages are also 

staying in the pleuston at different times: The larvae. during dusk/dawn, 

the older stages. by.night (Table 7, p.43). • 

. 	According to PARIN (1967), Xiphias  and Gémphylidae  represent ad- 

ditional eXamples of the alternating presence of different length groups 

. in the pleustal domain. 	. 	• 

PARIN (1967)  suspected that the smaller stages, which stay in the 

pleuston exclusively by day  descend  into deeper levels by night  to  avoid 

larger predators affiong their own kind and among the Myctophidae.  .However, 

to•our materia1 4 . such a separation of the length groups 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 .  

neustohic•length greups of Belone beIone seem to be just as little isola-

ted from one another)  as Ones cimbrius were found in the North  ea .during 

night and during daYtime. Also Clupeidea larvae • (23 .hauls with 3237 ani- 
. 
imals)did not seek safety in greater depths during the-night. 

It is obvious that particularly these species which live in the 

pleuston in great numbers do . stay day and night in this domain: Clupeidea  . • 

larvae' (323.7 individuals caught),.0nos  cimbrius  (852 specimens from 22 

	

. 	. 
North Sea hauls) (HARTMANN 1969 b),Ilugil spec. (348 qxmdmans. 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  dispense  with the verti-

cal migration of their young stages that live during the day in the pieu- 
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ston and are thus-decimated to a higher degree by predators on the one 

hand but, on the other,.do aiso save their energy by, the elimination of 

vertical movements. 

AniUQgQ.US...t.0  ;t1.1iS 	--;1.)QÇie,q, 	 p 	t on •er nre 3OW  in the 

pleuston beiîng to 	 • 

nu neuston group that leaves the pleuston by night: Macrorhamphosus 

a£212am , Exoçoetidae,  and probably also the larvae of Several myctophid 

species (as shown in Table 7, there was only one individnal each.caught 

in 13 out of 25 positive hauls); as well as Xiphias (PARIN 1967) and Gem-

phylidae (PARIN 1967) -. According to hitherto published results, Corypha-

ena equiseiis  (Table 7, p.43) and the berycids (Table 7) are exceptions 

since their low-numbered populations.remain in the pleustal domain by 

day and. by night. 

The relationship between diurnal migration and the abundance of 

individuals in the pleuston as described above lets the ecological iso-

lation of length groups appear as an adaptation to the more or less in-

tensive 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 length groups is effected by.nutritiOnal  con-

ditions; these vary in the pleuston With-the time of day and sufficient 

food supply for the Larger groups might be available only by,riight, while 

light conditions in the pleustal Might suffice only by day for the small 

neuston fish to see the necessarily small organisms that represent their 

food. 

4.36 e.raanj...1.2v_u-e.__2.Lu..u.94u.jc. L..n 

• vonNAHLERT (1963) considers the formation of schools obligatory 

for pelagic fish which do not represent the final link in a nutritional 
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chain. This rule excludes first•cf al] the day-positive neuston fishes: 

The berycid was found in 11 samples; three of these catches 

were made in immediate succession and only one berycid was found in each 

of these (Fig. 7) [Table 7?].* Of Phycis phvcis, only 7 individuals were 

found among 6 samples. Other examples of lesser density during daytime 

are, according to samplihg results: Corvnhaena equisclis, Macrorhamnhosus 

scolopàx,  Type D, and Exocoetidae.  Furthermore, PARIN (1967) caught by 

day7 with the pleuston trawl, larvae and juveniles of Kiphias  aswell as of 

Gemphylidae,  usually in the form of single individuals; also -during the 

."Metecir" journey of 1967, 3 Kiphias  were caught in 2 hauls, and 5 Nealo-

tus tripes (Gemphylidae) in 4 hauls during -dusk/dawn or by day. Many of 

thé oceanic neuston fishes that roam the pleustal domain by day, obvi- . 

 ously lead a solitary life or form only small aggregations. 

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

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

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

Astronesthes niger  must be considered as . a night-positive neuston 

fish that is solitary by nature. In 12 hauls there were 1 3  individuals 

caught. Imcontrast to Astronesthes niger, so many Scomberesox saurus, 

Types C, Gonichthys coccoi,  and Ceratoscopelus.maderensis were foiind during . 	- 

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 more•abundant in the pleustal domain 

during the might than during daytime. 

' AS à parallel observation on'cephalopoda it should be mentioned 

that CLARKE (1966) did not observe any shoaling behavior in the only oce-, 

anic species whOSe adults live near the surface during daytime: the blue 

*) Translator's note:  While,here,the.original text: refers to. "Fig."7, it 
is Table 7 which,illustrates this particular statement (cf.pp.30 and 43). 
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Slnychia carribea,  whose juvenile stages did occur also in our catches 

(HARTMANN I970a) whereas, during the ni,tm, cuttle.ash aggregations may 

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

4.4 Ontogenetic vertical movement 

After showing in chanter 4.3 that many neuston fishes stay in the • 

pleustal domain only during specific . times of the dnv, the role of -  the 

pleuston in on'togenesis will be investigated in chapter 4.4. Ontogenetic 

vertical moveMents can be obserVed on invertebrates and fish: CUSHING (1951) 

stated that, as a rule, juveniles stay closer to. the surface than adult 

stages. Postlarval stages of the MYctophydae  for example, descentLfor 

their metamorphosis to deeper layers (TANING in: Faune Ichthyologique = 

'ichthyologic fauna; pp.1929 n.)-, and Macrorhamphosus  scolopax  leaveS 

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

In the following it shall first be discussed whiestages were 

found in the pleustal zone. In contrast to ZAITSEV (1968) and in agreement . 

 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 medium stages. The pleu-

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

already In Table 6 (p.39) and Eig.9 (p.40). 

Quantitative.comparison between the neuston-net and larvae-net samp-

les also shows that larvae live chiefly in deeper layers: Comparison 

of the 0-10 cm microlayer with the 0-30 m macrolayer (cf. 4.213, p.35) 

resulted in à.significant ratio of 1:1.65 for •the  sample densities. This 

-picture is complemented by the results Of DECHNIK & SININKOVA (1964) who 

described the vertical 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 realm only at a minimum 

• . length of 6 mm (Table 5,•p.25): Scomberesox saurus 3  , Coryphaena hiwourus, 

Exocoetus obtusirostris,  and Exocoetid . D, the berycid, Onos spec. (.1968), 

• 
and Onos cimbrius

4 
 from the North Se'a (HARTMNN t969b). A minimum lenr, th 

of 7'mm was observed for plyctophid larvae, Macrorhanphosus  scolopax,  and 

Mugil spec. The 6-7 minimum in length applies to many day-positiVe pleu-

ston individuals; the lower limits for the length of night-positive fishes 

lie, at appr. 15 mm, considerably higher. 

The microstratification of the surface layer, the comparison bet-. 

ween the pleustal .and pelagic domains, the Macrostratification according 

to DECHNIK (1964), and the frequency of a minimum length of 6 mm, all point 

to , e development of the earliest stages of neuston fish in . deeper strata, 

and to subsequent ontogenetic Vertical migration. 6 mm could be consi- • 

dered as the "critical" length -- as the conditional prerequisite for sur- 
. 	. 

vival in the extreme biotope (cf. 4.7, p.121). 

Both the Clueeidea and the myctophid larvae represent an exception 

to the rule that larvae seldom stay in the pleustal domain, but.both these 
'tst; 

groUps are, characteleally enough, riot "markedly surface-positive" (Fig.9, 

p.40). 

3) The fact that 45 Scomberesox saurus (Fig.11) were caught whose 
total length measured 6 mm represents a correction of DUNCKER's (1960) 

. statement that the smallest Scomberesox saurus in the cover layer have 
- a lenkth 0115 mm. 

RICHARDS (1959) coll. ected, correspondingly, with Oblique hauls 
particularly the smaller Onos  cimbrius measuring up to 5  mm.  
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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 juveniles with the characteristic pattern of longi-

tudinal photophores are extensively absent. 

Havingrliscussed the larVae, attention shall now be focused on 

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

of length stages of Gonichthys coccoi (2ig.10) caught with  the top net. 

Only 6 Gonichthys coccoi  were smaller than 22 mm, but 52 animals 

of those caught were 22  mm  long. Within the length  croup  of 26-29 mm there 

belonged, on the average, only 13 animals to each millimeter-subdivision 

whereas, in the next-lower millimeter group, there were still 75 animals -- 

a leap which cannot be explained - solelyWith mortality and negative perfor-

mance of the net. Half of the'Conichthys  (231 of 463) belonged to the nar-

row margin between 22 and 25 mm.  Animals of this length were juveniles; 

they had not yet developed the photophores on or under the caudal peduncle 

which are characteristic for the sexes and iere clearly visible on males 

and females measuring 44 mm or more -- an indication that.the diagram re-

flects an ontogenetic process: . At a length of 26 mm  the process  Of matu-

ration COmmences which is then completed in animals'of appr. 40 mm length . 

 (In: Faune Ichthyologique, 1929). 

HUNTER & MITCHELL (1967) found still more compact length-spectruMs 

than that illustrated in lYig.10 among juveniles accompanying drifting ob-

jects. 

The •length distribution of Gpnichthys coccoi shall nOw be compared . 

with the length Composition of the most frequent . species, Scomberesox sau-

ras (HARTMANN  1970b). The smallest stages 'of either species occur suddenly . 
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in great numbers, but, in contrast , to Gonichthys coccoi, the number of 

SCombersox saurus decreases only gradually with the increasing Length of 

the animals. Here also, departure from the biotope is probably initiated 

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. -- Analogoteto 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) measured indeed exactly 50 mm. There 

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

but this belonged most probably to the holopelagic form Macrorhamphosus 

:gracilis (for classification of MLIEorhjajnptesus seè p.56). -- Onos cim-

brius e  encountered. intheNcirth Sea (HARTMANN 1969 b), which is meropelagic 

just as Macrorhamphosus scolopax,  appears to leave the pleustal domain 

at a length of appr. 43 mm, since the largest specimen caught near the 

surface (by MIELCK 1925) waS 41 mm long, and the maximal length in 1967 

(n =825) was  established te be 43 mm. Onos cimbrius is still at the 

juvenile stage when measüring 43 mm. 	A corresponding order of length 

groups has.been observed personally on Liza aurata  in t.he'harbor of Ischia 

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

The argument that the sampling device used was simply not capable 

of catching the larger animals can be refuted by pointing to the results 

of SUND & RICHARDS '(1965) who, at the extremely high towing speed of 12 

knots, did not catch any larger Auxis in the pleustal domain than at a 

towing speed of 2 or 5 knots. • 
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The ontogenetic vertical movements of Macrorhamphosus exhibits 

some interesting aspects. Before discussing these, - the following-facts. • 

should first bementioned 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  characteristics, are spe-

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

combined' all four subspecies of Macrorhamphosus tO Macrorhamphosus scolo-

pax.  ---. During the 1967 "Meteor" journev,M. seolopax as well as M.  gracilis  

were caught in adult•stages (colored photograph,in HARTMANN 19690. 

If scolopax and gracilis  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 juvenlle forms 	-- a parallel to the parr-markings 

of sea trOuts that fail tomigrate to the ocean. 

However, if M.scoloem  and M.gracilis  should represent-two geno-

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 lend support to von WAHLERT'S (1963) opinion that the . 

population.of the pelagic domain went forth from the benthos. In dis-

cussing von WAHLERT's - presentation, KOSSWIG arid REMANE each quoted an ex-

ample of pelagic fish that could have developed throuàh neotenic proces- 

• ses from littoral 1:ems.. 

Adult.animals, esPecialiy of the larger species, presumably do 

no longer cling as rigidly to the narrow pleustal domain. During the 

uMeteoru•cruises, only few of the larger adults 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. decrease with each higher trophic 

level.* The dominance of juvenile. fish in the pleuston would then compose 

a convergenéy phenomenon mimicking dwarf fauna (TIMMERMANN 1932) that 

accompanies sargasso weed. Probably here too, the available food sùpply 

does not suffice for largei: forms (TIMMERMANN 1932). 

Most of the larger ichthyoneuston Is; correspondingly, fomnd on-

. ly during nights in the pieustal domain, that is, at the time of maximal 

. exists_ 
plankton density. It is characteristic that the only exception,  1n Belone  

belone,  that is, the species whosedistribution remained limited to nutri- 

.tionally.rich Mpwelling waters (Fig.22, region 1;' p.113 -- Fig. 23, pJ15). 

It should be mentioned in this connection that Onychia carrabaea  whose 
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adults -- an exception among oceanic cephalopods (CLARKE 1966) -- stay 

near the "surface" during daytdMe, reaches a maxtritalmantle length-of only 

36 mm. 

According to our interpretatdon 	juvenile stages dominate the 

pleuston because -- contrary to most larvae -- they tolerate the physical 

conditions neat the surface, and because for them -- in contrast to the 
1 

larger adults -- . the trophic capacity of the pleuston is still sufficient. 

However,A1UNTER & MITCHELL (1968) who collected fishes  that aeçomp-

any dri ft ing objects with a special-ring net, related in 1968 the dominan-

ce of juveniles to the natural surplus of younger stages. -- From the ce-

phalopods of our material, the adult stages were also almost entirely ab-

sent. Only . Argonauta  of  up to 16 mm (Measured from the posterior edge of 

the eye) carried mature eggs in tbeir shell (HARTMANN 1.970a). • 

4.5 Intestinal contents 	 • 

• 	 ./.1.51 	Introduction 	. • 	 • 

Only a limited number of'papers deals with . the intestinal contents 

of larvae and young stages. This may be due to the difficulties involved 

in obtaining the necessary'amount-  of 'homogeneous fish material.' Here, the 

neuston net offers Special possibilities. On account of its high towing 

speed, it covers a wide longitudinal.spectrum and, thanks to its speciali- 
. 

. zation, a narrow spectruM of species. . 

KUNNE (HAGHEIER & aNNE 1950) compiled the results of  investiga- 

tions on .the nutrition - of boreal fish larvae. LEBOUR (1917-1933) produ-. 

ced five important.publications on the intestinal contents of aneustonic 

boteal larvae and young stages. MARAK-(1960)'concentrated. on larvae' of - 

boreal Gadidae. COVILL , (1959) examined the diet of larvae .and post-larval 
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stages of boreal Ammodytes americanus. Reports on the nutrion of subtro- 

.pical young stages are not known to the author. 	 • 

Detailed publicationaon the intestinal contents of ichthyoneus-

ton are, as.yet, also not available; PARIN (1967) suspected the existence 

of a relationship between the vertiCal movements and the feeding rhythm 

of neuston fishes, and ZAITSEV (1970) reported that grazing takes place 

in the uppermost 5 cm for most pelagic.fish larvae of.the Black Sea, He 

found (1961) characteristiC components of neuston.in  the intestines of 

small .fishes. 

.In the course of numerous examinations of intèstinal contents of - 

adult lishes„ diverse methods have been  developed by limnologists, ichthy- 
' and 

ologists,- and fishery biologists, for the evaluation
A 
 description of intesti- 

nal contents. The knowledge of earlier limnologists has been summarized 

by SCHIEMENZ (1922), while PILLAY (1953) supplied à more , modern review. 

For the present analysis of inteStinal Contents, a. modification 

of the methed was used which had been described by-PILLAY (1953) as the 

"occurrence method": As the unit of measure, the percentage of fishes was . 

.utilized in whose Intestines a .specific type of prey waa found. In this 

manner; the "occurrence method" is conducive to vror in that prey. which •is 

_:_freauently ingested but oni ....in:.p.eaemeal 	 ovrrrited,. wherea: 
great amounts 

prey which is eldom ingested, but in/ is uneerrated.  Th i s errer haS been correc- 

- ted in theo pres.ent work by the vertical columns of the  diagrams which take 

into consideration also the frequency Of a particular prey in'individual 

intestines (aee below): Althou{;11 the frequency.of ingested organisms 

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

duced consistent results.- Fer example, seasonal variations of ichthyoneuston 
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showed very . similar intestinal contents. These investigations were li- 

mited to the material obtained in 1967, the few exceptions are marked 

accordingly.. 

The organisms found in digestive tracts of the fishwere identi-

fied According to WICKSTEAD (1965). For practical and ecological rea- 

sons, the ingested organisms were only roughly classified (HARTMANN 1969a). 

The following sources of error exist in the count of organisms 

found in the fish intestines, and should be taken into consideration: 

1. PILLAY (1953). 'pointed out that objects Of nutrition need - 

varying lengths of time for passing through the alimentary canal. It is 

possible, for example, that too many gastropoda and too few nauplii'were 

Considered in the present material. HoweVer, since the extent  of. this 

error could not be estimated, ho corresponding corrections were made. . 	. 

2. MORRIS (1950) criticized .the customary examinations Of in-

testinal contents:  Not everything found In the digestive tract.of à fish 

is leing digested. Particularly the easily identifiable objects could be 

without nutritional .Value for the fish as they . might possibly . pass the in-

testines undigested. The eggs of invertebrates may represent an example 

for such worthless intestinal contents.. 

Unfortunately, the neuston glider catches so gently that the 

more robustfish will.Continue'to take.in  food while inside the net. This 
fish 

fact can be gathered from the scales found in 1967 and 1968 in Almost all 

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

them in the proximalI)ortion of the digestive tracts. 

So as to eliminate the existing error, the fresh  contents  from 

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

wei-e compared With the contents of middle and distal portions, as well as 

with the slightly'digested food from the proximal intestines. of 51 Scom- 
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contents from larger Scomberesox saurus  
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beresox saurus (50-113 mm). Thus, the following percentages resulted for 

the individual groups of food found in the proximal  and remaining intesti-

nal portions respectively: 

Calanid copepoda:66%/66%; ostracoda: 37% each; gastropoda: 

28%2074- Oncaea: 17%/10%; cladocera: 15%/35%; amphipode: 157/10%; Cory-

caeus: 13%/30%; Sapphirina:. 4% each; Creseis: 1%/8%;. teleostean eggS; 

14%/2%. 

As can be seen from this listing, extensive  uniformity exists 

between the contents of the proximal and the remaining portions of the in 

 testine§.A marked discrepancy exists only in the case of toleostean eggs 

(14%/27), but this difference is explained easily enough by the fact that 

the ege-remaine are no longer recognizable as . such in the Middle and dis-

tal portions of the intestine'. Therefore, in the following calculations 

of correlation coefficients, teleostean eggs were not included. Based on 

the 9 most Important food groups, the correlation coefficient for the con-

tents of the proximal and remaining intestinal portions resulted in r = 

0.87 (95% confid. .0.98 '‘ug: 0.59); this value  justifies the inclusion. 

of the contents of the proximal 

in the evaluation of intestinal 

(50-113 mm). 

Smaller Scomberesox saurus swallOwed very few scales during the 

day (+57.)(Fig. 12 s, p.67), and Fig. 17 (p.87) shows that the proximal por- 
t. 

tion of their digestive tracts is vacant by night (time interval 13-16). It 
eat 

is certain, therefore, that smaller Scomberesox saurus do notAb y night in 

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

ble that smaller Scomberesox saurue  as well as other neuston fishes 
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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- 
•  

- --. .— 
 . 

fore 	though not scales 	ingest planktoriVwhilesbeing caught, in the 

• 
net-bag. 

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

frequently was 22al.thtllys_Fompl.. 7% of the Gonichthys coccoi  with sto-

mach contents (1967) had swallowed scales, and in 1968 there were 87  (Fig. 

14, p.77). It remains an.open question to what degree earlier investiga-

tions might also have been obscured by the fact that'some fish continue 

their food-intake while caught in the net. Despite this fallacy, the pre-

sent results agree well with one another and with earlier remilts from the 

literature. 

4. The last source of error to bé mentioned is the "anticadaver-
p la rik t 

rain" (ZAITSEV 1968): Upwelling
A 
 cadavers from deeper strata, when ingested 

as food in the pleuston, will transmit a wrong picture of the digestive 

stage inwhich intestinal contents are found. 	. 

The:resultS of qualitative examinations of intestinal contents 

are being presented in the following manner: Each Figure consists of 2 

grapha, both relating to the same type of ingested organism. The hori-

zontal columns show- the percentage of fish found with-the particular type 

of food in their digestive : tracts, whereby alwaya the number-of indivi-

duals from one length group with that  type  of intestinal content equaled 

100%. The range of each length group is also indicated 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 Figs. 12a-t) illustrate the frequency with 

which the particular type of food was found in individual digestive tracts. 

The dark part of these columns shows that more than 49 7.  of a particular 

length group contained more than 2 specimens of the food type indicated. 
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When less than 50% of the fish from this length group had more than 2 

specibens  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 explainedapplies also for Figs. 13, 15, 16, and 20. 

The method of preparation shall be explained on the example of 

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

tract. 
with a razor blade by a straight incision above the digestive i An intesti- 

nal specimen•could be obtained in a very clean and speedy manner from  ani- 

mais  of appr. 20 mm length by• pulling the head  of the animal carefully 

• 	in frontal direction with a- pincette. The intestine (with liver . and gonads) 

.thÔn. 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 hadso..•Ear,never 	• 

touched the'alimentary tract. This method can• occasionally be used suc-

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

,were usually opened under a magnifying glass, 	.with needles, and 

their intestinal tract was then, just as in the larger stages, slit open 

with a needle. 	 • 

4.52 'Constituents of intestinal contents 

The •large-scale interrelations of the individual. results are pro-. 

 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 Fig.11 (p.56): 45 -animals measured 6 mm, while 

Only 20 animals-belonged to the length groups.of 80-90 mm. 'Between 

6 mm group and the 80-90 mm àroup the number of animals decreased gradu- 

ally. 

The digestive tract of Scomberesox saurus  is a tube without con-

volutions; there is no stomach (SCHNACKENBECK 1()55). Depending upon the 

kind of food ingested, the rectum  tales on different colorations, e.g., 

violet '(heteropoda), brownish (cladocera). , reddish (copepoda), or remains 

colorless. The changing coloration of the rectal portion indicates that 

food:resorption takes place here. The food is prevented from flowing un-

hindered through  the tube perhaps by the elast:city of the organ in vivo, 

and by a-fold (Bauhin's valve) valva ileocecalis] 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 (32fl in those measuring 10 mm. Probably, 

shown in these organisms are ingested -more frequently thali
A 
 the diagram, which ds 

based only on unmistakably green coloration. itammemeemm Under the micro.:. 

scope, no outstanding Structures were distinguishable. The green residue 

may,in  part, perhaps be ingested in a secondary manner with tintinnids or 
' 	the 	- 

mollusks, but they were also found•independently from the rest of intesti- 

nal contents. 	 • 

Fig. 12b combines dinoflagellata, radiolaria,. diatoms, and globi-

,gerina . as uprotozea." Protozoa were found in Scomberesox saurus  from the 
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6 mm to the 20-25 mm groups with the maximum (32.) in the 6 mm groups. 

This shows that they played a role.only as a unit and then only in the 

smallest stages of Scomberesox saurus (6- mm), but even here were they 

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

tents. - 

Globigerinaewere found regularly Ln combination with gaStropoda. 

For example, a 15 mm  long Scomberesox saurus contained nothing, bise be- .  

sides 30 gastropoda and 1 elobigerina. Tt cou  ld be suspected that here, 

the fish with an appetite for gastropoda erroneously ,mallowed one .of the 	from 

similarly built globigerinae. 
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Globigerinae, thé 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 	j1a (?) deserves special mention because it 

was ingested by the smallest Scomberesox stages only; a fact .  that does.not 

apply to any other nutritional object. It was found exclusively in animals 

of 6-11 mm in length, most frequently (26%) in the 6. mm grOup (Fig.12 c). 

In the region of the Great Meteor Seamount, tintinnids were found 
• 

only during the summer among intestinal contents. In some regions; these 

protoàoa-were ingested frequently and in great numbers: All 10 Scombere-

sox saurus (6-10 mm) from• two samples contained tintinnids, partly in 

amounts which the protocol lists with "co". Therefore, Xystonells•(?) 

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

ted in Fig.  12e. 

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

of the fishes measuring up to 19 mm, but only in the form of single specimens 

, 	(Fig. .12d). 

LEBOUR (1912-1922, p.265) spotted tintinnids merely occasionally . 

in loreal fish, but he believed that monocellular organisms represent a 

regular ingredient of the diet for Clupeidea and ammodytes measuring up 

to 10 mm. This lénàth does about correspond Imith . the values found here 	p..29  

. 	. for Scomberesox saurus  

As fer the group of gastropods .(without 'Creseis, 1.3tyliola subula, 	• 

and Diacria  (Fig. 12e) , we were dealing mainly with Atlantides. The 

gastropods were, similar 4o the copeboda, important for all length groups 

of Scomberesox saurus. Howeyer,.contrary to the copepods, emphasis'wss 

. placed mainly on their . importance as a food for the yOunger Scomberesox 
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saurus.  They were found in appr. 60% of the Scomberesox saurus  up to 20 

mm long, and merely in 20% of the fishes measuring 50-90 mm. In the me-

dium length groups, the gastropoda are perhaps replaced by the ostracoda 

(Fig. 121). In any Case, the ostracoda diagram runs, for the middle 

groups, opposite to that of the gastropoda. The alimentary tract of the 

younger stages was often stuffed with gastropoda. 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 

byMEIKERT according to TESCH) did occur frequently, btit always in the 
(Fig.  12f). 

form of single spec:Lmens
A 
 About 40% of the fishes measiming'up to 20'mm 

.  

had ingested Creseis  and SlyliàIai put for the larger stages, CreSeis and 

Styliola  remained of no importanée.à Similarly to Fig. 12c, this dia-

gram also rèvealsan opposite tendency to that on the ostracoda. 

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

nor importance.' Less than 10ethe fishes up to 45 mm in length con- 

tained this gastropod, and theri:las isolated SpeCilnenS,Diacria was found 

only during spring amçng intestnal contents of fishes from the Great 

Meteor Seamount so*that, temporarily, this . gastropod attained greater im-

portance than can be gathered from 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 7  of the fishes in the 12 Mm group. It 
is 

is possible that the nauplii play emcobimportant part than
A/
shown in the:. 

diagram since, espeéially among.  lumps of broWn or green food residue, their 

delicate carapaces. might easily have been overlooked. In addition,'these 



70. 

fragile organisms should pass the alimentary tract relatively speedily 

so that their count,in relation to the unwieldy tintinnids and the mas-

sive gastropoda,was probably underrated. 

• Invertebrate' eggs - (Fig. 12 i).had quantitatively no.significance 

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

but in most of them merely in less than 197, of the animais,  whereas,. 

- by,way of comparison, 20V., of aneustonic boreal Ammodytes  (3-23 mm) con-

tained invertebrate eggs (COVILL 1959). W hile  snapped by the youngest 

fishes probably as free-swimming eggs, 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 invertebrate eggs be-

comes apparent also in the vertical column of the dia3ram. It ie. also 

possible that the eggs of invertebrates possess no food value since, ac- - 

 cording to SCHENZ (1922), many copepoda eggs leave the.alimentary tract 

of their predators alive, and also in our material were copopoda eggs 

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

were unaffected by digestive dr-.struction. 

, 	LEBOUR (1919-1922) mentioned invertebrate eggs in various young- 

'stages of marine fish from the boreal domain: 

The maximum of the cladocera-;positive fishes - (Fig. 12k) was 

found in the 19 mm Length group (63 7). Toward the 6 mm group.(3%) and 

the 80-90 mm group (10%), the number of cladocera-postive intestines de- 

creased gradually. Due to their mass-occurrence, the cladocera were of • 

extreme importance to the Scomberèsox saurus of medium length. Intestines 

that contained cladocera could be identified even by outside appearance 

from their plump fullness and the'pigment-spots . that were shining through 

the intestinalwali. ,  

contpletely with.ckaclocera. 

_ 	. 	. 
and quite frequently the intestinal lumen was filled 
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The maximum of ostracoda (Fig. 12 1) was found in the 45-50 mm 

length àroup(70%). The number of ostracoda-positive intestines declined 

continuously 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 

the massiveness and abundance of this prey. However, for small Scombe-

resox saurus they seemed to be too voluminous as yet. For stretches, 

the gastropoda diagram takes an opposite course to that of ostracoda, 

which could mean that onetype . of food is replaced by another: While 

the gastropoda diagram (Fig. 12e) shows à minimum in the 45-50 mm group 

and maximum values in the length groups below 20 mm, the diagram on ostra-: 

poda .shows the highest values for the length . group of 45-50 mm which are di-

miniahed to zero in groups below 20 mm. 

The.heterogenic group of the calanid copepoda (except Pleuromamma l  

and without pontellids) (Fig. 12m) was, on the whole, very important 

for -all length groups except . for the youngest stages. lt , is not impos-

sible that exuviae were, in part, c•unted as copepoda. In any event, 

neuston samples contained occasionally large amounts of exuviae. The 

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

(8%) to the 19 mm group (40%). In larger fish,the percentage then re-

mained constant at 50%. Fishes from 9 to 70 mm in length had,in most 

cases,ingested considerable amounts of copepoda (black vertical column). 	p.30 

are 
Next in line three examples of copepoda species: The pattern of the A 

I.J.1 diagram for Corycaeus (Fig. 12n) has a certain similarity to that of • zr 
0 V) 
.... 	.,,.‘ 5-. .i.. 

.the calanid Copepoda.- • It is surprising how strongly this species cameLu g 
5 6«  'le  E tr, 

to the foreground as a food for Scohlberesox saurus. The vertical' columrie g 2e-g 
ce m 2r '4  

shows that Corycaeus -- as well as Sapphirina  (Fig. 12o) -- were inges-i— E -, c 

• • . . Le 15è  8 9: .. ted.in  larger amounts by fishes of medium length. The percentage of F- "" 
' 0 . 	 . , 	. 
•Z 
Z . < , 

IX. 
' 	 .  
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which 
•Corsà_Dls-positive fishes

A 
 was for the longer groups (20-90 Mm) about 20- 

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

the smallest Scomberesox saurus to almost OZ. 

Sapphirina  (Fig. 12o) was limited ) to an even higher degree than 

Corvcaeus,to specific length groups. Just like .  Corvcaeus
7 	

Sapphirina qas 

also found in greater numbers especially in medium length groups (Colly- 

caeus: in fishes of about 40 mm length; Sauphirina: in fishes of about 

45 mm length), .In contrast to Corycaeus:qa Sapphirinno longer singled 

.out by fishes outside the length groups of 26-80 mm. 

Oncaea  (Fig. 12 p) was found among intestinal contents only during 

spring.and had therefore. at that time greater significance than shown 

here,in the diagram. Although Oncaea is smaller than Sapphirina )  this 

was 
copepoda-type

A
found more frequently in the larger Scomberesox saurus. 

This discrepancy is probably due to the diurnal 'migration patterns of 

.Oncaea and Sapphirina. -- in most instances, Oncaea  was found in single 

spWalmens , and.seldom in more than 207 of the'animals from one length 

group. 

Amphipoda (Fig. 12 q) were ingested only by larger Scomberesox 

saUrus (50 mm and more)• because of their size and probably also because 

their presence in the cover layer is limited mostly to the night. The 

intestines contained usually only'single, but massive, specimens. Due 

to.their massivenesa, amphipoda have a far greater importance as fish 

food than shown in the diagram-  in whigh the  percentages fluctuate arotind 

10%. 

The relatively voluminoua teleostean eggs (Fig. 12 r) were - ingest-

ible only for larger Scomberesox saurus.  In the present material they 

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

tion of the alimentary canal (142/2% in Scomberesox saurus measuring 

55-113 mm). This ratio indicates that thé.partly decOmposed teleostean 

eggs were no longer recognized in the distal portion of the intestines. 

Fish eggs .are therefore of greater nutritional importance than can be 

seen from the diagram. 

In the following .paragraphs, dead matter found in the 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. 12 s, Fig. 12 t also  does indicate - that Scomberesox saurus does not 

seem to be to choosy about its food intake: For example, fuel residue 

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 (cf. 4.7, P.121). 
the 

Fig. 13 summariseslpreceding results on the intestinal contents 
A 

graph, 	. 
of Scomberesox saurus  caught in the pleustal domain. For thish  the fish' 

were divided into the following 4 length groups: 6-15 mm, 16-30 mm, 31-45 

mm, 46-113 mm. The length of the.  horizontal columns indicates,the per-

centage.of fiàhes which contained the particular kind of food. The number 

of fishes from each of these length groups with either one of the identi-

fiable  intestinal contents equals 1007. Values of < 6% were not taken 

into consideration. The dark columns show, just as in Fig.12, that >49% 

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

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

tabulated  in HARTMANN (1970b). Fig.. 13 illustrates that the intestinal 

contents in Scomberesox saurus Vary with the length of the fish,. Accor- . 

ding to the characteristics of intestinal contents, the'following age 

groups can be distinguished:• 

1) protoza-gastropodan age; 

2) gastropoda-entomostracan age; 

3) entomostracan age; 

4) crustacean age. 

.Only in the group comprising the protozoaastropodan age (6-15 mm) 

were protozoa (709%), naLiplii (9%), and green food residues (16%) found 

among intestinal contents. The most important characteristfc of this 

age group was the predominant rote Of the gastropoda .(in most cases, great 

amounts were found in over 40 of the fishes). By contrast, Crustacea 

gained greater importance only aMong the longest animals ofthis group. 
to be 

Calanid . copepoda were found A less numerous in individual intestines (white 

column), and less . frequent 	(18 ) in the  length group of 6-15 mm . than 

in.either of the three remaining length groups. 

A parallel to these results was found in the boreal, pelagic 
- 

young stages. As observed by LEBOUR (1917, 1919), you  ng fish with the 

exception of the smallest stages ingested few unicellular organisms (1917); 

Copepoda, which were the most important food for the older stages, vanished 

poSt4evalstages in favor of the mollusks (1919), and mollusk 

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

• copepoda (1917). 
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I  Intestinal contents 	 Length  ofscombeesox (mm) 
6-15 	 16 .30 	 31- 45 	 45 - 113 

Green food residue __ 	_____ 	_ 
n = 220 	 r; =156 	 n110 	 n = 20 7 

Xystonella longicauda (?)  
Petalotricha ampulla (?) 

Diverse Protozea . 

Diacria 	 ,.. 

..... 

Jiauplii -__ 	 _ 
Creseis and Styliola subula' 	  

r 	 , 
__... 	, 
Invertebrate eggs _ 	_ _ 
Gastropod 	without Creseis e  a Styliola, Diacria 
Cladocera 	 __ 

...... _Çalanid copepoda 
Ostracoda - 	— 	 ._  
Sapphirina 	. 	 ....... 
----- 	-- 
Corycaeus 	 _ 
Oncaea 	-- _ 
Amphipoda _ 
Teleostean eggs 	 _. 	 ..  _ 	_. 	. _ 
Fish scales 

Age group characterized by 	protozoa gastroP0-  ento - 	 crusta- 
diet of: 	gastro- 	da/ente- 	mostraca cea 

poda 	mostraca 

Fig.13:Intestinal contents of  Scomberesox saurus  (simplified *summary). 

For detailed description on the design OÈ the djaram cf. .Fig.12 (1366) 
and text (p.62-63). . 

In the age group characterized by a gastropodaentomostraçan diet, 	from f p.30 
(16-30 mm) many of the > ingredients characteristic for. the previous age 

group are missing from the.diet: Green food residues, protozoa, nauplii, 	p.31 
• 	 cont' 

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

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

were considerable amountS of cladoeera (more than 40%), and calanid cope- 

p.31 

I 	. 
0 	JO . >.» 

diet-positive fish 
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poda (35%) (black çolumns). The copepod Corycaeus was found in 16% of 

the form of 
the animals, mostly  in single pieces (white column). All in all, thib 

tige  group ranges ) according to the composition of its diet,between the 

previous and the following age groups. 

.1,EBOUR (1917) repeatedly emphasized the special imPortance . of co-

pepoda as a nutritive for young stages. Also,her findings in regard to 

cladocera agree- with the results illustrated in Fig. 13. Shn wrote that 

cladocera were.the preferred.food for young stages, and tfiat they were 

ingested by  the  smaller stages even before the copepoda.- • 

In the entomostracan age group (31-45 mm), the gastropoda were on 

the. decrease (as Shown by white column, only in single sPExCimerlS and mere-

ly in 10% of the fdshes). The Cladocera'retained their importance (in . 

30% of the fishes and mostly in large amounts),. while the calanid copepoda 

even gained more importance (in great amounts in more than 407 of the fish). 

New additions were the ostracoda (usually numerous in 17% of the fishes), the 

cyclopean copepod-Sapphirina (9%), while Corycaeus now appeared in great 

amounts in individual: digestive tracts (23%). The intestinal contents of • . 

this age group consisted frequently mainly of entomostraca. 

In- contrast to both previouSly mentioned age groups, the fishes 

of the crUstacean  age (46-113 mm) showed no special preference for either 

one of their prey, which becomes visible from the white columns in the (1 -1a- • 

gram. (the scales do not count since theywere ingested in the net-bag). 

The intestinal contents of this age groiap showed a greater spectrum of • 

variety than the two previous groups. , New additions were massive organisms 

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

leostean eggs. 
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4.522 Myctophidae  

A total of 375 .Gonichthys•coccoi  from top-net samples (1967) were 

examined as jo - thecontents of,their alimentary tracts, which resulted in 

262 animals = 70% with positive  contents,  • 
- • 113 animals = 307 ,  contents  negatiVe. 

The interesting composition of the length grotips of Conichthys-' 

coccoi  is,illustrated in Fig. )0 (p.56). In 1961, 61% of the Goniçhthm. 

coccoi  caught with the top net belonged to the length group of 22-25 mm. 

None of the animals below 20 mm in.length was identified, in 1967, as be-

longing to Gonichthys Coccoi.  .Accordingly, the length groups from 6 to. 

19 mm, which were especially frequent among Scomberesox saurus, were mis-

sing from this material. This length composition exerts a visible in-

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

protozoa are completely absent. 	 • 

In HARTMANN•(1969a ), the stomach contents from 8 length groups 

of this myctophid are visualized in.the same manner as here for Scomberesox 

saurué  in Fig.12 (pp.65-67). 'However, since  fluctuations  wi.thin individual 

.diagrams did not• reveal any characteristic patterns, the latter.were not • 

considered worth reprodUcing here. Fig. 14 sumMarizes the results. 

p. 32  

i Stomach  contents 
Adult euphausiacea 	— 	___ 	. 	_ 

Corycaeus . 	 . 
Fish scàles 

Pyrocystis 

Gastropods 

 Cladocera 	 .. 

Onoaea 

Amphipoda. 
Ostracoda 

Calanid'copepoda 
. 

10 20 30 <0 50 % 

. 	 . 	. 	, 
• Fig. 14. Gonichth sr  • cam/ iireemach  content.  262 fishes 
with stomac content 	0. 
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About halfef the Gonichthys coccoi  had calanid copepods in their 

stomach, but in most cases .  only in the form of single specimens. Ostra- • 

coda with 27 7e remained'behind the calanid copepods. Amphipoda, which 

were also found mostly in - single spœirrlenSwere, becàuse cf their volume, 

more important than is shown in the diagram (26%) since a single amphipod 
-..• 

filled the stomach of à medium,sized Gonichthys.coccoi. As,judged from 

the course of the diagram, Gonichthys coccoi enter the'pleustal domain 

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

were ingested less frequently by the smaller Gonichthys coccoî (20,24 mm). 

Among the Gonichthys coccoi  with stomach contents there were 9 7  that had 

ingested gastropods. Cladôcera reMained of lesser .importance (9%) to Gonicht-

hys coccoi especially since only single Spedmenswere found in the stomachs. . 

Oncaea, found'in 18% of the ànimals, was.representalways 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..s,p.67). This could mean that Gonicht- 

hys coccoi  are  less inclined to eat while caught in the net-bag, Or that 	• 

this myctophid - is more choosy in the choice  of his food than Scomberesox 

saurus. Corycaeus was found enly in the medium length groups and always 

only its single specimen.; with a total  of 5,, the importance of this ma-

terial reMained• minimal. In the night-positive Gonichthys coccoi, the 

various food-types were represented only by single exemplars in the. majo-

rity of cases. This may perhaps be due to the fac that .  the plankton ag-

. gregations,dispetàe upon nightfall and the rlankton Ividuals are thus' 
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distributed more evenly throughout the water. The dispersion of aggro-

gations at the surface upon darkness is a well-known phenomenon of the  • 

diurnal migration of  plankton (CUSHING 1951). 

.The great importance of the crustacea, especially of the cope- • 

poda, becomes.obvious frem Fig.14: Crustacea accounted for the five 

most frequent food types; calanid . copepoda alone were found.in  48% of 

the Gonichthys cocCoi  with stomach contents. Terrestrial insects,- 4pparent-

ly.blownto see9 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. 

.The  stomach contents of,the myctophyds Hygophum reinhardti, Hygo-

.phum hygoni,  and Symbolophorus veranyi  showed a certain similarity (Table 

8, p.80): None'of the animals had an empty stomach (by contrast, 30% of 

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

in their stomach (37%, 80%, 68%). The percentage of calanid copepoda 

among stomach contents was very high (78%, 80%, 79%). (The copepoda 

•contents in Gopichtlas_c_21 amdunted only to.48%.) The.percentage  of  

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

or Myctophumpunctatum (9%) (Table 8, p.70). 

The small- myctophid Centrobranchus nigroacellatus turned out to' •  

be a "food specialist". His food consisted almost exlusively of mollusks 

(HARTMANN & WEIKERT 1969). After Centrobranchus nigroocellatus,  the sec- 

ond of the food specialisU among our neuston samples should be mentioned, 	p.33' 

namely Macrorhamphosus-scolopax (25-50mm) who, within limits,is alse  se- 

lectiye about his food. It seems that his pipette-like mouth is especially 

well suited, to stick tip Pyrocystia. 58% (n = 36) of the larger Macro- 

*) Translator's note:  checked against original article by J.E.CRADDOCK 
(Oceanus 15:10:42e 1969) 
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thamphosus scolopax (25-50 Mm) had ingested Pyrocystis  (Fig. 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 myctophids from the pleustal domain (1967) 

• H. rein. 	H. hyg. 	M. nit. 	ill ..princt. 	S. veranyi 	G. coccoi % 

Total number 	 • 	27 (16) 	.15 	25 (12) 	13 	28 	375 	; 

Empty stomach 	 ' — (—) 	— - 	— .( 2) • 	.2 . 	— 	30 
unidentified remainS 	.10 (n) 	12 	17 ( 2) 	5 . 	19 - 	25 - 
calanid copepoda 	' ' 21 (16) 	12 	8 ( 3) 	. 7 	22 	48 . 
amphipoda 	 1  ( gL 	3 	9 ( 2) 	1 	3 	.26 
Oncaea 	. 	. 	4 ( 4) 	3 	' 8 1 4) 	2 	• 	2 	18 
Euphausiaçea 	 - 	3 — 	 4 —) 	2 	6 	5 
gastropoda 	 7 	3 .. 	• 	• 	2 	2) 	1 	- . -3 	- 10 

. 	
. 	 - 

fish scales 	• 	 — 	—) 	 2 --). 	3 	1 	7 
isopode 	 — (—) 	— 	: r (—) 	— 	— 	-- 
Pyrocystis 	 . — (—). - • 1  • 	A - (—) 
zoea 	, 	. 	 — (.1) • 	1 , 	1 (—) 	, 2 	' 1 	. 	— 
ostracoda 	 6 ( 6) 	. - 4 	-. 1 ',( 1) 	- 1 ..' 	4 	28 
cladocera 	 8 ( 4) 	, — 	• 	1 ( 1) 	2 	2 	10 
"tat' 	 — (1) 	— 	-- (—) 	1 . 	— 	— 
gapphirina 	 1 (—) 	•— 	— (—) 	_ 	I 	- 
Miscellaneous . 	 4 (4) 	— 	1 (—) 	3 	— 	— 

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

• Except for Centrobranchus nigroocellatus  and Macrorhamphosus scolo-

pax,  no other food specialists were found among.our material. Fig. 20 (p.95) 

will . show that the intestinal contents of ichthyoneuSton of similar size, 

. which had stayed in the pleustal domain at the same time, were surpriSingly 

• alike. This minor specialization, which is in contrast to. LEBOUR's oh-

servations (1917-1922) on boreal pelagic young stages, couLd represent . an  

adaptation to the pOor food supply (cf. 4.7, p.121) in the subtropics:. A 

fish of the plankton-poor subtropical pleuston can perhaps not afford to 

be choosy beçause the tropical planktdt Is veryleterogenic and the .speci- 
. 

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

even "tiier.ànd.' fish: àcales 'were inge'sted'aVàà 'poii-it -à" to --a "iiiner 'extent . 6e _ _ 	_ 	. 	. 
specializati9171...àmorte..ou±»_ .ieetyonenst 	..r.p.rct.l.t,f)- 



81. 

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 times Oncaea, 6 times 

•Corycaeus, 6 times ostracoda, 5 times calanid çopepoda, and once mollusks. 

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

findings. 

4. 524 Macrorhames=.1s. .scolopax ,  

In this species, which is charaéterized by a tubelike mouth, the 

entire alimentary tract was examined. 

The material originated from 22 Samples - caught during spring (1967) 

and could bè divided into two length groups: 8-22 mM (20 animals), and 

24-50 mm (35 animals). 

• Fig. 15 visualizes the great importance of calanid copepoda .for 

both length groups of Maerorhamphosus scolopax (75%, 8.5%). Next to the , 	. 

calanid copepoda are the claic-ICD'an important food for both length 

groups (45%, 78%), 	 • 

• For thé larger Macrorhamphosus,  the copopod Coryçaeus  played, 

with 857., a surpriSingly extensive role. By contrast, in the Smaller 

Macrorhamphosus scolopax (8.22 mm) only 5 7.  Of the species Corycaeus were . 

found. Frequent and numerous in the larger Macrorhamphosus scolopax 

were also PyrocYstis (58%) and thé ostracoda (26%). The fact that Pyro-

cystis was ingested in great numbereby more than half  of the larger Macro-

rhamphosus scolopax .(24»50 mm), lut not by the other species that graze 
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in the pleustal domain during daytime (Fig. 20, p.95) , . led us to believe 

• that the ball-shaped p/msystIs are easier gathered with the pipette-

mouth of Macrorhamphosus than by'the jaws of other fishes that work more 

like a pair of pliers: 	 • 
4•111111. 

Length of fishes (mm) 

Intestinal contents 8  -22  23 - 50 

p.34 

azummumiumarii .  

11111111111111111■11111111 1M1112MI 

Pyrocystis 

CastroPoda, 

Ostraceda 

,Cladocera 

.iincaea • 

!Sapphirina 

'Corycaeus 

Calanid copepods 

■ 
SO 50 e 30 20 . 10 	0 10 20 30 <0 50 60 70 80 50 100 .  V. 

Fishes With intestinal  • contents were .rated.with 	1007 
Fig. 15.  Contents of the alimentary tradt of Macrorhamphosul 

scolopax (1967). For .detailed description on the de- 
- sign of the diagram cf. Fig. 12 (p.66) and text(p.62-.63). 

• 
The most important food for the smaller Macrorhamphosus scolopax 

were,next to the calanid copepods (75%), the gastropods (657). Compari-

son of the varieties of food ingested by both length groups (Fig. 15) 

shows that the smaller animals had only a limited choice of species at 

their disposal. 

As shown by the black bars, most food types were intensiVely uti- 

• lized by Macrorhamphosus scolopax. 

4.525 Exocoetidae 	 • 

1. Fig. 16 illustrates the results obtained with 77 Ecocoetus  

(70 E.obtusiroStris  and 7 E.volitans)  from 0 top-net samples. Their length' 

ranges from 6 to 33 mm. In the. diagram (Fig.16), the results are presen- 
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ted separately for the following 4 length groups: 6-8 mm, 9-14 mm, 15-18 

• mm, and 19-33 mm. As can be seen froM Fig.16, mollusks had been ingested 

most  frequently by the smallest 1ength group (927), while their importance 

, gradually decreased with increasing length of the fishes (60%, 32Z, 8%). . 

In the length, group of 19-33 mm, the mollusks were found only as single 

specimens. -  The cladocera-diagram takes dn opposite course to that of the 

mollusks; a higher percentage .  of claddceralpositive animals.in  the larger 

length groups and a lower percentage fôr the smaller length groups (76%, 

8470, 60%, 18%). The saine  tendency becomes apparent in the copepoda-dia-' 

gram (76%,• 38%, 32%, 26%). In the length group between 6  and 8 mm, the 

copepoda were*found only in single laelnals. In comparison With the mol-

lusks, eladocera, and.copepoda ingested, Exocoetus  had hardly touched 

any of the other  food listed as "miscellaneous". The percentage for the 

latter increased with increasing length of the fishes: 07, 10%, 12%, 18%. 

The diagrams of Fig. 16 eiold 	that the small Exocoetus  had in- 

gested mainly mollusks while, with increasing length, the.portion of ento-

mostraca in the alimentary tracts grew. Mollusks, cladocera and copepoda 

made up thebasic food for Exocoetus. 

Length of 
Copepoda . 	Miscellaneous 	aocoeus 

.--("F^) • 
Mollusks Cladocera  

, 	• Fig. 16..  Stomach contents of Exocoetus obtusirostris and.Exo- 
- toetus volitans (n = 70 4- 7). For oatailed descriptbn 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 «xocoetid 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, cladc»- 

cera, and Corycaeus  (Fig. 20, p.95 ) pointed to a daytime grazer. 

4.53 feeding rhythms  , 

• 4.531 Introduction • 

Feeding rhythms are known phenomena in invertebrates (MARSHALL 

-& ORR.1955) and vertebrates. SCHIEMENZ (1922) reported that fresh-water 

fish in. plankton-rich lakes usually digest one meal completely before they 

will-eat again:— a phenomenon which was observed experimentally . by  MOORE 

(1941). LEBOUR (1919-1922) established the feeding' rhythms of fish larvae 

	

and young stages. According to ZUSSER (1956) 	the majority of plankto- 

trophic pelagic fish eat in the morning'and again in the .  evening: "Plankto-

trophic fishes do not ingest food during the night, but they do neverthe-

less •tay in the surface layers of the mater 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 groups of 

the fishes is describedj e.g., by DARNELL & MEIEROTTO (1965): The younger 

stages of the fresh-water fish.ictalurus melas eat during dusk and dawn, • 

whereas the adult fishes ingest their food after darkness has settled, 

but the exact time of . food absorption.could not . be  determined. 

determinq 
• Unfortunately, it is not possible to 	with certainty.from 

while 
the feeding activity of the risheseaught in the net (cf. '4,51, p.61-62) 

whether feeding activity would have been-pursued by them at this parti-

cular tiMe also under normal côndittâns. Therefore,  in the present work,. 

the . time element  of food  intake was estimated mainly on the basis of the` 
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percentage of animals whose respective portions of their alimentary tract 

were filled to varying degrees during indivLdual time intervals. 

4.532 Pleuston-constant and dav- ositive 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 mm) is'described by HARTMANN  (1970b): Scomberesox 

saurus  measuring 6-50 mm feed during the day and discharge bowel contents 

during  the night. 

2. Of Ceryphaena equiselis  (10-40 mm), a total of 27 animals 

were examined; 14  of  these contained identifiable food in their.stomach. 

12 of the 18 fishes caught during time intervals 1CG1 (night), but none 

among the 9 fishes caught during time intervals 2-9 (day), showed an empty 

'digestive tract. Fresh StomaCh contents could be established only in 

animale caught dùring the day, and in one specimen from time interval 14 

(night). Especially well filled were the stomachs of animais  caught du-

ring evenings. Coryphaena equiselis  (10-40 mm) grazes during daytime, as 

'indicated by these findings. 

3. From one species of Berycidae,  11 individuals (6-17 mm) from 

11 samples (one of these caught with the lower net) were examined. • The 

stomachs of four berycids caught during the latter:half of the night were -

empty. Four animals with fresh food contents origipated Irom hauls made. 

during dusk. Two animals caught in the morning (time intervals 16 + 1) 

.were found to have empty stomachs. -According to these results does the 

.berycid graze durihg daytime, 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 group. 

4. Of 56 Macrorhamnhosus scolopax  examined (8-50 mm), only one 

. had 
cauetattheendofnight . (timeintervall6),an empty stomach. During 

.dawn (time intervals 16-1) there was no'fresh food in either of the 7 

animals examined, in contrast to our findings in animals caught during. 

daytime. According to these observations 	Macrorhamphosus scolenax 

 (8-50'mm) ipgestsits pleustal  food  exclusively during the day. 

5. Of the smaller Exocoetus obtusirostrts  (6-17 mm), 68 animals were 

examined.  In  contrast to all 23.animals caught during  • the evening (time 

interval 8) 6  of the 7 animals caught during dawn (time intervals 

16.1- 1)Van 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 animàls. These observations support the opinion that the smaller 

Exocoetus obtusirostris  (6-17 mm) graze in the pleustal zone only during

•  the day. -  

4 ' 533  ...L.41.2.7.P.22.aii-.2...LeutZLZI. • 

1. According to HARTMANN (1970h) 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 

with ZUSSER's rule (1956), that is, it grazes only during the times of 

dusk and dawn: The digestive rhythm wOuld then be as follows: the food 	' 

ingested during dusk would in the course of the digestive process pass 

the middle and distal portions of. the alimentary tract, and would be eva-

cuated by the latter part àf day. Oh the other hand, food ingested during 

dawn would pass middle and distal parts of the intestine during .the first 
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half of night, and would be evacuated when the latter part of night be-

• ins. Such a feeding rhythm would necessarily lead to  tue  conclusion 

that. the pleustal domain does not serve at all as a grazing place for 

Scomberesox saurus (55-113 mm) since they enter the pleustal zone only, 

after sunset and retire from there already before sunrise (cf. 4.32, p.45). 

nal.contents obscure 

'E 	 S . 1 	ON 

_Eier0-exnation  of signs 

00 = fresh intestinal contents 
partly digese4intestina1 contents 

small fishes = 6-50 mm;. large .  fishes.= 55-113 mm; ? = nature of intesti-
. 

Fig. 17. Vertical migration and feeding rhythm of  Scomberesox 
saurus (6-113 min). 

b) The second possibility would be that -- contrary to ZUSSER's 

categorical statement that planktotrophic 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- 

: gest large amounts of food  in  the netthroughout 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 intakP by Scomberesox saurus  (55-113 mm) 

could not be narrowed - down with certainty, a diference between the feed-

ing rhythms of small and of large Scomberesox  snurus became neverthe-

less visible. SmalLanimals•(6-50 mm) graze in the pleuston layer during 

daytime, whereas large individuals (55-113 mm) ingest food in lower le-

vels during dusk and dawn, and perhaps also during the night in the pleu- 
_ 

ston. This difference in feeding habits between the length  croups  is il-

lustrated in Fig. 17 (p,87) which combines the results vertical migra-

tion und feeding rhythms of this species. 

Different from both length groups of - Scomberesox saurus  are the 

feeding rhythms of juvenile and adult Hvetophydae  •hich were caught in 

the pleustal layer exclusively durin s; nights. 

2, The Most numerous species among the_Myctophydae family is Go- . 

nichthys coccoi  of  which 524 individuals were obtained with the top net, 

middle net and lower net, and.divided according to the.following time. 

intervalsi first - quarter of the night = time intervals 9-10, second quar 

.ter of the night = time intervals 11-12, third quarter of the night = 13-14, 

fourth  quarter of the night = time intervals'15-16. , In this manner, the 

number of GonichthyS.coccoi  in these individual time ipterval .s were in 1967: 

61-62-176-105; and in 1968: 0-74-19-27. The samples froM the third and 

feurth quarter of the night were combined (46 exemplars). The vertical 

'lines in Fig,18 distin Ii the results from 1967 by a solid line and those 

from 1968 by a broken line. • 

The condition of the stomach contents in the course of the night 

offered the following picture in regard to Gonichthys_cecgoi (Fig.18,  p. 91): 

The percentage of animals with fresh stomach contents were low both in 	• 
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1967 and 1968 (20%, 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 nt all 

time intervals (14-20%) while the percentage of animals.whose intestines 

contained remains increased from the first 'quarter (10%) to the last quar-

ter (34%) of the night. The percentage of animals with an empty stomach 

'decreased slightly from 32% to 20% only during' the. last quarter of the 

performed 
night. Ifsing 	the 1967 material separate, tests were /for a) fresh, 

b).partly digested stomach contents, c) food remains, and d) empty sto- 
• to establish 
machiwhether the hypothesis holds true that,between the four quarters 

of the night, the ratio 1:1:1:1 applies. 

The 'hYpothesis that the proportional 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 -Gonichthys 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 
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 dOes 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 50% .  of terrestrial in- 

sects (cf., p: 79). 

p. 37 
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This leaves only the conclusion that the Gonichthys population 

feeds by day and by night. This is supported by the fact that the per-

centage of stomachs with fresh, part13ras well as extensively digested, 

or no food was . about 25% each during all 4 time intervals of the night. 

Especially the.low percentage of Gonichthys coccoi  with fresh food in their 

stomach speaks &it-  continuous food intake by the Gonichthys population. -- 

It could also be quite conceivable that the myctophids, being the most 

massive among  thé iathyoneuston, ingest additional food in the sub-

pleustal layers of the trophically poor region sampled during the "Meteor" 
to 

cruises. -- However, the individual seems pause between meals independent-

ly from the - time of day, as judged by the percentage of Gonichthys coccoi 

found to  have  their stomach empty- 

3. As a parallel investigation to that on Gonichthys cocc6i, the 

five myctophid species Lygophum_hyg, ilygophum reinhardti; Myctophum 

nitiduIuM, Myctophum punctatum,  and Symbolophorus veranyi, caught in 1967)  

- were investigated  as one unit.. This Material consisted of 128 animals 

which were caught during the four quartermintervals of night-time in.the 

following proportions: 24, 15,  b4, i  indivieuals (Y1g.18, p.91). In com-

parison with the diagrams that relate to Gonichthvs coccoi,  the most stri- 

- king feature of.Fig. '18 is the loW,percentage of_animals.with empty . sto-

machs (0-14%). This causes an elevation Of the percentages for the other 

.three diagram series that comprise the extent of digestive states in the 

digestive tract (fresh food, partly digested, food remains): Similar to 

Gonichthys Coccoi, thoee diagrams that illustrate the .percentage of ani-

mals with freshly ingested food, er-'with empty stomachs, do not show any 

regularity; In total, the limited and heterogenic.material is not indica-

tive of differences between the feeding rhythM  of the  five myctophid spe- 

, cies and Gonichthys coccoi. . 	. 
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• Fig.  18. Condition of stomach 
contents in various,species of 
Myctophydae.  -- solid lines = 1967 

broken lines = 1968 

In the saMe Manner as for Qdnichthys,eoccei,  the hypothesis that 
- 

. the various digestive stages of the stomach -COntents (fresh, partly di- 

gested, remains, and empty stomach)remain constant in their proportions 

throughput the night, was tested also for the 5myctoPhid species. 

Separately for.each digestive stage itHmachecked wether the 

proportion of these stages remained 1:1:1:1 throughout the 4 quarters of 

the:night. The result of the chi-square test showed that the 'percentage - 

'Of animals with fresh 'stomach contents and those with empty stomachs is not 

. sublectte-atatistically significant.changes. 
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Layers where 

food 	was inpested: 	Present in Species and 	 ?.  
length group 	-plaustal 	 beLowFaeustàli  pleustal layer 

( 	d 	a 	t 	• 	kt 	na 	during.: ___ ---_,_ 	 
Coryphaena • urses 	• 	•—(?) (10-4o mm) 

Scomb•resox saurus 
( 6 - 45 mm) 	 day and night 
8erydde 

..(6...17mm). 	_ 	. 	.. 	. 	 - 	 - 
Macrorlximplesus scoloper 	• 
(8 -50 mm ) 	 .  

, Edoeutus obtusiroseis. 	•
d )ytime 

(6-- 17mm)

•
_

Fr 	
SIJK 	 • 	

— 
rtriS 	. 

.. , 	 i' 	:1: 	8 mm 1 - • 	
'1?) 

 

• juvinile7und '051611' 	 # 	 night 
elyetophide. 	 + 
Scombiresox saurus 
(50 -113 mm1 	 +(71 	—7 

Fig. 19. Time and location (-)f food intake. 
= feeding activity 

--= no feeding activity 
? = uncertain - 
t = during daytime 
d = " 	- dusk or dawn 
na.  " 	the night 

It can therefore be assumed that, similar to Gonichthys coccoi, 

these five Myctophidae maintain food intake during both day and night. 

•. The last . species whose feeding rhythm shall be discussed is 

Trachurus  spec. (15-56 mm); 50 animals from 9 top-net and 3 lower-net 

samples from the Great Meteor Seamount region (spring 1967) were examined: 

Unmistakably . fresh food was found in 4 of 11 Trachirrus spec. from the 

first portion of the night, whereas empty stomachs were found in 2 of 11 s 

animals during the first halr of night, and 35 out of 39 specimens during 
ha 1f. 

the latter, As judged by these data, Trachurus spec.  (15-56 mm) does 

not graze in the pleuetal domain. 

Fig. 19 summarizes the results obtained so far on time and loca- 

tion of food'-intake by ichthyoneustoe. This illustration shows once again 

that the day-posiitive  and the  pleuston- constant'  fishes are similar in 

their feeding habite: They ingest only during daytime and exclusively 

p. 
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in the pleustal domain. By contrast, the behavior of night-positive ani-

mals seems to differ: Most night-positive.  species ingest their food during 

their ascending 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 ofnight-positive spe-

cies seems to differ from  -one another: The large. Scomberesox saurus(50- 113 

mm) do not ingest food then, whereas the Myctophydae  probably feed also 

during daYtiMe-in deeper layers. Trachurus spec, (15-56 mm), on the other 

hand, does probably feed only during daytime and exclusively in subpleustal 

layers. Therefore, this species uses the 'plebstal domain not:for trophi-

cal purpoSes but merely as a niche to be visited at regular intervals. 

- The question whether the pleuston serves as a pasture for ichthyo- 

:neuston, can.therefore not be - answered generally. It applies without li-

mitation for thase fishes among our material that live constantly, or ex-

clusively during daytime in the pleustal 'layer. Also the Myctophidae fced .  

during the night at the surface. For the larger Scomberesox saurus, pleu 

stal food intake, was.not established witheertainty, and for.one.species 

(Trachurus spec.)l it can be assumed that food is not ingested in the pleu- 

stal layer. 

4.54 2112ptition for  food 
. 	. 

• 	4.541 percentau of individual food t ,  es. 

Fig. 20 is a compilation of the results•described in chapter 4.5 

so far. •.A.ccording to th5s, the contnts of the digestive tracts cOnsist 

of three typés which correspond to the following three groups of ichthyo- 

neuston: 

t. 
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1) smaller fishes that feed on neuston during daytime, 

2) larger fishes that 'feed on neuston during daytime, 

3) fishes that do•not ingest neuston during daytime. 	 è 

The smaller fishes that feed on neuston during the day consisted of 

5 individual groùps: small Exocoetus  (6-15 mm), larger Exocoetus  16-33 mm), 

very small Scombéresox saurus  (16-.30 mm), and small Macrorhamphosus sco-

lopax  (8-22 ' m).  The group of larger fishes that feed on neuston by 

day is made up:by certain I.ength . groups of 4 species: larger Macrorham-

phosus sco_opax  (23-50 mm), medium Scomberesox saurus  (31-45 mm), Çory-

phaena - equiselis  (10-40 mm), and the berycid (6-17  mm).  • Because of its. • 

body siZe,  the beryciddoes actually belong to the preceding major group, but 

. the capacity of its mouth obviously permits the berycid to ingest relati-

vely voluminous pieces. The-following .fishes were combined to the group . 

that'does not feed- on 'neuston by day:. Trachurus  spec, (15-56  mm),  

five Myctophydae  as a subgroup, Gonichthys coccoi,  and the larger Scombe-

reaox saurus  (46z.113  mm).  • The five mYctophid species that made up the sub-• 

group were: Hygophum hygomi, Hygophum reinhardti, Myctephum nitidulum, Myc-

tophum pumtatu91,and SymbolophoruS veranyi. 

The results shown in Fig.20 (p.95) are baSed on material of vary-

ing extent. Identifiable intestinal  contents.were available in the:follow-

- lug: 48-smaller Exocoetus  (6-15 mm; 45 . Exocoetus obtusirostris  and 3 

Exocoetus volitans),  29 lareer Exocoetus  (16-33 mm: 25 Exocoetus obtusi-

rostris and 4 ExOcoetus volitans),  204 very small Scomberesox 'saurus  (6- 1.5 

mm),  162-sma 11.  Scomberesox saurus•  (16-30 mm), 110 medium Scomberesox saurus 
. 	• 

(31-45  mm),  207 large Scomberesox saurus  (46-113 mm), 20 smaller Macro- 

rhamphosus scolopax  (8-22 mm), 36 larger Macrorhamphosus scolopax  (23-50mm), 
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14 LurphmilAjullfALL.2. , 7 berycids, 15 Trachurus  spec., 108 specimen 

of the family of Myctophidae,'  and 262 Gonichthys coccoi. The evaluation 

of the berycids led despite the low number of 7 animals to result's which 

harmonize with those obtained from the other species that feed on,neu-

ston during the-day. 
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• Fig. 20.  Simplified graphic illustration of intestinal con-
tents in various ichthyoneuston species. As described before (Fig.12, 
p.66; téXt pp.6243), black columns indicate thatmore*than 49% of the 
fishes contained more than two specimens of the particular type of food 
in their digestive tract. 'Full-length celumn = >39%; 1/40 of com-
plete column = 1%. 
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A high percentage of gastropoda was characteristic for the smaller 

fishes that fed on neuston during daytime. The smaller Exocoetus  (6-15 mm), 

small Scomberesox saurus  (6-15 mm, 16-30 mm), and small Macrorhamphosus  

scolopee  (8-22 mm) had each consumed more than 40% gastropoda, mostly- in 

larger;amourits (black.:•column). Only among larger -ExocbetUs  (16-33 mm) there 
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were less than 40%, namely 20V, that had gastropoda in their stomach. Next 

to gastropoda, the cladoeera were characteristic among intestinal contents 

.of the smaller fishès that were feeding during daytime. Cladocera were 

found, in most cases in larger amounts, in more than 40% 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 t.e smallest Scomberesox 
--7 

saurus (6-15 mm) only 30% were found with cladocera. The calanid copepoda 

. also played an important Part already in small fishes ingesting neuston 

. during the day. More than 40% of the larger Exocoetlis (16-33 mm), of the 

small ScombereSox saurus (16-30'mm), and the small Macrorhamphosus scolo-

pax  (8-22 mm) had.ingested.calanid copepoda. For the youngest stages 

among the fishes that fed on neuston during the day, the calànid •copepoda 

had not yet reached the importance observed in later stages. Only 26% 

of the small Exocoetus (6-15 mm) and 207. of the small Scomberesox saurus  

(6-15 mm) had consumed calanid copepoda. Finally, the importance 'of Corva-

cetis gained  grounds for theJargest among the smaller fishes feeding on neu-

ston during daytime. . The copopod Corvcaeus was found in 22% of the lar-

:ger Exocoetus (16-33 mm),  andin  207, of the Scomberesox saurus  measuring 

16 - 50 mm. 

The difference between the larger fishes that fed on neuston during 

the day and the smaller ones was found to lie in the decreased percentage 

of gàstropoda among'the food of the larger group. The percentage of gas-

tropoda-positiVe fishes among the larger Macrorhamphosus scolopax (23-50 

mm) was 32%, among medium-sized Scomberesox saurus (31-45 mm) it was 122, 

and  16%.for both/ Coryphaena equiselis and the herycid. In these cases, ' 

the gastrOpoda had mostly been Ingested in the form of single specimens. 
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In contrast to the smaller fishes that fed on neuston during the day, large 

amountsof Corycaeus  were found in the larger fishes whose food-intake.took 

.Place by day in the - pleustal layer,.namely more than 4e Of the larger 

Macrorhamphosus scolopax (23-50 mm), - of Coryphaena equiselis and the bery-

cid, as well as in 22% of the médium-sized,Scomberesox saurus (31-45 mm). 

Ostracoda, whose presence  in  smaller fishes was an exception (in 167. of 

Exocoetus measuring 16-33mm i in'form of single specimens), 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 ScomberésoX 

saurus (31-45 mm), and single exemplars were present in le of Coryphaena 

equiselis.  Especially characteristic for the stomach contents of larger - 

fishes among those feeding on'neuston during the day was apphirina:  Most-

'y in the form of single individuals in 24 of the larger Macrorhamphosus 

scolopax (23-50 mm), in 10Z  of medium-sized Scomberesox saurus (31-45 mm), 

and in 16% of Coryphaena equiselis. In both the other.main groupS,.namely 

the small. fishes that fed  on neuston during daytime, and fishes that did 

not consume any neuston during the day; Sapphirina was not observed. Ca-

lanid copepoda were found still 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 - humbers More.than 40% of.  the larL• 

ger Macrorhamphosus seolopax (23-50 mm) and the berycid, as well  as 32% 

of the mediumsized Scomberesox saurus (31-45 mm) and Coryphaena equiselis 

had consumed cladocera. 

The group of fishes that do'not feed during the day on neUston is, 

in contrast to both previously discussed main groups, composed of,larger 
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animais.  'A -8 can be seen from Fig. 20 (p.95), the fishes  th at do not feed 

on neuston during daytime are characterized by the fact that none of the 

food types was especially prominent (short, white columns are domineering). 

The:percentage of.gastropoda is reminiscent or the group of larger fishes 

that do feed on neuston during the day. Here also, 8-2M, of the animais  
the 

had  ingested gastropoda mostly in/form of single 12e-el:mans The percen- 

tage  of ostracoda as  Part of the stomach. contents  is also very much alike 

in both these groups: Trâchurus  spec. more than 40Z, the 5 Myctephydae  

14%, goniclitlessoccoi and large Scomberesex saurus (46-113 mm) 26%. In 

contrast to thé group that did feed on neuston during the dayr cladocera 

were only. seldom foùnd in fishes•that do not graze on neuston during day-

time: The . fivemyctophid species, Gonichthys coccoi ) and large Scombere-

sox saurus (46-113 mm) each contained 107. While calanid copepoda were 

.still ingested by many . of these animals, they were round only in the 

form'of single'specimens in '.6% of Trachurus  spec., and in more than'40% 

of the  remaining species in this group. The copepod Corycaeus was also 

found only in single instances in animals that do not feed on neuston 

during, the 1:lay, which Is in contrast to.the findings in the group of lar-

ger fish that do. The amount of  Cory_qaeus-positive fishes varied between 

nand more than 40%. Characteristic for the intestinal contents of fishes 

that do not feed.on neuston during the day was Oncoea, found in 10 to 

more than 40% of these animals.. This species was otherwiSe found only 

in Macrorhamphosus scolonax (8-50 mm) whose food-intake is during daytime. 

On-the?Other hand, amphipoda iere detected only in those fishes that do 

flot  feed in the pleustal domain during the day (0-24%). 
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The great variety of trophisc organisms  fond  regularly, but sel- . 

 dom in large amounts, which distinguishps thIs rou 2rom that fe . ding 

on neuston during tll e  day, indicates that a -id-r . cllopo 	-ood ts 02fored 

to fishes that do not.graze in tlIc pleustaldomein dur ng daytime (perhaPs 

also on account of the capacity of their jaws). 

' 	As the most important result-shown. in 2 -.i.2„ .70 (p.95), the homo- 

geneity 	the intestinal 'contents within each o;:: the three main groups 

deserves special mention. ' This uniformit7 indirectly conlirms thé results . 

obtained . from individual groups, and sneaks in favor ols th n particination 

ofidentical. sensory organs in the hunt for Food. .itirthornore,  th n homo-

geneity of intestinal contents is ind:Lcatilia .01: a 

food Within each of the three main greups. The speCialists among Our 

ichthyoneuston.species are excgptions (cf. 4.522., p.79). 

With' the purpose of expressing the degree or comPetItion for food 

 between two groups of fish  in the form 

were made be'tween the lengths of columns that indicated -homologous food 

types for both fiSh groups. The extant to which the paired_ columns were 

overlapping was taken as the degree of competition  for  this type of food.  

For  the comparison of two fish species, the columns of. all food types 

were paired in this manner and the c>:tent'to which the Individual pairs 

, were overlapping was noted. The total or these congruential stretches . 

 furni  shed for each pair of 'comparable fish groups a numerical'value which 

was all the higher, the longer the conp,ruency of the paired cblumns. 

The difference .between black and white columns was also taken into con- 

sideration in that the extent to which a black and a white Column over-

lapped was dimidiated in subsequent calculations. 1/20 o2 column length 

was considered as gauge point L 

strong, competitIon for 

numer lea] values, comparisons 
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Table 9.  Competition among ichtbyoneuston  for the various  types 	p:41 
- of food. 
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' execedus 	  (  6—j5) 	43 	40 	63 	53 	50 	23 	33 	36 	8 	19 	11 	13 

Exocootier 	  (16-33) 	. 	30 	60 	50 	54 	48 	50 	52 	29 	32 	25 	34 
Scomberesox sauriù 	6-15) 	 40 	40 	27 	22 	24 	23 	12 	11 	20 	20 
Scombererox sourits  	1.5-40) 	2 = 48 	60 	52 	42 	46 	49 	21 	26 	17 	29 
'Macrorhampbosus scolopax  	8 —22) . 	52 	37 	40 	44 	14 	31 	20 	25 

11 Itlacroileamphosus scolopax 	  (23-50) 	 67 	74 	68 	36 	43 	34 	42 
Scombererox :minis 	 ' 	 (31 -45) 	2 = 41 	 58 	50 	25 	30 	24 •  34 

.Cmphoena equiselis 	 - 	 • 	 2 -=--• 64 	65 	29 	36 	24 	30 
Berycid, 	 • 	, 	 24 	29 	18 	27 

III TraChuras spec.  	 25 	42 	41 
.5 Myctophido  	2 = 21 	 2 = 30 	 . 	, 	43 	33 
Gootichthys caccoi  	 2 =-- 38 	45 

I = small fish feeding on neuston by day 
II = larger fish feeding on neuston by day 

III  =  the rest, not feeding on neuston by day 
More explanations in the text. 	 • 

• 
illIWIMAI■14~11.01.1•011■IMMINRIMIIIMIUM11100181‘«111, 	  

The  values for the competition among fish groups for their food, 

calculated in this-manner, are shown in Table 9. The Table  furnishes 

first of all 78 valùes indiCating the competition of individual groups. 
-p.41 

From these individual. values, 6 medians were calculated which characterize 	cont' 

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.'MUStatesthe following results: The strongest compe-

tition for food exists within the group of larger fishes that . feed on 

.-- 
neuston during the day-(highest individual value: 74, x = 64). A consi- 

derable degree of competition fiDi' food can be obServed also among the 

small'fishes that feed during daytime on neuston 	= 48), whereas the 

11111» 
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I 	small fish feeding on neusten 
by day 	 • 

.I1 = larger fish feeding on neuston 
by day 

Tri = fishes not feeding on neuston 
by day 
Detaided explanation for 
Table 10 in text (n.111) •  
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Table 10.  Competition for food amorn- ichthyoneuston  in  renard 
to the Size of  atlantide 

Mleeescrme.,enworlxgmreAmeeOWWWe.re 

heterogenic gtoup of fishes not feeding on neuston by day exhibits a lower 

. — 
degree of elm competition for food. (x = 38) 	The competition for food a- 

mong both the main groups that feed on neuston by day reaela high value 
• 

=--41) which is even'greater than the competition for food within'the 

• ■••■ 

groùp that does not feed on neuston by day (x = 38). Between the larger, 	p.42 

fish that feed on neuston by day and fishes that do net feed on neuston 

by day, the competition for :food becemes, then, considerably.weaker (X = 

and the lowest value is reached in the  competition for food between small' 

fishes feeding on neuston by day and fishes that do not feed on neuston 

during daytime, two groups which show also extreme differenees in their . 

lengths (X = 21, lowest value.  8):, 	 • 

•So 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. In the following, the importance of the indi-

vidual groups among trophic animals will be discussed. 

Mollusks were considered by LEBOW>. (1933) as the principal food 

of the plankton grazers, especially of their younger stages, and ZAITSEV 

• (1961) considered the mollusks as-  the principal food of  the young stages - 

of ichthyoneuston in the Black Sea. Fig. .20  (p.95) shows on .the basis of 

our material. that gastropoda were of importance only to the small fishes 

that fed on neuston during the day, but .  played only a minor role for lar- 

. ger fishes. •  This observation indicates that our material contained length 

groups which the drifting device of ZAITSEV (Table 1, p.11) Was unable to 

catch. 

Cladocera  were. an  important food for fishes feeding on neuston by 

day. On the other hand, only few of the fishes that did not feed on neu-

ston by day had ingested cladocera. 

. 	Copepoda have . been named unanimously by LEBOUR (1917), MIELCK (1925), 

COVILL.(1959), and MARAK (1960) as an important food for young stages. 

Special'importante seems to be attached to the copepoda in the boreal do- 

main. In addition to corresponding statements in the literature,this opi- 

also 
nion is supported A

/1 
 by the findings in stomach contents of 340 Onos cimbrius 

(6-43 mm total length), and Onos mustelus (8-39 mm toted length) from the 

pleustal layer of the North Sea: 65-100% of the fishes from the indivi-

dual 3 mm length groups had ingested some copepoda.' 

The heterogenie group of calanid . copepoda,which makes up the 

largegtpart of all copepodai played an important role also in the subtro-

pical pleustal dômain. Especially in the stomachs of fishes that feed by 

day have they been . found.in  'large amounts in more than 4(n, of the animals. 
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However, as a rule, night-positive ichthyoneuston had ingested calanid do-

pepoda only inUorm 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" (CUSHTNG 1951). 

Ostradoda 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 1-'7 day (14Z-40%). 

Multiple Corycaeus  among intestinal contents  iere characteristic 

for  larger fishes feeding in the pleustal Layer by day. 

by 
The related copepod Oncaea had been ingested all fishes that do 

not feed in the pleustal domain by day, but also bv Macrorhamphosus sco-  . 

lopax  (8-50 .mm) who does feed on neuston during daytime. The irregular 

distribution pattern of . Oncaea (Fig. 20, p.95) may perhaps be connected 

with the fact that this copepod was found only during spring among the 

intestinal contents . of fishes from the Great Meteor Seamount, the pri-

mary sampling region. Oncaea was also almost completely missing  from  the 

corresponding plankton samples (WEIKERT, oral communication). 

Sapphirina 	.insignificant in its number --- occurred only in 

larger - fishes that feed during the day in the pleustal layer. 
. 	. 

As for amphipoda., it was.stated by LEBOUR (1919-1922, p.267) that 

they are seldom ingested by young stages, but frequently hy adult fishes. 

Analogous to LEBOUR's result, amphipoda were found almost exclusively in 

thé alimentary tract of night-positive ichthyoneuston.. This may bé due 

to the relative size of amphipoda and their diurnal migration. 

The  results on the intestinàl contents of ichthyoneuston . Shali . 

 .here again be compared in their entirety with LEBOUR's observations (1017- 
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1933) from the boreal pelagic domain: Tintinnids, invertebrate eggs, cla-

docera, copepoda, amphipoda and mollusks played.a similar role as food for 

young stages in LEBOUR's material as here for the suhtropical ichthyoneu- 

ston. However, in thern  subtropical pleustal domain, not many species were 

found to praàdce specialization in the choice of their food.; surprisng 

• was furthermore the homogeneity of intestinal contents in fishes from 

equal length groups whose presence in the surface layer coincided. This 

deviation from LEBOUR's 'findings can be explained . with a different plank-' 

ton composition in both these climatic regions. In adaptation to the food 

shortage (cf. 4.7, p.121) and the great variety of species in the subtro-

pical pleustal domain, the fish population will here ingest generally aày 

piece of Suitably-sized food. However, it was observed also in the boreal 

region by MARAK (1960), who collected with a ring-:.shaped traw4from the 

surface i lerval and postlarval Gadidae  consistiru7; of three species, and by 
• basis . 

COVILL (1959) on - the- of larval and postlarval Ammodytes,  that the fish 

ingested what,was.found most frequently ) and that - they were selective .only 

. in regard to the Size of their food. 

The following compilation summarizes  the • food types that were 

most characteristic for ichthyoneuston: 	• 

1. For all fishes feeding in the'pleustal layer by day: great 

amounts of cladocera, and of calanid copepoda; 

• 2.  for  small fishes feeding in the pleustal Layer by day: great 

- 'amounts of mollusks; 

3.• for large fishes feeding in the•pleustal.layer . by  day: great . • 	p.43 

. 	amounts of Corycaeus, •solated Sapphirina (both cyclopoid•co- 

• pepoda); 
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4. for fishes not feeding in the pleustal layer by dayl amphi- 

. poda; 

5. for larger icht.-hyoneuston: ostraroda. 

Following the discussion on plankton organisms that serve as. food 

now 
for ichthyoneuston, it shall A be - outtined for which species the fishes of 

the pleustal domain could serve as food: As the higher ?inks of the tro- 

phiCal chain should be considered,besides birds (ATTS:.'.V. 19(8), the nsheS 

Mola,  Manta (NORMAN . & FRASER 1963), Corvphaena (Guns 1959, KOJIMA 19 ( 1) 

and tuna (SUND & RICHARDS i .9'65). ZAITSEV (l ) 61) . ,T.ound neuston in the ste-

madhs of skipjacks, Scombridac, and pelemyds ryoung tuna], among others. 

. Smaller fishes were preyed on also by coelenterata (e.g., photograph in • 

FRASR 1962). .A MacrorhaMphosus  scolopa .m  ;ho  successfully avoided the . 

. tentacles of Physalia for a full day in an aquarium, fell then victim 

along with other fishes to 'a pleustonie brachyura. Isopoda (Idotea 

• 'tallica,  identif. WEIKERT) were oherved to .;1.:eletonize their prey.even 

whi .le being already in the concentrat(7, r (compare HERRING 1969), Important 

are perhaps also the cephalopoda. BAKER (1960) repeatedly observed in .the 

NE Atlantic by night Ommastreohes  pteropus  that had come to  the sur face  

and fed •on small Scomberesox  and Myctopbrlae.  However, these cuttlefish 

may have been lured by the ship's artificial illumination to the immediate 

surface to which they are Obviously net 1tmited, since they were spotted. 

at the same time j with the help of a•camera and depth cable e in depths of' 

up to 1,000 m. 

4. 542 Size of tronhic animals .  

4.5421 .Introduction  

While,in chapter 4.541 )  merelY the number and typ@ s • of animals.were 

discussed  •that were  found as food in .the digestive tracts of ichthYoneuston, 



Length of fish 

/. 
100, 

SO 4 

i0 

70 

60 -J 

Scomberesor sauru s 

Alacrorharaphasus scolopar 

Ganichthys  cocos!  

0 250 , 	750 	. 1000 

106, 

we shall discuss under this heading the s 4 ze of food objects. Comnarison 

of the length ranges of the ingested organ;sms will shed additional lig;ht 

on the .competition among individual fish groups for tl e.  available food. 

, MARAK (1960) 'observed (c. 4.541, p.104) in laryae and juveniles 

that the difference between stomach contents was not so muchee type of 
• • 

food, but rather the size of food objects, and that with increasing size 

of the fi.sh  the average size of food objects increased as weU. — The 

lower limit of object size , is, according to YASUDil (1957),  dépendent  upon 

the "mesh size" of the gills (YASUi) investiated five oceanopelagic fish 

species of appr. 20-50 mm in length). The . maximal volume of ingested 

food objects is likely determined mainly by the capacity of the fish's 

mouth, but G.F. HARTMANN (1.(:58) demonstrated thnt structure and reaction 

of the prey also play a role here. 
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•ig. 21.  Maximal and minimal. leths o atlantid shells  consumed 
. 	by three snecies. .  

o 
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objects 
In the present work, the size of food 

 it 
 it f.ound in the digestive 

tracts was determined on hand of the following matrial: 

Scomberesox sàurus 	( 6-113 mm) . : 683 animals, 	 • 
Gonichthys coccoi 	 (20— 61 mm): 262 animals, . 
Macrorhamphosus  scolonax 	( 8— 50 mm):, 	56  animai s.  

objects 
Calculations for the length of food A were limited to one plank- 

-ton group, the atlantids Cinct. all gastropods with similarly shaped shells). 

The sizes of gastropods shells -- considered herc as indicator of the 

size limits still acceptable to the fish -- represent of course merely an' 

approximate norm: Other food obiects may vary wit.Hr different size  rances 

depending . upon their form and reaction. Atlantids  are. especially suited 

for length determinations because size and shape of their sbells do .not 

change in the digestive tract nor upon'fixation:and furthermore, because 

they are consumed frequently and hy many. length groups of neust.on fish. 

The maximal diameter of the mollusk shells was measured individually with 

the help of ah ocular micromefer (to 1/40 of a mil limeter =•1 graduation 

mark). In-between values.were rounded off to the closest graduation mark. 

Fish-lengths were measured to the exact mm, always taking:the full milli-

meter as the group median. For each one-millimeter group of fishes, 

the maximum and minimum lengths- of gastropods shells from their.digestive 

tracts were determined;. the points from the periphery of•the field were 

then plotted against the length of fishes, separately for each fish spe-, 

cies, in the form of three graphs.. Oùt of 683 Scomberesox saurus, 22 ani-

malafurnished extreme values, of-the 56.Macrorhqmhosusollop2x there 

were 30, and of the 262 Gonichthys coccoi,there were 27 animals with ex- . 

treme values. In each of th è three graphs, the peripheral points of the 

field thus, Plotted meem were connected ao that this line became.represen. 



108. 

tative of the length range of gastropoda . shells consumed by the individual 

fish species. All three graphs within the field  .o. points (HARTI1ANN 1969a) 

*are combined in Fig. 21 (p.106) in a simplified manner. 

4.5422 Results 
111101■•■••■••■■ 

1. Scomberesox saurus.  The minimum lengths of gastropods shells 

showed only minor variations between individual fish groups. They iere 

at 95 j.L  for the smallest Scomberesox saurus (6- . 1.5 mm), and at 310 ■ 1t for 

the largest among•the Scomberesox saurus (92 mm) sampled. Starting at 

15 mm fish length, the:length of the smallest gastropods shells increased 

at first rapidly, then more slowly. A breal . in the minimum curve at the 

15 mm point àf fish length might indicate that 7 from thisgength on ) it is 

no - longer. worth bothering for Scomberesox saurus to ingest the smallest 

gastropods. 

The 'maximal lengths of consumed gastropods shells,increased sharp-

ly with advancing fish length. Miile fishes measuring 6 mm had consumed 

gastropods shelIs.of up to 200p, the Scomberesox saurus measuring 54 mm 

had in their digestive tract gastropods of 1070 p. A break in the maxi 7. 

niai  curve at the 8 mm point of  fish length might indicate that the .mal-

lest Scomberesox saurus still lac  the technique to obtain those gastro-

pods sizes that would correspond to the capacity of their jaws. 

.Particularly worth mentioning seems the divergence of the minimum 

and Maximum values with increasing:length  of the.fish groups. This indi- 

cates that the fishes gave up consuming the smallest gastropods at a much 
of 

. slower rate than that •st which their abilitcatching the larger gastro- 
P 

pods. was increasing. Thus, the fishes continued to make  use, as long as 

possible, of the richer populated lower gastropods classes. 
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2. Gonichthys coccoi.  The length range of Gonlchthys coccoi shif- 

ted, in comparison to Scomberesox saurus I upwards while that of the gastro-

pods shells moved to the right. The stomach contents of the smallest Go-

nichthys coccoi (23 mm) showed gastropods shells starting at 475 	wh5.1e 

those in the largest'Gonichthys cotcoi (54 mm) started with 500  i. In 

contrast to Scombersox saurus, the minimum.length of consumed gastropods 

shells remained almost constant in Gonichthvs coccoi. it is possible that 

- light conditions .by night,.which make recognition of•Smaller . pAstropoda 

difficult, maY represent a,limiting factor for Gonichthvs coccoi. 

' The maximal lengths of consumed gastropodn varied in Gonichthys 

coccoi  between 840 p, at 23 mm fish length, and 1750 i in fishes measuring 

46 mm. Therefore, similar to findings in Scomheresox saurus, the diffe-

rence between maximum and miniMum lengths of ingeSted gastropods shells . 

increased here .  alse with progreàsing length of the fish: 

3. Macrorhaffiphosus scblopax.  The position of this graph . shows a 

similar tendency to those of both previous species. The length range of 

the gastropods lies within the limits of that esteblished. for Scomberesox 

saurus. Also in the case of Macrorhamphosus scolopax, an increased broa-

dening of the length range of•consumed gastropods 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 gastropods shells. Apparently, 
S .  

these gastropeda were the only morsels of food that succ,+ed in passing 

-the filter system and landing in the', basin with the fish. They were, with 

150 11, considerably smaller than would have to be expected according to 
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the graph (375 	in Fig. 21 (p.106). This observation indicates that 

a hungry fish accepts a broc.der length range of individual pieces for 	 • 

his food (lowering of stimulus - threshold). 

Based on Fig. 21, the competition for food as related to the size 

of the atlantid shells was calculated for 21 pairs of fishes (see below). 

In order to obtain comparative values tO Table 9, which derived the degree 

of competition for food among fishes froM the proportions of 8. principal - 

food groups in their stomachs, the same le-Igth groups and the  sanie tl , ree 	p.45 

main groups as in Table .9 were utili::ed for this purpose: 

I. S•aller fiSh feeding on neuston 1.y day 
Scomberesox saurus 	6-15 mm 
Scomberesox saurus 	16-0 mm 
Macrorhamphesus scoloPax 8 7 22 mm 

IL Larger fish feeding on neuston hv dny 
Scomberesox saurus 	31-45 mn 
Macrorhamphosus scolonax 23-50 mm 

_III, Other fiSh, not feeding.on neuston by day 
Scomberesox saurus 	46- 13 mm 
Gonichthys coccoi 	. 20-61 mm 

-The•numerical values indicative of the degree of competition for 

-.food among individual fish groups wPre calculated on the haS.is of group 

medians (e.g.,• in  the case of Scomberesox saurus 6-15 mm on the basis of 

the mean-  fish - length of U:5 mm) according to. the following formula: 

' N 100 
A i 

N = Competition for food as related to siZe of atlantid shells;. 
A = the greater of the two maximal . lengths of gastropoda shells 

• •o be compared .(Fig. 21; p.I06 	Unit of measure: 10 	j = 1); 
i = the smaller of. the two minimum lengths of.gastropoda shells 

to be compared .(Fig..21, p.I06.-- unit.  of measure: 10  i= 1); 
a = the sMaller of the two maximal lengths of gastropoda shells 

to be compared (FicY.21 	unit of measure: 10 it = 1); 
= the greater of 'the twe miniMun lengths of gastropoda shells 

to be compared (Fig.21 -- unit of measure: 10. 	= 1). 

J a 
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The  values calculated in this manner are shown in Table 10 (p.101). 

On account of the -factor 100 ) contained in the formula, the values 

in Table 10 appear in the same order as in Table 9, and are to be read in 

the saine  manner: Large numbers represent in both Tables a high degree 

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 pairs of Fish groups in 

• Table 9, illustrates the following results: A stromcompetition in re-

gard to the size.of the atlantid shells exists between pairs of each of 

the three - main groups (1 = 44- .67; II = 77; 	= 83).• Within both of the 

two  croups  feeding by day (I and II), maximal values were  seen also in 

Table 9 (1 = 48; II = 64). However, for Scomboresox saurus  (46-113 mm) 

and Gonichthys coccoi  (20-61 mm), which represent in Table 10 the only 	• 

pair of group III, Table 10 'shows a high degree with x. = 83, whila only 

••••• 

a medium degree of competition for food ds shown in Table 9 with x = 45. 

Table 9 and IO again correspond in regard to the competition, for 

food between both of the main grouis  that feed in the pleustal domain by 

day: Table 9 •ith x •= 41 and Table 10 with X = 3 5  point to a, moderate 

degree of competition  for food.  An additional  para] lei in both Tables 

exists with regard to the competitioribetween the two main groups II and 

— 
Hi.' According to Table 10 (x, = 36) and Table 9 (x = 30), these two groups 

compete only moderately 	Finally, both Tables agree with respect to the 

competition for food between the small day-feeder and those fishes that 

do nOt feed-in the pleustal layer by day (groups I and Ill). Both Table 

indicate an extremely low degree of:competition for food (Table 9: .  x = 21, 

— 
Table 10: x = 12). 
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, 	The figures in Table 9 correlate positive with the 21 values in 

Table 10 in that r = 0.70 (957, confid. ( ." ie50.85). This value shows 

once again: Those . groups whose intestinal contents showed certain simila-

rities as'to amount and type of food, .:,ere usually also great rivals with 

regard to .the size of their food, whereas  croups  who competed little for 

type and amount of food had 'generally consumed food specimens (atlantids) 

of different sizes. Therefore, among the species Investigated, there ex-

isted a similar degree of Competition for type and size of the available . 

• 'food. 

Chapter 4.7 (p.121)discusses the results from the examinations of 

intestinal . contents on'the basis of broader implications. 

' 4.6 Reional and seasônal differences between populations of the ' 	 

4.61 Rerdonal  distribution withil-Lareas  sampled 

In the area sampled in 1967, 10 grOups of fish can be distinguished 

according to their regional distribution. 

From their distribution results a total of five regions (Fig.22, 

p.113) which are. distinct also in their position to the mainland, their 

plankton content, and the surface temperature of the water (Fig.22): 

1) two upwelling regions in.coastal waters (Stations56-58, 67-68); 

• . 	2) the coastal region (Stations 44-55, 59-66, 69); 	- 

3) the region between Cape St. Vincent and Madeira (Stations 70-107); 

4) the region between Madeira and the Great Meteor Seamount (Sta-

tions 108-124); 

5) region of the Great Meteôr Seamount (Stations 8-43, V-1.- 7-V-32, 

125-175). 

• erâââ.J.22.(iL 
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In the following list, the abreviation "Sp" means thnt the par-. 	From 
9.45 

tieular species Was found in the Great Meteor Seanount regions during 

spring only, whereas "Su" 1.nd1cates that the species mentioned was there 

caught during the summer months only. The numbers preceding the infor-

mation refer,to the number of regions shown in Fig.22 (see also•previous 

page). 

Regional findings: 

(1-5) throughout entire region incl. unwelling areas. 
Myctophum punctatumr(Su) 
Scomberesox saurus 

• 
(2-5) throughout entire region except upwelling areas 

Gonichthys  coccoi  
Myctophid larvae . 

• Macrorhamphosus scolopax  (Sp) (in coastal region only in 1.968. 
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(I) 	in upwelling waters only 
Belone beloné 	 • 

(2) • 

	

	in coastal region only, except upwelling nros 
Species (.2 
Exocoetidae D II b 

(3) strictly oceanic, East oil Madeira 
Snecies D 	 .•  

(2-3) East of Hadeir, except upwelling are s  
Species .  B 
Symbolophorus veranyi 
Onos  spec. 

(3-5) in the entire oceanic region 
llygophum reinhardti 

(4-5) West of Madeira only 
Exocoetus obtusirostris (Su) 
Exocoetus volitans 	(Su) 
*Danichthys rondeletii . 	(Sp) 
Exocoettdae C9 	 (Su) 
Corvphaena  hinnurus 	(Su) 
Corvnhaena 	 (Su) 
Centrobranchus nigroocellatus 
Myctophum nitidulum 

	

(5) 	in Great Meteor Seamount region only 
one berycid 

	

. 	Trachurue  spec. 	- 
Nealotus tri.pes.(Su) 

(Sp 5/ in Great Meteor Seamount region durin5:7 snring, 
Su 1-3) East of Madeira dUring summer 

• • Hygophum hygomi 

This distribution is determined, among others, by three factors. 

First of all,  a•er depth plays an important part; for example, l',elone 

belone  (region  i  1) attaches its eggs to plants, and species C (region e 2) 

' ha  s 'barbels, therefore the adult life spent at the bottom. Ag; 23' 

(p.115)shows that  the neust6nje stages of Belone belone • ere caught pre-

dominantly - at or close to the.. shelf. fly contrast, the mvctophids of the 

pleustou preferred,•accordin .g to 2ig, 24 (n.116)> particularly the oceanic 
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waters off the edge of the sherr: . 	 the pleustal reiPon above 

the shelf, not one myctophid was cau;ht. Thïs 0;stribution of the Mveto-

phidae  is due to the . fact that, by day; they 'Ire stnr, nt a depth of 

200-500 m (MCKER 

ramemelemerestworme 

x Belon.  biplane 

o  Scomberesox saurus 

p.47 

The second distribution factor is the temperature of the water• 	p.46 
cont.' 

In. 1967, the water temperatures for the fishes from regions 1-5 lay bet-

ween 17i.3°C and 24°C, that is, the range of . temperatures was very wide . 

 For the fishes in the regions 4-5,Lowever, the F•urface temperatures  of  

the water stayed bove 22.5°C.  ''hi le 4 o the 5 species  O.  this region . 	p.48 

(4-'5) were missing, perhaps because of the 1ow spring temPeratures (19.5- 

21°C) 	at the Great Meteor Seamount region during spring, the fish of 

reeons Sp 5 -and -  Su 1-3.avoided perhapS particularly the high temperatures 

*Translator'S note:  possible 'printing error (1-3 ?) sinee this would be 
in . contradiction to the next sentence in which seperate temperatures are 
mentioned for regions 4-5 which would be included in 11 1-5 11 , 	• 
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P.47 

. 	Filz. n  25.  Relation oi: water •. m 
temperature to Catches of Belone 	— mo- 

(-, belone  and Scomberesox satiruS. -,r_.- so-

(Not considered here: one Belone- 	w ao 
? 

poSitive haul at 12.8°C) 	
. — 
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:5* 

. • B  

17? 18* 

.';urlace umaperature of water (°c) 
1111.11.111■ 	 lamorartareo 

that prevailed during summer in the Great Meteor Seamount region. 	 p.48 
cont'd 

The influence exerted by the . water temperature upon the dtstri- 

bution of ichthyoneuston had been established also by BARTLETT & HAEDRICH 

(1968). They found, for example, alonc the Atlantic coast of SouthAmerica' 
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the larvae of Makeira nigricans  only at surface temperatures above 25°C, 

and BACKUS et zîl. (1969) caught Gonichthys coccoi and Astronesthes nier 

'almost exlusively or exclusively in the pleustal domain north of a tempe-

rature front In the Sargasso Sea. • 

.The alternating distribution of Belone belone and Scemberesox 

saurus  obserVed itkour material emphasizes the important role played by  the sur- 

face  temperature of the water in. curbing the distribution of species. In 
the 

the case of both Aspecies just mentioned, the distribution  Observed in the 

principal sampling area.during thé "Meteorm journey of 1968 is shoWn in 

Fig. 23 (p.115). It shows that, of the 43 haulF. in which one of the two 

related species was caught, only three hauls contained simultaneously Be-

lone lelone  and Seomberesox . 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 

*water temperatures between 128°C and 19.4 °C , Scomberesox saurus  was found 

in  .temperatures .  ranging from 17 °C to >23°C.. Generally, Belone belone' 

thus preferred the lower temperatures. 

The frequencY:of distribution. of Belone-positive  and  Scomberesox-

positive hauls to the individual  température  regions in 1968 is illustra- 

. ted in Fig. 25 (p.116). It shows a partial isolation of both species.' • 

Probably, besides water temperature, the distance to the mainland and the 

abundance of plankton in these waters also play a role in the distribution 

of Belone belone:  Similarlyto 19 -68, Belone belone  was found also in 1967 

only in upwelling waters (Fig. 22, region # 1 = 5 hauls; p.113). 

Paragraph 47 (p.120 represents 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- 



118. 

glans will be discussed in regard to some of the species caught. • It is 

of course possible that, in this respect, isolated,dri.fting fish cadavers 

may have falsified the picture. The values obtained should alSo not be 

generalized because 'various . ecotypes can, as is known, have different 

tolerance limits. 

In 1967-and 1968, Onos spec. was Umited to regions with the lowest 

temperatures (11.eC.to  14.8°C). Low temperàtures are tolerated, beSides 

Belone belone,  also by the mycuophidS Myctephum nunctatum and Symbolonho-

rus veranyi  .(12°C). Mvctophum punctatum advances, according to BECKER 

(1967),in'Atlantic waters all the way to Greenland ... 

Among the species that were not caught. in waters with surface tem- 
. 
peratures above 21 °C, there ‘:rere Onos spec., Belone belone  (up to 19.4 °C), 

the - myctophids Symbolophorus veranyi  (up to 19.6°C) and Hvgophum hygoni  

*(uP to 21°C)', Mugil  spec. (up to 20.9 C), and Macrorhamphosus scolopax 

(up to 21 °C). 	 ' 	• 

However,• according to BECKER  (1967), the  southern boundaries of 

distribution in the Atlantic start for SvmbolOphorus  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 Myctophum punctatum Myctophum  

nitidillum,Gottichthys  coccoi and. ilygophum hygomi,  as well as Astronesthes 

niger. 	 • 

4.62 	 comparisons  

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 (19650 observed that oceanic 

catches were usually poorer than hauls in coastal or upwelling areas. 

•As for the method for. the following comparisons of sample densi-

ties, there were always two series of samples compared with one another. 

Thé two series to be compared originated froM , different regions, but were 

obtained during the same or adjacent time intervals.. 	24-br.-day was sub- 
_ 

divided into 8 day and 8 night  croups;  cf. chapter 3, p.21.), The pair 

by pair comparison furnished the latgest possible number of appreciable 

samples; which had to have been obtained during . ïdentical or adjacent -

time intervals. so  that the error, introduced by diurnal migration .of the 

animals from both:sample series, could possibly be eliminated.  • Since each 

•of the five series àf compared  pairs  consists of samples from different 

time intervals, the calculated values do not represent the absolute, but 

the  relative.abundance. 

For an appraisal of the difference between ocean and shelf, 26 .  

samples each wereonce compared, both series front  the summer of 1967. The.oce-

anic stations. were logated west of longitude 22°  (samples 115-175); while the 

neritic stations were near —the North-Lfrican/Portuguease coast (samples 45-70, 

regiàns # 1 and e 2 in Fig.22, p.113). The resulting ratio for the sampl e . 

density was 576:811 = appr. 2:3, whereby the confidence limits of the means 

were overlapping. 

19 samples each from Great Meteor Seamount/ shelf, obtained in 

. spring 1967 showed a relative abundance of (242:806) 1:3. 	•  

In the three fol . lowing appraisals there is always a plankton-poor 

region compared with a plankton-riethregion. 

For  comparisons between the areas north and southof Cape Blanco, 
• 

19 samples each, - taken in 1968,. were utilized. The entire region .is loca- 

p.49 
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ted between latitudes 22030 1 N and 18°N and longitude l'»W. The location 

. of the upwelling region at that time became .  anparen', .:rom the rough evalu-

ation of - the results of individual work teams obtained during "Meteor"' 

e'rnise # 13: South of Cane  Blanco was the center of the upwelling area; 

.north of Cape Blanco certain manifestations of upwelling waters rould 

still be observed but these became more and more wea:; in north - bound  di- 

rection.  According to this location of the upwelljng area, different sample 

densities wère to be expected from the areas north and south &: Cape Blanco. 

There resulted still a relative abundance - of (745:1955) appr. 1:2.5, but 

the confidence limits of the mean values - were overiapning. 	• 

Furthermore, 21 samples each iere compared fro • the Great Meteor 

Seamount region (taken in April 1967)  and  from the region of our actual 

assignment south of Cape Blanco (the boundarjer; of which were mentioned . 

in the previous paragraph) samnled in Hay 1968. The resulting ratio  .ms 

 257:2276 re 1:9.  Flore, the confidence limits de not overlap; however, if 

it is considered that the immersion  of the neuston net was only  about 10cm 

. in 1967,•but 13 cm in 1968, the ratio decreases to 1:7. 

Finally, 19 samples each were compared from the Great Meteor Sea-

mount (spring) and from the 'region north of Cape Blanco. Here, the ratio 

for  sample density was  176:837 or,  upon talulng the dif;:erence in net-immer-

sion  into consideration (see above),  il:  was (246:837) 1:3. 

Comparison of these regions reveals meaningul relations: The low-

. est sample density was found in the trophically poor region of  the Great 

• MateorSeamount. More fishes were caught in 1967 along the Portuguese- 

'African coast, and in 196$  in the untlelling fringe-regions. Finai rly, the 

greatest amount of fishes were.caught in 1968 in the uowefling region south, 

of Cape Blanco (the ratios were 1,3-3-7). 



121. 

Seasonal fluctuations of ichthyoneuston have been investigated 

only by PENNELL (1967) in the boreal West Atlantic. The only neustonic 

species, Onos cimbrius, caught bY PENNELL in the Gulf of Saint Lawrence 

was found only during .summer. Perhaps, scasonal.migration of ichthyo-

neuston in subtropical regions is similar to that described by SHOjIMA 

(1964) for Sargasso fish, namely that qualitative and quantitative Compo- 

sition undergoes seasonal changes, and that the •fish is - fàund less fre-

quently düring winter. . ' 

In the region of the Great Meteor Seamount; material was collec-

ted in 1967 during spring and summer. Upon comparing the speéies of this 

region from April withthose from June/July, it becomes apparent that four 

species (Macrorhamphosus scolooax, Danichthys  rondeletii, Phycis phvcis, 

and Hygophum hvgomi)  were caught exclusively in spring; and six species' - 

(3 Exocoetidae, Coryphaena hippurus, Coryphaena  equiseiis,  and Nealotus 

tripes)  excluSively during suMmer. This may.be due to the ,seasonal flue-

tiation in the temperatures of the water. 

The spring/summer ratio of the sample density of fishes from the 

Great Meteor Seamount was calculated frdm  the total.  number of fishes in 

the 30 samples each from April and from June/July. The resulting ratio was 

. 359:536 = 2:3. The mean values from both series show no statistically si‘g-

nificant difference. Therefore,  as was expected, seasonal fluctiation 

was not demonstrable.on - our matèrial. 

4.7 On .the  

• 	The general ecology of the pleuston lias  been outlined by ZAITSEV 

(1968). • However, thedistinct ecoloù of the ichthyoneuston requires sPe -

cià1 attention. 
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Chapter 4.2 (p.27) errnhasizes the biologiCal distinction of the 

0-15 cm level from the adjacent microlayers in quantitative as . wegl as 

. qualitative respects, and shows at the same time that the population den-

sity of the pleuston stayed behind that of the 0-30 m macrolayer. This 

distribution poses the question as to the.ecological correlations. 

The basic problem dealt with.in this  cha n ter  should be summarized 

as follows: The distinctive physical conditions prevent a normal popu-

lation density  in  the uppermost centimeters of the ocean. On the other 

hand, this particula layer of2ers certain advantages to adapted species. 

Factors adverse to life in the pleuston'shall be mentioned first. 

The uppermost centimeters  of the  ocean are marLed•bv strong undulations .  

and extreme.fluctuations in salinity and temperature. Dashing waves
5 

disturb first of all the youngest stages. While older fishes stay in 

their  biotope  even if waves rise -  to 3 and 4 m, fish eggs can be dispersed 

-and killed commencing at force 3 winds (ZAITSEV l968). An influence by 

wave motion upen vertical distrihution of fishes was susPected also by 

Z1ÉSER (1956), He believed that, among other factor's, the quieter hydro- 
• 

logical conditions in the deep sea entice fishes participating.in  verti- - 

 cal migration to leave the •surface in the merhj.ng for doe -m-,>r strata. 

Important  .for life at . the Surface is,furthermor2,the intensive 

radiation. Characteristic for the pleustal domain is the extensive 

sorption of infrared radiation (JERLOV 1968). HERRING (l965 and 1969) 

considers for example the pigmentation of a copepod and an 1:sopod from 

the pleustal layer as a protection against radiation.  Juvénile  fishes 

• ,, 	 . . 
-5)  T. POMMERANZ is preparinp., hi  s thesis on the influence of wave • • 

forces and radiation upon fish eggs, at the Institute for Oceanography, 
Kiel, Germany. 
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are protected by melanin or, like the . copepoda Pontella atlantica,  Pontel-

la lobiancoi,  and Anomalocéra p., by silvery (guanin ?), Teflecting backs 

(Liza aurata, ZAITSEV 1961; Belone belone). However, it  is  the youngest 

stages that are endangered, also because of their relatively large super-

ficies. MARINARO (1966) established experimentally that solar radiation 

can kill fish eggs, DANNEVIG & SIVERTSEN (1933) showed  that  radiation does 

harm .  larvae. 

Diurnal distribution (three times as many fishes by night than by 

day; cf. Fig.6,. p.30), and the noon-time descent (i?ig.5, p.29) are to be 

• considered as a reaction to extreme conditions of radiation. 

The intensive illumination must be an additional negative factor 

for every potential prey among the fishes of the pleuston because,in the 

light,the fish is.easier spotted by its enemy. The surface-negative ver-

tical distribution of eggs  and  larvae in the Atlantic pleuston (Eig.9, 17,40) 

ls pexhàps to be interpreted  as an  adaptation to the stronger moving waves,' 

radiation, and the observability - in the light at the  surface of the ocean; 

also, 	ektreme radiation and wave conditions may perhaps permit the Most 
to 

successful neuston species mif=rate into the 	cm layer only at a length 

of  about 6 mm (Cf. 4.4, p.53). 

After discussing the factors adverse to life in the pleustal do-

main (dashing waves, radiation,'predators), the question of foed supply 

for ichthyoneuston shalt now be dealt.with. •  In this connection, the miérc-

'biology and especially the phosphate striation of the Pleuston should be 

mentioned which was investigated by GOERING & WALLEN (1967): 

They found the highest concerltration of phosphate above the leap: 

zone, ,often in the uppermost 50 cm, and even  at  wind forces 2-4 (Beaufort 
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scale) was the characteristic phosphate stratification in the uppermost 

50 cm preserved. Such a degree of stability of the phosnhate stratifi-

cation points to a minimum pf whirl in the surface .  water; this is per- 
• 

haps the prerequisite for the existence oE smal• organisms at the surface. 

Important to the microorganisms in the plenston could be, in ad-' 

dition, the high concentrations found in the surface film of particulate 

and solute organic carbon, nitrogen and phosphorus, nitrate and phosphate 

(WILLIAMS 1967). These substances could perhaps furnish the nutritive ba-

sis for the organisms in the surface film (NORIS unpublished, after CASSIE 

1963, HARVEY 1966),«and in the pleuston.. However, 	is nor certain whe- 

' ther the microfauaa of the oceanic pleuston is equally abundant as that 

of the pleuston in the Black Sea (ZAITSEV 1961, TSIBAN 1967, and MOROZOVS- 
. 

KAYA 1966 -- after ZAITSEV 1968). In any event, a i.,,reat number of olnser 

vations point to the food shortage for nieuston fishes;  the  preceding 

chapters illustrated the heterogeneity of ichthyoneuston in regard to:. 

Diurnal migration (4.3, p.42), seasonal migration (4.62, p.118), horizontal 

distribution as dependent upon water temperature and depth (4.61, p.112), 

vertical distribution (4.22, p.37), .feeding rhythms (4.53, p.84), types 

ànd size of food objects ((4.54, p. (f3). As a consequence of this hetero-

geneity, there was only an average of 2;3 fish Croups caught per top-net 

haul, and in 1968 only an average of 2.7 of the.fish grouns listed in Ta-

ble 5 (p.25). This minimal number of species per haul could be.interpre-

ted as follows: The food shortage of the surface layer does not permit a 

.larger number of directly competing species at the nleustal level because 

spreading of the food potential to include more consumers would endanger • 

the continuity of those particular snecies whosè life patterns are gàuged 

especially'to the pleuston. 
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A number of additional phenomena, which have 	part been dis- 

cussed before under the appropriate headings, all point to the food shor- 

tage in the pleustal domain: .  

The result of.only one neustonic invertebrate and only W single 

.fish species in the Gulf of Saint Lawrence (PENNELL 1967 -- catchln ,„de-

vice Table 1, p.11); the poorer catches (wet'weigh!: Of total haul) in the 

pleustal layer of the North Seo  (HEMPEL & NELLEN 1969) as compared to the 

0-60 m macrolayer (Gulf 111., oblique haul):, the low sample density of 

fishes caught at the 0-15 cm level in contrast to the 0-30 M macrolayer 

sampled with the larvae net (4.2 1 3, p.35); the dominance of juveniles in 

the pleustal domain as a. convergency phenomenon mimicking dwarf fauna o2 

tx. 	• 
sargasso weed (4.4, p.57); the exigeus . number o food specialists (4.522,pp. 

79-80), and the homogeneity of stomach contents (4.541, p.93); the indiscriminate 

consumption of food (Yigs.12s, 12t: p.67); finally, the,faet that espe- 

• cialry the Myctophidae (besides felone belone the most massive neuston 

fish; see below) supplement their food in the subpieustal layers .  Ulg. 19, 

p.92),and that particularly two of the smallest (Table 5, p.25) Mvctophldae 

. are markedly surface-positive (Table 6, p.39), 

Some observations indicatc . that in the pleustai'domain, plankton 

scarcityls especially pronounced hy day: 

In 1967, the day/night ratio ( L ime limits 2-7/10 .-15) for the sample 

.density of fishes caught at the 0-10 cm level (4.21, p.27) was 1:3.(Fig.6, 

p.30). 	 • 

• The day/night ratio fo r  the number.of species (groups mentioned in 

Table•5,.p.29) per haul from the 0-15 cm layer'was, in 1967,, 1:2 namely' 

(108:68):(173:56).. 

p.5  



126. 

By day, aggregations (4.36, n.50)•and larger st-.ages (4.4, n.52) 

were largely missing fron the oleUston. .:ven the only oceanic cephalo-

pod which lives, according CLARKE• (166') as an i:dr!t. at the surf.ace 

also by daY, the bluc-pigneted (as many neustanie ::sh are) Ori-hhia 

. 	 . ...„. 	. 	 . 

- 	 - . -reDr-ane.11.t 	 . 	s.q.zn.n >1..0 s 	tmn nn 	e) '70 a j\

•  rea ch.° s 	on I y a man t e_  J  tncth  of:  3 ( ;c:  ( CLARICE  J  )(:)C)) 

Finally, the intesti.nal contents 	 ',..eeding in the pleustal 

layer by,day. 	show an especially marked si!'.;:ila-ritv 	7.93).. 

The food Shortage could he internreted as a consequence of the 

distinct physical conditions  in  the nieuctal domain. 

i: t:  seems that more favorable rood 'conditions prevailed in rbe. 

stal layer of the upwelling regionrq than in the rest of the nrea sampled. 

The indicative factors for  this nre: The high density of the samples from 

the upwelling region (19 (2) (4.62, ;:e1l2), and the distraution of Belone 

belone (4.61, p.112) in connection with its si2s.n wh .:ch is unusual 

for ichthyoneuston j and its diurnal rhythm which is equally unusual Coi: ol- 
. 

• der neuston fishes (4.31, 

Belone belone un to 370 mm ftl(asured :rom the anteror rim of the 

eye to the tip of the caudal fin) 'ar; limited ) in lr:67 as well as U6t,to 

the upwellin.g ragions and thei:r. .....›.rjnce-areas 	p,I12). AI the same 

time, fa jonc bel one  distributed the..largest amorw. the ..i.shes caught with - 

the neuston net: 29 animals between  82 mn and >370 mm; unusual is further-

more that Belone belone remains in the oleustal layer bv day even with . lts 

older stages.  This distinct behavibr of Beione_belone ‘.!ith resnect to 

diurnal-migration, ontogenetic vertical movement., and hori:ontal. • distri-

bution.can be perceived as the consequence of an . inereased food supply in 
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the pleustal layer of the upwelling regions: In the upwelling region alone, 

and here even by day, the abundance Of food made the existence of  such 

large neuston fishes possible. 

Therefore, food shortag,e seems to exist for fishes partieu:larly by day 

in the pleuston  of the open ocean which is devoid c):'" upwelling waters. 

While the observations cited indicate a regional food shortage. 

in the pleustal layer, a multitude of invertebrates and fishes live, accor-

ding to ZAITSEV (1961, 1968) in the uppermost 5 cm of the Black Sea, ex-

ceeding•otherwise known concentrations considerablv. This discrepancy 

between  the results from the Black Sea and the Atlantic Ocean may, in 

 part, be due to the fact that the microlayers aaMpled were of different 

thickness (5 cm/15 cm). Nevertheless, it seems that different conditions_ 

exist in the ocean than 	in the Black Sea which is known to  have.  its 

'own special hydrographic.conditions. While, aCcording to ZAITSEV (1961) 

the bulk of pelagic eggs and fish larvae of the  Black Sea develops in the 

' 0-5 cm layer, the first fish eages occurred in the Atlantic pleuston in 

fewer numbers•than in deeper Microlayers (Fig.°, p:40). The accumulation 

 ofluveniles also finds, according to ZAITSEV, "abundant food" in the 0-5 

cm layer of the Black Sea, and finally, the plankton  concentrations in the 

0-5 cm layer of the Black Sea attract the adult fishes. By contrast, the 

number of individuals of all stages remained low  in the  Atlantic pleust.om. 

Therefore, the pleuâtal layer of the subtropical NE Atlantic (0-15 cm) has an 

inferior capacitY as a - grazing-ground-'for fishes to that  of the Black Sea 

(0-5 Cm). 
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It seems therefore that generalizations (ZAITSEV•1968: La Neu- • 

stonologie marine) espeCially with regard to the important problem  of 

 food supply for ichthyoneuston would be premature. 

• Having discussed the factors adverse to life as well as their ef-

fects, factors that are favorable for  fish shall be summarized. 

A special source of- nourishment - in the pleuston  i .Seen by ZAITSEIT 

in the upwelling,.decaying plankton cadavers as thev were'found by ZELE-

ZINSKAYA (1966) in the Black Sea after'ZAITSEV. In this connection, it 

•should be mentioned that the "Meteor" neuston' samnles occasionally con-

tained considernble amounts of exuviae. 

'The favorable light conditions in the Pleuston serve not onlY the . 

predator but also the visually guided plankton grazer: The fact that the 

illost light is needed  for spotting the smallest objects agrees with the ob-

servation that the smallest . stages  feed in the pleustal layer by day.(ag. 

19, p:92), while, generally, the medium stages  prefer feeding by night in 

the then less illuminated but planktôn-richer pleuston (4.533, p.86), Still 

.longer fishes finally, are probably least dependent upon illumination of  

the cover layer because of the size of their prey and, as shown in chap-' 

ter 4.4 (p.52), many species leave the.pleustal domain upon having reached 

puberty to feed then in. perhaps nutritionally  richer,  but  weaker illumine--  

ted, deeper strata. . • 
. 	. 

The fact that sonie neuston.fishes are an exception to the rule . 

(ZUSSER 1956) that planktotrophic pelagic fishes do not feed by night, .but 

during dusk/dawn or.by  day (4.533, p. 815),can probably also be related to 

the special light conditions in the pleustal domain. interestingly enough, 

Astronesthés niger  (Table 7, pi43) who appears  in. the  pleustal layer only 



129. 

. around midnieht and is conspicuoui also because of the smallness of his 

eyes, does not seem to .ingest any food while visit:n the pleuston. 

The importance of ilfumination is em .,haszed also by the discrenan-

py betWeen the disEribution of invertebrates and of fish. •.though the plank-

ton density was more pronounced, by night and durinp dusk/dawn, in the 

15-30 cm layer than in the layPr aboue (WEIKERT, oral communication), nine 

frequent fish species ( iig.9, p.40) were Toamilv nredominantly within the 

uppermost 15 cm. The same tenc:iency was observed in the boreal domain . 

(HEMPEL'1970). 

The uppermost level provides,next to favorable trophic conditions, 

despite the illumination of the biotope also a relative protection agains .t 

aquatic enemies becauSe the fish  .'ho  migrates :nto the uppermost centime- 

ters thus decreases the tarot area for an attack by the swimming enemy: 

Here, "he stas with his back to the wall" so . to speak. This hypothesis ; 

findS support  in the well-knoWn flÀght behavior of soie  surface  fi sucs 

 such as the Exoceetidae,  and Scomberesox saurus (LEIM 1966) who, pursued 

by predators, even leave the Water in their upward escape. Ichthyoneuston 

that escapes below the water sùrface is mentioned.in•chapter. 2.2 (p.13). 

The surface represents probably a relatively protected,niche especially 

for those fishes that do not - ingest food during their stay in the neusto-

nic layer (4.53, p.84). However, since pleuston fishes get into the reach 

of neustonic predators (brachyura, isopoda) and of • birds (4.541, p,105 ) 	. 

the advantage of this peripheral environment is 'again diminieed. 

However, si,nce,despite  the  advantages offered by the pleustal do- - 

main as a .trophical niche and tempofà'ry habitat, the macroiayer of 0.30 m 

És populated by at least 1.65 times more fishes (4.213, p,35), it is ob-

vious from this ratio that special factors characteristic for the pleiiston, 
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but adverse to life, such as the dashing of the waves, radiation, and nre- 

dators which hinder normal nonetation 	the h 1 ouone, e>:ent a r,,r ea i :cr  

fluence than the favorable 'actors suc  h as goo visibItty of the .food, 

"anticadaverz.rain", and peripheral. position. 

Then again, their  Io  w number offers another advantage to the ioh- 

thyoneuston, namely l if nonulation densitY in the n]eustal domain remains 

so low thet it is not worthwhile for some nredators to hunt the iehthyo-

neUston, this diminishes  for the potentiat victim the danger to'be devoured. 

Interestingly enough, KRISTENSEN (1964) described-anôther trophi-

eally poor peripheral bietone, the hypersaline hays of Curagao, as an 

environment for young stages (Muct_i, Atherina, Elons, Harengula. , among 

others). There  • too, some of the factors mentioned may be of ecological 

importance. However, in these bays, additional ormnic components of the 

water,'not . yet analVzed, seem to be . an hnportant factor to these fishes 

- (KRISTENEN 1964). 	 • 

Summa  

The marine Ichthyoneusten nooulates the free waters of the cover- 
. 	. 

layer of the.pelagial, that is: the unpermost 15 cm known as the pleustal 

domain. SUbject of this work'is the hypothesis that the pleuston in the 

horse-latitude region:of the Open Atlantic,. although nutritionally-poor,' 

represents a relatively plankton-rich  nature for the . '7ish Cry. The dis-

tribution of the fishes from the .)leustal laver has been included in this 

investigation: 

The „sampling device L- a modified neuston glider, after DAVID -- 

„ during 
was towed A' a standard haul for 2,,Q minutes at a speed of 6 knots. It 

- 	at 	 • 
fished with a net-opening of 30 x 15 cm A  the level oC apnr. 0-10  cm, and 

*) Translator'S note: Although an English summary is prOvded ii th  t1-1 e  
original text, it was founo to be incomplete and somewhat awkward in 
its formulation; therefore a translation of the . 0erman "Zusammenfassung" 
is herewith provided. 
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wit•  an additional net of coup. 1  size., in most cases s.niLl taneous 1 y, one 

of these three. microlayers : 	10-25 cm. 23-33 cm, .?:8- 53 cm. The mesh 

sizes used were 300 p, and 	 The bu  t of  the material, consistinr 

.354 samples, 	obta:Lned in 1967 by the 'research vessel "2.  S. ile.teor" 

in the predominantly nutrient-poor rep,ion betleen 	Great Meteor Sea 

moun t (30°N 28° 30'W) , and the E'er ttmiese-l-joroecan coast z« and in 1968 the 

ma terial %./as supplemented by 123 samples col 1. e.c. ted by the "Meteor" in the 

nutritiona I ly rich region , of the Lipwe 1.1ing waters off Mauretania. 

Between the results« from •1967 and 1968, no contradictions arose, 
were found 

34  croups  of fish (different  taxe) in at lest: three of the 262 

hauls from the 0-10 cm leYel. Predominant were the betoneorms  ii th  8 • 

and the Myctophidae with 9 sneeics. The most f7requent1y found species 

were: 

.(1) Scomberesox saurur (6-136 mm total length) 
162 hauls 

• (2) Gortichthys coccoi (17-61 mm total length) 
62 hauls 

(3) Beloae belone (8-370 mm total length minus 
snout) 40 . hauls 

• 
The most frequent Lenths were between 6 to 80 mm. 

• 

The majority:orf neuston fis'rles limited their nresence in the pleu-- 

stal domain to a .certain tne QjS dy, as follows; 

(1) by day and night: 
Musil spec. (7-63 mm) 
Coriphaena equiselis (10-40 mm) 
a Berycid (6-17 mm) 
larvae of Clupeoidae (16-30 mm) 
Belone &lone (8— > 370 mm) 
small Sae/bee:0x sauna (6--29 mm) 

(2) in the daytime 	 • 

Macrorhalltphostis scokpax (7- 69 mm) 
small Exocoetidae (± 6-20 mm) 

(3) at night 	 , 
- larger Scomberesox sauna (50-136 mm) 

larger Exocoetidae (± 20-70 mm) 

Trachuriu spec. (15-56 mm) 
juvenile and adult Myctophidae 
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tzl.) especially:.at dusk and dawn. 
 larvae of -Myctophidae 

(5) about midnight 
Astronestbes niger 

Of the grouns inhabiting the olenstal domain by day. those rich 

in numbers did,as a rule;not migrate into deeper layers in contrast to 

groups numbering fewer individuals. In the diurna: rhythm of the ichthyo-: 

neus  ton on the whole, a midnight and a noontjme descend cotild be observe.., 

Fishes caught by day weremostly few in numbers and smaller than the  n. hi:-

positive  species or stages. The top-net catches iere richer than these 

from the middle or lower • nets. • In 1967 the samle densjty per 160 m -)  

water of the three microlayers covered ,ei -e:  

by day dusk/dawn 	 by night 

0-10 cm 	 7 	 17 	 23 
10-25 cm • 	' 	- 1 	 . 	12. 	 4 
38-53 cm 	 2 	( 	. 	1 	 2 

in the 0-30 m layer Which was 21.shed with a Helgoland larvae net 

equipped - with alternating bucket mechanism, the samnle density-was .statist-

ically significant 1.65 tiMes higher than at the 0-10 cm level. .Radiation, 

illumination, dashing waves, and specializing predators probably nrevent 

a higher population density in the nleuston. 

The Vertical distribution of sne(:ies w th: n the uppermost 60 cm 

showed three Patterns of behavior: 

1) surface-megative = first developmental stages .(3 grouns) 
2) slightly surface-positive = 147ctonhi(1ae (4  croups)  
3). Strongly surface-positive = Myetephidac and others (9 groups) 

• The horizontal distribution of the neustonte snecies is determi-

ned by water depth, surface temperat.ure, and food supp'y. In 1967, -  saMple 

. density in the three milcrolayers reached at 0-10 cm = 15, 10-25 cm = 5,- 



and at 38-53 cm = 2 fishes per 160 m- 	Upweilin 	LOfl e.;Idav, illu- 

mination, microfauna, and peripheral location of the hiotopc may he cau-

sative factors for the . greater density of i(hthyoneuston at the 0-10 au 

• level. 

The.density of.samples from the following regon!,.. were compared; 

.1)Great Meteor Seamount, April 19 (7 
.2)Great Meteor Scamount, Sune-Julv 1967 
3) African-Portuguese shelf, 1967 	• 
4) fringe-region of upwelling area north of Cape Blanco, 1968 
5) uPwelling region south  of Cape Blanco, in68 

This list comprises regions whose wate_..rs dif .:er in part vastly, 

. as regards nutritional content. _Corresponding differences were apparent 

• also,among relative sample densities; here, the values were 1-1-3-3-7. 

These proportions are statistically.not significant. 

Generally, the,neuston samples renresented merely the aveTage 

proportions from the length-rringe 	the species: The lower Hmit of the 

total length of fishes that stay in the plrustal domain by day was for 

nine species 6 . or 7.  mm. The majority, esperialv amonp da'-noitiyo ieh-

thyoneuston, •ere juveniles, a conveiTencv phenomenon imjta(:in the dwarf 

'fauna of drifting Sargassomeed. About bal cy,-. the 463 Gonichthys coccoi 

collected in 62 hauls measured 22-25 mm. According to the characteristic 

intestinal. contents from 693 animals, four de11e1o2mental .  stages- could 

be determined in Scombercsox saurus based . on their diet: 

1) protozoa-gastropode age (6-15 mm) 
2) gastropoda-entomostraca ag.e (16-30 mm) 
3) entomostraca ;1.e (31-45 mm) 
4) crustacea an (46-113 mm) 

Characteristic  content  C 0:-. the digestive tracts were 

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 only: large amounts of 

• Corycaeus, isolated paalphirina:. 
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4) larger ichthyoneuston: ostracoda; 
5) fish,.not feeding on neuston by day: amphipode- 

It could be shown on Scombéresox saurus, Macrorhamphosus scolopax, 
. 	 ...J 	 . • 

and the myctophid Gonichthys coccoi-on  band of a cross-section from the 
A 

length-range. of the atlantids•that had served•as their foodA that the 

length spectrum broadened with increasing fish length and shifted toward 

the larger gastropods shells. The larger fishes no longer fed on the 

.smallest gastropoda. 

Similarly composed intestinal contents were found in'each of the 

following principal, ichthyoneuston groups: 	' 
• 

• .1) small fish, feeding exelusively'on neuston and only by day; 
•.2) larger fish, feeding'exlusiveiy on neuston and only hy day; 

3) fish that do not feed on neuston by day. 

Hereby, each of the three principal groups was composed of 4-5 

species-or developmental stages. The degree of-competition for food was 

calculated.on hand of 78 pairs of species or stages on the basis of fre-

.quency and amount of the eight most 'important trophical animals. High 

degrees of cempetition for food existed within the groups feeding on.neu-

ston by day, a lower . degree of competition was found within the heteroge-

nic groups of fishes. not feeding on nenston during day, and especially 

between these and the small stages feeding on penston by day. In addition, 

from the oVerlapping of length-ranges of the consumed atlentids , (see above), 

the degree of competition for food Was calculated for 21 pairs from the 	p.54 

length àroups of three species (àee above). In each cage the individual 

values of the.pairs,calculated as indices for the food competition between 

the length groups,once on the basis.of the food type, then from the size 

of consumed ,  atlantids, correlated positive with r = 0.70*(95% confid. 0..32 sZe 

0.85. 
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On the basis of timeof 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) 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 eouiselis (10-40 mm) 

2) during vertical movement in subpleustal strata and probably in 
pleustal layer*by night: 
larger Scomberesox saurus (507 113 mm) 

3) by day in subpleustal . strata and in the pleustat layer by night: 
7 sPecies of.the Lyctophidae faMilY 

4) 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 conSidered: 

1) The variety, of'distribution patterns; only 2.3 of the 31 groups 
found most.frequently.were caught in 1967 per 160 m 3  at the • 

• 0-10 cm level; 

2) the low sample density as compared to . the 0-30 m macrolayer; 

3) the dominance of juveniles -- a convergency phenomenon toward 
the nanism of sargasso fauna; 

4) the exigous number of food specialists and.the hemogeneity of 
stoMach contents; _ 

5) the indiscriminating food intake; 

6) food-intake of Myctophidae, 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; 

7) the low maximal length especially of the tWo "markedly surface-
positive" Myctophydae species. 

. The following  observations  Indicate that food supply is particular- 

ly short in the 1;leustal .  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) aggregations 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 

I) 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. • 
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'1) gggs end larvae-of teleosts from West Africa; II.Vertical distributiàn. 

4) Beginning and end of daily activity of free-living  birds. 

8) The tintinnids in the Mediterranean Sea. 

11) The myctophids obtained at the Atlantic expedition "Petr Lebedev", 1961. 

-1964 (Russian text). 

16) The absorption of solar radiatiot by the Sea, and its influence upon 

water.temperature (Russian text). 
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17) Studies on the hydrology of the uppermost 1 m layer of wattr of the 

Black Sea (Ukrainian text) 

27) Atlantic plateau cruises 1967 with the research vessel "Meteor". 

.TraVel report and research results. 

31) Eggs, larvae and juvenile stages of 'teleOsts. 

32) Herring larvae  in the superficial layers of the Trondelag coast, 

• . April 1st, 1968. 

37) The fauna of the oceanic superficial layer. 	• 	 • 

40) Distribution of pelagic fish-eggs and larvae in.  the Mediterranean 

Sea (Russian text). 

42) The fishes of the Northmark. 

43) Eggs and larvae of flees. In: Northern plankton. 

45) Ichthyological fauna of the North Atlantic. 

46)  

47) 

51) Ocean biology. 

53) 

56) The food of oceanic animals. In: Handbook of the sea fishery of North 

Europe. 

59) Distribution and food of ichthyoneuston in the subtropical NE-Atlantic. 

60) Chalimus stages of Lepeophtheirus on juvenile Onos cimbrius  and Onos 

. mustelus.  

61) Diurnal migration and vertical microdistribution of neustonic cephalo- 

pods .  west of Madeira. 
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63) Dependency of a neuston fish upon the superficial layer of the sea -- 

behavior of juvenile 14iza aurata in the  observation  pool and in its 

habitat. 

64) Behavior of neuston in the observation pool. 

65) Distribution of herring .larvae and plankton on May 28, 19(9 in the 

Schlei river (Schleswig-Hoistein, Germany): volume of deposits. 

66) Diurnal migration of a mictophyd (pisces) and of two neustonie mol-

lusks that serve as its food. 

70) Ichthyoneuston in the North Sea and in the Baltic Sea. 

77) Problems and methods of planktological work during the Atlantic 

plateau cruises of.the research vessel  F. S.  "Meteor", March-july 1967. 

79) Develepment of thedouble-winged" flying fish of the species Exo-

coetus (exocoetidae, pisces) (Russian text). 

80) Statistical methods and their applications. 

82) Additional investigations for comparison of the performance of diver-

se vertical fishing plankton nets. 

83) Solar and celestial radiation in the sea and in inland waters. In: 

Handbook of geophysics. 

88) Chance observations on Tetraodon  somphongsi (KLAUSEWITZ) and Gyrino-

cheilus aymônieri (TIRANT). ' 

91) 

94) Herring larvae, eggs, and larvae of other fish, as well as food of 

larvae in the western North Sea in October 1922. 

95) Examination of the centriscidae. 	-• 
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97) 

99) On the neuston in fresh waters. 

100) Vertebrates. 

101) Giant fishes, wales, and dolphins. 

:102) : Ecology. 

106) On the fright reaction in fish, and the origin of the "fright sub-

stance". 

109) Basic outline of limnology. 

111), Pleuston biocoenosis of Velella iata CHAMISSO and EISENHARDT,  sipho-

nophores, in the Pacific Ocean. (Rusaian text). 

1. 12) Methods for the collection of neuston used aboard the E.S. Witjas • 

(Russian-text). 

113) On the examination of food in aquatic animals, especially in fish. 

114) Tisces. 'In: Handbook of.zoology.- 

115). Comparative investigations on the fright reaction in fish,.and'its 

spreading.. . 

116) Metheds . of hydrobiology. 

119) Preliminary observations on the hyponeuston in the Gulf  of Trieste. 

121) Biographical studieb•on the conjugal existence of drifting . gulfweed. 

122) • 	• 

123) Locating neuston organisms in Norwegian .  waters... 

125) The neuston. 

126), Biology of hyponeuston in the north-east•of the Black Sea, region 

of the island of Berezan (Russian text). 	 • 
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128) The ecological and evolutionary significance of fish schools. 

135) The neuston biocoénosis in pelagic marine. life (Ukrainian text). 

136) Pelagic surface biocoenosis in the Black  Sc a (lussian text).' 

137) Apparatus and techniques for the study of hyponeuston (Russian text). 

138) Hyponeuston in the Black Sea and its importance (Russian text). 

139) Problems of Marine neustonology (Russian text). 

140) 

141)  

142) Diurnal vertical migration of pelaffic planktotrophic fish ((ussian 

• text). 

'Translator's note: For appendix  (original p. 60) please see next page. 
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Station 1o!  16 

Position 
Day Month 	No, North North' 

 
West' North' West ()  

Samp1ing time & speed 

S tar t  I  TerminateeKnots 

15 
55 
24 
24 
24 
01 
48 
48 
16 
13 
19 
11 
17 
17 
24 
28 
26 
23 
22 
27 
26 
58 
36 
37 
20 

19 	4 	N 1 
19 	4 	N2  
20 	• 4 	N3  
20 	• 	4 	-N4  
21 	4 	N5  
22 	4 	N6  
23. 	.4  . 	N7  •

•23 	4 	N8  
24 	4 	N9  
24 	4 	N10  
25 	4 	N 11 . 
02 	5 	N12  
02 - 	5 • 	N13  
02 	5 	N14  • 
03 	•  5 	N15  
03 	5 	N16  ' 
03 	5 	• N17  

•04 	- 	5 	N18  
04 	. 	5 	N19  
04 	5 	N20  • 
07 	• 5 	N21  
09 	• 5 	N22  
09 	• 5 	• • N23  
13 	• 5 	N 24 . 
13 	5 	N25  

5 	N26  
14 	5 	N27  
15 . 	5 	N28  
15 	5 	N29  
15 	 N30  
16 • 	5. 	N31 

.17 	5. 	N32  
19 	5 	N33,  
19 	5 	NM  
.19 	5 	N35  
• 0 	5 	N36  
20 	5 	N37  
27 	5 	N38  
28 	5 	N39  
29 	5 	N40  
29 	5 	• N41 
30 	5 	N42 
30 . 	5 	N43  

-30 	• « . 5 	. N44 
30 	5 	N45  
30 	5 	N 46 , 
30 	•  . 	N47 
31 	5 	•  N48  
31 	5 	N49 
31 	5 	N50  
31 	• 	5 . 	N51  
31 	. • 	5 	N52  
31 •. 	5 • 	N53  
01 . 	• 6. 	N54  
02 	6 • 	N55  
02 	6 	N56  

- 02 	6 	N 57 . 
02 	6 . . N58  
03 	6 	N59  
03 	6 	N60  
03 	 • • N-  61 
03 • 	6 	N62  

47 	20, 	06 
46 	35 	06 
45 	13 	07 
43 	33 	09 
41 	44 	10 
39 	. 48 	• 10 
33 	• 	45 	12 
31 	. 	44 	13 
29 	. . 	35 	14 
27 	32 	14 
26 	07 	• 15 
20 • 	59 	—17 
20 	54 	17 
20 	49 	• 	17 
20 	• 47 	17 
20. 	40 	17 
20 	41 	17 
20 	40 	18 
20 	40 	18 
20 	40 	18 
20 	20 	• 17 
20 	20 	19 
20 	• 24 	• • 18 
20 	22 	17 
20 	•16 	17 
19 	42 	18 
19 	40 	18 
19 	40 	18 
19 . 	40 	17 
19 	40 	17 
19 • 	38 	17 
19 	• 	53 	• 	17 
19 	22 	16 
19 	19 	17 

	

18 	17 
19 	16 	17 
19 	12 	17 
21 	06 	17 
21 	_58 . 	18 
22 	03 	18 
22 	03 	• 18 
22 	03 	• 	19 
22 	06 	18 
22 • 	01 	17 
22 	01- . 	17 
22 	. 	00 	17 
22 • 	.00 	- 17 
21 	47 	17 
21 	30 	17 
21 	30 	17.  
21 	30 	17 
21 	30 	17 
19 	32 	• 	21 
19 	15 	21 
18 	47 	. 	•  21 
18 	32  
18 	i 18 	21 
18 	11 	21 
21 	32 	17 
21 	38 	17. 
21 	33 	17 
21 ' • 	31 	17 

16 	10 10 	104° 	5-6 
55 	22°° 	223° 	• 5-6 
51 	1000 	1030 	5-6 
08 	2200 	- --- 223° 	5-6 
00 	• 10° 3 	10 3 ° 	5-6 
41. 	1000 	103 ° 	5-6 
50 	100° 	• — 103° . 	5- 6 
33 	2200  . 	2230 	5-6 
18 	1000 	. • 103° 	• 5-6 
46 	. 	22°0 2 . 	223° 	5-6 
02 . 	. 05 35  . 	06°5 	5--6  
30 	21 4° 	• 221° 	• 5-6 
25 	• 	2235 	•2305 	• 5-6 
23 	23 10 	• 	234° 	- 5-6 
12 	1010 	• 104° 	6 
29 	134° 	141° 	• 	6 
45 	18 15 	. . 	1845 	5-6 
01 	, 	0510 	0540 	5-6 
34 	1025 	1055 	5-6 
46 	16°5 	1635 • 	5-6 
11 	1300 	134° 	4 
22 	- 	1302 	- 1345  . 	3-4 
40 	1835 	1910 	5 
2.9 • 	1035 	11 35 	3 
30 	11 40 	• 	1235 	3 
43 • 	. 2325 	. 	00°5 	, 5-6 
52 . 	15°5 	1535 	. 	5 
03 • 	01 15 	0145 	6 
42 	.1122 	. 	•11 	• 5 
31 • 	18°3 	1838 	5 
08 	05n 	0548 	5 
32 	085 ° 	0920 	6 
47 	1525 	15 55 	6 
02 	1755 	183° 	4 
11 	2218 	2235 	4 
21 	0210 	0248 	6 
44 	. 	0740 	• 	0825  • 	4-5 

1730 	18°5 	- 	5 
16°5  - 	1635 	6 
1858 	• 	1928 	5-6 
1933 	20°0 	5-6 
0045 	01 15 	5-6 
0300 	033° 	6 
0825 	0s55 	 5-6 
1320 	13t0 	5-6 
2025 	2055 	, 6 
2227  - 	2257 	5—

•
6  

0750 	0820 	6 
104° 	. 	11 10 	. - 	• 6 
11 20 :.. 	11 50 	6 
11 55 	- 	1225 	6 
1235  . 	13°5 	6 
2334 	2404. 	6 
1555 	• 	1625 	5-6 
0408 	0438 	. 5-6 

1300  
2318 5-6 

5-6 
5-6 
5-6 
5-6 

053° 
11 10 

 14°5 
 2115  

0645 	5 
5 


