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ABSTRACT
. .'

A tagging eXPerUnent has t>een carried out in the coastal waters off the Hanngvliet siui
ces, during the nioriths of June and July 1990. A total numberof 1068 trout wem caught
of which the majciritY, iri the length range of 17 uptci 40 cni, is probably iri their first
marine or post-migration year. Tbere proved to be a positive simple correlation between
the average catch per hour tciwlingand the discharge per day. A total of963 trout were
tilgged.. using Cai-lin tags. Up till the end of June1991, 118 recaptures have b6en recor
ded,02%), ofwhich 7:4.~~remade~tiringthe exi>erirn.ent by the three vessels i~volved.
Anumber of 44 recaptures were made by others: 21 by fishermen and 23 by anglers. A
totill of 105 recaprures (89%) were rriride in the area of the experirilent and 13 fish showed
nicivement away from the taggirig location. Of these. 7 were recaptured at sea, at distan
ces varying from 24 up t6 280 km away from the point,of release, rillgrating in a northem
direction with the prevailirig sea currentThe remaining 6 flSh - significantly larger than
other recaptures - enteied the riversystem, probablyon their way to possible spawning
grounds in the higher river stretches. Tbe recapture in the Rhine at Iffezheim in Gerinany
proves that it is possible to ascend the river for a distanee of ät leaSt 730 km. Iri view of
the distribution of the recaptures in fresh water it seems not likely that trout CaIl eilter the
river system by way of the Haringvliet sluices. Entrance via the Nieuwe Waterweg is
mrne likely although na tIÜut were caught at that location. Tbe firidings of this study seeni
to support the conclusion that next to the completely fresh watei-Iiving type of trout, there
still is an anadrömous type of trout iri the catehment areas of the Rhme and the Maas. '

.-
.'

After ruiishing the.text ofthis paper anötherrecapture was recorded {rom the
area of the experiment itself. Tbe fish was caught by an angler on the5th of
July 1991 after it had beeri free for a i>eriod of 346 daYs. Itwas released on
the 23th of July 1990 at a lenght of 31cm. This iridicates that after reachirig
maturity the fish do inde6<i return to the Haringvliet estuary, possibly trying
to enter the fresh water system. •
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1~ INTRODUCTION

riiiteh rivenrie fisherles have a lang history; first written evidence of saIIDon b~ing' c~ught
in considerable quantities dates back to 1100 (de Groot, 1989a). From way back riverine
fishenes coricentrated rriainlyon anadromous species like sturgeon (Acipenser sturio),
salmon (Salnio salar), sea trout (Salmo irutta ). houting (Coregonus. oxyrinchus). aIIis
shad (Alosa alosa). twaite, shad (Alosajallax) and river larriprey (Lampetrafluviatilis)
(Havinga, 1938; Lobregt et alt 1977). , ' . '.

Recently tbe issue of saIinonids in the river system of the Rhine (Fig. 1) regai~ed
interriational ättention..The 7th Mimsterial Comererice on the Pollution of the river Rhirie,
held in Rotterdain in December 1986. agr6edupon a programme for the ecological reha
bilitation of the river. For the firSt time, biological objectives were explicitly formulated:
by the year 2000the Rhine aqiiatic eCosystein should have recovereet from man-made per
turbations so that popuhitions of higher species. such as that of th6 salmon~ might de-
velop (Anon., 1988). .

Tbe 8th Ministerial Confererice, held in Strasbourg in Gctober 1987, agreed upon a
'~Rhine Action Plan" (RAP) with the following objectives (Anon.• 1988): -.
1. to create the cririditions for the return of higher species (e.g. the salmon);
2. to saveguard the use of Rhirie water for the supply ofdrinking water,
3. to elirilinate the Pollution of sediinent with hazardous compounds .

, ' .

Although th6 e~phasis in the RAP.is on s3.Imon (environinental conditioris should be
ci:eated in the river system that facilitäte the restoration of aviable salmon population)
reseäi-ch on this species; in the Dutch sittüition; is not possibleon account of its extirict
state.·Research on trout (Salmo trutta), ,a cIose relative with by anä large the same de
inailciS reg8.rdirig the qua.IitY of ~tS environment, is possible, but is complicated by its oc-
currence in rather small numbers. ' ' ,. .

RegJ,stered landirigs oftrout seldoni exceed 5000 kg per ann~m(i.iewes& Fonds, i983).
the greater part originating from the offshore fisheries. Trout landirigs from cöastal,
riverine aild lake fisheries arriount to 1000 kg per arinum, the majority comirig from the
Usselmeer as by-eatch. ,This could easily lead to the conchision that trout is most abun
darit in .the Usselmeer, but the scaleof riveririe fishenes is only a fractiori of fisheries in
the Usselmeer and in recent years there are indications of considerable trout catches by
salmori stake net fishers in the lower Rhine brariches. UnfortiIriately tiustWorthy statistlcs
are not available.

Through the yeaci the accessibility of the catchment area ~f the illiirie from the North Sea
has been gre~tIy reduced~ Where ,ther~ used. to be seven open connections (Keuning,
1970), there lS now only one. the Nleuwe Waterweg (Fig. 2) near Rouerdam. The
remainder are either completeIy C!osoo off orafe conriected with the North Sea by means
of shiices (Oizemier, 1988). Passage fronithe North Sea to the higher nver stretches
without complications is only possible via the Nieuwe Waterweg. The sluices iri the other .
possible eritrances will more or less aet as a bamer~ Probably as a conseqtience of this
barrler-effect trout is present iri catchable concentrations in the sea area· elose to the
HanngvIiet darri (Fig. 3), dtiring certain periOd~ of the Year. '.

Theongin of trout present in the coastal arid inland waters of the Netherlarids is unciear;
probably they are strayers and/or iridividtials originating from stöcking operatioris, but the
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'po~sibiÜty ofa "lable population of anadrOmous trout iri the catch~eritan;aofth6 Rhine
cari not be exch.ided. Tri gather infoiniation about the trout present in the coastaI irrea off
the Haringvliet dam arid to stiIdy the migration of tagged trout origimitirig from this area ;
and to reveaI whether it is possible for, trout to migiate upstream by way of the
HaringVliet sluices, a tigging experiment has been carried out iri the months June and '
July 1990.

, ' ,

2. AREA, MA:rEiüAL AND METHOnS
"

Tbe Harlniviiei cFig. 3) esni~'was once th6 mayor passageway of smfäce water froni '
the rivers Rhirie and MaaS to the North Sea; ThrOugh this lärge outlet the tidal movement
eould progress inland for a eonsiderable stretch and thus eombined with spririg tideand
spate eririditions in the river. cause floOdirig of the popullited areas. Tbis situatiori came
definitely to an end in November 1970 when the estuaiy was c10sed off by the Haring-
vlietdam. "

Tbc discharge of'sWfaee water through the seventeen siuices in the Haririgvliet dam
ainourici, to 30 billion cubie meters on a yeady baSis. Th6 aniount of water drained isonly
surpassed by the dischargethrough ihe open connectionwith the seä (the Nieuwe
Waterweg) ~By way of this heavily used shipping-route alrnost 50 billion eubic meters of
water reaches the North Sea., Tbe discharge programme of the Haringvliet sluices is
controlled by one variable only; the amount of Rhine water enteririg the NetberlaridS near ~
Lobith. .

, " " '" .. ' , " , .~. ':" . . . . ' ., _:' • , ' " . _ t

Tbe sluices, of the undershot type, are oj>ened wh6n the 'amouni of Rhinc water entering
the NetherlaridS is equaIorexceeds 1100 cubicnieters per second. When this coridition is
met openmg the sluices at low tide results in tWo daily drainage penOdS of approxiniately ,
8 hoUrS. during whieh Iarge fluctuations of salinity can oceur in the immediate Viciriity
(seaward sidC) ofthe Hanngvliet sluices. ' "

Fishpassage is possihle onl~during a small Urne span (approx'. 20 min) äi tiiebe~innirig ,
and at the end of a dniinage perlod when water flowvetocity urider the sluice gate is less

r. than 3 meters per seCond (Belich, 1984). To what extent thc sluiCes constitute an obstruc-
• ~on to inigrätory fish is tinknöWn. . '. ." . , " ,". .

ThToughcommuni~ätions of prrifessional flsheinien it is kriowri thattrriul ean be cau~hi
in aperiod of several weeks in the months Jurie, July and August in the coastal waters off
the Haringvliet dcini. In most years there is ä small scaIe fishery on sprat (Sprattus spreu-
tus) iri'tbe ~a, that yields some trOut cis by-eatch. . , '.

Three vess~ls were invol~ed in the tagging programme; the Netherlarids research vessel
"Stern" and two local chart6r6d fishing vessels. ' , ,. .

Tbc experiment started on the 5th of June; the research vesselwas brought irito actiori to .'
explore the coastal waters and to signalize the presence of trout. Local fishenneri wem aI-'
so irivolved in inonitoririg thc area. In case of increasirig trout catches the commerciril
vessels were to start their operations in order to rriaxiinize eatches. Both ships were suc":
cessively active for 10 days in tbe period 27 June - 27 July.

6



Several pelagic trawls (meshSize 20 - 40 nim) were used, dimensions varying from vessei
to vessel. Haul ducition was set at 20 minutes toreduce the risk of injuring the catch. As
the anlOunt ofdariiage done appeared to be very sinall; häul duration became variable; the
majority of häuls lasting for 30 - 40 minutes. Avernge toWirig speed was approximately 4
lan/hi", dependent on weather coiiditions, tidal movement and towing d.irection.

• t . I • ..' " .' ~ ' ••

Trout were stofed in tanlci with a continuous supply of fresh seawater. CarIin tags were
fasteried with double stainless steel wrre just belowthe dorsal Im (CarIin, 1955; Bartel et
al, 1987), after anaesthesia With 3/10,000 ethylene glycol inono-phenyl ether in water.
Totallengths were detenniried and scales were taken from the left-hand side of the fish;'"
3-6 rows above the lateral line and on a line extending from the anterior edge ot the anal
fin to the posterior edge of the dorsal fm (Anon. 1982). After recovery in the tariks; fish
were released at the locatio~of the origiri31 catch. ..

• ". I

Secchi-depth, weather conclitions, temperaiureof air lind water, wind direction arid force'
. wem registered accoIding to RIVO-DW standard proce<Iures. ..' .

1'0 stiffiulate the report cfcapnired tagged trout large seale pubÜcity waS given to the tag
ging progrnmme. Also fisheririen; fishing With salmöri stilke nets in the rivers Lek, Waal
and Maas were asked to keep records of ~eir trout ~ätehes. ' . . ::

, .
3. RESULTS'

~ , I ' , "

CATCHES IN SALT WA1ER
..

(a) General .'
, '. " , • ',' "'. ,,' ~ " " ,;'.. ',', ~'. . .', .,.<:. .• .. -'. ,:., '. w',' -: <0 . ! .', ,.,.' "" '; "

Dunng the penod 5th June - 27th July 375 hauls were carried out in the coastal area off
the HaringvIiet dam (Fig. 3), varying in dtiration from 20 to,6O minutes. A total nuinber;:
of 1068 trout werecaught and during the coUrse of the experiment 74 recaptures wem
made by the three ,:esselS involvoo in the experiment. Of the.1068 trout captured 963
were tag-ged and released, the reniaining 105 (9.8 %) were withdrawn from the
experiment, their eondition being to poor to be succesfully tagged. .

In the perlexi 27th JUDe - iOth July two ships were active in the area,'the invested Cffon
was high but catches werenot yet at their peak (Fig.4). Daily catches were highest in the
last tWo weeks of the exPeriment, With a maximum of25 trout caught in one hau!.

lne uiggrng piogramme w~s <llvided into two penods: 5th J~n~ - 10th Jul; and 17th Juiy ' .
-27th July, on acount of a 6 days cessation of the experiment, due to dropping c~ltches"at
the end of the first period.

In the beginiiing of the first period, when catches were rrith6r low, there seemed io be an
effect of tide on the catches, as hauls at low tide were often more productive than those at
high tide. Dunng the remainder of the experiment this effect was no longer discemible. .
Although no 24-h surveys were,completed, fishing activities lasted trom early in the
moming (sometimes as early as 4 a.m.) to weIl into the evenirig,(sometimes even night)
and the overall impression was that there was no explicit peak in catches during specific'
hours, Le. during sunrise cr sunset
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in ho~ tra~ling in the period 5th June - 27 July 1990.' .'.',.:.. ' : ','
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In bath penods the greater p'iirt of all fishwere infested ~iih sea-:lice;(Lepeotheirus
salmonis (Kr~yer»; a parasitic marine copepod; thmigh they were ~learly more prevalent
on the larger individualS. ';' ."'

DUiing tbe whale pcrlcid of the experiment spriit (in considerablequantirles) arid Juvenile
herring (Clupea harengus) were present in the cateh.The amount of spcit reached itS peak .
in the periOd of 17th - 20th of July, when catches ofseveraI,thousands ofkilograms per
haul wem quite comrrion. Usirig echo-soundirig equipment while towing, trout could be
seen fornging in large shoals of sprat. , . '

Tbe catch of 4 riilnbow trout (Salmo gairdneri ), af lerigths 27, 35,' 37 arid. 38 em and 1 .
'cohosalmon(Oncorhynchus kisutch ) of 45 cm length is quite remarkable. As these
specie.s are not iridigerious~,these individuals must häve originated from' stocking
operauons or have escap~ from hatcheries: . '

(b) Length composition'

The ierigth compositions shown in Fig. 5~ are divided i~to tiro perlods; Stil iurie - 10th
"Julyarid 17th July -27th JuIy, ori acount of a 6 days termination of fishing activities. ,

. " .. ,

Sthiune ~ 10th Juiy. VP tö 28th JUDe catches were'rilth~r. iow änd the ri'umberof .
positive hauls (hauls ",ith at least one trOut present) was only 32 out of 103 (31 %). Later
catches incieased and thenumber of positive hauls over the remairider ofthe periOd was

.126 out of 170 (74%)" The average length of the most abundant group (up to 40 em) was
25 cm. From 28th June onwards, hirger fish in ihe range of 45 - 73 cm, staned to appear
in the catches, though their number was relatively smalI.
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17th July - 27July. All hauls (102) during this peri<><! was positive. The histogi'am
shows a marked shift to the right in the most abundant group, resulting in average Ierigm
of 28 cm, probably due to the arrival of Iarge numbers of Iarger fish (>25 cm). The influx
of Iarger fish in the range of 45 - 73 cm continued. . •
(c) Littoral distribution

,I.

As shown in Fig. 3,the coastal waters off the Haringvliet dam are quite 'shhÜo'w, water
depths beyond 3 meters are only found in the channels (3 - 5 m) Ieading through the area
and in the iriun~ate vicinity ofthe sluices( 3 - 10 m).

In the first few.w~eks of the experiment, catches wert~ rather Iow and of an incidentai
nature, no conchision on distribution, during that periodcould be drawn. The impression
however, was that there were no great differences i~ distribution over the area.~

In Iater wecks it b~came .~pparent that trout were'inv~ably taken within the cha~neis or in
the vicinity of the Haringvliet dam, within 500 m ofthe shore. Drainage of fresh water
had started to increase and this was probably causing trout to concentrate alongside th~

9
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darn. At iowtide the bulk of the released fresh water flows off tMough the cnannels,'
probably attraetirig traut from otl1er areas.

. ..".
Pembertori(976)repörtlng on sea trout in North Argyll sea lOChs mentioos that in
nuinercius holtern arid tilldwater trawls in deei>er ärid more open water, within and outside
the lOChs, no sea'trOutwere recorded. In the co~e of the experiment 3 journeys were.
made to the nearby mouth of the Nieuwe Waterweg, where severill hauls were camed
out. Atthis lcicatiori; some distance from the shore and with water depths exceeding 10ro, 00 trout coUId be caught. , .•.... ' . . ". . . .. .'

(d) Discharge o/waier

Tbe discharge of fresh' water is a considerable irinuence in the area; causi~g fluctuations
in salinitY.and probably attractirig large amounts of sprat andtrout. Theoretically fish
passage through the sluiCes is possible at the beginning andat the.end of each driliöage
period, but up ti11 now it has always beenassumed that passage at the beginning ofthe
drainage period was riot likely on accOlint of trout not. being preserit in the iinmediate
rieighbOurhood ofthe sluices, due to the absence ofan attracting flow of fresh water.
Catches were analysed with regard tö th6 status of th6 sluices, i.e. beiog open ordosed
and it was coriduded that the amoimt of trout iri the catch did not differ accordirigly
(Fl' ;,.,= 0.44, P>o.5). . . .

• . .

Fig. 6. shows .tbe amatint of fresh wate~ dischargoo daily horn the end ~fMay to ihe end
of July•.There proved to be a positive simple correlation betWeen the average catch per
hoUr trawling arid the discharge per daY. A delay between the actual attraction of trout by
the water~ed and the arrival in the rirea of the experiment is quit~ probable. However,
avana~ledata e~clu~ caIcwatiori o~ cross cörrela~onS; s~ce ~~se'iieswe~ interrupted
by penods of cessatlon of fishery. SImple correlattons were found to peak at a delay of
10 days (r=O.82). '

number di3cherge (x 1000 m3)

Fig. 6. Average catch per hour 'tnlwIing ( • ) arid discharge of fresh wat<~r ( .0. ):

; .
15 20 25 30 5 10 15 20 25

de.~ (resp.Me.Y, Jun.e~ July)
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" • ,>
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, --,
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CATCHES IN TIIE RIVERS

Several professional fishennen, fishing with salmon stake nets in the rivers Lek, Waal
and Maas from the middle of June to the middle of August, were asked to keep r.ecord of
their trout catches. The fishery in the Lek was conducted specifically for this tagging ex-
periment, as no such fishery waS present in the lower part of this river. . .

In the Lek 74 trout were caught Fig. 7 shows the length frequency distribution of ~e.
catch. With the exception of three individuals all fish are weIl over 40 cm length. .

10

9 .
8 ' .. -7

J-o' 6Q)

~. 5
j:; 4'

3 .
2

1

0

20 25 30 .35 40 '4S 50 55 60 65 70 75 80 85 90 9S
length (ern)

. Fig. 7. Length composition of trout ciuches (n=74) in the river Lek.'

The length frequency distribution of the catches in the rivers Waal and Maas were said to
be very similar, but the exact data regarding the catches were not supplied by the fisher
men. Several hundreds of trout were supposedly caught in the Waal and around 70 were
caught in the Maas.

TAGGING

(a)General

The tagging experiment was carried out to study the migration of tagged trout originatirig
from the coastal area off the Haringvliet dam and to find out whether it is possible for
trout to migrate upstream by way of the HarlngvIiet sluices. Up tilI the end of June 1991
6 recaptures were made in the inland waterways, of which two actually in the Harlngvliet., .
As the interval between release and recapture was several months it is by no means cenain
that these fish succeeded in passing the sluices; they could have entered the river system
via the Nieuwe WaterWeg. . ,
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.. (b) ReturnS

Of the 1068 trout captured between 5th of June äßet th6 27th of Juiy, 963 were tilggedand
released, ofwhich 885 (92%)were in the lengthrange of 17.to 40cm. Up till theend of
June 1991, a total of 118 recaptures havebeen recorded (12%), of Wich 74 wen~ made
duririg die tagging progrnriune by the mre6 researchvessels involved in the experimerit.
44 recaptures were made by otherS, 21 by professional fishennen and 23 by anglerS. The
118 recaptures involved 111 fish, 106being reeaptured onee; 4 being recaptured tWiee
arid leven 4tirries (3times by researchvesselsarid finally bya local angler, all iii a
period of45 days). As the research vessets operated niainly in th6 area of the expenmerit "

,and as angling is concentrated in'th6 iinrriediate vicinity ofthe Hanrigvliet sluices,there is
a bias towards recaptures of resident fish. Of all recaptures at sea (111), 95% was re-
ported within a distarice of 6 kin from the Haringvliet sluices. ,"

.....

(c) Recaptures in tJze. ~rea o/the eXperimelit

A total of 105 recaptUres were made in th6 tagging arCa; 74 byreseareh vessels,ii by
IOcal fishennen and 20 by ariglers. Most öf the recaptures (87) were made .Withiri 1 inonth
(Fig. 8). The interval between release aitd recapture exceeded 3 nionths for 8 fish and 6
months for 2 fish. . ',. '., ..... .

,.

60 -r------------------------,

2

>26

, ,
48·

.•
time at (arge (weeks)

Fig. 8. Tag renirns from the area of the experiment (n=87).

Tbe last recapture in thc area was made after the fish had been free for a perlcid of 203
days. When it was first caught its length was 28.5 ,cm and at the time of recapture it had
reached a length of 46.5 cm, an average growth of 0.9 riirri/day. As this fish was
delivered to our institute measurements are correct. Calculating growth from recapture
data supplied by others can be rather hazardous. Length can be measured iri inany dif
ferent ways e.g., totallength, fork length or even length without head and tail, resulting
in unreliable estirriates for groWih rates. For example,ofthe 44 recapiures made by oihers
15 fish hadactually shrunk for several centimeters, which ishighly unlikely. So, no
further calculations regardirig gi-owth were carrioo mit.
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Though the recaptures in the area of the expenment were qualified as resident fish, re
immignition might Occur, specially when time iriteivals between realease and reeapnire are
1arge. . .

(d) RecajJtures in other areas

13 fish (il%) showed rnovement away from the point ofrele~eand were recaptuied iri
different mas (Fig. 9). . .

Recaptures infresh wate,:' 6 flsh were i-ecaptu~~ in ~~ i~lanci. waterways.: 4 ~y'
professional fishennen and 2 by anglers. Table I shows detaIls wlth regard to the tIme m
terVal between releaSe~d recapture, ~pture sites and distance travelled. . .. .

Table I. Tagged trout recaptured iri fresh water
... ,., ..... ." ." .....~ ". .. 'c' .> .- ' ..,., '. ,,'. .. ~".. ~." +-,,~ .. ,

..... RELEASE .,. < ... -,- .... RECAPI1JRE "'" ..... , ... .......... ' .

date length place date length days distance
....... '.' (crn) '.' . ............. ,.(crn) .. .free (lan)

28/06/90. .•",70." ,. 1..Woudrichem 23/07/90 .. .' " .63 ", "25 .. 80 '0:" •

23/07/90. .. 41.... 2 Hartelcanal 18/09/9(L 40 .. 57 . 44
,,23/07/90 29 3 Haringvliet .15/10190 .. 36 _ 83 .., 1
... 24/07/90 • .... 58 .- 3 Harin~liet 15/10/90 57 82 ,... , 1

04/07/90 . 72 .. . 4 Iffezheim , . .25/11/90 " -- 144 730., .
25/07/90 52 5 Oss .17/02/91 ' '. - .. .. 238,. 120 "'

The length distribution ortrout caughi in fresh water is sigiiificaritly"'different.(l'<O.ooi,
Wilcoxon test) fromthe lerigpt distribUtion ofthe other recaptures us.irig lerigili at taggirig,
the fresh water recaptures bemg larger than the recaptures in the coastal w~ters..

Enterlng the rlver system is more or less restiicted to larger iridiViduals, probahly'on their
way to the spawiling grounds in the higher river stretches. To whatextend trout succCed
iri reaching the spawnirig grounds, is not dear, as the actuid spawning groimds are not
kIlown. The recapture in the Rhine at Iffezheim iri Genriany proves that it is possible to
ascend the river for a discirice of at least 730 kiri. This case also represents the highest
v~l1ue for mean distarice of dmly trnvel: 5 kirilday, for a pericid of 144 days after being
caught for the fIrst time.

.Recaptures at sea '. 7 fishwere recaptured at sea; 1 by an angler elose to the
Nieuwe Waterweg rind the remainder by professional fisheimen using active gear. Details
are presented in table H. The one caught by ari angler after being free for 9 days, was
probably ttjing to rrngrate upsn-eam into fresh water, as it was taken near to the coolirig
water outlet of a power station at the seashore.

Thei-e were no 'significarit differences in size retWeen fish recaptured at sea and those re-
captured in the tagging m-ea. The distance covered before reeapture vaned considembleso -

from 24 up to 280 km. Only one recapture ,was made several kilometers to.the south of.
the, taggirig Iocation. The overall picture of the recaptures shows that trout tend to migrate
in a northern direction, with the prevaiIing current. . .
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Gennany

Belgium

Fig. 9. Recaptures [rom the Netherlands. Numbers in boxes indicate recapture locations
as mentioned in tables 1 aild 11. . .
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Table II. Tagged 'trout recaptured at sea
.. , ' ~.

.. ' " ....' ,,~ "'.- . ........... '" "

RELEASE " '.' .,. .. , " ... " 0' .. RECAlYfURE. ' .... ,-." o. "-""".,'.~ "',,','-" ,,. -'0"",.-..,

date length place date length days distance
,... (ern) '. .. "

(ern) . free .(km)

05/07/90 .. 49, ... 6 Maasvlakte . 14/07/90. .:.' :.49 '-'. '" .. 9 . . ..:.24 ...
23/07/90 30 " . 7 Loosduinen .03/08/90 29 11 .30

. 27/07/90 ... 35 .... 8 Bergen ..' .. 16/10/90 34 .81 104
20/07/90 .. 28 9 Dmuiden 24/11190 . 40 .127 .. . 84 " .

18/07/90 27 10 Schouwen- 23/11/90 30 128 ~O
o' ' •• banIc '0 ... . " , .

" "",.> .........

19/07190 38 8 Bergen .. 25/11/90 .. .. 44. 129 .' 104 "'.. ,

20/07/90 33 11 Sehiennon- 17/12/90 36 150' 280
.. "" ..., ..... ..... nikOOg {",. 'y, ... ........" ...... '--... . .,'.'... --'.~ .. '

" "

DISCUSSION

Tbe tags used in thfs study are carlin tags, atciched with double stainless steei ~re, ~s
there is evidence thatthis tyPeof tag Yields the best results in tenns of i-etUm rates and
longevity in eontraSt to other external tags aS Floy tags, streainersand tags attaehed with
single bonds (Sauriders, 1968; .Bartel et aI; 1987): Laboratory experiments on Salmo'
gairdneri with seveml types of tags (tiripublished data RIYO) showed thnt Ccirlin tags in '.
some specimens moved to the base of the. dorsal fin in a groWtb penod of 9 rnonths, .'
sonietinies resulting in tag loss. As this is also likety to Occur with tagged fish at large'
(specially with sm31ler iridividuals), it might be an irnPortant cause of tag loss. Saunders
(1968) also observed this phenomenon aild rePortedthat in retirining adults there seerried
to be no correlatiori between the deepness of tag attachement (deeply embooded versus '.'
shallow atcichement to the base of the dors31 fin) arid the type of attachment (double steel
wire vecius double polyethylene monofilament). Hence the ehoice of steel Wire but lower
returns from smaller length grOups might bC expeeted~

Tbe priniaiy result of the preserited tagging experiment is thai trOut concentrates during
the summer rnonths in the cmistal area off the HaringvIiet slukes. Tbe inajority of the
trout present, in the length range of 17 to 40 eiri, is probably in their fIrst marine or post
rrugration year, growing to rnatunty before enteririg the river system on their way to the
spawning grounds..

De Groot (1989b) reportoo that smolts in our waters inignite to sea ~t the age of 1-3 years
and at a length of 17-20 cm. Tbc exact timing of the smolt descend is not known. but it is
likely to occufIn theearly spring J!lonths. Pemberton(l976) reporting on sea trout in
North Argyll sea lochs states that smolt runs in the Lusragan Bum in the years 1972,
1973 and 1974were fOlind to exterid from the end ofMarch to mid-May. Jönsson (1985) .
rcports soinething similar regarding migmnt brown traut in Norway. On reaehing the sea'
a seareh for foOO occurs, requiring amigration away from the areaoff the sluices, into
more marine eonditions. This would explain the rather low catches in the area of the
experiment in th6 inonth of June. ,Lateran, increasing frcsh water discharges seem to
attraet Iarge amounts of sprat, which in turn seems to attract traut iöwards thearea off the
sIuices. Early seasonal migrants mighi have gone farther away offshore and therefore
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corne back later. Their prolonged stay at sea might have ciulsed further growth, thus
explaining the shift that occurred in the length frequency distribution during the season.
Attracted by the discharge of fresh water larger fish (> 40 cm) started to appear from the
erid cif June onwards, probably tr)ring to enter the river system for thdr joumey io the
spawnmg gmun<J.s. At presera the Iocation of the spawning grounds in the river system of
the Rhine and the Maas are unknown.. '. . .~

in view'of the distribution ~f the recaptiIres it seems riot veiy Ükely that trout, ~otivated
for amigration into fresh water, can enter the river system via the Haririgvliet sluices
easily. In the lasi tWö weekS of the experiment, when the aniount of tagged trOut at large
in the immediate vicinity ofthe sluices reached its peak; recäj)tures from th6 Haringvliet
would be expected when easy passage throug~ the .sluices was p~ssible.9nly two reeap
tures were made inthe Haringvliet and as the Urne mterval between release and recapture
waS sevefaI. months, they couldhave eritered the riversystem bY,way of a differerit route.

a Tbe cateh of these two taggoo trout proves .that recaptures can be made in the Hanngvliet
.. . although fishing iJ:ttensity iri that.area is not quite as high~s in !he c<;iastal ~äters .off the

.Hanngvliet sluices. Tbe concluslOn can be drawn that theHanngvhet slmces present a
considerilble baiTier to migratory fish, viriuaIly blOcking upstreaIn movement

Tbe patterns of recaptUre observoo in this studY.'show that there are.!Wo groups oe trout;
one staYing in the coastal waters elose to the Haringvliet estuary during the atitumn and
winter monthsthatcan b6 classified as short-distance migrating versus a group of Iong
distance rirlgrantS tending to mignite in a northerri dirCctiori~ with th6 prevailing current
Several äuthars have found siriillar results with regard to the migi'ation diiection of lang-.
discince migrnrits. Toivorien & Tuhkuneri (1975) andIkonen & Auvinen (1982) reported
that the niigration of sea trout in the coastal waters of Finland is.predominantly riorth
wards, following the sea curreni. Jensen & Berg (1977) found a marked similarity exis
ting betWeeri results obtained for sea trout and arctic chai' from the Varones nver in Nor
way. Tbe long-distance riligrants of both sj>ecies tend to mignlte riorthwai'ds, with the sea
ciurent in the area

Tbe high retUrns from the coastal waters off the Hanngvliet sluice~ can be explairied by
the very high fishing intensity in that area during the course of the experiment. BarteIl et

•
al (1987) statethat tag returns may be affected by the fishing intensity arid migration of
taggoo fish. Tbe low retUrns from the long-disriince migrating group are to be expected as
it is quite difficuh to catch trout during feedirig migration. For, iristarice, tagging experi-
ments With widly migrating Polish sea trout often yielded low retUrns.

The question arlses as io whether these iröut originate from ihe' river system of the Rhine.
De Oroot (1989b) explairies the preserice of trout in coastal änd inland waters of the
Netherlarids by means ofThorpe's h)'pothesis regarding the "archetypal" trout (ThorPe,
1987). De Oroot (l989b): ''Thorpe's hypothesis places the occurrence of sea trout in the

. Rhine änd Maas in adifferent light. Sightings öf silver-coloured trout in Nordrhein-\Vest
falen or in the Mrias cäri rio loriger be taken as proof thrit troui have swum upstream from
the sea. These fish could equally weIl originate from brown trOllt populations rind have'
been forced to leave their environment because of insufficierit foodsupplies Of iriadeqmite
conditions. Similarly, the presence of sea trout in the lower reaches of the rivers Maas,
Lek, MerWede or in the Rhine-Maas-Schelde estuilry carinot beviewed as conch.isive evi
dence that these fish are intendirig to ascend the nver. In contrast io the behaviour of sal
mori, yourig sea trout often undertake what are kriown as "dummy runs". Sexually imma-
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ture trout that inhabit coastal waters often accompany their sexually mature counterparts
some way up the river before retuming to sea"

The results of the tagging experiment shed a different light on this matter. A total number
of 78 trout with lengths in excess of 40 cm were taggedof.which 14 were successively .
recaptured. Of these recaptures, 8 were caught ~n the coastal w~ters off the Haringvliet
sluices and 1 was caught near a cooling-water outlet of a power station at the seashore
several kilometers to the north of the tagging location presumably attracted by the fresh
wüter discharge, all within 1 month after being released. The other 5 recaptures (36%)
were realized within the catehment areas of the Rhine and the MaaS, after having been free
for aperiod of 25 up to 238 days and covering distances from 1 to 730 kilometers
upstream. No recaptures of individuals with, lengths in excess of 40 cm at tagging were
made at sen. This indicates that after having stayed for some time in the coastal waters off
the Haringvliet sluices where feeding coriditions are favourable, mature individuaIs tend
to migrate intofresh water. In view of the distances covered, this upstream movement
goes beyond the short excursions that are to be expected when trout is present in estuarine
surroundings and is probably directed towards possible spawning grounds in the higher
stretches of the rivers. It is also in accordance With the catches of large trout by pro
fessional fishermen in the rivers Lek, Waaland Maas in the months June, July and Au
gust. That these weIl silvered trout with lengths upto 94 em (see fig. 7) might arise from
"Iandlocked" or resident pOpulations is not ruled out but in that case it should be possible
to show that resident and migrant trout in the river system of th6 Rhine are parts of the .
same demes,like Jonsson (1985) did for fresh waterresident and sea-run migrant trout in
Norway. As long as that type of direct evidence is lacking, the resuIts of this study give
priority to the hypöthesis that - next to the completely fresh water type-.ofti-out - there is
indeed an anadromous population of trout in the catehmen~ area of~e·Rhine and Maas..
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