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Abstract

The directional preferences:of 25 silver Luropean eels, Anguills anguille,

.

and American eels, Anguilla rostrata, have been studied by photographic

methods in a circular tank under different conditions ogwgeomagnetic
field, in sea water and in fresh water. Movement of eels during recording
was quite restricted. Under the influence of é normal geomagnetic field
and maintenance in sea'water, the eels preferred the directions North;\
and South as partly found in previous investigations. Reduction of thg
horizontal North component of geomagnetism to about zero resulted in a.
significant directioﬁal choice to the East, by eels in all fhree samples
(eels from the estuary and the Hamburg area of the Elbe River and from
Rhode Island) compsred with the control. Reversal of the magnetic North
component to the South cagsed no consistent change. In fresh water and
under either a reduced or reversed horizontal geomagnetic field the eels
exhibited a directional choice to the right of the controls. In all nine
examinations under different magnetic conditions in fresh water a directio-
nel preference between 93° and 184° (SE) was found. In four cases thié |
preference was in addition to one i;hgppbsite direction. A discussion is
presented which concerns the differences observed in fiéld and in labera-—
tory studies and the possibilities of magnetical or electricai'stimﬁla-

tion. An ecological example from the Elbe estuary is given which
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demonstiate; the combined agtion of geomagnetism and salinity on
migratory orientation of silver eels. From the laboratofy experiments
it seems onious that in eels whiph during their down stream migration
reach the North Se# the saliﬁe water activates a northward swimming;
the directional stimuli are caused by influences of the geomagnetic

field,



Ihtroduction

Buropean eels Angui11a angui11a on their spawning migration in the North
Sea obviocusly swim on a bompaSS‘céurse which is dirédted in a;northern‘to
northwestern direetidnA(Tesch,_1972, 1974). the mechanism which enablés
the silver eels to have a conéf&nt directional choice is unknown. Silver
eels investigatéd iﬁ,a cifcﬁlar‘ﬁank éxhibited 8 similar directional pre-
ference, provided the‘test animalé'wéfé caught during their migration-in
the Elbe estuary and tranéported immediatly in sea water tanks to the
laboratory on the Island of Helgoland to be examined a few days after
capture (Tesch.and Lelek, 1973»@). “he results of the laboratory in&esti-
gations rule out that visual stimﬁli,-olfaction pressure or perception.bf

the stream flow provided cues for the directional constancy,

Branover et al. (1971), Vasilyev and Gleiser (1973) and Vasilyev et al.

(1973) observed in glass eels and older juvenile stages of A. anguilla

the ability to respond to changes in the magnetic field. The cépability
~to "perceive" the direction of magnetic fields suffered if strong artifi-
cial magnetic fields were induced. Other investigations demonstrated that
eels can perceive very weak electric fields. It was supposed that magneto-
hydrodynamical effects which produce electrical fields could be involved

(McCleave et al., 1971; Rommel and McCleave, 1973).

'

Using the method of phectographing the directional choice of silver eels in

a circular tank, it is also possible to examine the directional behaviour
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under conditions of a changed geomagnetic field. The results presenfed
here were obtained by this technique and include the use of Helmholtz

coils for the generation of artificial magnetic fields.

Material and Methods

Migratory'Europeah eels in the so-called silvery stage (body length

30 - 40 cm) were selected from commercial catches in two locations of

fhe River Elbe. Nine males were from fyke—net catches in Hamburg harbour
on August 26 and>27, 1973. Examination of these eels tﬁok place from ‘.
August 28 to September 5, j973. Eleven males were qaﬁght at the end of
October in the Elbe éstuary in thé same location (Brunsbiittel as
described by Tesch and Lelek (1973 b) by a cutter witﬁ a framed gape'net

(a stow net),‘They were examined from November 6 to 11, 1973. Five

female silver #merican eels (Anguilla anguilla) about 7o cm long were
caught by commercial fishermen near Kingston, Rhode Island (USA), They
were flown to Hamburg at the end of October 1973 immediately after

capture, and were examined on October 30 and from November 19 to 29,1973.

The eels were maintained in fresh water at 12° to 14°C. Water temperatu:.
in the experimental tank was 140 to 15°C. One set of experiments was
conducted in fresh water (tap water); another set was performed in séa
water transported to Hamburg from the Helgoland area. The salinity

was > 30 %c.
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The'pléétic circulé; fénk (1:m.diameter;‘50 cm:héight, waterilevel‘

35 - 40 cm with a bottom of transpareht plexiglas) and the recording
camera, as well as allvgthef experimental installation and procedure,
were the same as desdfibed earliér (Tesch and Lelek, 1973 b). Instead
of a metal stand ahd.g‘ﬁlastic cover, fibreglasé réinforced polyester
tube-like Stahd was'instailed-underneath the éircular_tank to eliminate
interference with the magnefic field (Fig. 1). Yuring observation
periods the eels were képt in tofal aarkness except during photoér&phic

recording (every 1o to 30 min) by flash illumination.

The circular tank'waslframed by two square;_wooden Helmholtz coils
+(Fig. 2) 2 m on a side. The distance between coils was 1.06 m. Céils
each ﬂad 25 turns of 4.5 mm'copéer wire and were connected in series.
The current was taken froﬁ the mains supply through a rectifier and

could be adjusted from O to 8 amps. An.ammeter indicated the current.

The total intensity of the géomagnetic field (F) in Hamburg is about
0.48 Gauss, the horizontal intensity (H) 0.18 Gauss and the inclination.
(1) 68°. In the circular tank in the basement laboratory of the
Biologische #nstalt Helgoland in Hamburg (BAH) the north comﬁonent of
the horizontal field (X) measﬁred by means of a Foerster Sonde was 0.18

Gauss. The east component (Y) amounted to ¢~ 0.0l Gauss. Compensation
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Fig. 1 The experimental arrangement. In the center is the fibreglas
reinforced polyester stand with the circular tank on honi of Hhy
on the left and right sides parts of the Helmholtz coils, on the
left margin outside of the coils the power supply and timing

arparatus for the camera.
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Fig., 2 Coil arrangement around the circuler tank and dimensions.



of X by current flow through the Helmholtz coils to a Yalue of about zero
was effected by a current of 0.8 A; reversalkof X (geoéraphic North fo
South) was attained at 1.74. If, at compensafion of X to zero in the centre
of the bottom of the circular tank, a value of 0.000 Gauss was measured,

at some peripheral pbinfs of the tank X amounted to a value not higher

than o.005 Gauss.

Examination of the directional position of the eels took place with X
compensated to zero, with X reversed from North to South, and with normal

X relationships in the BAH laboratory as a control. Each examination last‘.
{7 to 22 hours (in two cases 4.5 or 12 hours)'including thé night period.
As in earlier experiﬁents (Tesch and Lelek, 1973 b) day and night results
were compared and no difference was found, if there was sufficient material

for a comparison.

The mean angle (direction), the concentration, and the angular deviation
were calculated (Batschelet, 1965). The statistical treatment of the
results was performed as proposed by Batschelet (1965): a,x2 test to‘
det.ermine if a non-uniform circular distribution was present (see also .
Pesch and Yelek, 1973 a,b); the Rayleigh test (critical test vélue) t§
determine if the concentration around a preferred direction is significant;
a non-parametric two-sample test (also a x? test) to determine if the

preferred direction of two samples are significantly different provided the

angular deviation of the two samples is comparable in size. A diffiéulty



arose since many of the circular distributions fesulted in a bimodal
distribution, as found earlier (Tesch and Lelek, 1973 a). For this
reason, in all cases in which a bimodal distribution was found, the cal-
culation of the’mean angle was performed by the method of "doubling the
angle" (Batschelet, 1965) The Raylelgh test was also performed by this
method and two sample tests between ‘bimodal distribution samples. A b1—
model calculation was conducted in each sample which exhibited no s1gni—
ficance by unimodal freetment through the Rayieigh test. Smoothing of
the circular distribution rendered no better test results, but smoothed
graphical illﬁstretion (Fig. 4 and 5) presents the differences more
clearly. The preeedure for smeothing the single directionel frequenqeé

(fm) was a follows:

fm -~ 172 fm + fm + 1
4

fm =
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Results | _ ‘ ” _ ,}
A éummary of the circular distributions exhibited by the different ex—: :
perimehts is given in Table 1. Table 2 presents the mean angles and

their level of'significance, an& Table 3 the mathematical-statistical
treatmeht of the differences. The preferred directions of all silver ’ ?
eels treated in sea water or in fresh water.deviated to the right

(increase of t e azimuth angie between;So and 11o°) if the Nofth geo—
magnetism (X) was compensafed to zero (Fig. 3). Fig; 4 presénts an

example of these differences by means of a circular distribution graph‘
Reversal of the North magnetism (X) from North to South resulted in no
consistent change of the azimﬁth angle, although in fresh water an

increase occurred in all three cases. The most striking findings were

the differences betweeﬁ the'difectioﬁal'behaviour in sea water and

fresh water (Fig.i). In sea_wafer both the controls and the eels under

a reversed magnetic field (X) travelled north- or southward. If the

field was compensated to zero they pointed in an easterly direction. In
fresh water theipreferred difection was turned right, i. e. southeast

under all three eXperimental conditions or, to a leéser depree, in the

of the North magnetism to zero or change from sea to fresh water altered

opposite direction. The general impression is that either compensation

the directional choice from a northern or southern direction to an

eastern or, to a lesser degree to a western direction.
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Tab. 1 Silver eels (A, anguilla and A. rostrata) recorded on film in their compass-direction sections under different corditicns

in the circular tenk t Numtes
. Salinity during North component of Number reccrded vointing intg diffe-ent comnass direction secticns ?
Locality of capture okservation the geomagnetic field H wC B o B v . itV terad
~ Elbe near Hamburg se#watgr normal (control) 102 111 81 71’ " 106 113 (33 6 TIe 9
Elbe near Hamburg se%water ~ compensated to zero 84 . 96 95 104 '1{fiv 82 . @81 6o 733 9
e oo rewersed to South 95 85 61 7 87 78 6o 105 648 9
"o " freshhater normal (control) 107" .98 95 122 88 - 9o 72° - 83 755 f 9
" " " " . comp?nsated to zero 93 87 71 110 - 96 57 5é 63 : 665"i g
T _ reyerged to South 24 - 21 21 48 32 19 28 ‘ﬁo bo22s 19
Elbe estuary . seaw%ter " normal’ (control) 132: 110 110 104 127 o127 99 137 946v 311
" " o ! "o compensated to zero 96' 100- 72 104 ' 71 - 81 84 . 8o 6€86 n
" " " o ' rewerged to South 99 82 62 86 '85. . 1187 T2 75 679 §11
W frestuater normal (control) 69 63 103 95 T2 se 97 i 668 11
o , " - compenseted to zero 7y 76. 119 108 108 . 1ob 68 74 721 11
W " ' ' reverged to South To3 72 93 107 126 "> . s ' 78 172 b’
Rhode Island, USA seawater normal (control) 45 . 54 49 43 68 6o 4o 51 410 % 3
" " " T compensated to zero '~ 45 48 52 48 47 34 31 47 i 358 % >
" " " " _ reversed to South 39 53 49 47 N 57 57 38 62 i 402 §3
" " freshuater norral {control) = 22 o35 43 31 34 21 18 15 ' 225 : 3
" " " " | compensated to zero 6o 43 47 67 44 46 36 45 388 ; 3
" " " " reversed to South 41 43 38 52 ; 59 55 45 15 408 ’ :
|
. “ | !
. i
.
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Tab., 2 Silver eels (A. anguilla snd =, rostrata) mean directions and examination of significance
{ 5 ,
Locality of capture {Salinity during North component /mean direction z-value of Error{jean directionz~value of irro- X2 Zrror
observation | of the geomegnedicalculated ' Rayleigh- P calculated Rayleigh- P e-—P».ﬂev-
tic field nimoda Test calcu- bimodal Test calcu- t‘;ar—\ b
' : lated uni- : fated bimo-!: ! '
] modal dal i f
— e | J - Sp—
Elve near Hamburg ' seaﬁater normal(gontrol) I 11,5°' 0,04 >5 4 24,4° 10,8 i <1 %124,6 ; 0,17
LI " compensated to |134,3° 57,2 {19 . ' 10,5 | 300
: zero . . i ] H i
" " " " reVerged to Souty337,1° 1,9 >5 % 12,3° 649 : L1 #20,9 %
. P . . . 4 : i
§ ’ . . ; i ol : )
! " v fresh}leter normal(control) | 93,0° 4,2 <5 %[ 164,4° 1,4+ 155 ~iT,2 . 2,50
" " " " compensated to :‘126,0o 5,2 {14 l 26,5 | 0415
" zero ; o C o . I : : .
" " " " reverfed to SoutH159,7 1,9 >5 #H| 140,2 © 6,7 ,-,41,72*{22.1, : 17
Elbe estuery seawater normal{control) 5303,80 0,9 >5 ¢ 2,50, 2,7 £ 5 ﬁt}ij11,9 ! 30%
" "o o compensated to | 78,2° 15,9 <14 12,9 107
zero f . _ ' =
" " " Teversed to iioutl‘:?14,8°' 1,7 D5 ¢ 19,0_0 . 5,9 {1 ?’5524[7 : 0,17
" " .freshwater normal(control) :209,20 1,8 >5 Al 144,2° 4,3 < 5 7119,5 i 17
" " " . compensnted to |149,4° 13,0 &1 94} 115,1° 0,1 1 >5¢34,51 o,1%
zero ; ; ,
" " " reverged t6 Yout}184,0° 7,1 {14 ; 27,6 | 0,17
fthode Islend, US! secvater normal{control) ;182,40 1,1 D5 % 30,7° 2,4 : >5%111,8 Zow
" " " " compensated to 3 74,50 : 2;(; > 5 ¢} 141,5° “0:.5 : >5 /(" 5.8 3 700
" " " " reverged to Sout$193,3 £ 0,3 2o 3,1 0,2 ! P»5 ffi1045 Sop
] .. - . . .
| .o | |
" " " freshwater normal(control) |109,3° 12,7 {1y f 26,5 0,1%
i ‘ ! e,
" " " " compensuted to ;356,20 15 >5 44| 156,2° 2,5 t'>s ¢i14v5 5%
’ zero. : ’ .
: " - 4 ) ;
" " " " reverSed to South252,3° 2,7 >5 o 150,2° 2,8 ; ?5 73:20,1 1%
: 3 i ? :
[ - i .
it ; i i
o ; @ P
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Tab, 3 Silver aels (A. anguilla and A; rosfraté) ‘mean coinpass directions under d:ﬂ‘ferent conditions compared by a

honparametric two-sample test (Xz).

In controls, North component of geomagnetic field normal

o~ . / . . )
,C o ?//é'/s /,:17,/_’,2'7-/3 ons
[ ’

AU S ST

< .
Cajrbrigs e

PO

| i

Location of capture ‘Salinity 2 uni~ or bi- bi- or uni- §X2 test error guni- or bi- ;’ Salinity - North component of
4uring_ob- i nmodal charac- | modal celeu- | : Bmgner;modal charac— during - geomagnetic field
servation ter'of distri- ; lation : than gter.ol‘ distri_-o!.vserva-
—_— ) - bution . . Jutivn ~tion

Elbe near Hamburg ' sea water bi ? bi ) l 10,2 4 2.5% 51 S uni sea water compenseted to zero
v " g bi l bi T 2;5% 1. bi ." " reserved to South
" " " ‘ woom : bi T o* . bi 10.8 2.5% i uni _ fresh wa~ norral {(control)
" " " ' fresh wa{:er: . uni . l uni : 4."I' : ‘70.0';"('» uni " her cop_enénted to zero
" nooor Lo » uni ; bi c T3, to.o% ! bi i " reserved to Cofth
Elbe estusry sea water bi ' uni . 15.8 5.0% ; ©uni ' sea,water'comx,ensated to zero
" " : " " ’ bi uni : 11.4 30.0% ; bi " " reservgd to South
v " ‘ o bi bi ’ 4.4 ¢ 30.0%";. bi b reserved to South
" " nooon ) bi uni ! 17.3 2,5% ;. uni  fresh we— normzl (control)
" " fresh water bi uni ‘ 28,0 0.1% -uni. o her compens=ted to zera
" " noow bi bi i - B.o i 5.0% uni " " resarved to “outhr
hom "o bi uni S 2141 i 2,54 ' uni " " reserved to ~outh
Knode Island, UGA sea water bi bi i 3.7 1 30.0% i uni ., sen water comjenssted to zero
" " " n " i bi uni - ! 8.2 i 50.0% ! uni fww compensated to zero
" " " " " , “bi , bi 4 2.5 " 50,04 i - e " reserves to South
" " " " " bi ‘ : bi 2.6 50.0% ' uni , fresh wa- normal(control)
” " " w n bi } . uni 18.6 1.0% | uni t " her norral(control)

: ; . | o

- : i

i !

! | f ' l ' i
) ] | : R o |

oo Lo, B
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Experiments in sea water

Geographical North direction

Experiments in fresh water

Geographical North direction

N

W ®
/
Anguilla anguilla Anguilla anguiila ) Anguilla rostrata
Elbe near Hamburg Elbe estuary Rhode Island, USA
<= Normal geomagnetism <——— Horizontal North geomagnetism

compensated to zero
<> Horizontal geomagnetism reversed from North to South

Fig., 3 Mean directional preferences of Anguilla anguilla and

Anguilla rostrata examimed under different conditions,of the

geomagnetic field, in sea water and in fresh water and from'.

different locations.
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The Rayleigh test indicated significance for all results obtained from

A, anguilla, except the controls of the Elbe estuary, if the highest

~ values are always taken whethér»from unimodal’ or bimodal treatment
(Tab. 2). Also the X2 test (test of fit) exhibited high significance for
most values, or in two cases, slightly below the 9o % level. Generally

not significant are the Rayleigh test values observed in A. rostrata .

which is probably due to the sméll samples and number of observationé.
The x2 test was more useful. A comparison of the differences,betweeﬁ
experimental groups on the basis of the.x2 test is preseﬁted by.Table 3.
In A. anguilla the striking differenceskbetween sea and fresh water
treated animals mentioned is accentuated by significant.x? values (both
samples 2.5 % erfor). The same is.true if the values from eéls under

compensated conditions and controls are compared (2.5 % and 5 % error).

Although on the basis of the comparatively small sample size of

A, rostrata directioﬁal concentrations of the circular distributiénst'
‘and their differences are mostly uncertain, avrepresentation of the |
distribution graphically on the basis of a liﬁear distribption seems to
deliver clear results (Fig; 5). It becomes evident from the graph that
eels in a compenéated field exhibit a completely different (i.e. shifted
by 900) directional behaviour compared with cont:ols. This is in agree-

ment with the results on A. anguilla (e. g. Fig. 4).
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Klthough_in a small experimental tank like the one used effects such as
‘generation of electric currents by means of the fish's movement through
the geomagnetic field seems to be unlikely, some observations on change
of position at shorter intervals than those mentioned (10 to 30 min)
between the photographic recbrdingsihaﬁe been made., I took a picture of.
the eels position every 6 seconds s0 tﬁat nine comparisons of éucceeding‘
photos were possible. Out of 77 eel positions 41_(53 %) exhibited no

positional change, others changes onlybslightly. It follows that movement

is rare.

Discussion

These investigations have shown that the directional pogition of silvér
eels depends on the geomagnetical field. This is evident ffom the signi-
ficant differences between the directional choice under sa compenséted

horizontal North magnetism (X) and the controls of Anguilla anguilla in

sea water, as well as from similar changes of direction in all three

samples of Anguilla sp.. In fresh water the changes were not as clear

as in sea water but the directional choice of A. anguilla in fresh water .

was significantly different from that in sea water. The same was probable "

in A. rostrata. The preferred direction in sea water was northern and in

\

fresh water eastern to southeastern.(in one case also in the opposite
‘direction). Reversal of the north component of the geomagnetic field (X)

to geographic south caused no consistent angular changes.
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A directional preference obeofth or South, as in the controls, was

also found duriﬁg earlier investigations (Tesch and Lelek, 1973) in eels
éxamined in 1971 under normél conditiohs.éf geomagnetic field. This was

~ especially true for yelloﬁ (statioﬂar&) eels as well as for silver éelé
which obviouély were ﬁbt COmplételyAready.fof the épawning migrafion.
Undisturbed migratory eels in 1971 preferred a North—West direction =
(321°) with a high levei of significance (Rayleigh test: z = 14.1;

p ¢ 1 %); The éiiver eels from the Elve estuary in the present investi-
gations were caught in 1973 af near1y the same place but were not as
undisturbed és the 1971 sPecimens. After capture they were transported .
and maintained in fresh water and fhej had td endure a lgngér delgy.
before examination. This may be thé.regson why the circular distribution
is more bimodal than in 1971, but it ié not bimodal enough for a hiéh
level of signifance.-ln‘addition, the numier of measurements was not as
great as 1971, The unimodal calculation of the.mean direction result; in
a north-western direction (3030; Rayleigh test: z = 0;9;<no significance)'

~as in 1971.

The question now arises why, under the condition of‘the North geomag;
netism (X) compensated td zéro, the circular distribution is not uniform.
We still always find an orientation to the east. This may be'due to the,
fact that the horizpntal magnetic field‘(H) also exhibits an easterly

component (Y £<&~o0.01 Gauss), which after compensation of magnetic North
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supplies enough stimulation for further directional orientation. This
would imply &a very high sensitivity. Only compensation of Y to zero or

reversal to the West can resolve this problem. Birds (Erithacus_rubecula)

have been shown to be disoriented if placed'in rooms of a totgl inténsify
i(F) lesé than o,3%0 Gauss, but adaptatidn to a weakend geomagnefic figld
was possible (Wiltschko; 1968). It also was found, tha% not oniy the .
horizontal component of the earth's field (X) but also the vertical compo-
nent (V) was necéssary for a directional oriéntation. Without V the robins
had a bimodal directional choice. They measure the inélination (J) of the
geomagnetic field lines (Wiltschkb, 1972; Wiltschko and Wiltschko, 1972).‘
In the eels a bimodal éirculai distribution_was found only if F was normal
“and it became unimodal if the horizontal field (H) was weakend by redpcr
tion of X. An answer to the questioh of whether V is important fér the%"
orientation of eels only can be given, if resulfs of experimental redﬁc-

tion of V are at hand. From the results presented it seems'likely that a

mechanism other than that evident from the birds is involved,

.

A directional choice dependent on geomagnetism was also found in juvenile

eels (A. anguilla)by a quite different technique: the labyrinth method

(Branover et al., 1971; Vasilyev et al., 1973). These as well as our own .
results imply that direct stimulation by magnetism is invol&ed: the laby-
rinth examination, by the fact that strong magnetic fields rendered the
eels incapable of orientatién by means of magnetism; in the circular

- tank investigations, by the fact that only rare movement of the test

\
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animals in the tank was exhibited which means that hardly any induction
and perception of electrical currents by the eels' movements through
the earth magnetic field could occur. Electrical currents génerated by
water movement and their perception, as presumed by McCleavé et al.
(1971), can,definitely.be equuded. Tesch (1974) considers such a

mechanism of orientation to be too complicated.

Ecologically very important is the influence of salinity on the diréctio-
nal behaviour of the eels, as evidenced by examination either in pure
fresh water or in fure sea water. The degree of salin%ty is ofviously of
minor importance. The earlier investigations have showﬁ that brackish
water (one part sea water, two parts fresh water) induces a North or
South preference of the silver eels (Tesch and Lelek, 1973p. The impor-
tance of salinity on the behaviour of juvenile eels under the influence
of magnetic fields is also demonstrated by experiments of Vasilyev and
Gleiser (1973). They found that increased salinity also augmented the
effectivness of the magnetical field. The authors attribute these résults
to the increase in hydrodynamical effects (see discussion above) by .

augmentation of salinity.

The combined dependence of orientation on geomagnetism and salinity'can

‘explain many ecological problems in the eels migratory behaviour. One of

these is the phenomenon that silver eels during their spawning migration

approaching the Elbe estuary travel along the north bank of the Elbe.
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During‘their migration in fresh water it is known that they drift in the
‘central parts of the river in the main stream. However,when they

contact the brackish waterbof.the'River Elbe they are only caught‘neaf
the North bank, as evidenced by the strong concentrafion of cutters
fishing withvframed'gape nets each migratory season at this special
location. The salinity there is about 2 %o (Kihl and Mann, 1953). It is
interesting.ﬂaﬁt at this same location during their migration from the
ﬁorth Sea into the Eibe the elvers are caught in the highest concentra-
tions (1971 Tesch). Probably, with a critical low salinity a change in
orientation and behaviour of tﬁe elvers at this location occurs. From: .
an ecological point of view, thejsalinity acts as releaser in the s}lver
eel which produces activity and a swimming in the direction of magneéiu
cal lines, i, e, in the “1be estuary and in the North Sea, northward,

- as demonstrated by results of telemetric ultrasonic tracking (Tesch,
1972,.1974) and conventional tagging and recapture ( Lithmann andrMann,

1958).
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Summaxry

1. A modified arrangement has been uséd for the photographic reco:ding

of the directional choice bf silver eels (Anguilla anguilla and

4nguilla rostrats) in a circular ténk and under the magnetic action of

8 Helmholtz coil.

2. The movement of the eels in the experimental tank was very restricted

as obvious by photographs taken every 6 sec.

3. Nine male spéoimens from the Elbe River near Hamburg, 11 male speciQ
mens from the Elbe estuary and 3 to 5 female specimens from Rhode Island

USA, were examlned for 17 to 22 hours, either in sea water or in fresh

water, and yielded 225 to 946 photos for each examination.

4. In sea water eels of all three samples changed their preferred di-

rection from north or south to east,.when the normal horizontal

north (X) component of the geomagnetic field was compensated to zero.

(The east component (Y) remained unchanged (< -o.01 Gauss) during é;l

observations). In fresh water,eels also preferred more easterly direé—

tions in the compensated field, but to a lesser degree,
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5. Reversal of the horizontal North component (X) of the magnetic -
earth field to the South caused no consistent change in eels examined
in sea water compared with the controls., In fresh water a slight but

consistant dewiation to the right was observed.

6. Sea and fresh water controls including A. rostrata showed‘a signi-
ficant directional difference; sea water speéimens choose North or

South; fresh water specimens selected East to Southeast.

7. Because of the very small ssmple of A. rostrata, differences in

this species and compared with A. anguilla were mostly not significant.

But in all cases the same tendencies as in the Buropean eels have been

observed.

8. The question of whether selection éf swimming course is affected by
the earth magnetic field itself or by magnetohydroaynamically pro-
duced electricity is discussed. Mechanisms of orientation undér the
influence of geomagnetism seems to bé different from that observed

in birds.

9. An ecological example from the Elbe estuary is given which demon-

strate the combined action of geomagnetism and salinity on migratbry'
orientation of silver eels. It is evident that the salinity necessary
to release northward swimming is comparatively low;this was also ob; ‘
vious from the results of earlier laboratory investigations (Tesch:and

Lelek, 1973 b)
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