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CHAPrER I 

,NATUIlli AND PURPOSB OF THE RESEARCH 

A. Introduction' 

The studies prescmted in this thesis were undertaken on a 

Water Resources 130ard grant, under the supervision ot Dr. J .W. Jones, 

0.13.£., at the University ot Liverpool. The work: carried out tormed 

part of a lons term investication into the effects ot river 

regulation on aquntio orgDnisns in the WeIGh Dee and its 

tributaries. At the time of presentation ot this thesis the Water 
I ' 

Resouroes l30ard research programme is in its tirst stage, that is 

a detailed survey ot the present biological, chemical and p~s1ca1 

conditions prevailing in the River Dee. From an en.mination of theo<J 

conditions predictions on the etfects ot further regulation may be 

poosible", and data ,01.11 be available forcomparieon with f\lture" 

research .. (st888 , 2 of the research programme)' atter the implementation 

of the proposed regulation . schemes. Results, obtained trom the ,River, 

Dee, study will be used to, derive general formulae·app1icable·to any 

regulated .river." " ... }' ~ ~.;. • I • '. , 

'" ',' RegUlation ot the River Dee at present comprises two upland 

storage' reservoirs which maintain a prescr1bed~ flow at a point 

appro~at·eiy., haltwny a1ori8 the river cOurse~; . These reaervoirs can 
\ 

',,,.'.-,, ..... ,~, .•• ,~.r ~ ... .;: ... f.. Jk. ~_. : • 

be'used'tor Short-term flood detention capac1ty'and'one'is also used, 

tor the' gemerationot 'eleCtricity. Further regulation of the River 

Dee 1s'plcilned to'include clore 'storage reservoirs' and. an'~estuary 

" ... 
~ ., ... -

r', 
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, {lIyicontrl.bution, to. the" research) Progr~,~ .. ·,.con~st s,; 01\ !l.~~~~.~:,'~ 

on the ecology and population"dyn~cs ot, grD1ling, (Th;ymallu9 

thymalluD t.)" tl"Out ,(&tlmo trutta ~ • .> and: j~ven11."salmon (Salmo 
, 

ealar L.) in ~he upper reaches of ~he. ,R1ye~ Dee, in tlyn~ 'l'e~d. ~'" 
• ... .. "* ..-t .... - ..... 

(now·a stor&.&e.reservoir)· and. in ths unrsgul~ted"Llyn.Tegid, feede;

streams. ~hes. studies were aimed at provid.1ns the Water Resources 

Board programe with information on the bioloB7 of indigenous fish 
~ . 1': "" ,,;. --.,- . ,,~. 

species in the River Dee, especially ot those species competitive 
" ,;.; . • i. .... :. , - -.' . , .•. !. ""'''' '.. . • ~ '.. ~ ,: ,t1-::' . 

with young salmon, on production of salmon in the areaJ end on 
~ ~ '-\Ii.. '" - " ':," ~ }~.' . 1· ", , ~ ~ OJ ~"Ja.:" ..... 

factors affeoting the distribution and migration of salmonid fishes • 
• \ T' " \; _ "": • • • • l ~~ ~' .. , J t" .- -r. c ~ ~ tI'~~" 

The work was carried out in clooe co-operation with the Dee and Clwyd 
'" : • .,: • ." • ..' ~ • !' .... ,' • .'.' "'::..1 

River Authority, individual anglers, riparian ,owners and several 
<C <~"'''''~''';;-k~~ ,' .... ~; ,)......., :. - --:;. ,~, ,t .. )' l>~ ... ,~, '. ' . ~.;,..\ .,4.. ,,~ 

angling societies. 
4 l -~J.~ -:.,. .. ~ .0(:, ... ,- . -, ( '. 

D. "~ ;:Re6U1ation of the River Dee. ,! 'I 

.1' River regulation is:here taken'to'mean tithe storage~1h'the" ""~J 

hiadwater'area':of a"rlver, end the i contrOlled discharge 'or~ water 1...,., 

freCl the storage into the' river in such' a way as', to provide' a: desired 

now, ,or' sequence of'flowe,"at eome point· or pointsJin the;'river'·: '!',l{;~~ 

downstream"~' (Blezard." et ':al;, i970):' ~'The main\ purpose ot this . ; '" 

regulation';.is~to:sUppOrt"abstraotion' for/publio"water' suppll 9.t!&1,('7: 

poiilt -well ;;down tlle:r1ver,'by(aia.1ntainingthe ,t1oir~th'ere :at )a",!; ,,~,~ :..; 

quant1t7' Buttic1.,ntly:-above.Pthe'natUral~m1niun.un~to rpermit. the~) 

abstraotion:'withouttdetriment!to"'the':'river below':th1s-polnt';w;'l'he':"';", 

system~alSo 'provides 7for,·the,detention:·of;water':in storage during· ;.';:.~, 

w't~"eatheri,to·~reduoe~the etreots of 'flood·wate'r 'doWnstream~"":,;,-;; >:r 

R~leases ;of \Yater" frOm "storage 'can- be made in order1 to'-generate n <. ,,~ 
" 
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eleotricity, to improve water quality, and to provide conditions that 

will encourage the migration ot salmon uPBtrenm~ Detailed 

descriptions ot the River Dee regulation sohemes are given by 

Wright (1955), Doddington et ale (1962) and Dlezard et n1. (1970). 

The Dala regulBtion installations and river course alterations are 

shom in plat e 1. 

The tirst storage used to regulate the River Dee was'Llyn 

Tegid. Regulation is by no means a reoent phenomenon on the River 

Dee, sluioes having been built at the Llyn Tegid outlet by Thomas 

Telford early in the 19th Century. These sluioes impounded water 

in the lake to 0.75 metres above the nomal lovel EUld supported 

abstractions from the River Dee to the Shropshire Union Canal at 

Llantysilio (Wright, 1955). The reoent histor,y ot regulation commenced 

with the construotion ot the present Dala sluices (see platee 1 and 2) 

in 1953-56, which, by low.ring the draw-off level, allow fluotuations 

\ ot up to 4 metres in LIm Tegid amd provide about 4000 million gallons 

ot storage. The water level ot Llyn Tegid is controllable between 

the 11m1ts 159.5 metres A.O.D. and 163.5 metres A.O.D. The regulation 

ot, Llyn Tegid provides water tor release to the river to maintain 

the tlow at its prinoipal gauging station at ErbistoCk at 55 million 

gallons per day (2.9 oumeos) during periods when it would naturally 

tall below. this pr~soribed' flow. This presoribed tlow supports 

abstractions from the river ot 38 m.g.d. (1.8 cameos). In operation 

Llyn Tegid is kept as empty as possible during the winter, to provide 

flood detention oapacity, and about one third full during the summer 

to provide augmentation storage during the potential drought pe~od~ 
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Plate 1 

Aerial view ot the Bala regulation scheme. 
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Plate 2 

The ala sluices 

Plate 3 

Bela gauging station weir 
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and soma capacity tor nood retention. This is the reverse ot 

the pre-1955 situation whan winter rains kept the lake level up • . 
The second storage, Llyn Celyn, was construoted by Liverpool 

Corporation and w~s brought into service in 1965,with th, funotion 

ot stcring water ne().esD~17 to maintain ~he !low at Erb~stoclc ot 
, """. • { f 

150 m~g.d. (7.9' oumeos). The increase in the prescribed now 

enabled a further 65 m.g.d. (3.4 cumecs) to ~e abBtrnc~ed trom the 
, 

river by Liverpool Corporation.' The minimum tlow (compensation water) 

permltted"from Llyn Celyn into the Aton T17Wer,y.n'is 7'm.g.d. trom 

October 'to Uarch nnd 14 m.g.d. from April to September. LlYn Celyn 

also , provides tlood detention capacity and is used to generate 

electricit7. IIIIster released from "'yn Celyn into tile Afo~ T17Weryn 
, , 

'-.,. " 

in ettect pa~Bes through Llyn Tegid,. the :Bala sluices controlling 

discharges t~m bot~laKeB into the River Dee (see plate 1.). Water 
" ' 

from Llyn Celyn can thoretore be used to raise' the lev,l of Llyn 

Tegid it required. The opera.tion ot tho regulation system is under 

the (X)ntrol ot a centrally situated computer using information trom 

rainauages, lake level and river level stations, relaYed by a 

telemetr,y system. These features, t~~ether with tha regulating 

reaervoirs and principal abstractions, are, shown in figure 1. It is 

hoped that the operational etticien~,ot.the regulation ,schemes will 

be improved by the uae ot radar installations (also shown i.n tigure 1) 

to measure the detailed distribution ot raintall in tha catchment. 

Releases of water trom Llyn Celyn and Llyn 'regid are under the day to 

day control ot the Dee and Clwyd River Authority, acting in accordance 
in 

with tha general directions provided tor/the Dee end Clwyd River 
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:Board Act 1951 end the Liverpool Corporation Act 1951. These 

seneral directions are outlined by ~lezard at a1. (1910). 

The controlled releases of water used too regulate the River 

Dee are measured at a gauging station 300 metreD downstream from 

the Dala sluices (see plates 1 and 3). The gauging station weir 

, \ 

was originally constructed as a broad-crest ed weir, 20 motres wide, 

trisected by two flumes each 0.6 metres wide, for modular low flow 

measurement, and wss modified in 1969 to a triangular crested weir 

of uniform level (111 upstream slope, 113.5 downstream slope) tor 

modular low nnd medium range flow measurement. 

Tho effeets of regulation on the River Dee fisheries are 

discussed by lre:nonger (1911) who lists the mrdn factors involved 

as being loss of spawning eround, variations in flew, ,and obstructions 

to cigration. The loss ot spawning ground chiefly applies to the 

construction of Llyn Ce1yn and the subsequent loss of many miles of 

s:ll~n spawning gravel in the Mon Tryweryn end its tributaries. 

The,Dee and Clwyd River Authority have attempted to compensate for 

this l_oss by fairly extensive salmon rearing policies. Rapid 

decreases in river floTls are conGidered by Iremonger (1911) to be 

more detrimental to fisheries than rapid increases in flow, and limits 

have been set for reductions in discharges, those from the 13ala sluices 
, 

being nbo~t 0.3, cu:nee/hour. Obstructions to the migration of salmon 
.... , , .... "'. < '" 

o~curat the ~a~a sluices, the Afon Tr.ywer,y.n mouth, and at Llyn Celyn 

dam. The Llyn Celin dam does not incorporate provisions for the 

upstream passage of salmon, but the tormer two obstacles do have 

weh provisions. Passage tor salmon through the &la sluices is provided 
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bl a tishlock, consisting ot two gates in tanaem. A oloseable 

orifice in the up.tre~ gate enables the loak to operate aa a 

6. 

weir at low head differenoes. at larger head ditterenoes the 

downstream gate is opened and olosed automatioally on a regular oycle 

and permits tish alternately to 8Wim into the look from downstream 

and to swim out upstream. The main chann8l weir at the Afon Tryweryn 

mouth 1s provided with a conventional pool fishpass, and the flood 

channel incorporates diagonal batfles on a flat sloping weir. 

Iremonger (1911) states that the Ea1a lake scheme has had 11ttle 

etfeot on the natural mlgration of salmon into Llyn Tegid and Its 

teeder streams, nor has It afreoted the eventual migration of 

salmon into the Afon Tr,yweryn. This would appear to be true sinoe 

salmon were slen in Llyn Tegid during the spring of 1969 and 1910 

only a tew days atter they were first reported ascending Chester weir. 

The Bala slulc,s do hold up runs of summer salmon for short periods 

under particularly wet weather conditions when bigh river flows 

prevail. In these circumstanoes most salmon do not use the fishlock 

but wait until the sluice gates are opened enough for their tree 

passage into the Tr,yweryn and Llyn Tegid. The water quality aspeots 

of river regulation and the development of future sohemes are outlined 

by Blezard at ale (1910). The general ettects ot water storage on 

freshwater tisheries are discussed by Aass (1958), and the river flow 

condltions neoes3Br,y for the preservation of cigrator.y fish lite are 

consldered by Baxter (1961). 
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CHAPrER II 

SPECIES OF FISII sruDIED 

1. Grayling (ThymalluA thyealluA LinQ.) 

A. Previous Investigations 

Few studies have been made of grarling in the British Isles. 

Some research hns been carried out on age, growth and scales by 
. 

Hutton (1923), Gerrish (1938,1939), Jones (1953a) and Hellawell 

(1969b) J on fcod and feeding habits by Limbert (1939), Rs.dforth 

(1940), Siddiqui (1969) and Hellawell (1971), on general biology 

by Bellawell (1969a). and on population structure by Mackay (1970). 

These studies are discussed in more detail in later chapters 

together with the greater' &mount of European literature on grayling. 
. ',' 

The present stucSy was desisned to investigate the biology. of BTqling 

in Llyn Tegid and the upper reaches of the River Dee, being the first 

study' of gray11118 1n the latter environment, and the first detailed 

study ot Llyn 'regid' grayling. 

B. Classification 

The claas1ficat10n ot the European grayling Ilcoordinc to Berg 

(1947) is as tollows I 

Phylum Verteb~ata 

Subphylum Craniata 
, . 

~perolass Gmthoatomata. ?' .' . 

Series Pisces. 

Class "T,e,leostoCli 
" 
,SUbClass Actinopter,yg1i 

. , 



," ~. .' '" 
", 
I 8. 

Order Clupeiformeo 

Sub Order Salmonoidei 

FaciilrTbymallidae 

Genus 'rbymallus CUrler'1829 

Speci"s ThYamllltnthymallus (Lirinaeus) 1758 

c. Orirrtn of common and speoifio nAmes 
•. ) r, 

The origin of the ooccon nnce "Gra3'linc'~ haa beon dioCUBood 

by a n~ber ot authors (Yarell, 1836. Day, 1881. 
-< 

Pritt, .,1888, 

Bolt, 1905., Platts, 1935~ 1939J ., n,nd 'rutin, 1961) Dnd iq generally 
< t.. . . . .. , ~' 

oonoiderod to bo 11 corruption of tfgrey-lines", a referenco to the 
, • • ~ ',: "<~ 

characteristic markings on the sidets of the fish produced by ovar-
T _ - ~ fl. • • , 

lapping scales in serrated rows (Pritt, 1888). 'rutin (1961) conside'rs 
, . 

that the name COQOS fro:n the Gel'Q:ln, Grau, or gr.y tish. 'rho Germ:m 

ntme of the fish, Asche, refers to'the ash-sorey colour of the grayling. 

, , 

110 satisfactory etymological dari vation for the grayling's 
'i' " " 

alternative name, "Umber", has been found. Theories have been 

propounded that' th~ fish' t'~os 'thfa name' free th~'Latin Umbra,' 0. 

_, • >, ", • • ~ f ~. - ~ .. • - , ~x" 

shadowJ froiD "U::lbor" a pi(;CentJ from Umbria, a dif;ltrict of ancient 
" :$,., 

Italy; froiD "Umbra", en Itl:tlian river in whioh it abo~dedJ and ' 
"). ~ ~ ~~, : ,-.).:_~ , ~" ., . , " .. ) • l' J ~ J.' './'\" r • • • 

fraCl "Humber". tho Yorkshire river in whose tributaries it flourishes 

{Plti'tts; 1935);." 1!o3t- authors .favour the shcdow theory, whiCh reters' ',,', 
l., ...... _. > \. .~l l. .... t:: ... ,:,; .... '. ~;:. p.~, ~'." t ..... r >- ".~" ~. 

to the grayling's 1mbi t ot t~tading from sight like a shadow upon .. 
..... -,.~, ,.,:,,;,..tllll~· -. t\" .'~ '1' .... ,.," l.'~~"" _" ',. " .. '," I~.' 

, , 

being alrm:ned~' :(Platto,~ 1935). The French name, Ombre, nlaorefers. l • '1', 
.- - - > '\' 

to 'the 6hido~iikei' nPllearDnCe of the Brorling. Tutin (l96l) " 1'; 
." d ...... ~ (, ~> ....... ~ 'l J.. - ~ ~~ J." . It. )< ,. 4: " :.:... • . . "" '. ~ ,\, +' .~:.." 
poGtulated toot the P.ivcr lh.cber was sa-called because of the abundance . 
. ", ... ,,~.,~ ... ; ;-#-~.:.,,>-~:. t·~A·"'r<, ~ '~ __ :oj:' \~\ ,,'i"~' 

of' grayling (ItUillber") in it, rather than grayling being named after 

, \ 
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the river. 

The scientific nsee, Tbymal1us, 1s supposed to refer to the 

resemblance of' the odoUr ot a freshly caught grayling to that ot 

tbyQe. Pritt (lS88) pointo Qut, however, that the plant originally 

referred to in this conten, which is f'ound in certain Italian 

rivers containing grayling (Italian name Temolc, a modem variation 

of' the old Latin ,Thymallus) is the watel"-th1me" n plant having no 

scent. The treshly caught gr~ling,does have a distinctive odour. 

and ,Rolt (1905) t~ught, that the, explanation of' the name TbJ'malluD 
\ 

was to be found in, the adjective thycy, which can Clenn either 

"stalling of thyme", or r::Iore genernlly,. just "fragrant". 

D. Snecific characters 

The sp~oific characters ot grqling have "been described by 

a number'ot writers and Clost recently by Jankovic (1964) in his 

general review of European grayling. During my study ot grayling 

in the Welsh Dee 8 number of' characters ot 100 sraylins were examined, 

&nd the results are shown in "table 1. The comparative ficures given 

bY' Jcnkovic W.cit.) are show ,1n parenthesis. 

Table 1. Specitic characters ot grayling trom the Welsh Dee. 

Number ot scales along 'laterol line L---

Number ot scales tram dorsal tin to lateral-line V

Number of scales ~rom,ventralfin, to .l~teral.line 

l;u:nber ot rays in dorsal tin J 

Number ot r~~ in ~al tin' ../ 
Number ot gill rakers ·'on first 'gill arch ,.../ 

Number, ot,pyloric caeca .. ' ..... ," 

\ '11-90 (18-98) 

1-9 .( - ) 
7-8 (-,) 
18-21 (18-21) 

11-12 (8-16) 
20-26 (20-29) 

17-23,(12-31) 
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The large dorsal fin is a vert distinctive characteristic 

01' the grayling and instantly distinguishes it trom other members 

01' the SallllOnoidei. At spawning time the posterior dorsal tin 

rqs of mato .grayling becnmo elona-at.d, end the overall colour 01' 

the tish darkened. 

E. ...D-.is-.t ... ri __ bu_t ... i,.,o.-n .. 

The present distribution of grayling in the British Isles is 

shown in tigure 2 (by ldnd
t
perm1ss1on ot Dr. P.S. Maitland). 

Pritt (1888) considered that 8l'eyl1n~~'were originally introduced 

into Great Eritain from the continent by monks, 'but subsequent 

authors (Holt, 1905, Platts, 1939) .. P9~~'~d out that the greyling 

is a vert difficult t1sh'to~d.le an~ to transport, and that it 

wae vert unlikely that the monks had sufficient expertise 01' knowledge 
~{ "'. ,,~~ ... ~ • ',.... ,,,: I 

to successfull,. introduce theee fish as; Pritt suggested. Theae 
" /f~.: ~, ,j) . 

authors concluded that 'grayling were indigenous to Br1t1sh rivers., . 
, ~ .. ~ ;. ~ .... ~ ~ 

---.... !' {' }:: 

~ ~ " :\ 

Platte (1939) discussed the origins of srqling at SOIDe .'1,.. 
.$' ~'l , '1 ~; 

1 ,', 0f0 "j 

lenGth end considered that eraYling reached British rivers via the 
, ,. :~ "'t' .. ; 

;:~,.1. .. 

preh1Gt.orfc' UoI1h Sea River, ''01' whiCh our east coast rivers were 
• ,,-+-,~ '\ ::. € ". t! 

trlbutar1e~. He thoucht tluit the Sco~.:tisb rivers would hnve .been'" 
'f/' ~ " ..... < • .,"-"., "".;.J ",,1 4 

. ,'" ". ~t !.. , 

too rapid fo-r- col()niza~ion by g.rayl.~ng, but that some of the English 
" ft',,., -I: " .. 

rivers, in particular 'the H"9~er, would have been 1deally suited' ~o', 
~ ..... -....~, • - '. "\# -1( "'; _,'; .,t/"~ 

the grB1ling~s ecological requ1rements._,~ In add1tion to the east coast 
• ,\" t..... ';.. -..r" .. .., 

; IJ ~ ,3 t_; ft.i ¥. ... 'j ;t~1r1?'~ 

ri vera, ~~l1ng appoar ~~ hav~e .. b~.~~~lnd1~~.~._ to· the JIampshire Avon, 
-"",." !If li !,~~~"-",,, · ....... ~,a ...... · ~ -.. "1 .. / 

the Welsh Dee, the ~bble sndLthe-sevemlr.ye system. Plutte (op.cit.) 
i )' -. 

:>'''1>, .. ....--4 ... ·-''';'7 .. 
_ considered that ·,!roc their original distr1bution in the Humber and 

."" !~"1... ~~ I" 

I ,.- , 
-\"'t t 
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1 ts tributaries, grayling found their wq into the Severn and 

Ribble $Ystecs following geological upheavals resulting in the 

exchange of tributaries and/or connections between the headwatere 

ot difterent river systems. In the same way he postulated that 

grayling raached the Hampshire Avon via the Severn and Thames' 

tributaries. The headwaters of the Severn and Welsh Dee are in 

close proximity to one another nnd grayling maT have been 

transplanted from the former to the latter. Lake (1900) considers 

the possibility that the upper reaches at the Afon DyfrdW1 (Dee) 

represent the original headwaters of the Afon Vyrnw,y, and 

similarly that the Afon Lli. and Afon Llatar, and the Afon Tr,ywer,yn, 

represent the original headwaters of the Afon Danwy and Afon Tanat resp-

actively. If this was so, then the pregence ot grayling in the 

Welsh Dee would be easily accounted tor. Subsequent extension of 

the distribution in the Dritish Isles has b&en brought about by 

tha introduction of gra,ylins by man into new environments. These 

introductions have been particularly successful in rivers such 8S 

the Exe (Devon), Test . (Hampshire) , Itchen (Hampshire), Eden. 

(Cum~erland), Clyde (Lanarkshire), Tweed and Dor.der ESk. 

The distribution of gr1l11ing in Euro~ is discussed by Dars 

(1962) and Jankovio (1964), the latter author also given an account 

of related species of the genus Tbymallus in Asia and North Amerioa. 

" 

F. Snorting value 
'in, .. ··:,., .. ~'. 

The regard/whioh grayling are held as a sporting fish varies 
, . 

considerably in ditferent parts of the Dritish Isles. In the' south-' 
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country chalk atreamo thel ara largell regarded as vermin and 

detrimental to the well-being ot the muoh preferred trout. These 

waters are in fact more suited to the sr01lin5 than to the trout 

(DrvshaVl. 1971) and belong to the tt8l"syling zone" of Huetla (1949) 

class1tication ot western ~uropean streams. The trout are 

cainta1ning a preoarious tooting in this zone (Drayshaw. op.cit.) 

which can onll continue it the stoeles of grayling are regularly 

culled. Converooll. grayling are held in ver:/ high esteem in many 

Yorkshire and Derbyshire streatils "here they fulfil a. popular 

de:nand tor Illlgling during the trout olose season. The latter is, 

aloo so in the Welsh Dee, the subjeot of this study, although 

many anglers consider that the increase in,tbe grayling population, 

which has beon apparent in reoent years, is detrimental to trout 

fishing. 

o. Grayl1nB' in the Welsh Dee 
, . .., " 

The River Dee from Glynd1'frdw;y to Bala conforms olosely to 
'A t, l., , 

Huet's (1949) "grayling zone" and the dominanoe of grayling over 
, . 

trout is to be expected in this area, in the absence of management 

procedures. An inversion ot the t7pioal sequence ot river zones 

, occurs in the Dee with a "trout zone" occurring below the grayling 
-;? • ' _ • c c; , , • "," " '. , '" ,> 

zone in the stretoh of river between Gl,-ndy'trdwy and Erbistock weir 
.. ) ~ .., ~ $. ;~" -!J .. 'f'. ;." -: ~, < :'" J' .. ~, .:. ' •• _.... > ~ ,--' , • ( 

(see Chapter 3, figure 3). Trout appear to dominate this stretch , 

ot river but evidenoe points to the continuing encroachment ot 

'grayli-ng "1rito ··this"area (De'e and Clwyd River Authority reports). 

't. p. ~~! ... '-4·~ .4....' j'" , 

Giraldus-Cambren'sis (in Itin'erarium l(ambriae, Volume VI, p.33,1868) , 
",~:.', ~" ... >!~'" ~"''''" ' .. 
reters·'to'ths presence ot graylinS in the River Wye.' The' earliest 

, 
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reterenoe tound to gr~ling in the River Dee was Davy '(1828) who 

observed that grayline were found "not near the Valle Cruois Abbey, 

but highGr up botween Conen and Ba.la. It ICing (1945), in the 

Annual Report ot the River Dee FishoI7' Board, mentioned the 

abundancG of grayling in the Dee between Cor"on and Bala. Ite 

consider.d this stretoh of river to be trout and salmon water, and. 

gl"oyling to be intruders which were tlorG suited to the quieter 

reaches ot :the river below Erbistoc!c weir. In taot the roverso is 

true, the upper reaches being ideally suited to the needs of the 

grqling. The 1952 Annual River Doard report utated that grayling 

had shown a reoent deoline in nu:.:Jbers, being ooarce· at Corwen and 

not nearly so n~erous in tho Cynwyd-Llanderfel reaches as hitherto. 

Orqling appeared to ro:na1n scarce in tho Doe until after the 

completion ot thel3ala regulation works' and.' from 1956 onwards 

increasing numbors ot, grqling were reported. The spreading ot 

grayling downatre~ in the Dee end. into tributaries such as the 

T~e17l1J Al1fe~ ~~d. Cei~~~9 , was also noted. In 1957 grayling were 
~ '" -" • - .. ~ , '!>"" .. ~ 

being caught above and below Llangollen weir. in 1960 below 

N~wbridS~J';' "in 19'63 aroUnd :&n80r-on-DeeJ and by 1964 a tew 1'ish were 

even be1n8 'taken on t'he Groves at Clleste;.· RePorts t~~ the Dee arid 

Cl.qd J R!ver:AutbOrltlindicats'that grailing arG still on the increase 

1.n"th'e 'R1ver!Doe""conBiderablY'outnumbering trout" in the upper' 

roache's,> and are" cOnt1~uingto . spread into' the lower "and middle reaches • 

...... ~ .. J , " ~-._ • ( : .. \.' , ~ .; 

H. Gray11nr in Llyn TeGid 

Llyn Togid 10 the only natural loke.in the British Isles in . . "'\. r: <.:-t' ... ",," .; ~ ~ ";: ~"i, .'~ " ' .. ', ' ','. 

which l)Tq11ng, live, although grcyl1ng may be commoply found in ' 
:' .~ .. :.,.., .. " .. 4,4, .. '·'·, ,~"';: • - - r7"" 
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Europesn lakes (Muller, 1961, Dahl, 1962, Jankovl0, 1964). 

Orqlil18 are also found. in the Dritlsh Isles in Oouthwaite 

Reservoir, Yorkshire. This reservoir was tormed. bl the impound

ment or the River IUdd, and grayling trom this river continued to 

thrive in the new environment (Parry, pers.come.). 

The earliest River Board reterence to grayling in Llyn Tegid 

was in the Annual Report tor 1945 which mentioned. the captUre ot 

several grayling in the lake and in the lower reaches Qf its 

teeder strums. The numbers ot grqling caught in the lake 

appeared. to inorease eaoh year tro~ 1945 onwards, even at the time 

when theae fish were reported to be scaroe in the River Dee (Annual 

Report tor 1952). A a1c11ar increase in netting captures w~s also 

recorded bl resaarch mrkers from the Universitl ot Liverpool, and 

some possible reasons tor this increase were postulated. by 

Siddiqui (1969). Further reterence to these observations are made 

in later chapters. 

2. Trout (Salmo truttn Linn.) 

A. Previous investigations 

A great deal ot research has been carried out on brown t~ut, 

both in Great Eritain and,in other countries, and it is telt 

unnecessary to give n general account of this species here. No 

research has been carried out on trout in the River Dee but a 

considerable emount ot work has been done on Llyn 'I'egid trout by 

BAll (1951, 1961), Eall and. Jones (1960, 1962), Graham (1960), 

Grahrun and Jones (1962), and Siddiqui (1969). The work carried out 

by these authors was chiefiy concemed with the age" growth, diet and 
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;, ' 
,\ ",' 

,1!,. , 

movement ot trout in Llyn Tagid, but inoluded some investigations 

into the growth ot trout in the L17l1 'regid reeder streams and the 

ciaration ot trout trom theso streams into Ll1%1 1'o81d. 

B. Prosent studies 

In thia study an attempt bas been made to investigate the 

populationa ot trout in the Llyn Tegid teeder streams and in the 

upper r.aohes or the River De.. This work was aubsidia1'1 to the 

cain invastigntions on young salmon in the Llyn 1'egid feeder 
., 

streama, and grayling in the River Dee. Other studies are also 

being oarried out on trout in &'lIall streams in the Dee ana Clwyd 

catchcent area by P.R. Lees, A. Cane and M.A. Rahim from the 

DapartClent at Zoology , Liverpool Un1 varsi ty. Thia work is to be . . 

continued and further researoh on the lower and middle reaohes ot 

tho P~ver Dee is planned. 

c. Uanagement or trout risheries . 

The Dee end Clwyd River Authoritycarrt out limited stocld.ng 

or brown trout using mostly 3-51' yearling fish troc Chirk hatcheI7 

together with ElOm8 wild trout transferred trom the Aton" Brenie 

salmon nursery stream. The numbers ot trout stocked during recent 

years in. the upper Dee area are shown in table 2. 
t '. -

., . 

• 

'. 1:, 

~,- '~ ... ~ . . , 
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Tnble 2. llumbers at Trout stocked. in the upper Dee area by 

the Dee nnd. Cltqd River Authority. 

Rlver Site - No. in enchYanr 
1964 '19~5 1967 1968 1969 1970 

A. Lli. L1rmuwohl1yn 

R. Dee 'Dala 500 

Bodwen1 -
Llandrillo 300 

Cynwyd. 

500 

I, 

. -
250 

500 
.~. 1" , -

450' -' 

Comen' 800 \ '500 \ , 500 

D. Trout in the Welsh Dee 

500 '500 

550 -
500 500 

'-

-
500 250 250 

'. ,-' ..... 

,', 

The apparent ousting otthe trout population-in-th. upper Dee 

by grayling (Xlng,1945) was mentioned in the previous section, 

but it Bee~B likely that grayling have always doc1nated trout in 

this stretch of river, Bince conditions tavour the grayling rather 
'. 

than trout. From an examination ot River Authority records it does, 

however, appear that there has been a decline in the Qua,lity of 
\. .' ~ f • - , " \, 

'trout tiDhing in 'the up;ler and middle Dee Bince' the upsurge in 'the 
~ > .:' ~, , 

sr~l.i.ns population. 
1"1' ~ ~ l ,~ ~ " . 

3~Juvenile Saloon (Selmo Gslar L1nn~) . . . , 

.. . ~ ~l" 

A gr'eEit' deai"~t"'researcb b~ alSo been "cm1ed out· on the 
, ... ·' .. "i'~.#"\ .. f ..... -~, ,,' • "tf> , '. /s-~. <~, ....... ,'"~, l, 'ff .. ~ t 

Atlantio s8.lmoni' at 'all stages in its lite'h!stori', arid. no' attempt 
",.+ ' ..... - -' ".A -:.,. .'. ~ ". ,!' •• , .. ~..,,' '"\ • ~ 

will be' made here to review the vast ~ volume ot -1i teratura 'available. 
":: ~ "!" .... - '" 1 '..' """", ,4t' I' ~ .., ". , • l ~ ..' • , 1; 

:A. reoent"bibliography of the"Atlantic salmon was prepared by' 
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Eergenon (1962), and a review ot the literature wan made by 

Pye1'inoh (1955). Jones (1959), 1n his book "The Salmon", gives 

a detailed account· ot the salmon's lite hiotor,r and biology, and 

Mills (1971) desoribes the ecoloGY, conservation and management 

ot slllmon and trout in his reoent book. Studies have bam mOOa 

on adult salmon in the Dee area by Jones (1939, 19508, 1950b, 1951, 

1953b) and Jones and I1ng (1946, 1949, 1950n), and on juvenile 

salmon by Carpenter (1940). Jones (1940, 1947, 1949) and Jones and 

King (1939, 1950b, 1952). The studies made by Jones (op.oit.) and 

Jones and Kins (op.oit.) on juvenile salmon ware concerned with 

the spawning of ripe male salmon·parr, the passage ot smolts into 

saltwater, nod soale exsminations in relation to BTOwth, migration 

and spawning. Carpenter (op.oit.) studied the reeding ot salmon 

parr in the River DGe. 

B. Present studies 

~h1D study, together with the work being carried out on other 

streams by P.R. Leas and A. Cane, is the first detd.led investigation' 

ot the populations of young salmon in the River Dee aren. This 

work has involved the examination ot the populations of salmon parr 

in the Llyn 'l'egid feeder strenmsJ the migration ot salmon smolts . , ' 

out ot these streruns into and through Llyn 'l'egid, together with the 
" 

predation ot pike (Esox lucius L.) . on the smoltsJ and the 

examln~t1on of salmon parr caught from the River Doe ~h1lst 

sampling tor grayling. Other research workers from the Universi tr 

or'Livorpool Will be continuing studies on young salmon 1n the 

area, and will be extending the work to cover the middle reaches ot 
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the River Dee and turtber tributaries. 

C. Management of the Doe oRlmon fioh8rie~ 

Tho River Dee is a valuable salmon fishery and tho preservation 

of this fisbery io of prime importance to tbe Dee and Clwyd River 

Authority and to the Water Resouroes Board research programe 

outlined in Chapter 1. 

(1'171) . 

Iremonger/conoludea tbnt regulation bas apparently had~ no 

deleterious ofteots on the salmon stocks in the River Dos and quotas 

salmoll redd counts and catoh records 1n, wpport .of his statements. 

The redd counts made by River Authority bailifts in the Llyn 'l'e~d 

feeder atr,ams and the upper Dee during reoent years are shown in 

table 3. 

Toble 3 Salmon redd counts in the Upper Dee araa, 

(i) Llyn Tegid feeder ~tr8am8 
River No. of redds counted eaoh yenr 

1964 1965 1968 1969 1970 

A~Ditrd:q 30 
..".\ 

22 3 20 

A.Olyu· 24 "- 1 7 ' 

A.~rch , ·15 1 11 7 

A.Llatar 20 15 6 17 : 
<. "' 

t 
(ii) R1 Vel' Dee ~ (upper"rea'ches) - =. . 
~ No. of redds counted eaoh lenr 

1961 1962 

13a1a/Ll~dertel 531 .... :'"! .;~ 452 
,,", ~' . ~ .. '" f~' ..... - '. 

L1~dertel/Cynw,yd 605 685 

Cynwyd/Conen 304 243 

8 

5 

6 

.' 8 

. ' .. ~ .~ '''';':/::-:-
... ..., .,0'-1 c.;"~"""'''\" ••. _~ 
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As a result at tho constructicn at Llyn Celrn (seB chapter 1) 

and the subsequent loss by innundation ot much ot the salmon 

spawning grounds in the Alon Tr,rwer,yn, it was felt desirable for 

the Dee and Clwyd River Authority to lUlE;tllent the natural 

reproduction of sumon in the area by the artificial propagation 

of ;young aalmon, in all stages of development, at least equal in 

n~ber to those estimated to have been lost to the river 81stem 

by the Llyn Celyn works. The River Authorit;y use two methods to 

aohievo this 1-

(1) Rearing and distribution of hatchery bred try, under

yearling parr end pre-omolta. 

(2) The utilization ot specially selected streams, which " 
are naturall;y inaooessible to salmon, ao nursery 

streams, by stocking with saleon tr,y atter the renoval 

of predators and tood competitors. 

The supply of eggs reared in the hatoher,y are obtained. from adult 

salmon oaught in n fish trap below Llyn Celyn dam and in a weir 

fish trap at Pont Barcer. 

The numbers ot ycung salmon stocked in the Llyn Tegid feeder 

strea:ns ,and the upper Dee dur.1ng recent years are shown in ,table 4. 

Table 4. Numbers of young salmon stocked by the Dee and ClW)"d River 

Authol1ty in the Ll;rn Tegid teeder streams and the upper Dee. 

!22! 
A. Lliw 

A. Twrch 

A. Llatar 

Eyed. ova 

50,000 

50,000 

unfed f17 underzearling part 

~ total 

~ 50,000 
-
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TobIe ~ cont. 

~ Eyed ovn unred f'rx unde;yearllng pnl 

A.Twrch 10,000 
A.L1l. I total - -
A.Llatar - 140,000 -
R.Dee (Cor-fen) - 15,000 

.llil. 
A.Ui. 50,000 - -
A.Llatar 50,000 - -
A.~rrdw:l 50,000 -

The plnnting out or 'l.d ova has been discontinued in the 

Dee area, but used to be carried out during Jnnuary end February_ 

Unred t'r1 are planted out during May, and underyearllng parr in 

October and Novecber. No stocldng of the LIm Tegid teeder stroams 

or the River Dee has been carried out by th¢1ver Authority since 

1967, Clost of the stocking efforts ot the Authoritl now being 

directed towards the use of nursery streams_ The eggs and try 

planted in the Llyn Tegid feeder streams betore 1967 ware plaoed 

in the upper reaches ot the streams and, where applicable, above 

impassable falls. 
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CHAPTmR nI 

DESCRIPTIONS OF THE SAllPLING SITES 

A. Introduotion 

studies were made on the salmonid fishes in the following 

habitats I 

1. Llyn ~eg1d feeder streams 

Mon Dyfrdw:! 

Aron L1i. 

Mon Llafnr 

Aron Twrch 

Mon Glyn 

2. Llyn Tegid 

3. River Dee 

Eala to Corwen (upper reaches), and several small 

tributn17 streams (Aron Ha:fhesp, Mon Uelooh, 

Llanderfel brook, Afon Ceidiog, Aron Llynor, 

A. Cammddwr and Mon lJorvqn1on). 

The location of these habitats can be seen in figure 1 (chapter 1) 

and detailed descriptions are given in the following pages. 

B. GeoloeY of the area 

The £801081 of the upper Dee area is shown in figure 3. The 

13a1a or Caradoo beds fom the main feature ot the area and consist 

of sandstones, slates and mudstones together with shales, flags, 

limestones and SOlDe interbedded volcanic rocks overlying the 
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Figure 3. 

Llandovery-Tara~non beds (Valentian) 
(Silurian) 

Wenlock limestone (Silurian) 

Felsite, Quartz-Porphyry, Lime, 
Bostonite, Porphyrite and Andesite. 

Basalt, Dolenite and Diabase. 
(Igneous rocks) 

Horneblende and Glaucophane Schists. 
(Pre-Cambrian) . 

Alluvium River Terraceo and Peat. 
(Recent) 

Bala (Ashgill, Caradoc ), Llandeilo snd . 
Arenig Beds. (Ordovician) .. 

Ludlow Beds. (Silurian) 

, . 
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Llande1lo·.and Arenig ,beds. 13al~ limeatone is generally very 

impure and rather 10ca11sed. The Alan Glyn, in 1ts uppe~ reaohes, 
• to.: 

tlows throuE)'h an accumulation of this limestone and consequently 
r • " 

has a much higher calcium content than the other Llyn Tegid 
,~ .. 

teeder, streams (see Table ~) ~~ Intrusiye and., contemporaneous 

igneous rocks torm much or the mountainous area to the west and 
" _ ' ,l ". 

southwest or Llyn Tagid. 
, .... 

• to. , ,~ ;, 

The formation o,t Ll~ Tegid and th~l dev~lopnent; ~f .. i~s 

associated river. systems were discussed by Lake (1900). who 
• • - .. , ~ .... II , 

stated· that Llyn .Tegid 11ea 1n a trough between, two. taulto, 
• ~ .' ... ' jo • ... , ..... \.." , 

modified by other fauUs crossing the trough obliquely. The 

lnterrelatlonshipsof the Llyn TeBid reeder streams and 
.. -. ~ --" : ~ .. ~ 

tributaries or the River Severn considered by Lake (op.cit.) were 
• • ~.' ,-.. .. 4;. f'" ~.... ,-- " _.... " 

referred to in chapter 2 (section lE). Extensive areas' of 'alluVial 
... , ...,~ , " 1 ~ \:;, :: .. ~..' '\'" ~ _ ,.' 

deposits occur at both the southwest and northeast ends of Llyn 

Tegid • 

• '1~ .V "'" , '. t t.h'; ," 4.I'i'i'" r .. 1, ~~- )!~ . ' 1" • ~ ~ T, 

Below Llyn Tegid the River Dee flows tor Skm. through an 
. ';~ , :., ;; -. '" , ..... - ~ , • I -. '. : ; ~,. • : .' _ • I' t.. 

alluvial tract over,yling the Bala beds. In the Llandertel area 
"'I • ..;: .~: ~.... ,' •• ; '~",-, : ~ , \ ;"" . ~. "_'\ _. • ~ 

the hills 0108e in on the river for about lib. before the river' 
. -: \~.;. ~ .. ~- ~" ~ ,.-t.. ~ 

again enters braod alluvial flat a which then continue to Corwen. 
, ,,~. t • ~ 'l" - • '; " ~ "'1 I -' '1 t" - JI' , "" 

The Ll~dertel hills cons1st largely of Llandovery and Wenlock 

grits, si~tes and. limestonf;;.The g~l~l~~al ~rig1nB of the' 
, , , 

ru.ver Dee system were des~b'~d by ~say (1816)' m;d th'e dr~age 
\.' 0- '.",' ,j ~ . ~ -

of the area by Brown (1960) ~ 
, .;-

-,- ~- , ,.,' 
" 

" . 
C. Characteristic features of the sampline sites 

1. Llyn Tegid feeder streams 



a. Location of aAmplin5 Bites 

The Llyn Tegid teeder streams were sampled principally tor 

jJvenile salmon (with the exoepticn ot the lower renohes ot the 

Aton Dytrdwy) and sampling sites were chosen acoord1ngly. Atter 

preliminary surveys sites were chosen which were reasonably 

aocessiblo, which contained large nu:nberB of young salmon, IUld 

for which the necessary permission tor sampling could be obtained. 

With the diversity ot Welsh hill tnrma IUld lanSUJge difficulties 

the latter factor was not alwQYs easily overcomeS Sketch maps 

11lustratins the position ot the sites chosen are shown in figures 

4 to 10. 

b. Physical teatures 

The physical features at the Llyn Tegid reeder stream sites 

are presented in table 5 using an adapted cla8sification system 

based on that ot Cuinat (1970). 

Views of a number of the sites can be Bem in plates 4 to 11. 

Note the extensive salmon spawning gravel in plate 6 (A.L1iw, site 2) 

and the gabion weirs in plates 9 and 10 (A.Glyn). These gabion weirs 

are used tor the retention ot gravel and limiting erosion, 

particularly in the lower reaches of the Aton 01111 and Men Dyfrdwy 

tolloring the lowering of the water level in Llyn Tegid. The 

series ot weirs in the Men Olyn conveniently divided the river 

up into a number of easily fishable sections. Sites 5 to 8 on the 

Mon Dyfrdwy can be seen in the aerial vie\y ot Llyn Tegid (plate 12), 

together with the Afon Olyn and Mon Lla.f'ar inlet s. The At.;:;on Olyn 



Figures 4 to 10 

Sketch ClapS to sbow the llOaition ot sampling sites on the 

Llyn Tegid feeder streams 

5H903322 • map reterence - National Grid 

p • pool 

RB - Road llr1d8e 

B3:B • Railway :Bridge 

F.B • Foot Bridge 

~ Gabion "eir • 

g • Gabion groin8 

.164 • altitude (metres) above O.D. 

1,2,3 etc. • samplifl8 site numbers 

~ • boundaries ot sampling site. 

(not to Dcale) 
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Table 5. 

ICel' I 

riffles 1 • seotion ot rapid water of moderate depth 
flats 

Lbo • large boulders (diarn. 5OOmm.) 

Sbo • small bouldors (diam. 200-5oOmm.) 

Lpb • Large pebbles (diem. 50-2QO:nm.) 

Spb • Snall pebbles (diam. 20-5Omm.) 

Lpb 
I • Large and small pebbles present in 

Spb equal quantities 

• none, absent 

(.) • tn, emall quantitl' 

+ • moderate quantity 

++ • abundant, extensive 

;\ 1.., I:, \",~~" 
. - -~. 



site number 

],enr:th (m) 

1.:ean width (m) 

Length 1: width (m2) 

?Jean slope (;t) 

II!ep.n denth in riffles (em) 

I:umber of 

flats (em) 

pools (em) 

riffles 

flats 

pools 

Table 5. Physical characteristios of sampling sites on the Llyn Tegid Feeder Streams. 

A. Llafar A. L11w A. Dytrdwy A. Twrch A. Glyn 

1. 2 3 4 1 2 3 4 1 2 3 4 5' 6 7 8 1 2 3 4 5 1 2 3 4 5 

41 41 46 46 114 46 64 82 64 50 41 58 25 85 105 130 41 33 3B 59 64 21 21 31 45 73 

6.1 7.6 4.0 6.4 1.3 7.6 1.0 8.2 5.8 5.5 4.3 5.2 12.314.2 16.0 18.1 6.1 6.1 7.6 7.9 8.5 7.3 6.1 6.3 4.6 4.6 

250 312 184 294 832 350 448 612 311 215 116 302 301 1201 1680 2353 250 232 289 466 544 197 165 233 201 336 
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76 
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46 

16 
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0.9 

25 
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1 

10 20 

46 38 
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1 1 

2 2 

Bottom Deposits dominant Lpb ~~~~~~~~~~~~~~~~~~~~~~~~~ 
subdominant Sbo 

, I I I I I I I I 
~~~~~~~~~~~~~~~bbb~~~~~~~ 

1QLch shelt~r blocks & ro~~s + 

vegetation 

++ + (+) (+) + (+) (+) (+) (+) (+) ++ 

roots snd undermined. banks (+) (+( ++ 

Sl'2":rring e;ravel (salmon) + 

8J'9.j~ 

~ of river 

;.:~ -, r-:-ference of source 

Altltu~~ of source em) 

TC~'11 t~n<>th of river (lan) 
(excluding tributaries) 

+ (+) 

++ 
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10.1 

+ + 

(+) (+) (+) -

(+) ++ ++ ++ 
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and. Aton Twroh both contidn taIls in the lower reaoh~s which are 

impassable to salmon and. my .ampl1ns' site. :were situated downstream .... -' , 

of these taIls. Tho Glopes at the ~eedlr s~renms in the .ampling~ 

area tall into the lower trout and upper grayling zonea or Huet. .1 

(1949). 

U'ater temperature. were taken on eaoh sampling visit, aro~d 

midday, by both M.A. Rahim (sampling invertebrates) andtllJ'selt.- .' 

The combined monthly results for all feeder streams are shown in 

Table 6. 

Table 6. 

Month 

Feb. 1969 

Mar 
Apr, 

Yay 

Jun 

Jul 

Aug 

Sept 

Oct 
Nov 

Deo 

Jan 1910 

reb 

}dar 

Uonthly water temperatures in the' Llyn Teg1.d' feeder streams. 
-01'" 

,-

\ 

Range of temperature °c 

1.5 - 3.0 
3.0 - 4.5 
4.0 - 6.5 
5.5 -13.5 

10.4 -14.0 

13.0 -20.0 
13.5 -18.0 

8.2- 14.0 

~.5 -11.5 

3.0 - 5.3 
3.0 -'4.0 
2.8 - 5.0 

2.3 - 5.0 
2.0 - 5.5 

, .J 

. ," I"! 0 
Mean temperature C 

2.1 

3.5 .. ". .~. 

5.4 
9.6 

. ·12.8 

14.5 
15.5 
12.0 

9.0 

4.9 
3.8 ", ... ' 

Water flow msanurements in the Afon 'Dlfrdwy at a gauging 

station juSt:be1ow the Aron.Lliw confluence have been carried out 

since July 1969 by the, Dee and. Clwyd River Authority. The results 

of theso measurements from July 1969 to June 1910 are given" in Table 7. 



• ~ ~. I ~ ~:~ .~. ',.' .,,1 ," ... ,.... • ," ,,'~. 1~ .~<:~) ~_ t' ~ ~i _' _ ' ,~ 
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TobIe 1. MOnthly measured tlow (cumecs) in tho !fon D,ytrdw,y. 

:Uonth Total lJecn Mu. llin. Highest Lowest 
Uonthlr daily . d&11y daily flow" , tlow 
now t10w tlow tlow - -- - - -

Jul)" 1969 8.938 0.288 0.963 0.154 2.01 0.15 
Aug 25.286 0.816 2.178 0.183 8.01 0.18. 

sept 21.743 0.725 3.459 0.244 5.85 , 0.24, 

Oot 41.856 1.350 6.670 0.537 12.78 0.51 

Nov 164.215 5.297 24.733 0.726 41.02 0.64 

Deo 129.700 4.184"' 21.104" 0.740 40.10' -
Jan 1970 96.719 3.120 11.973 0.598 31.19 ,0.36, 

Feb 175.180 6.256 25.793 0.984 52.60 ' . ' 0.79 

Mar 96.011 3.097' 13.558 1.083 34.16~ ·0.98 

Apr 169.149 5.638 21.285' 0.728 44.30 ' 0.70 

Yay' 17.887 0.557 1.437 0.240 1.56 0.2,1, 

Jun 13.363 0.445 2.812 0.140 6.72 0.13 

. The cQthcment area ot the Aton Dytrdw;y" (Little 'Dee) is given 

by the Dee'and Clwyd River Authoritr at 53.9 sq.km. and an . 
, . 

estimate tor the total inflow into Llyn Togid (exoluding that 

trom t~e Aton Tryweryn) can be obtained by mult,i~lyin~ the 

". 
10 ... ~ 
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A. DytrdW1 fiow tigures by a tactor ot 3.1 • 
. " 

c. Chemical charaoteristios 
' .. 
Chemical analyses ot the Llyn Tegid teeder atreams carried 

," ,~ 

out by Dr. :Abdullah of the Ocennograpby Department, Un1verait1 ot 
> .. ,~. 

Liverpool, and 1I.A. Rahim (pH IUld oxygen conoentrations) are shown ' 

1n Table 8. 

d. Biological characteristics 

The vegetation ot the Llyn Tegid feeder streams 1s shown in ' 

... 
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'., '\ Table 8. Water Chemistry of' the Llyn 'regid Feoder streams. 
>, I, ,oj ~"~ ., ' "" 

.. 
\ , .. , .', 9'" ~ 

A.Glm A.Twrch A.Dyf'rdy A.Lllw A.LLaf'ar 

.' ' 
.~ "',,'. 

0.751 0.510 0.300 

- 0.15 0.066 

.. - - -
-

1.86 -

Cations

Calcium 

l1a8nesium 

&Jdium 

Potassium 

Carbon 

Iron -' - 0.13 

Anions'" 

Alkal1n1t1(HC03)' 0.402 -

Calcium carbonate 

Chloride 0.157 

Sulphate 0.161 

llitrate· -

pH .. range 

pH mean" ;',' 

0.201 -
~ 

0.152 

0.146 

-

0.146 

0.148 

0.158 

- .'; 

- . 0.113,:-· Otl12 _" 
, .. ' • ,.. , ... ~ .... ' < , . - - 5.7 - 5.6 

,ito • \>.- 2 

- 0.184 6.81 0.1956.98" 

- 0.145 7~OO1:0.141 7.0£ , 
I -, 

- 0.0300.272,0.021 0.291 

; 

Oxygen:conoentration 65 - 125' 71 -.·110 63 - 116 ,63 -.118 ,-~<,65 .. 115 ".: 
(~ saturation) . . \ 

Copper 
~~:~i rZ <III ,~,t4a~ ". ,,' i i ..!--_'r 

Manganese 

none none 

none none 

. -' ",.. "'- ... :<" '~'-' 

'. 

-
- -

! ' 

'. 
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'table 9. The Cloot abundant moss present 1n the stre&r.:1s is 

Fontinalls nntipzrstion. Treea commonly occurring on the bnnk

oides are alder (Alnus ":lutlnoaa), sycacore (Aoer pD~udoplfJnstus) 

hawthorn (Crntaee:ua monoWa.), mountain aah (SorbuB aucuPIlr1a), 

beech (FaguS Bylvatlcn) and birch (Detula pendula). 

The invertebrate fauna of the Llyn 'regid feeder streams is 

the subject of a study at present being carried out by ~.A. RAhim. 

The fi~h species present in the Llyn TeBid feeder streams are 

saleon (Salmo salar t.), brown trout (~~lmo truttn t.), eela (Anguliia 

nnguila L.), stoneloach (N9m~chellus bsrbatuln t.), bullheads (Cottus 

£Obio L.) and minnows (Phorlnus phorlnus L.). In the lower reaches 

of' the rivers, pike (~sox lucius t.) and gudgeon (Gobio P.;Obio t.) 

occur. Perch (Perea fluviatilis t.) and roach (Rutllus rutiluB t.) 

enter the lower reaches from Llyn Tegid during the SUII¥ller, and 

grayling (Tlgmallus tbymallus L.) migrate trom Llyn Tegid into the 

feeder streams to spawn in April and 11ay. Some grayling also enter 

the Afon Dytrdwy and Afon Llatar during the summer and. migrate up 

as far as the lower reaches of the Afon Twrch and !fon Lliw. These' 

grSJ'ling drop out ot the feeder streams into Llyn Tegid during the 

8utUQll. The riffle and rapid areas of the streams support a mixed 

population of young salmon and trout, with salmon predominating. 

YO\ln8 salmon are particularly numerous around the blocks ana rocks 

used in th~ construction of' sabion weirs. Trout are more numerous 

thsn salmon in l'Ools under overhanging banks and near tree roots. 

Adult s3lmon do not enter the feeder streams until shortly betore 

spawning time, in November and December. Salmon smolts descend from 



Table 9 

submerged 

macroph1'tes 

emergent 

macrophytes 

A Myriophyllum spicatum 

:n 

a 

Cnllitriche aguatica 

~anunculuB BguatiliB 

Juncus sp. 

Phalarie arundlnacea 

.. 
,,I, , . , 
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the strea.:ns to Llyn Teg1d in late April and early Uq, and at 

the same timet large numbers of ;young trout (2 to 4 years old) 

migrate into the lake. 

e. Previous researoh 

Uorria (1961) compared the biology ot minnows, stoneloach 

and bullheads in the Aton Llatar, a sort-water streom, with the 

biology ot these spea1es in Willow brook, a hard-water stream 1n 

southern England. Eall and Jones (1960, 1962) in their studies 
. 

on the brown trout of Llyn Tegid included some observations on 

the growth rates ot trout in the Aron Lll. and Afon Glyn and on the 

movement of trout out of the Llyn Tegid teeder streams into Llyn 

Tegid. 

2-. Llyn Tegid 

a. Location ot snmpling sites 

The location of the Ll)'n Tegid sampling sites (A to J) are 

shown 1n the aerial view of L1111 Tegid (plate 12). These sites 

wore chosen according to their suitability for shore s9ine-netting 

operations. The ideal Bites were those with a gently sloping 

gravel bottoCl and an absence 01' snags such a8 large boulders. 

Prevailing southwest w!nas render northeast facing chores core 

suitable tor netting and in strong southwesterlies station J could 

not be IWllpled. 

b. Physic~l features 

Llyn Tegid, the largest natural Welsh laka, is 6k::n. long, 

O.9km. wide and has an area of approximately 4.5 s~.km. The lake 

;-

\. 

, . 

'-' 
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Aerial vieT. of Llyn Tegid from the couthwest 

end of the lako. 

A to J I sampling stations 

5 to 8 I Afon Dyfrd'Oy sampling sites 
nos. 5 to 8 

Tw , Afon Twrch 

L fon Llafar 

Gl s 'ifon Glyn 

RD : River ee outlet 
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1i in south t/north at direotion t 1titud of 161m. 

boy O.D. and i roughly rect hnpe with p 1d a 

and mor gr du lly sloping ends fallin to a flnt botto t 

pproximately 35 metr • The m ximum depth of the 1 k i bout 

47m. 

Llyn T gid i fed by five m in otr runs (Afol1 Dyf wy, Afon 

Lliw, Afon Twrch, Afon Ll far end Mon Glyn) , four of 'Jhioh oan 

b se n in pJ ate 12, and severDl sn Her treamo. Th' lcke is 

dr ined at the no the at end by the Riv r Dee (PI t 1, cha t r 1, 

and plato 12). Th surl~unding 1 nd i agricultur lly poor, largely 

consisting of hil and moorland, and io It inly ..lBod for sheep graztng. 

'ount ins surroundin 

O.D. (Arm Benllyn) . 

outh e t nd of the 18k ris to 884m. above 

A bathymetric survey of Llyn Tegid ,aa carried out by Jones 

(1951) en the resultin contour m p i shown in figure 11. The 

areas of the lake floor ·d. thin each ntour re soo n in table 10. 

Th30e figures e repr sent tive of pr -B 18 scheme nsur ments 

since Imoh time there has been reduotion in tho are of the 0-3 metre 

zon • 

uunn (1~52) divid d the lake floor into three zones coording 

to the compo i tion of the benthic fauna and the extent of rooted 

vegetation . These zone were J littoral, pproximately 0-3 matr B; 

sublittoral, appro xi ately 3-15 metres; and prof~ld Q l, below 15 etres. 

From the figures in table 10 it oan be seen that about 60fo of the lnke 

floor liee in t he profundal zone . The la~e temperature was taken on 

each snmpling visit (usually weekly) at u depth of 1 metre in mid-lake . 
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Table 10. Approrlllat e artolae of lak floor within coh contour. 

Depth in r.:tetreo (in fa t) Area GO .km. % of tot 1 aren 

0-3 (0 - 10) 0. 649 14. 47 

3-6 (10 - 20) 0.395 8.80 

6-13 (20 - 40) 0. 482 10.14 

13-18 (40 - 60) 0.438 9.77 

18-26 (60 - 80) 0.676 15.01 

26-.32 (80 - 100) 0. 533 11 . 90 

32- 38 (100 - 120) 0.781 17 . 41 

38-44 (120-140) 0.526 11 . 71 

44 ( 140) 0. 006 0.13 

tot 1 area 4.486 

Tabla 11. onthly ater t 9rRtures at a depth of 1 m t c in ~lyn Tegid . 

ont h ann t emperuture °0 

Oct 1965 10.5 - 13. 0 12. 5 

liov 8. 0 - 11.0 9. 3 

Dec 6.0 - 7.0 6.7 

Jan 1969 4.5 - 6. 5 5.8 

Feb ) . 0 - 5.0 4. 1 

llar 1.0 - 5.0 1.50 

Apr 5. 0 - 8.0 9.5 

ay 9. 0 - 11.5 10 .7 

Jun 12.5 - 17.5 14. 5 

Ju1 15.0 - 21 . 0 11 .5 

Aug 16 . 5 - 18.5 17.5 

Sap 13.8 - 16 . 0 15 .7 

Oot 12 . 0 - 14. 0 13 . 0 



29. 

The monthly temperatures reoorded aro shown in table 11. 

Hunt (1970) found that a thermocline formed in the lake 

during late summer, the d pth of whioh fell no the summer 

progressed. In September 1968 the thermocline wae 100 ted at a 

depth of 11-15 metres, and by 2na. NoveJlbel' 1968 t 16 ' ,ater 

temperature was uniform from the surface to the l~ke floor. 

Jpproximate depth/temperaturerooordings war made in mid-Ju1y 

Ij69. At depths above 6 metres the temper ture o 
8S 16-17 c, 

between 6 motres and 10 metres the temperature fell trom 15°C 

to 100e, and below 10 metres the temper'ture "ae a uniform 90 e 

to the lake floor. 

Fluctuations of up to 4 metres (from 159.5 to 163.5 metres 

A. O.D.) are possible in Llyn Tegid but in :Jr ctics are generally 

much less. In the early d yo of re let ion large erratic level 

fluctuations were common (Hynes, 1961 ), but since the completion 

of Llyn Celyn the level fluotuationo have been considerably 

reduced Htmt, 1970) . Hunt (1/70) found level fluctuations in 

1967 to 1969 similar to those in the pre 1955 period but with n mean 

water level 2 metres lower. The actusl 3 day mean lako level 

fluotuations (Dee and Cl/yd River Authority) from October 1968 to 

September 1970 are shown in figure 12. The mean winter 1 vel during 

this period \ as lower than the mean summer level (approximu oly 

160 metres ani 160.1 metres respeotively;. F1~otuations ere 

greater in the winter than in the sum· er because of heavy winter 

r ino and tho retention of flood water. ~aan winter fluctuations 

were about 0.7 metres and mean summer fluotuations about 0.35 metres. 
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Uax1mum t1uotuat1one reoorded. during the sampling period 

(Ootober 1968 to Ootober 1970) were 2.1 metre~ in the winter 

~d 0.9 metres in the summer • 

., Figures tor the, monthly rainfall at, the meteoro1ogioal office, 

Ba1a, ,from Ootober 1968 ,to Ootober 1970 are shown in table 12. 

Table 12. ' Uonthl1raintal1 at Bala 

lJonth 

Oct 1968 

Nov 

, , 
Total rainfall (em) 

154.6 

Days with'> O.2t:lm 

20 

Days with? 1.Omm 

16 

Deo 
Jan 1969 

Feb 

Uar 

Apr 

l1ay 

Jun 
July 

Aug 
Ssp 

Oct 

Nov 
Dec 

Jan 1970 
Feb .. 

llar 

Apr 

l!~, 

Jun . 
"JUl 
Aug 

Sap ,;", , ; ,,~, 
'.--'" .............. ~It· ..... ......... .,.~., 

Oct 

79.6 

103.3 
119.5 
124.1 

63.7 

79.2 
1SO.3 
81.7 

41.4 
84.1 

. 42.7 

54.5 
205.8 

117.9 
1)).1 

169.6 
107.6 
181.0 

35.6 
12.6 
17.7 
103.1,. 

15 
18 

22 
21 

14, 
14 
24 
1) 

8 

'17' 

9 
14 
25 
21 

:·27 
21 

21 
28 
11 

16 
22 

14 
16 
23 

1) 

13 
20 

19 

9 
11 
21 

10 
6 

12 

7, 
6 

21'- . 

13 
,25 ,. 

20 

23 
24 

9 
13 
14" 
13 

11 

19 

.... ,l"', , 



. , ,',,', , , 
" ,,' 

c. Chooicnl chsrneterintiCR 

Da11 ond Jones (1960) dOGcnbed the 1aka water aa aott, 

slightly- acid or nGutral, Md poor in electro1ytoo. Water 

chemical analyses 1Iere carried out bY' Dr. Abdullnh tlOnth1y trom 

July 1968 'to April 1969. BiB rocultD, tocether lIi'h additional 

intomation· tro::l the Dee and Clwyd lU.ver Authority &U1d tho electrical 

conductivity flgureD tram Hunt (1970)" are shown in tablo 13. A 

sCla1l amount ot .e·;l38~ enters the lake tram the town ot Dala and 

trom Glanllyn 'hostel (Welsh LeaGUe ot Youth). ihan thonnal 

otratitioation oocurs the b7~11mn10~ 'la la.rge in comparison with 

the total volu.:l~ ot the lake, end there 10 little d1cun1tion in 

oxygen content in deeper waters at thia time (Dunn, 1952, Hynes, 

1961nl Hunt, 1910). 

d. DtoloP;ioAl oharaoterintios 

Rooted vegetation in Llyn TEIg~d occuro to a d.~h ot 3 Cletres 

IiJ'ld is, co cpo sod ot lsoetes Incuatris. Llttorelll\ unit'lorn, CR111trioho D~. 

soma Blode:! canndennls end Pot nco sot on ap. 'l'he moas Fontinalis nntimetlori . 
. " ',,: 

toreD ,nens1ve beds a'tached. to slones on roc::.q Bhort$! Itlergtnt 
, ~ ! , . 

vegeta.tion is aparse und consists ClOsly- ot JunOllo ap. and Smrgnnium 
: 

, " 

.elraplex. 

The ,invertebrote benthio fauna ot .Llln 'l'egid has been the 
'.' ' , .; 'f ',~~. 

EJUbject of a number _ot studies (Dunn, 1952J llynes, 1961 J Bunt, 1910) • . ' " '"" .. ",' -. .. 

The most recent .wrk (Hunt, ,,1970) indicates that the com:nonest littoral 
.. t. ...! ~ .. ,~ .... .l:'" _... ...,., .~ • " ~ ~ L . ' _ 

I 'f ,. 

" 

orgoni£%lls nrs oliGOchaetes, epheceropteran n,ycphs (particularly 
_",,~ .. '; \:"'''k'':; I"~~ f.·~ , .\' i ... _ F. " 

E-ohemern 1"danioR "end L'eptophlebln tlar5inata) end chironomid larvae. 
. ; 
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Table 13~ The Chedstrr or the water otL1111 TaBid. 

" 111trate . 75-347 u griJ/l' 
., c':," SiliCate' ' 0.25-1.01 ppm 

r 'SUlphtite - , 10 ppm' 

Chloride' ,-

Potassium ~, 

Sodium 

... '·Uagnes1um '. 

Calcium 

Manganese 

:'.,. ~. Copper. 
~ ..... ,,.. ' ... l . , l • .-_la ..... • ~ .. __ ... ,~--. 

Zinc· 

Lead. 

", ~ 
Nickel,·, ":'. f ,-

.. I ... • ...... ~... "1II-~' r,' .. 

0; '" ':, ;l'C)~'~"'" . 

'J~ :~;,~,-;' "COnd?ct.~v1t.l ...... ",' 

" . 0.43 -' 0.9 Cppai . 

3.24 .:; 5.45 ppm 

'0.78 - 0.99 ppm ; .... ;" . 

'1.91 - '2.'36 'PPm 

",' ~.1.- 55.0.u gm/1,~. 

)' ,1.6 - 11.6 U {§Jl/l 
t· .. _~. j • 

. ,,·.2.4 - 4.)u f:JJ/1 ' 

. ',' ~.~3. -~1.88 U, gm/l 
~ ......-...... "' ... --.. ... '"' ...... 

, 0.27.-,.1 •. 15 U G'l/l 

2.98 -.70.0 u gm/l 

3~ ~ 41..1;1 ~s . 

',r;' r"~~: 6.1 -.·7. 7. (me~ .. 6.7) 

'"'.,- ., 

" ....•. Tota1 ,Hardness 1'\' ,: r~' '.', 
i~ .. ~;".. #'4 ....... 4.. ~... ~.--.., •• 

-, ' ,.- " 4 ''':: 13.:pg/1 ,'r' .;. 

~ j~"q.,~ 2,1; ~l. '"" 

, 7, - 27, ... -'1 :. " .... , ~. ''''''''''~ r 4 ,.~; ~.,:t .. 

:-p,'; 2'?!,D.: :(5,: d:ays, at ~9°9)J:-~ /', ." .. ) .• 2 - 6.3 mg/~ .. 

. \ 

.'. 

, • I 

" 

\ .' 
, , 

.. -; , 

I' 
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32. 

A large inorease in the numbers of oligochaetes in the littoral 

zone tollowed tho lowering ot tho lake level for regulation purposes. 

The mudd17 lub-littoral zone then beoame the littoral zone with the 

consequent influx at oligochaetes. It is expeoted that these worms 
, ' 

will mostly disappear aD the mud is washed away by wave action 

(Hunt, 1970). Further details ot the relative numbers ot littoral 

benthio organisms is given in chaptor 7 in conneotion with the 

feeding ha.bits ot grayling. The profundal and bi.!b';'littoral fauna 

is largely oomposed of oligoohnotea and ohlronomld larvae (lIunt, 1910). 

Pugh-Thomas (1959) c:uido a atudy ot the zooplankton ot Llyn Tegid. 
, 

The tish species present in the lake are brown trout (Salmo 

trutts t.), perch (Perea fIuvistiIis L.), roach (RutiluB rutiluR L.), 

eels (Anffi11l1B en.c:tliIIe.L.), graylin£¢hymalluB thymnl1uB L.), eudgeon 

(Cobio 6Obio t.), minnows (Phorlnus' phorlnus t.),pike (Esox lucius t.) 

and gwynind (CoreconuB olupeoides p~nnnti1 Cavier & Valenoiennos). 

Adult salmon (saimo sa.lar L.) enter the lake tree ~he River Dee during 

the spring and summer, and remain in the lake until o.utbmn when they 
I .. ~ .: ' I. 

migrate into the feeder streams to spawn. SnaIl numbers ot s~a trout 

(Salmo truttn L.) have also been recorded_ in Llyn 'regid. Salmon fry " 

end parr are rarel7 found. in the lake, but aalmon amalta migre.te 

through the leke in shallow water during late April and l1q. Trout_ 

and grayling are the ClOst coCton specie's present in the shore zene 

from autumn to spring. In early sUmmer largo numbers of perch end 

, ..;-

roaoh ent~er the shallows and the trout end grayling mostly disappear •. " 
,. , .. <~ - " • ~; 

. . ~~. 

" 

Gudgeon are also round in the shallows during the summer, particularly 
"'" ",' -l' \ _" "; • , ," • ~;'.' • ~ f'.. , ;'" , . ~ 

around the Mon DytrdW'1 inlet. Gwyniad remain in deep water except a~. 

1 
I 

, ! 

,., 
. i 

:"._~ i 

I' 

- . < 

'.". 

", 
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33. 'L 

spawning tim!) (Harac, 1968). 

Dunn (1952) on tho basis otolect:i~l conduotlv1t7 (38-45 u Qbos) 

and. the number ot bonthia orenniEllllo per m2 (Thienoaann, 192.5) 

olasGified Llyn 'l'egid aa being in tho late oliGOtrophio cond.1ti~n. 

On the basis ot rooted vegetation tho lake CI:lY' be regurdac1 ns 

beIng in tho late ml$Otrophia estate (Fc:1rot1l.1, 1921) J and the 

mixod s:umonid and. .coarse fish populationo support the vie .. that 

Llyn Te~d 1s in an intomedillto phaoe. 

e. n"nonroh on Llyn Te(jid 

Llyn Te£t1d has been aubjGct to a cons1c1ernblG amount ot 

rosearch anel a list at ~bliaatlcnG trom this researah 10 civen 

bGlav. 

Ball, J.N. (1951) 

Eall, J.H. (1961) 

l3:1ll, J .lr. &. Janes, 

J;i. (1960) , 

~hB biology ot the brown trout ot Llyn 'regid. 

Ph.D. Thonis •. Univarnitl ot Liv"rpool 

On the tood ot tho brown trout at Llyn 'l'egid. 

Proa.Zool.Sco.Lond •. m (4), 0 599-622. " -V", 

On the growth at: the brow trout at Llyn 'l'et:id. 

Proo.Zaol.Soo.Lo~. !J! (~), 1-41. 
. I ; ": 

On the move:ilsnts ot tho brown troutot Llyn 'regld. ' Dall, J.H. &. Jones, 

J .71. (1962) 
- ~ ". " 

Cbubb,.J.C. (1961) 

Chubb, 3.0. (1962) 

Chubb, J.C. (1963) 
. >~ ..... ~ l 

Proc.Zool. &la.Lond • .ul (2),. 205-224. ., .. , 

A prelimlnar,y investigation· ot the 'parasite 

tcuns or tho tiBh ()t . Llyn 1'egid, ·llerionethBhire. 

\ .: ': 
I". 

1'''' ',,4 , 

. . 
Ph.D. 'l'haais, University otL1verpaal. ·'0' '{'~~.'\ 

I" 

~he 'parasit~O ta~a of the fishes ot Llyn 1'ogid, ,""~,\o~ 
an oligotrophio lake. Parsa1tolo~ (l962)'2l..,; 0 : ,,",' 

"\ '. 

On the charnoterizat1on of the paraalto tauna ot . ~.; 
the fish ot Llj'tl TaBid. Proc.Z061.Eoa.Lond~~" 

\41 (3), 609-621-

J :-<' 
,){ . 

,,'" 
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Dunn; D.n. (1954) 

Dunn, D.n. (1961) 

Graham, r.R. &: Jonee, 
J •• ~. (1962) 

iIAr"..tn, O.J. (1968) 

na~~t O.J. & Jones, 
J.W. (1965)' 

Uunt, p.e. (197o) 

IJ:nes, H.D.fl. (1961) 

JonaG, J.~. (1951) 

JoneD, J.W. (1953) 
" ,~ .. ~..l J ~.,: ~ , 

Jones, ~.i. (1956) 

", t, , , 

, ' ~.': -.' ~. I, ~. 
> ,. .' ~ .. ,~ • I 

An 1nveot18stlon ot the bottom fauna ot LAke 

Dal;, ~sr1cnlthch1re. Ph.D. Tbooia, Unlvoralty 
ot L1vlIlT'Ool. 

Th, reeding hablt"lJ ot como or the fiab,s and 

!lOme cabers ot the bottoa rAuna ot Ll711 'regid 

{Lake Bala}, l!er1onothah1ro. J .J.niCJ. Cco1. ~ 

224-233. 

Ths bottoa taunr. or Ll..yn ~esid (Lake &1a) 

~er1onethah1re. J .J.nlc.i:':co1 • .lQ, 267-281. 

'I'he blo1ob7 ot Llyn ':ee1d trout. tl. r~. Thesis, 

Un1v.rs1tl or Liverpool. 

'I'll. blologr ot Llyn Tetl1d trout 1960. 
t:oc.Lond. !32 (4), 651-633. 

Proo.tool. 
, 

I .. prolir.rlnnry inventl~atlon ot th~ bfoloQ' ot 
the Ooqnind (Coro!~nUf; o1upf!!Olde~ EQT1n,~ntil Cuv.et 

Val.) ot Ll,yn 'regid. Fh.D. ~h.a18, Unlvera1ty ot 
Liverpool. 

The p;n1Qd - an "100 &:0"'8" tlfJh. /.nltUlla It 2S8-)01. 

Blo1oeiccl. investigations in r'i:,'Ulated recervolrs. ~, 

Ph.D. '1'h'01s, Univers1t1 ot Liverpool. 

'rho tf'!eot Qt water level tluot~r.tlon8 on 
llt~orn1 t&~~u. Vorh.ln~.Ver.L1mnol~, 6;2-656. 

A bat~.tr1o surve)" or Llyn 'l'ot;id. 

Part I. The Bcalea ot roach. Part II. Age nnd 

'crowth ot trout, sra1ling, r.,rch rmdrouoh ot 
Ll1D Te~d (Dala) end roa.ch ot the r1 vIr D1rket. 

Fisb.Invest.Lend. (I) 5 (1). 

Tho blo1oQ ot brom trout. 3. R:.tG of growth. 

'Trout Sa1:J.UaS l (19), 12-13. 

A Gtudy ot the traahnat~r zoopl~tton ot Llyn 
Te.cri"... 'Ph.D. Th."lA. UniverAitv of I.lv8l"DOo' 

-; , 

, '\ .. , 
1-",' 

I I;'~,' 'I 
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Siddiqui, U.S. (1967) 

Siddiqui, U.s. (1969) 

~i1l1ams. 8.0. (1939) 

'I \ -. j • ,: " . ~ ... , ,. ..~" 

35. 

Perch, l'Udd. end groy11ns in trout wdQro. 

Proe.3rd Drit.CollrOG Flab Cont., Un1verait7 

ot Liverpool. 

Studieo on the brow trout (flRIlllO trutta L.), 
the gl"l!ly1ing (Th:ymnllun th;ymnllul'l L.) and the 

rudd (Soard1niu8 8rythrophthnlmuB L.) ot the' 

natural resulated wstaro and regulnted restrvoiro 
1n North Wales. Ph.D. Thosia, Univoraity ot 
Liverpool. 

t11cro-orgcn1cma ot 13a18 Lake, lterionethsh1re. 
North ~estern Naturalist. 

Research is at preoent boing carried out on the roach snd perch 

populations in the lake, and. on aspects ot the biology of the eelo. 

A further one year otud3' or trout and gr~linG haa been Eltarted 

and work on undenster photography teohniques 1s in prosress. 

3. River Dee 

a. Locntion of' n.,w1ine; [lites 

SGmp1ing ot the River Dee was ch1ot11 carried out tor gray11ng 

and sites were chosen whero the Clost sra,ylinS could bet cn.ught. 

Atteapts were eM8 to inclUde aD wide a range or habitats aa 

possible, particularly in the tirot 3 ke. balow, Llyn 'regid. 

Twenty one main ct.n:plins stations were chosen along the river 

between the Bala sluic.s and Corren. The loca.tion ot these Bites 

(a to w) is sho"n in figure 13. Sites a end b OM al£O be seen 1n 

plate 1 (ch:1pter 1), and tho tront1cpl~oe &hows the n1ver Dee at 

Llandertel (site m). A nUQber of snaIl tributary streams were 

occasionally nn~led and these are labelled in tigure 13. 

,-
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FIGURE 13 

Location of River Dec Sampling Sites 
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36. 

b. rb:eie~l teatures 

The phyoiC4l1 tenturol of tha River Dee aamp11na aitea are 

Bhown in tabla 14 (atter Culnat, 1970). The alope ot O.lz.b tal1a 

into the lower part ot Duot's (1949) gr~11nc zone. The profile 

or the River Doe i8 ahown in figure 14. The source ot the River 

Dee wao considored by Ra:lsQ3' (1676) to be Llyn 'r.gid. To avoid 

contusion the river below llyn Tegid will be referred to as the 

River D.~, and above Llyn TeBid,the eo-oalled Little Dee, will be 

reterred to as the Afon Dytrd'q. 

Water temperatures were taken on each visit to the campl1ns 

o1ieo (about twice Tle~kly), and monthly by U.A. Rnh1m and. the 

Dee &nil elVd River Authority. 'l'he cocblned reou1te ot thene 

recordi1l88 are Given in Tab10 15. 

Uonthl1 tGClparature of the River D.e. Table 15. 

l:onth Rang!) of te:::rcerature °c CGan temperature 00' 

Oat. 1969 
Nov 

Dec 

Jan 1910 
. Feb 

, liar 

Apr 

1.131 

Jun 
Jul 

Aug 

Sap 

Oct 

-c •• ". • J} __ 

9.1 - 14.0 
4.8 - 10.0 
).0 - 7.0 

2.0-1.0 

3.0 - 5.0 
1.7 - 5.0 
4.0 - 8.0 
5.8 - 14.5 

13.0 - 18.0 
11.1 - 20.0 

14.5 - 19.1 
12.8 - IG.9 
8.8 - 13.0 

13.0 
8.0 
6.1 

4.5 
3.6 
4.4 
6.0 

.12.4· 
14.5 
15.5 
16.6 

14.5 
11.5 

\~ i 
" 

1.3: 

" 

" 

:1 
" il 
" 

:1 
.:1 

" 

.'. 

':1 
.:: 
~, , 

. , 
" 
~ 



Tabla 14. Physical characteristics ot sampling sites on the River Dee. 

River Dee 

site number a b cd' e t g h i j k m n p q r stu v w 

Leneth ern) 80 80 129 402 181 80 101 201 266 201 121 161 120 101 101 160 110 120 120 885 482 

~ean width (m) 36.6 29.3 29.3 32.0 35.1 35.1 29.3 33.5 33.5 29.0 30.5 41.2 35.1 32.0 36.6 24.4 24.4 45.8 42.1 41.2 42.1 

Lenu.th x width (m2) 2928 2344 3780 12845 6353 2808 2959 6134 8911 5829 3691 6633 4212 3232 3697 3904 2684 5496 5124 36462 20581 

510'Oe (~) 0.12 

Mean de'Oth (em) in 

riffles 30 
flats 81 
pools 114 

~ of riffles 1 

flats 2 

pools 1 

Bottom deposits 

dominant 

subdominant 

Fish shelter 

Spb 

Lpb 

blocks and rocks (+) 

vegetation + 

roots & undermined (+) 
banks 

5'Oavming gravel 

~ 

(+) 

(+) 

25 
16 76 
102 

1 

1 1 

1 

30 33 
76 76 
114 102 

2 1 

3 1 
1 1 

38 
81 11 
122 llO 

1 

1 1 

1 1 

Spb 

Lpb 

Spb 

Lpb 

Spb 

Lpb 

Spb Spb 

Lpb Lpb 

Spb 

Lpb 

(+) 

+ 
e+) 

(+) (+) 

(+) + 

(+) 

(+) 

(+) 

(+) 

(+) + 

(+) 

46 
91 
118 

1 

2 

1 

Spb 

Lpb 

(+) 

(+) 

21 
85 
120 

3 

3 
3 

Spb 

Lpb 

(+) 

(+) 

(.) 

++ + + ++ (+) (+) (+) + 

(+) (+) (+) 

30 

64 

2 

1 

Spb 

Lpb 

38 
90 
137 

2 

2 

2 

30 

71 
140 

1 

1 

1 

Spb Spb 

Lpb Lpb 

(+) (+) (+) 

(.) - . 
(+) {+) 

30 
90 
122 

1 

1 

1 

Spb 

Lpb 

51 

71 
180 

1 

1 

1 

Spb 
I 

Lpb 

(+) + 

(+) (+) 

++ + ++ + + 

+ • (+) (+) 

(key as for table 5). 

38 
64 
132 

2 

1 

1 

43 
66 
136 

2 

2 

2 

38 
14 
127 

2 

2 

2 

41 
10 
175 

1 

1 

1 

Spb Spb Spb Spb 
t , , t 

Lpb Lpb Lpb Lpb 

(+) (+) 

51 
90 
150 

1 

1 

1 

51 
97 
165 

2 

1 

1 

Spb Lpb , . 
Lrb Spb 

(+) 

51 

97 
183 

1 

1 

1 

Lpb 

Spb 

(+) (+) (+) 
(+) (+) 

(+) (+) (+) (+) 
(.) (+) (+) (+) 

++ + + ++ (+) ++ ++ 

(+) (+) (.) (+) (+) 
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31. 

\lAter tlol'l measurG:l1enta tor the River nee, takOl by the Dee 

and Clwyd River Authorit1 at the gauging stat10n balow the ~la 

sluio.s (s8e plates 1 Dna 3, chspter 1), Are civen in tabla 16. 

Tnblo 16. Uonthly- t:loawred fiow (cr.l:ll8ca) in tho River Do, at DAla. 

Uonth 

Oct, 1969 
!To v 

Doo 

Jan 1910, 
Feb 

U&r 

Apr 
Ua)' 

Jan 

Jut 
Aug: ;-, ... 

Sap 

Total 
. monthly 

f'low 

165.79 
561.09 
506.57 
425.44 
653.57 
379.48 
131.59 
141.58 

'171.50 
. 234.89 
~213.10 . 

355.07 

J' , 

J.!etm " 
dally 
tlo .. 

5.99 
18.70 

, 16.34 
1).72 
23.34 
12.34 
'26.26 

4.57 
5.73 
7.58 
6.87 
11.84 
12.81 

Max. 
dally 
now 

9.10 
. "45.32 

39.70 
28.10 
62.36 
20.43 
62.6) 
18.91 
14.83 
23.54 
24.61 
54.25 
43.11 

~n. 
dnlly 
tlow 

. 4.25 
5.00 
7.03 

6.05 
8.29 
G.30 
8.)0 

3.89 
4.74 
2.26 
4.51 
5.02 

111gbaat 
tlo" 

9.26 ' 
46.00 
41.50 
29.60 
65.52 
24.04 
67.42 
20.33 
18.14 
25.65 
30.20 
55.37 
51.06 

Lo.eat 
tlow 

4.03 
4.90 
5.90 
5.56 
7.70 
5.98 
8.10 
2.48 
1.84 
4.60 
0.54 
4.5~ 

4.94 

lote ,tho hi£h \'l1nter tlows (llovet:lber to April) which led to 

BatJil11n[f d1tt'icul tles (ch:lpter 4, seotlon A Ie) • The drainage 

( 

\ 

. : 

. ,', ',1'", ',' 
, j ~ ... \.~ I 

• ",~ " I 
. '" '.. ~t..t ; ~ I 

~ I '!: t'.... .. .• 
,area ot the Rlvar Dce abovo the £Il1g1ng .. tation 1s given by the 

. :.~, -.:' \' .. f· ' ~. :: 

Dec ,nn~ .C1\11~ Rlv:sr Authorit1 8S 262 aq.b. nnd. the altltude at 

the .:ausins- at'atlon we1r creEi~ 1s 159.194 metres above O.D. 

~ . ','" '. c •.• C.-,h811,;;;;;;;:i;,;:oo .. "11 ..... c;;;:h=ar:;.;s;,.;;c-.,t e.-r_1;.;;;G_t i;;.;o .... o 

~ -:'"'0' .1:_:. ~'>~·I".~ ...... ~ ~~.} 

The results or cheolca1 analyses carriea out by the Dee and 
"'-. t.-' t _.:"'~! ~ .~" -~ r i.:· ~ ,:t. ... ~~. :.. '.~ .. ,,1.,., 

Cl1qd River Autho~1ty.!t ~~a Bal~.: Blu1o~s, L~~dertel, and .co~en, 
\ f_ ~. ",,?,..,+ .F .. < - .... 

bBt~een October 1969 and October 1970 are given in Table 11_ A fuller 

, ' 
,,\ .. ", 

·1 , 
, l'~' r •. ' 

" 

~ '~: ... ~ .~ 

.. ~',',
',. ¥~-........ f , 
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'1'nble 11:, Water ChemiatrJ ot the River DtB 

:Bala LlflDder- Conran 
blulcElg tel .. 

15-30 
2.5-11.7 

Colour, haze.n units 
Turbidity (aD Fuller' 0 Earth) 
pH ranso (mann) . 6.4tl.ID8.2 6.4~.7 6.4~17 
Dissolved o~gen ~saturation) 
B.O.D.(tiva d~s at 20°0) 
Peroanssnate value (4 hra at' ~OC) 

C.O.D. (Dichromato value) 
Nltrosen, 8S N, ar:mon1aoa.1 
lUtroC"n, (\s nit.rite 

Nitrogen, as total oxid1oed 

Cblorld~o, as Cl 

So11ds, dinoolved 
sunpendod 

94-110 
0.1-1.7 
2.3-9.7 

0.01-0.15 
0.001-
0.019 

8 

Hardnoss, totnl as Cnco3 25 
lIardness, calc1Wl, a8 Caco3 10 

l!ard?ess, Uagnos1um, as OnCO) 15 
Alkalinity, as CaCO

J 
SU1ph~teD, au S04 
Phenols, as c6u,0n 
Detergcnte, Anionic, As ~axol O.T. 
Silicatos, reactive, as 5102 
Phosphates, .t.otal, as P04 
?~BPha~GS, Ortbo, ae PO 4 
Iron, total, as Fe 
Iron, 'soluble, as Fe 
l.Iunesnese, . total, as Un 

I ~ " .. L.... ~ 

ltanssnese, . Solublo, as 1!n 

90-120' 
0.4-2.0 
2.2-8.2 

8 

,v >q .. ,~.; " ~ >~': I( (', "". ' ' ~ 

, (Results, except where~oth6rwiBe stated, 

92-120 
0.,3-2.1 

2.1-9.5 

8 
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nnnlyoio carriel}6ut at Glynd,yfrdwr (9la:1. below Corwen) io al£O 

includea in thin table. 

d. Biolor.i9~1 chnrncterlGticn 

Tho abundance' or vegetation at the River Dee aamplins eiteo 

is given In table 18. Tho ClOat common mouses are Fontlno11n 

nntirrretlen and Eurh.ynohiUr.l riparoldoB. The most nbundsnt Bubmerged 

macrophytes Bre C8ratoPbyll~~ de~ersUQ and pallltrlche aquAtic~. 

RnnunculuB QC'luntilis ia locall~ co:n:IlOn and llyriophylluo e>pioatum occurs 

occan1onnl~. SUb~org!d macrophytes are most abundant in shallow 

nnd riftle arens ot tho river 00 oppooeJ. to flnts Md 1'0010. Tho 

opposito is the CQse in the omall Llyn 'regid foeder Btre;;.cs where 

shallow arGas are COClposed ot unstnble gravel whioh plMts are unable 

to colonise. ~ergent macrophytee are generally sparse and mostly 

comprlee Junou~ ap. and. PhA!f\rio nrurldinaoea.' Dade of BPRrl[.nium 

rf'.nlOsum ooeur at site v and beds ot Phrnc;mitss com:::unis at site h. 

Treas alone the bankoidee are muoh the ssme as thoSe! at t.ho Llyn Tegid 

reeder atroaID sitoe (eeotion C.30) with tho addition or numerous oalto 
, ' 

(cuercus ep~) at 'site8 k,a and n~ Alders (Alnus glu-\1nooo) are 

particulo.rl:r abundant a.t Conen. 

Tho invortebrato fauna or the uwor ranohes of the River Dee i8 

being studied by.U.A. ~h1m. 

.. The most abundant fish 8l'ecies present in tho upper Dea are 

ealcon (Saloo sdnr L.), srs.1l11l8 (T;'vcalluR thymallus), brown trout 

{ , , 

,'-' 

1 , 

- , - ,.~, 

;, 
',I 

" -I 

. /' 

" , 
; \. 

" , 

(Salmo trutta L.), eelo (AnGuilla anguilla L.), minnows (Fhorlnus phorlnusi.)'~ 
-' .. ,~ .~, 
" . 

and bullheadB (eottus e;obici L.). Pike (Eaox lucius t.) oocur in 
_ .... ,c 

t·-,· 
" , 

" ",,\ 

... -;' &' 

~'. 1 ..... ,,,' - .. " 



,-

., 

" 
"'t '$;- ' 

, , 

-. ,-~. - - -,,::;:;::-:> .... ~ " ~ .f~'.' ...;~~~ ,_. ,----.. -',~ ,--. /~ . 

;.' 

""... ':;. .r' ~ ... -;.r~ ,~ .f .... 

_ ... 1 

Table 18. Abu."ldnnce of veaetat10n at tho ~ver Dee a::::lpling td.tea., 

River DOG 

-site n~ber :L bod 0 t g h, 1 j k m n p q r. u. ~ u v .. 
,.. 

tguntic ver,eu'tion 

QOSGCS • + (+) + ~ (+) + (+) + + (+) + (+) + (.) (+) +. (.) (+) (+) (+) 

sub:lerged caCl'Op~teo + + (+) + + (+) + (+) (+) (+) (~) +' (+) + (+) • .: (+) (+l (+) (+) 
-'-; > 

" :' 

coergent cacropb3tso (.) (t) (+) (+) (+) (+) (.) ~ (+) (+) (+) (+) ( ... ) (.) (+) (.) (.) (+) (+) (.) (+) . . 
" " .,J 

, , 
,\1 

,;-";-

r-
I',! ,:J ." " ,./ 

E~nkside ve~tntion 
- , , ~, 

'. C·) ., 
+ (.) - + (+) ++ ++ • (.) (+) (+) +: 

,,., .:, . + - - - _. -, -, trees 
. \ ~> ",. 

" .' ~ ~ :-

bushes s.nd ahrubs (+) - - (~) (+) 
t .. ' 'tt" 

- (+) (+) (+) (+) (~) (+) (+) (.) (+) (.) (+),(+) (.) 
.. . .' ~ :, ~.: .' 

" 
, ' \1,' " 

(1 or 2 bmks) Qe~dola'o 1 
J 

1 2' 1, 2' 1~ 1'> 1 2 2 a 2 1 ~, 2 1 1 2 2 2 
~ , • 

1 
"':' : 

'.' " 

(k~ aa tor t&blo 9) 

'''''>I-;'' 

.. 

·"t 
""'- .. \,..-' 

~.' .' . 
"""'- > 
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considerable numbers end stone loach (NemRoheilun bnrbulata L.) are 

presGnt. ' Some peroh (Re~o~ fluviAtilie L.), ro.~h (nutilua rutilu8 L.) 

and'sudBeon (Cobio e;obio L.) are found 1n the rivor, particu1crlr in 

tho area just bolow the Bala alulces. Touns admon are molt common 

in rapid riftlo areaG, troylins in cidstraam at the tdl tlnd ot pools 

where the water shllllows and in flats laBS than 90 0::2. deep, cmd trout 

in turbulent water around rooks, in poolo, and in the vicinity ot 

overhanging banks and troe roots. ' 

a. Research on the River Dee 

No previous research baG been carried out on the Rivor Dee 

above Conon. Cnrpenter (1940) investiC1tod the feeding habits of' 

salmon parr in the Dea at Conen Md lhrlbrldt;o, and. in D~veral 

tr1buta17 st%'etI.iDs (A. lIimant, A. C01<1108'. A. A1wEm, A. Ceiriog). She 

included GOee bentAic f£Un& ourveys in her studies. Jones (1939, 1949, 

1950., 1950b, 1951, 1953) Qnd Joneo & Xlng (1946, 1949, 195Oa, 1950b, 

1952) investigated the runs of Adult sala::on in tho Doo, the spawning 

behaviour of ulman in a tributary ot the Dee (A. A1wen), IUld the 

scale structure of juvenile salmon fro:: the Dee area. PUrther studieo 

on the Dee salmon runs are being cado by r.n. Loca. Dndoock (~949)' 

investigated the benthio tauna ot tho Cain and. lIarddno, tributaries 

ot the Mon AlWIn, end B3nos (196lb) otud.1cd th= inverlebrnte t&unl!l 

of ths Mon Hirnant. Edmonds (1939) cade a stud3 ot the plnnkton ot 

the River Dee together with observations on the bentl::os 1n polluted 

stretches of the middle Dee. Barnabus (1911) investigated the teedins 

habits of coarse tioh in the lower Dee. 

Researoh at present in progreG'S on the Dee inoludes work on the' 

\' . 

. \ 
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invertebrate tauna ot the up.,er reachea, w Gtudi'&J on tho .daoe 

(Leuoiacu8 leuolacuB L.) 1Uld. other coar08 fluh in tha mlddlo roacheo 

ot the river. The "COrk on dao~ is to be extend.ed. and lnveatlco.tionB 

are planned to studt the 83lconid popullltiona and invertebrate faunA 

ot the middle Do •• 

, ,', r ,~;. ~'''I::'J ., 
~ ~ , f" 1 't 

.;.. 
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CIUPTEB IV. 

A. riold Studies 
) . ' ,,'. ~ , 

1. Snmpiinc metho(lo. 

, " ' , I, <-

The Llrn Tegtd feeder etrenqUlteo' desoribed in ch3pter 3, with 

the exoaption of the Afon D:/trdV stat1ons" 6,7 nnd a, were ~ll o~pled. 

tor trout En.1-juv'en1le oalmon, by'meSns' ~r a I~nao. A.O/D.C. 5enerator 

(co del E3ba,'A.C. out~ui 240 ~lts" l.5;~ps.) uai~g partialiy 

rect1fied a1tornat1nC a~rrent~' This ~artl~l11 ~edtlfied >cu~ont 

procluced galvanot~xis 1n f1ab 1n tho Race way as a full direct 

~~rrent, and waD found'suitable,tor nearly allot tho conditions 

encounterad. en the rolatively EC~ll teeder "Dtraamll. T-i.'O eleotrodes 

wars uDe~, n atationar,y ne83tlve'earth'~lat't and a moveable . 

positive. plot. mounted. on a ,polo, :suppli.d:.lIith-lOO metres 'of 

electrio.cable •. Flah~ith1n a 1-2 metre rango of the positive 

oloctrode swac : towards the 'electrode ,and were .ccooped O:1t ot tho, 

wnter ,b,.:menn~fhan:i nets. The fl'ah w.re then transterred. to' ' '. 

larooplaGtio :...bina 1 contrlnincr ,~w:ster in which they quickly:recoverod 

from the etfeota 'ot, tha. olectric ccurrent., '. 

1 of;< • ~ • "_ "I _,,~ ~ ... , ,-","7 • ,\ ' 1 • '. ~ - . ' .:.. (,. , 

to '~cll'1910; the' lowor 'part of the !ton tldAl' (site 1) 'bimonthly 
.;.. .......... "'" _ ~ of -" ~, t ." ... ~1,.- -, • '" "I, , • \, - • .. 

trom'-Febr.,u:.r,; '1969 'to " FebNiiri 1970 ond the u1:per part' (Bites 2-4) 
" - ... ~. ~t "', ....' ""'"' .• ~ J ~'. • , ••• - ",' .. -,'"",. 

bit10nthly from l1arch 1969 to' llarch 1970. Tho Afon Lll. wns an:npled 

in l1ovi:Jber~ md', Dooewbar"1968 !thw b1rJonthly f~rJ Januart'1969 to 

-, ~, 

'" 

" 
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'Caroh 1970, and tho u~~or Afon'Dytrdwy (siten 1-4) also bimonthly 

from llovamber 1'968 to !t!arch 1910. Cacplea were taken from Afon 

DytrdT11 site 5 1n February; ),tq; July and Septen:b'!!r 1969, and. 

from Diteo'6, 7 end 8 1n July, "80ptember and Ootober 1969. 

&tlpline- ot the~ AtonDytrdw)" "sitOD 6, 7 end ,6 wna carried. out 

principally tor grayling. using the a:lall seine net deDcribod 

in the 'follow1n[j6acticn on Llyn Tooid. . SnmplOD wero obt"'lined 

froQ tho Aron '1'uroh 1n Februar,y 1969, then bi-oonthly from 

"Unroh 1969 to Uaroh' 1910 with tho addition of a samplo tcl:en in 

Aucust 1969. 'l'htt cain sampling period waD oonciderad'to be 

Ullroh" 1969 to lfaroh 1970, durins wbien tiae allot the above 

rivers were snmplod. , , 

Eaoh ~e~tio~ of river (dGscrlb~d. in chapter 3) Viaa Bru:Jpled 

as an ind1vidu~l unit end fiSh troQ ono sootion ware dealt with 

oe~arat~ly lro~, thOBe c~ueht 1n ,other oqctions. On a number ot 
. ~ ~ .. ~ 

oooas1ons.~oceGs1ve sampling runnwere .carrledout 1n the sace 
•• l-, "" ~ " 

. river BGction,toruse.in population,eGtl~atea, and flshcaught . - ~ . 

during ench run~8re kO,ilt 1n uerarate ,contalners •. Stiona woro 

, rude :t.o prev!flt .. the mov~e~t <fJ,f tiB~ :ha~w8en ,different ¢tos during 

"s:lCpling. ,Gabior! weirs ina nu:lb8~ of the Mon Clyn sections 
• "",,, -". ".t ~ , '"' " 

:~rov1docl ~tnbl~ ~~rl'ler& .to such covezent, butln the nbsence 

"ot .weh obstaclasGtop nets (ClOth aize 10 lTJll.) were erected at the 
'" t , "~'" v"'~ - ~ ',,' < \ ' 'Cm; ~ 

.. ,alto bound4ries. ,C&cpling was carried out by stnrtlne at the 
, ; ,< - ... ¥ ~ ~ , '. ... ;.. -

downstre;.m en.1 or. the 10-=est river sectlon nnd worldng uPstrec.c, so 
~ • , • .. ~ ~ ',' , , ~ , t 

, ~ha.t, the.~rlllh caught would not have enten organic:ns disturbed from 
". .... - ' ... ~ .. "t J "0" ,~~ , . . _. " , 

, . ,the rlver ,bed ,by- the ssmpll118 tesc. This procodure alto helped to 
- - ... ,.. - -" ~ ... '£ '*... _ ... ,t ~:' .. 

, .. 
, \ 

, 1 
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prevent tbe encapo or rich which swam downstreac OVGr sobion .eiro 

in the Aton Olyn oiteo, but not upotroac ovor GUch obstaoles. 

Fow d1trlcultles,we~ onoounter~~ in tha.ono~lin~,~r the 

Llyn ToGid teador 8tre~8 exoopt du~ng flood end hleh water 

condItions •. Wa.ter I.ovalo in those ~trenms quickly tell after 

, " 

noods, howl!ver, and .stmplen wore obtainable at ooeo tics during every 

conth or the sampling period. Under conditions of vorJ low water 

the Aron Glyn stotion 1 was unriahabl., the atre~ at this point 

being roduceil to subturfaoa trickles betweon the rooks and blocks 

or the gablen weirs. All Gttmpilng a1 tea were within shert "alkins 

distances of roads, and In dry weather some c1 toa could be 

approac~od by ector vehiole across the surrounding meadowm. Saapling 

lias u&ually cur1ed out a1ngly or wUh the help ot one other person. 

~. LIm Tedd "" 

Sampling ·tor 'Gl"IlYling wan carried out in Llyn Teaid by m.&ris 

ot shore selne-nett1na.' The metbod ot netting' used on Llyn Tegid' 

has been developed over tho years by Univeroity of Liverpool 

workers. .,On. end ot tbe seim' not was held by ,.8 ,.teruD ot men on the 
,'i.70 > • " " • ' 

shoro, end the other end wsa towed. rouna in a large seml-circle by 
~. "- y l' "" , ~ _', 

en engine powerGI!. boat. ~he not.was Qleo towed for DOme distanoe 

paral~el to th, Ghoreline bofore the otteboro end wao tin.1l1y 

brousht . into . the shore. Thin prooedure considerably speeded up 
". ."' ""' .... *,,'. - ' , .;' 

ne~t1ng operations,and ~ermltted a greater a~a of leks to be 
,~ .".;-- • fi • • 

G~led.~n a ~v~n period ot~tlga •.. Two eiz~o o~ seine net were uced 
., ~ • ~"\ .... .~ " ' ~ .', • • J 

according.,to tbe pulling capaoity pi the towing bont. The larger net 
~ <., .. - ~; ~ ..... -::.. ;.,; """ ,). ~ <I~" •• ,,'. .-'" ~ f ~ " , ~ _'",' "" ~ .. 

usud was 55 meirea.long, .3.7 cetren deep, with a m~sh ot 31mm. in the 
<~'.J.-..... "", ' ... ..! ". ~"'''l-J''';>~.~~~~' ~ 

" .~, ,'~", 
• o· , ..... -.~ , 

·i ;. 

~" 1 

'~' ~~ .. 
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ar:no end 1(}J;Q. at the bag. ~ha Ei:luler net was 46 mitres lOrl6, 

2.8 metres deep, with ~ maoh ot 25QQ.,1n the a~8 and 13 mm. at 

the baB, llett1nc oper~t1ons.\oould. be c~rr1el1 out in all, cond1t1ono , 

excep~ dur1n8' periods ot strong onG~ra ~n'!.a or .when an 108 ; 

covering was preeent. The latter condition occurred only twice 

dur1ng the 8~pl~ period. , ; , 

,', Selna nott1n8 was co.rrle~ out, en Ll¥n 1'e81d, at .the Bites 

11!!ed~n chapter 3,} •• e~11 or twice weekll,tro= Octobor 1968 to 

Octcber 1969. 8nd?~pthll tro~ UOV8Qber 1969 to October 1970. 

Fish caught at. diffarent ~lm.s dur1no MY particular month were 

~~s1dercd together.as a c;cnthly ua:.upla. Tho number of saine 

n~t haul~ ~~, the nUQber ot iIl'1Q'ling ,cauaht por: haul were 

recorded. toeothsr wi~h pr8Va1l1~ ~eather oondi~10ns, lake levela 

and l~,e t.:nperaturo~ •. , A're6U1or-t'8~ ot workers was avnilable 

for .asslstanca , with tho nett1ng operations on ene day per weak, 

on~~d.d1tional wJrk was carried out using a ,small team ot ena to 

three people. 

~t:lp1,ing tor salmon smolts descending through Llyn Teg1d was 
, ' -:':"~ , " . 

carried cut by shore aeine netting (as described ebovo) during April 
. ; " 

Md lIq ot 1969 and 1910. At the time et the cain Gelol t runs (late 
... '" :-' ~ 

April nnd early Uay) saoples were taken ddly, and factors which 
.~ , .... ~. :' .. ""I ."~ 

Cat have atfected the size ot the ~G (e.~. rainfall, water . , ~ 

tem~orature, river f10wa) were recorded. At thin time a Baine net 
',"''''. '", . _ ... .: ,-~: ~. ~ .... '. i .. 

\1QS alto lett overnigbt Ilround the mouth of the !ton Olyn to detemne 
!·~l~'~:''':~"·~~"'~ ;;..Ii:'" .. ~"_< ....... : .. ,.'"" (.~ ,"., " • " 

the nu::lbers 'ot smelts descending trca the river during each night. 
:,\~;t~' t":""'",,"~ ~.::. ~ .. ;', .>~:~~, ~ 

Smelts were soQeti~es C&UCht in large nu=born and hand11ns cortu11tles 
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"era initially high. Thio problem was largely overcome by 

," " ;-

retaining tho ~lts in largs portorated plastio (~7etlon") koeps 

plnced in ~h. lako, until the oacpleo could be prooessed. Pike 

, 

~ught whilDt fishing tor ~lts wore rotained tor stomach analysla. 

. Extensive eill netting was 'carried out trom July 'to Septecbor 

durin81969 and 1970, in an effort to trace tho GUmmer diu3ppearnnce 

at grq'lins trom tho Llyn 1'ec1d nbor. zone. Eottor:a 'Set nylon twine 

gill neta, eacb 27'matroa long an~ 1.9 Qetrea deep, ot mesb sizeo 

19.5mc., 26c=. end 32 ~. were used tor a total of 1554 net hours 

at depthu ranging tram 1 -')0 cltres. Only t~o gr~llng ware 

captured by this method, cne at 11 daptb at 1 metro near the Alan 

Glyn inlet, end one at a depth of 7 mltrls at-site D. Seino netting 

ot the Afon Dttrdwy nites 6, 7 t:JU' 8 was also carried out 1n oonnecticn 

with tho GUrner disappearanc,a at gTn¥llng, and ettom:. wore Il!ade to 

traca the spawning migrations ot Ll1%l 'regid cro:linB by ,cnrefUl . . , 

observation in the te.der streacs. 

c. Rivor Daa - ' , 

The River Dee is' a relatively large river (see fro'ntiapieco) 

with a high Qe~ winter flow (table 16, chapter 3), presenting' 

con~iderable 8aDpling dirficulties. Few bridgeD are pres6nt in the 

uppor're3Ohes ana 'aooess'to suitable aocpling sites 'is limited, 

often 'involving a ~~ok or 'uP to i cdle aoross Cead0\18 which bocome 
. . - ~ . , '" , 

waterlogged tor wch at the winter. Sacpl1ng was carried out 

prln'c!Pally"tor grayling .~d. several cathode were tried b~t~~o U1J' 
, .. ,,'.! ~ ~. -- ," .; '-) '. ~ .. ''\. • 

sucoess waa 'ich1eved~" Electrofiahing v;ith the equipnont used in 
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the Llyn 'regid teeder strelUllS "ere found to be unsuitable tor 

sampl1n« the Riv.r Deo. Ate'll sucon parr, trout, pike and 

eels were cnught by this method in shnllow regiona nenr tho 

river b~~s, but no cr~linc wero ever stunned and indeed none 

.. ero evor Beenl Juvenile ealmon cmd trout tend to ceok refUge 

under stones, in wood bods and acongat tree reoto when disturbed 

rendering'thee IfJscopt1ble to C!lP~uro by eleatrofiBh1nge Gr:l1ling, 

however, rG:l:dn in C11dstrofJn lind dart ott when disturbed, always 

koep1ns out ot rmge or the eleotrical f1eld. The developmont ot 

oleotrof1oh1nJ machineD tor uno in lart;G rivers is in its V017 early 

atGges at the'University ot LiVerpool, and moreover requires' 

aoasaslblilty to the river and a large team of workerse Suoh a tosm, 

whioh could tum out rogularly on the many dates that wero rOQ.uired 
, " 

tor adequate s~plin8 of the Dee, was not availablo. 
" . 

Attempts were made to sline net the r1ver, but aooessible sitos 

were generally unsuitable and in tho abaen09 of an adequate Illbollr 

toroe, furthor eftorts in this dirGotion •• re poatponed.. It was 
~, . 

GO~ewhat 1n des~eration thAt I de01ded to tr,y unSlins tor grayling. 
, , 

this proved extre!:1ely sucoossful. All parts of tho r1ver coul,d be 

G~~lej and the nacessar,y equipment for aampl1ne and tor the GUb8GQua~t 

pro ceasing o~ s2.Zl1plcus, coilld !llsilT b~ c:lrried. by one perron. Arter 
,~t, .. :'" 

c. a ~ 6bo~ ti~~ ca~che8 of '? gra,yli r{; ,per day becaQe fairly coGlQOnplacc, 

and Q creat deal of inforcation on the habits of these fish was 
\~i~~' ~ :~, ..... ""' ~, 

obtained tree the oloB~ observation that is so integral a part of 

CU1~11ng. The rulC11nt) methodo used tor the c:lpture of eraylin,c were 
I ;'); :;: ~... ~' "'..' .. • 

wet und drJ fly tishing tro~ April to November, and longtrotting with 
~' ,"'~.., ~ ""-

worms and COB.&:,-Q'ts from '.Dec,ember to Uarch. A cons1c1erllble nu;nber ot trou~ 

I ',0, ,i" 
o ' ~ 
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and juvenile salmon were al£O, oaught by these methods. l"'1sh 

caught bl angling ware generally kept for a short ti~G in keep 

nets placed in the x-ivsr until a s:nall ,number hed accuculded', 

which were then prooessed aooordina11. The eeleotivity ot. 

angling in this study io'discussed in later ohapters on growth 

rates Jlld~ feeding ,habits,', ' '-'.' "'.-

" . The tiver~Dee l1QS t sampled, trom Ootober 1969 to Ootober'1970 , 

on'up to 3 dOyD per "oel~; and all' sites'(a:..) wsre ie.mpled in any 

one month. 'All 'elata-tor a~PnrtiCular' month, were cOmbined.' In 

liddition"-a riU::iber ot' loeal "inc1ers'were kind :eriougll',to" aGsiSt in 

mt reoearch programme ~l Bonding relevant detai~s,or,theix- catctes 

to'~? ·During,the, summer'ot 1910 it W88 possible· to drive's motor 

vehicle across: the :previousl.,y water l08ged meadows to the r~ver 

bank,- thus enabling-heavy equip:went to be taken to sites Which 

were fo;m,rly inaooessible. , Renewed attem~ts at ,seine netting were 

theretore cade"and t~o suitable sitas (a and 0) in ~he o~retchot 

river: downstream troe the, Bal. sluioes 'l'er~, tound. \i.<'Seine nat hnu~B, 

using ~he ~~ll net des~ribed in section Al(b), were cade at these 

s1 tes in June, July, AU8Ust £lld Eepteitber 1910. A boat wall not 
..... .".'. ' 

required forVthii"' work ria the river was wadeable in chest waders at 

the Delected.' siies. On"a end ot tlie net' 'was"hnuled 'qUickiy aorose 

the ·river'.-and then' dO\mstrea::l,' and' back' aCl'Ossthe river to i. plaoe 

where'th,':net CQuldbe eonveniently"'drawn in' (preterably n gentle' 

sloping':8ravel~ b3rut" in alack \V3ter)~ This method' wac most successful 

in 'Oond1tion'B~ct lc)1lr'wiiter end 'low river flows. 

'_ :,\ :'~;:",. \_f . ,~' ,t OL:' ~ /f ': . 'So 

InveQti~tions into piko predation on ealcon1'ds in the R1 vor 
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Dee wore underlaken and sEll6lp1es of pike wero cnusbt by &111 

netting (Clesh o1ze 9amm.) and eleotrofishir18 in, and around. tbe 

moutb at, the -Aton Tryweryn flood relief channel (cee plate 1) 

during tbe spring 'at 1969 end. 1970. Eleatrotishing waD oarried 

cut using the' eQuipccnt doooribed.'in seation Al(e) mounted. in a 

small boat. A tew ~ike wore caught in ather parto of the upper 

Dee ua1nS this equipc1.nt from tbe bnnkside. tiome pike were aloo 

48. 

provided by tbe Dee and., Cl.14 River Authority trom their rmnual 

gill netting operations carried out in the proximity of pike 

spaTning srounds'in the up~er and clddle Dee during early 8pring~ 

. ..." _ t • 

• , E'.o:ne electrofishing, 'using the equl~ont' described in ceotion 

Al(a) 'was carried o~t in the ~31l tributary streams listed in ohapter 3, 
, . , 

section a, 'fci11owingthe discovery at nuwbe",o of mootly teall grayling 
, ' . 

in SO::8 of thece streamo by o"thor Viorkers trom the University at 

Liverpool. This work was carried out 1n !!arch 1969 and trom 

Februar-.f 1970 to Ax:ril 1970. ' Atter early Aprll grnyling disappeared 

from the streams nnd eleotrotish1ng was discontinued.. 

2. Tre~tment at 8rm~le9 

a. Genernl procedure 

. Captured fisb ",ere transferred, in ,s:nall batches, tram the 
• " • • ' ~'I 

large bins or keeps to GIlall buckets containing a 1120,000 solution 
~ ~ ~. ' 

of ~rica1n' methnnesulphonato (MS222), in whicb they became anaesthetized. 

The lensth ot the tish to the ne:lrest lrilQ below was then coaS'.u'ed, 
• ,\ 1 ' : \ " ... '~ 

using Jl standard. i Q8tre me80uring board, trom.tho tip' ot .. the £%lout 
- <- • ,I ". , • - .. -", ,. '., ~ , 

to, the"t~,~l~ or lt~e tail (~ork ,length). In tho early stages of tield 

.. \,,',' • ~} t 
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work measuremento ot fish brauht baclc to the labo::atol""1 were made 
" 

atter froezlns, but freezing was found to o&usa a docrease in 

le~h end nll subsequent measurements were cade in standard 

conditions after anaesthatis1ng in ~222. Correotions were applied 

, to the early poat-treezins ceacuroments. 
~ I' , J'" ' ,. 

Fish to be taken back to the laboratory for poot-mortea 

excmin~tionB ~e're' at' 'thls' ;i'o.ge 'plaood in GUi tabiy lab.lied 

Polyt-hene bagB~' On a;rival at the' laborntory thesa b'l18s were placed 

in a deep freoze (_20°0) untU S'.loh time as they could be dealt with. 

Fish which'~er.to be 'returned 'alive to 'the river 'or lake were next 

weighed"on a Salter balanoe"to the 'uearei£gram., It 'wao found to 

be impractical ,to .eigh scall fiab'in the field because 'ot the 

large erras 'which 'oocurred, 'w 'consequently only' fish "or,' fork length 

sreater than ;15c:n. wor,o .. eiShed. ·'110 Bian1t1cant .ditterence (p ~O.lO) 

was found between hash :'and frozen fish weights, so fish taken back 

to the laberator/'were weighed after'freezing. 

Tb~ ~d~ta: on length mid weight ~are r~oOrd'd on aa;~ll envelopes 
, _. <-, "" ,r _ ~" •••• l" • .. i-

(one per fiSh),' together wtth'det'dls of sampling station, date and , 

Dll3' other raieva:rit1nf'o~ation (e.g. tas number,' recapture dotails). 

Sample~ot 6~les< 'trom a'soh ifsh were then plnced in tho envelopes. 

Replllce~edt' : sCales OCcUl- freqtie~tiy in' t'rout (Tesch, 19561' 'nall & 

Jones, '1960)' and '~t Ieaet20 Bcaies lIere therefore taken trOtt,each 
;'t" "\ Jr'" 4 ' ,,_ ' -, " :'~' ,. "':. '- ~ - • ¥ • 

fish. Replaceoent 's'cale's vera found. less frequently in juvenile 

salmon end '~aYu.ng~ and BS.lIlpii~' of 10 ~d 5Bc~le'8 respectiv~ll' 
, .. ~, e.~"-" f1'~,,.,,, ,.- i i' 't, ~. ,<. ~' :- ..; J 

from each"fiSh, were 'foUnd to be adequate. Scales were removed, 
t "" '" ,\';. "C. ..,.~ r-"'" ~. -, - .J' " ~' 

by scraping" with a ccalpel blade, from a position approximately 
I, 
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halfway botween the posterior booe of the dorsal tin snd the' 

lateral line,' always on tho lett hand side of the tish in the 

case ot'grayling, but alec on the right hand aide in the C30e 

ot reoaptured trout end juvenile s~lmon. 

b. Yarking 8M tnp;r.iner methodR 

F1sh which· were retume:l. olive to the rivo~ or lake, y/ore 

marlcec1 or tagged in one or more ot the tollowing, wSls I 

'?,,' •• 

(i)'Fin clipping. " ~ \ ,(..J_ 

Total re:noval 01' the adiPose 'tin and partinl: removals 01' 

peotoral end pelvio fins were carried out.L1ttleor no 
, , - ... ~ . 

regen eration ot the ad1P(J as fin 0 ccurred. (nll s, 1911) t and 

regeneration 01' the olipped paired tina was detor:ned in suoh 

a war as to be easily recotniu.blo (St}1art, 1958). 

,', (i1) 1>1e inoculation. , 

. Indion ink Vias injected subdel"Clally by Cleans 01' a pmjot 

. 1n9 culator , (~rt. &; Pitcher, 1969). J.l;.rks weN made in 

various positions on the fish according to sacpling site, 

date and recsptures. 
~ ~ $0- • 

(iil) Individual tage;ing. 

~ ~d1vidual taggina was carried out using 5as. squnre, numbered 
, ,,'. ,. :, :" . -

ivorine discs counted on. stainless steel (d1£lllster O.,3m:n.) or 

silver wire (diameter O.5a:C1.), to M1nist17 01' Agricultura, 
... ' : 1" "_1fi.- "".It- ~ _. "'... ' 

Fisheries and Food speo1t1cations (RouDonfell &. Everhart, 1953). 
, - • :---:_ ~ ~'~ ~< ~ i.. ' 

Tacs Viere attached. wlth the aid of a hypodermio needle in the 
I.! ~~' ... ...: ~~ r;. " " .' '; ,_,' 

-'-- ( 

o ClUscule.ture 1m:lediately anterior to the dorsal fin. ';ounds 
~- ~t> ~?' ' _ '" '-_ ':4 '"' > ~. ' < " 

caused by tacg1ng were Blight ln the case of trout end juvenile 
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sa1mqn, nnd. quic;cl:r, hea184. .' tome or~11nc. !lawever" abo.ed 

u~re percsnont.dtu:lago ,with wounds,inoreasing 1n Bizo end. 

" ,becoIll1r18 .. 1nfec~ed wi~h tunguo, . :;:Uoh,casos occurred more . , . 

,t;'''Q,uet'?t~.;~~._L1yn T,gld than, 1n, ~h. River Dee .QDd .,hen 

found, we~o ~;,eat.d,:wl~h a 1~ solutiop ,of ma~cu~chro:ne. 

, Dett~r r~GU1to. were,' ~ohl.aved"i~h"h' :uae of ~s11ver wire 

~ which. baing thi9ker, . show,d .leas tendeno1 ,~o" cut throuch 

'.". : ,.,tho ~lesh. FlOl, tags ,mounted,onpo1ythenethre3d might 
, ------

.~ haveg1von ev~n bstt'i'r result,s. ·bu~ unfortunate1,. ,these t8{{B 

_.!' were n,ot ,availa'!?le unti1·the, end. ot the experimental period. 

,'l'he 'tagging 'progrnmmei" o:1rried out 'in the upper Dae area wsre 

pub~iolzedin'thean8l1ng press 'nri£lettarD'ware wrttten to local 

angling olubo' and"to ' individual "8.ng1ero otfering n roward ot 25p' for 

ths'return or tto't&8B tree 'recaptured tish, together w1 th' detalls or 

the c:1pture. This prooeliure met with considerable S'..10CeSB but reports 

of anglers throwing bac.1t· tacce~, t~sh were all: too common nnd <-. 

undoubt!,d1~¥Cloro. pub11c1~7,:Gbou.1d .. ;have been given to; the programme. 

, .. : Ideally maridna "cnd~ta&31ng methods should make' 8';'ti~' percla.nently 

and,unc1stakab11·recon~Gable, 'preferably individually, 'to enyone 

exmdnlng it. and.'should have 'no "efteot' on' growth, Clorta11ty' or 

liability to capture by 'predator or by f'1ohing ge3r (~ott. '1968). 

llo' sucb t1dea1 methods :eX1ot and the' etfect B ot lilY'tai£ging methods 

on growth,Clortal1tl,nnd capture, together with the trequenoy ot tag 
~~. t I~~""'-'" "",~ .... ';) r-~,~~ .... -W"I'!<t".:" ~ ,,' ~ 

losses, 1s d1sa~ssed in later chapters. Various colours of mini!\r,r 
,,~ :: ~~::~ ~,~ :~' i .... .:~ ~7 ! .. ' ,. ~ I -,.l\I>:- N';"~ <~ ~<~ ~"'" ->" 

tags were used. light coloured tags were easier to read on recapture 
. .,. "","" ,~"........ ';'\'~ . -::' .. ~'" ,,- ~; " •. ' 

but posG1blj"attracted'tha undue attention of' predators such as pike 

" .' 
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(Carlin, 1955), and dark tags (brown) wore vert. Mttieul t to rand 

on recapture. ,Tho usa ot brov.n .tacs waD discontlnuod atter . , 

initiAl ,trials. Ind1v1d~al mln1B'try tlllIs.ware onll UBod on trout 

end a:alQOn pD.rr over 9=. fork length and. on erqllng over 150m. 

f'ork lenetb~':, Snaller 'fish wora maz-ked by tin :olipplng ,or dye 

lnooulntion. ~hero tish were not inc11v1dua111 marked then achOtiles 

of' ditteront"bn1cb marks tor diff'erent'S£Qpling a8atiana ware dovoloped 

GO thnt IllOvOll.enta could be followed. tioco tagsed. tish _ero aleo 

marked by fin' clippinc or d,yo inoculation in ONIl" to taa1litnte tho 

8aseocmont ot tag 10eo88, and batch marked fish were given nn 

additional carle. when captured aWB1 froCl their "hocs" seotion. 

Ealcon SQol ta 'captured in Llyn 'regid proved to .be very delicate :to 
'. 

hanlle and were only carked by dye inoculation. Recpatureo of' 

smolta in LIm ~egid, originally tagged in tho teeder strenms,. were 

recorded. 

Af'ter.'Clarldnc or tag61ll8, fish wore placed in contcdnera ot 

fresb water Until the,y had reooverod troa the ofrects of' the 

anaesthetic. Tho tiBh were then placed bnck into the clntre of the 

section from which they were C8USht and detaila ot subsequent 

recaptures were recordod.· Saverol e~er1ments were alm onrried out 

'in . which t~.:.ad. fich wero tran8ferred too~her· sampling .sections to 

'inve8ti8de tb:e < po Be1ble occurrenc,< ot "homing", migrationo. 

~ T,.... ~ ~ ..; '':;.,;).' 

D. Laborntory procedures 
.. '" ., -~. ~ 

Cenernl treatment ot fish e~~188 

The fork lengths ot t1sh broght back from the rield were 

~------

'-'j 

, i .', ; <i ,; 'J 
. 'j 
',' ; 

1 
, ~ ~ . .. ~ , 
,'i' 
:I'i' . ,. 

# '(\ 
, ~' .... 

, ·1 

, < 

; .," ~. 
F •• ' 

,' .. , 
, '~ 

. " 



53. 

l!:IeaBUrctd to the nea.reat lm:n. below atter thnwins, and G. table of 

oorrootions for convorting frozen longtbs to fresh lengths was 

compiled. These corrections are shown in table 19. 

TA.ble 19. Lenc;tb corrections tor frozen fish. 

Frozen 1oll6tb <CQ) Added length correction (an) 

3-5 0.20 

5-7 0.25 

7-9 0.30 
9-11 0.35 
11-13 0.40 

13-15 0.45 

15-17 0.50 

17-19 0.55 

19-21 0.60 

21-23 0.65 

23-25 0.70 

25-27 0.75 

'n-29 0.80 
29-31 0.85 
31-33 0.90 

Flsh weiE:hts were measured on an "Avery" ba1e.noe to the ,nearest 

O.lgc. below. Scale asmples were taken in tho manner desoribed in 

seotion 1..2(8). The body cavity WIlS opened by n longitudinal ventral 

slit troc the Mal openins to the pectorel girdle. The standard. 

lUi_shaped stomach region (ED1l, 1961) 6ho~n in tigure 15 was removed 

and stored in l~ tomalin. The stnce ot development ot the aonads 

(section 134) was recorded end the ovaries ot mature gra,yl~g were 

removed end stored in modified CilElOn's fluid (Simpson, 1951). Any 



FIGURE 15 

The alimentary tract of D salmonid fish showing the region 

removed for a stomach analysis. 
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2. Treatment nf' 'ooillee tor 8~9 end (tl'Owth ntuilioR 

1' .... ', ' '1' .",. '" . , 

All age determinations were made trom scoles mounted on 

6'l~~s" Glides in ~parol end eXBm1~~d under Q binocular micrOscope 

at mn6nlfications otx43 nnd x72. The validit7 ot tho age 
, . 

... • '- ~. > • < 

determination methods uGed, end the roviews ot the relevant 

literature. are givon tor Sl"oYlinS and for trout and juvenile 

Ga.lC)Jn~'ih."ch3ptGrs 5 and 6 ,reap'Gctlva17. 

lteatlllrement ot t'rout end salmcin so4leo tor the baclt calculntion 

ot lenCth \'Zan' carrisil out using the cdcroacopa desorib'ed n'bOv., 
, '~ 

fitted with a grnduated eyepiece m1cro~Qter. Yea~~ro~entB or crntling 
":. . " 

scales wera' obtUned'trom cn~~nlarged borizortll imace tormed b7 

maGna 01' an u£nbeeoo" portable Clicroprojector. ~calGs weN measured, 
, ", ,'l '''I' .. t, f" • t" " , 

¢' ~" ' 

tro~ the sca1~ nucleus to the ant~rior edge along the IllltEtl'O-posterior 

axis in trOut'nnd salmon, and troCl the Bcale lrJ.cleus to the anterior 

ventral'}corner alo'ncr a' dia~n4l c.nterior ana (eee plnte 13,. chSpter 5) 

in'sraylini. ,The Bcale "axia \{sed. 'in gr83'lil18 was ;·ci~terarl.ned atter e.' 

series' 01' trials, and flCalos tro:l on11 tho lett side ot the fish were 

e%8tlinad. in order to anaure, conoistent uoe· of~ the chosen axis. The :.-;, 
~ "',.., , c~,.. • ~ 

M.te~PO,st,er1~;r, axis, 1s not. GUitnble for meaGllremontin, grayling' , 

because or the lobed anterior scale 'border. Fork length/scale length 
~ ,\-_ ~ t ..... ii', • 

relationships £or :trout, sraYling: c.nd.juvenile Stllmon were constructed 
" i.. ~., 

frog the scllle'measurements. J.IeasurOGlGnto were also, cll~de from the 
~ u.c.ttu.). ., .". " 

Beale n\lcalwi to the end. ot each ''winter bc:ndtt ot'ringa (&nnual check) 
, 

and the Clean scale lengths ot each year claas at tho end of each . \ 

7ear of lite were calculated. The, ex>rreepcnding mean fie!l lengths 

.,' 

.: .' , " 



were determined trc= the fiBh 1enath/GCAle 1ena1h relationships. 

The ocourronoe or falsI checlcs '(sum:n.~ chaoko) waD re~rded 

o.nd arq soale eroBion, particularly in conneotion with spawning 

activities, wao noted. Ring counts wora made on all ooales to 

detel"Qine the seasonal formation at ocale 81'Owth rings •. Sc31es 
. , 

used. tor pbotof:1'nphio purposes (chapter 5) were cleaned in a 

saturated fJOlution at ~msin. 

3. Treatment ot Rtocnoha for diot Mnlyoo'o 

The aomach oont~nta wera examined bi • 

(i) the nUl:lber method, whereby ~he numb or of individuals in 

each food catoBOr.J wera counted. 

(ii) the volume cethod, whereby the tot~l ~lWll9 ':ot er.'oh tood 

catesor.1 wns measured. 

(iil) ~he oocurrenoe cethod, whereby: .the numbor ot oocurrences ot· 
each toad categorJ in allot the stomachs exr.ained was 

assessed. 

':he degree ot fullness of tho stomachs and the mean volu::le of 

food per stomaoh'each month provided'ways of following seaoonal ohanges 

1n the amount ot tood eaten. 

r •• ding intensity was based on a series'of categorios of stomaoh Y 

fullness, renging between an empty stomach end a distended stooach, 
., 

given below. '. 

o empty 

1 ttull 
'. 

no food in, stomach 

pronounced ridges on tho inside of the 

stomach Tlnll. Food filiins lumen without 

I 
i , ,! 

'J 
-~. j 

, ! 

'-,' . 

." " ' 

~ , - ~ , 
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appreciable increase 1n stomaoh size above j'.:' 

tlmt ot " similar Bopt:,' stomac;h, or with 

only regional distorticn ot the stomach .. '~ 
,< 
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t full 

, ~' 

I • 

4 - -, full 

.. 
~ ~. 

I. -: 41at ended 

~~, • ': .. • .: - < '. ., > • 

1''1 

. ,iall b1 tho 'contru:nea tood, this 

diotortion not ocauP1ing more than ono 

quarter ot the total. lenath of the 

Bto:naoh~ 

ridoes on', the intdde "ot the stomaoh wall 

le88 ".11 det1nod but G~11l obv10us. Food 

in the lumen of tho stomach distending the 

atoQ&oh appreo1ablr a8 when cocparea with 

8 similar 8:Dptr stomacb. If the food has 

a ret;ional d1stribu~ion 1n the stomach 

luwen the r1dges 1n tho otOClllOh wall cay 

bav. disappeared 1n that region of the 

&to:taoll but then be V8r:! pronounce.1 in 

the remainder ot the stomach. 
\ , 

ridges on the inside ot the stomaoh wall 
~, , , \ 

more or 10S8 absent or only preaent in 

licitea areas. Stomach wall appearing 

thick and relatively opaque. Food till1ng 

much ot the, stoCltloh lumen but there may 

be regions of 11m ted size containing 

- little or no t'ood~' 

10 ridges 'on tbit' 1nside ot the stomach 

wall. Wall ot the ,-ato~ch thin and·coro 

or Ie os tr&nalucent with food f11l1ng the 

lumon ot the stomach, but without obvious 

, .': distendon at tho stomach wall • 

. ;, No r1.dl::ea on the inside at the stomach 

wall" Stomach wall tiling the shape of 

the tood contained in the _eto~ch lacen. 
_,. , f ~ ~ , 

lor : ,\,In~add1tion"to the categories outlined above intermediate 

conditions were trequentll tou.,d. Those were decoribed by selecting 
'11': J~ "."~ ~,~,,-'" ~",,"::-~i~<' :"r' "',;;, '. :-." ~ 

tbe ,nearest cdegar:! end adding a plus or mnuB slc;n after the 
J{;""'.~ \0:'- '.:.. ,._'-t;;; ... "~,~-..~~:-.", .'t.;;' (~\ , ' '. ... 

,I 
" 

I : 

~~ ! ,,' 
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oategor,y number, deponding on whether or not the lnt.rmediate 

condition was above or below th., cate£Ol'Y. 

Aa tho Dto~noh lumen tllla wlth tood the stomach wall expands 

to aceocmdati core toodwi thiri tho otomach luaon. 'This expMoion 

10 m~' possible-by the QUoo1elayero within the atomacb wall 

"hieb in the cm.,tl contraoted stomaoh produce the rld(;ad. appearance 

at tho inside of the stomaoh wall. 1.8 the lumen 1'1110 wlth food. end tho 

Ut.Jscleo expend, the ridges become 18s8 pronounced. and tinally dioappear. 

Preaerved stomaohs malntain their appearance at the death of tho'flah. 

Following the esticatlon of feoJing intonslty, the stomach 

contents were emptled into a petri-d1sh and the food anlQnls wero 

6Orted, ldentlfled and counted. 'llhen lnrgfJ n~berD ot II%Ulll IllllClals 

(e.g. Chircnomid larvae) vere present in a etomnch an eotimate of tho 
" . 

total nu:nbtr was made by extrapolating counts in sub-samples at 

s:W.l~r' voiU!llo as deaorlbed by Siddiqui (1969). 'The volume ot 

indirlduai food catebOries ~ each stomach was measured using the 
• • .. - ". ,~" J.. ~. • 

mothod described by Chubb (1961). The OCa.1rrenC8 of food ite:ns was 

detel"Cl1ned. by tho ~nu::bor ot Gto~achs' in whlch a part1C111nr tood item 

'occUrred eXpros3ed as '8' psrcentaSe ot 'the' total 'nu:l1bor or' cto::a.chs 

enr:l1nod (FV'lltto, 1950). The -r~Sulto' ot n1.Cber, cccurrence ena volume 

rmnlyaes were expressod es' percentages anl considered in terms ot 

'-alinual-' and. -BoacOnsl "dlet'~ vIlriot1on in diet with age nnd. the 

relationship betwe~ the tood eaten: and the invertebrate fauna. pres'ent 
. . ,'" 

. ' -
;;,., ... :;;t'~ : ... :!.:··i ..... ~ :.:'" ~ ... v::': ... \H<~ _ ,'" • 

The relatlve cerita ot the vanoua me'tbodo of analysins the 
" :-1 ;. '. ~. ~ .'" " ~ ~ :" ,;. C ~:. ~1!: :, "'~ ~ ~ , ~" ~t 

tood ot tluhea hnve been disa.1ssed by many authors, notably BYnes '(1950), 

, , 
-<'! . ' 
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Ocourre:l0e methods tond to ov~restimate the importance ot lDall 

,orgnniBQs or tholo ~caurricg' in low IlUQbers (Hyn.s, 1950)., The 

nlmbGr method t4kes no account ,ot the atz. or orgnnim:B ond 

therefore oV8reetirr.Q,e~ the imrortanoa ot &alAll organiSQ8 which 

ml3 occur in large nu:nbera (Hynes, 1950, Crahnm, 1960). 'rhe number 

method mq, bot/over, give a £Ood inl1cation of the amount or eftort 

expendei in Galecting an.! "capturing food org;inis:no (B~11, 19"43). 
Thevo1uce method is considered by a nWlb.r at authors "to Show 

Co'!lt accurs."to11 the 1cpc;rtcnce ot the various rood itOOlSIS tar sa 

tho' nutritive vnluos are coricsrned (Dall, 1961. arah&~ & Jones, 1962, 

HUnt, 1970)~ but it does not Bl10w tor difterential rGtes of digestion 

(Heso.an4 ~n1nw~ter, 1939), ena the volu;e at food tound will depend 

on the. 8ta~ ot ~esi1ng at. ~h1ch the ~lG~.~as c~uBht (Jones, 1959). 

It is goner~l17 agre,a thnt coat Clsthoda ot anal,aing th., .. tood. of fishes. 

have their advantages and th~ir drawbacks, md. thZlt ~ coClb~natl~n at 

cathode will prc~llb11 give a better picturo o~ the .1mportan~fJ ot 

different tood or6nniems than eny sinsle catl10d (Wind911. 1968). . .... ' ... . , ~ ~~ .. " 

~he ldontiflcation of tood' ore;anis:ns was taken to various 

tuonoc1c levela. Yoot ot tho toad 1teaJs,\iere identified. to splcies 
, • "'. ~ .~' :' t ." _ 

or cenus, coco to f~11_(e.c., CGrDtoPO£O~dQo) end.a tew only,~~ 
'" .. " , .. . ~" 

~.:~~~~. ~.~.g.~ Col~?len) ~ Ch1rcnoQid l~:.-vae in the !?toCla~hs at fish 

troa ths River Dee were not ident1fied t'urt.her. but thoso in utocachs 
: ,~ , ',\ .. ' .. ~ '.; -... . . ' ' 

or tish from Ll1n Togid were identif1ed.,to Bonera in order to determine 
~ " ,,'- ~'; . .. - " 

the ,1&ka zone from which they were eaten. Terrestrial insects ware 
, , ...,{ .: ... .:... ......... " ',. '" • ' T ~ , ""'.... .. ... ~ ~, 

' .... ' 

. <', 

, / 

;' ~ i 
" ,~ ~ 

": ~< i 
,< ~ r 

" ,I , , 

EX>rtetiCl88 identified to genua (e.g. Bibio, lIilara) or to.m11y (o.g. Aph1dae), ',' 

and others were clAssified as terrestrial Dlp'tarc, B1~enoptera or HeQiptera 

, ' 

,'. ' 
,< 
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Idmtlt1c!1tlon or tood oretnlEICB waG €1"8n~17 Il1ded by 1nto~l.ltlon 

on th~ 1~~~~~~t~ tlJWla' ot t~~, River Del t.nd. Ll1Jl T.c1d. wppliod., _ 

byU. A. Rahim and Dr. p.e. Bunt, r'spect1vely. 

4. Tre:\trnent or fOnndB 

a •• ~rual mAturity; 

The otago or devaloIQont. of tho &"Onnds. flaB dot.er:11nod. in cn10 . , 

a~n pnrr uG1ns tho c1il.ss1tloatlon at ,Orton" Jon.s (1933), nnc1-1.n • 
• '*".,! 

tnlut ulling tho l13at.em describod by i'roat.· Uld Drom (1967). ThD 

stuOOB ot Gex:.1:l1 CUltunt)" in crE\1l1nc ara ehown 1n table 20 

(aner Jtnkavlo, 19(4). " . , .... ~ 

~ . '~" '. 
b. FocuncUty 

Elm CX)unts Tlore made on the £1'8tling'.ovnrles (ot.ages IV end V, 

tab1_ 20) whieh t.nd boon presoN_.! <'in moditfed Gllean' 8 :fluid (uoetion D1). 

Gl1con' a auld hardens e(;gs and brellka down ovarinn tlotluO (SiClp£lOn, 
, " 

1951). Ovariaa .. are lett in the tluid.tor up.,to 6 mont~D.Uld w.ro .. 
~ '. '. ~ . . '-" '" . 

ahaten. vlgorouG17 to help l1berat. tho e&:o trom ovarian -:Uosue, . 
... ,' '~".," 

vh1eh wero then stored. 1n lO~ torcnl1n. 

Coun~1ne) ot oggo VI18 carried 'out. by meMO or the weight 1Uld. (. 

volU:l8 oubsm:1pllns a,thode ot J.:cOregor (1922) an:l KancUer & P1r.v1tz (1951), 

described. ~1 &8eral & :en~ '(1968)~ r~cu.'ldit7 was c:niS1d~red in ter.::s· .. 
'.II -., 

or the number ot e&')s/'Ie1t;bt. ot fish l"elat1onship and t~o_ ,nucbor ot 

eggs/ length ot t1Gh relllt1enthip. !t't.o weighta ot evaries trc:l 
. ......:............. ~. ~ 

eral11ns ca\1eht throuSbout' the jear Vlere oleo re~rued.. 
~ -, -) 

. ',.. '.t; 
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~8ble 20. '. ,,,"" Sexual maturity stagGs ot El"ayllng. 
• , 
i 
! 
! 

Sexual maturitY-staB! 

I 

II 

m 

IV 

·v 

V'r7 narrolf, ribbon'likl OvI1l7 thread '11ke or 

J 

1 
j 

• 
, "I 

, , 
j '2 

I, 'j 
, .... ! 
~~ 

I ',I 
, :.1 
, i 

1Ihi" •. teotes, milq-white ,l: narrow, 'lobnto, pale 

oolouratlon on antero- yello •• " 

dorsal mar~n. .' . , 

Teatls Bt~ll wh1te,'lU1d 

ribbon like, m1l.q .. white 

edoo to, tb!! ,tefdes. . ' , 

Teat es rap1dly increaung 

in weight and oocuwing G. 

cona1dernble part of the 

unoocupiod body cavity. 

A lnrao part of the 

testes ailky-white. 

Teates completely cdlky

white. The milt, in the 

fOr:D of dense drops, 

appears under presSUl'O. 

~he testes not yet fUlly 

developed. 

Testes tully developod, 

milk1-wb1te w1th a pink 

appes-ranc" bOQUase ot 
increased hyperaemia. 

" 

Ovart in &trip, 10bBt.,'~~1 

yellow. somewhat larger,: 
",-,i!',,: 

than stage I. Etms :H 
{-,I,''; 

. ::~ cdnatG, hardly visiblo ·"~1,~ 

to the ntlked °18. 

Ovar,r lobate with a 

yellow oolournt10n. 

O:1all eggs olearly 

via1ble. 

portion of unoccupied 

bod,y cavity. Eggs 

'.';' 

, ' 

large, pigmented. l.11nut'o;. 
1 .. ' " 

barely visible white roe "~I 
/ " I 

oocur bet.een large ':,: 

grc1ns. 

Running ripe. Eggs 
tlow on slight 

prossuro. 

\_- ~) 
""\ "', 

~lt, in the fora ot dense 

drops, is extruded unc1er the 

slightest pressure. 



Table 2O,oon~1nued. 

S.ru~l maturity bt8~e 

VI 

VII 

VIII 

, 1 

, , 

" \ ~, " -, ' ,; , it", >",' 

ArneAranoa" or testeR. 

Spamina' I dicens1cn or 
testes decreAsingl weight 

:reducing. 

Spentl teate. ot minimum 

dimcmsiona anel "eiahtJ 

gray and flaccid. 

Re8Gnernting 

" 

, ," 

, 

Spent, ovart grtl1, 

tlaocid, with SOQe 

unspawned eggn. 

ROBenerating. 

grS3, flaooid. 

white roe visible. 

-

, '..; 

;, , 

, " -, 
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c. Tanninolor;( 

'. t, • '" "~ \. I~'''' , 
" , 

60. 

The etanina' ot the tollowing ~ormo u8ed. in ~b1. thoala 18 

the once as that Biven by Dall & Jones (1960) and Ho11awell (1969). 

Yau ot 11te. 

Year claas. 

Ago group. 

. . ;~ 

....: 

Rinsa and rlng counto (wlnter, wlde CIU.Q:Ilor and narrow BUmmer rinsa):1 

Scale checks (annual, snel talse or Bu::JllOr checks). -:~ 
Eroslon (spawninc marks). ) 

Redd. 

The hatchina time tor oalmon and trout was taken as Uarch Is~ 

(Dall & Jones, (1960), and 88 June lot tor gra11ina (see chapter 9). 

The 1969 yenr clasq6t grayllns was thus composeJ. ot all fich uh1ch 

hatched nt the end of Us'y 1969 troCl sggo laid at tho bet1inninG of Uay 

1969. A 3+ fiah had. comple~ed. three 'yearo emd. was in its fourth leal' 

ot 11te. Ring counts wore only carried out et the marGin or the Goo1e, 

beyond the last snnual chock. 

, <' 
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1IIE AGE lm>·C~.\'TH OF ORAn.nm Dr ttn: TEOID AND ~nE RIV~R D~. 

1. Introduction 

Very lit tlo NBGnrch tao b.cn carried cut cn gr"~llng in the 

~t)loh Doe area. Jones (1953) cxnmined the sC.illes ot 93 gra;yl1ng 

fro::] Llyn Tezid Mel deGoribod th4t ooasonal cosle £X'Owth ring oyole. 

ThG cQ:llos QXDll11no'd by JonoG (op.cit.) togeth!lr \'11th 418 Data he. 

oolleotel 1n suboequont lonra, were rs-Ix::u:rl.ned 1n I:V atud1. 

Siddiqui (1969) lnvootl8Stal thQ toel1t18 habits ot 486 gr:Qtllng 

fro:1 Llyn 'legid onc1 gav, the Sl)to or sanIes tro:n thoco tinh to CIa. 

In ndl1tion to this material I exza1nsd A totnl of 1014 gr~11ina 

oaale ~'etG: fi-o:1 Llyn TeBid and 1935 Gato tree the River Dee 
. . ~ 

collected rro~ October 1958 to Ootober 1910. 

Other studios on the agel and 8l"OYlth ot British. srQ1irlJ bavlJ 

been Qade by Rutton (1923), Gerrish (19)3, 1939), Eel1awell (19691, 

1969b), ltackq (1970) mel U111G (1970). ,E-..m)peen wo:'!: on thlo 

61, 

topio vas carriod. out bl CustatDCn (1949), 1!ul1er (1961), Da10n (1962), 

~lGT~~ (1963), Jankovic (1964), PetorEon (1968) and ll1c~, (1911). 
• I 

Stullis haVG been Clade on ,the asa end g:oowth ct Arctic Gr:1ylinC 
" '" ' ... '" ~ 

'.,' 
y 

" , , 

, ... 

F 
/ 

,\ ) 

(Th"v:r.allun Arc!iC'..1a Pallas) by Brown (1943), 111Uer (1946) and. KraGe '. 

(1959). , . 
, I 

',' "'~. Dosoription ot- the 8o~le8 

'-:--::-:A deta11ed~de8or1pt1on of tho sOales ct 61":q11ng was given by 

-
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PInte 13 

Scale froe a grayling ased 1+ years, 
showing two winter banda ot rings, 
c~ught on 28th Jnnuary 1969 in Llyn 

'regid. The axis uoed tor back 

oalculation measurements is shown. 

Plate 14 

Scale from the same grayling as above 

recaptured on 13th Uay 1969. Two 
annual checks can be seen, together 

with 2 wide summer rings at the soa1e 
margin. 

Plate 15 

Scale trom a grnyling aged 1+ years, 

showing two winter bends of ringB, 

oaught on 13th April 1970 in the River 

Dee at Llandri110. 

',' 



~~-1 

1Jlll.U.\.UU~~-1 

'//I1..J1.-- 2 



Plate 16 

Scale trOQ a grayling aged 2+ yoarc, 

showing three winter bands of' rings, 

caught on 26th, Februar,y 1910 in the 

River Dee at Llanderte1. 

Ple.te 17 

Seal e froCl the same grayling as above, 

aged 3+, with tour winter bands ot 
ringe, reoaptured on 6th April, 1911. 
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. Plate 18 

Scale tram a grayling aged 1+ 

years, caught in Llyn Tegid on 

22nd July 1969, showing Q "S\.1WlII1er 

check". 

Plate 19 

Scalo trom a graYling aged 1+ 

years, caught in tho River Dee, 

(site h) on 8th July 1970, 

showing a tlsummer check". 
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Plate 20 

Scale of' 5+ year old. grayling 

caught in Llyn Tegid on 15th 
October 1970, showing a possible 
"spawning mark" at the fifth 
lllUlu1us. 

Plate 21 
1 • 

Scale of 5+ year old grayling 
caught in the River Dee at 

Llandrillo on 24th September, 1970, 
showing poasi'ble "spawning marks" 
at the fourth and fifth annulus. ' 
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PIRte 22 

Scale of 0+ year old grayling 

(length 4Omr:J) caught in Ll711 Tegid 

on 15th July 1969, showing tour 

growth rings. 

/ 

Plate 23 

Scale of 3+ year old grayling 

(length 3OOmm) caught in the River 

Dee at Llandrillo on 15th July 1910 • 

Plate 24 

Soalo ot 4+ year old grayling 

(length 345m) caught in the River 

Dee at Llandrillo on 19th August 1910. 
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Plate 25 

Scale trom 5+ year old grqling 

(length 373mm) c~ugbt in the River 

Dee at Llandrillo on 19th August, 

1970. 

Plate 26 

Scale froQ 6+ 'lear old grayling 

(length 435 mm) caught in Llyn Tegid 

on 3rd June 1966. 

Plate ?'l 

Scale from 7+ year old 81"BJ'lirig 

(length 313mm) caught in the River 

Dee at Llandrillo on 22nd Octobor, 

1970. 
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that gra1ling first spawned at that timo. Gerrish (1938, 1939) 

63. 

indicated the first occurrenoe of spawning marks at the end of the 

2nd-4th years o~'lire in his data ta.bles, but gave no account of 

these marks in the teXt of his papers. Jones (1953) found no 

evidenoe' of Bcale erosion associated with spawning activities in 

Llyn TeBid grayling, and considered. that this was bocause grq-1ing 

wera actively feeding and growing rapidly during the opll~ing 

period. Petei"aon (1968) also found no noteworthy scale eros1on~ 

but Balon (19~;2) found d.istinct "spawning annuli tI which he deacribed 

in some detail. Graylins trom Llyn Tegid end the River Dee have, in 

,'recent years, laid down their annual scale check during th~ spring 

(seo sBction 2(b) )~at approxicately the snme time as when they 

spawned, and some evidence was found. of spawning marks being formed 

at'this time •. SUch marks are shown in plates 20 and 21, and first' 

occurred at the end' of the third or fourth year of lite, corrosponding 

with the :first time of spaWning (see chapter 9). The slight erOs1o~" 

that can be aeen at the anterior corners of the annuli, together with 

the frequentlJ' interrupted rings ~d large light interspaces in' the,', ' 

lateral region, olosely fits the description given by Balon' (1962) 

and reeembles the spawning, marks shown by Hutton" (1923, figures vi: nnd 

vii). "Spawning marks" were relatively common, but wer~ not, present' 

on,tbe sca.les ot allJllature grayling, even ot those which had' 

recently spawned. , ,"\ - , 

b. The use of Bcalea:iri age "d.etermination 

.' ~,,~ :.; ~'_, l1..,. ~ '._~ .• ~. " ... ,' -' , T.;· .~ .:' .. ; 
Hutton (1923) assumed that grayling scale's were suitable tor age 

i .. _ . '. '" t ~ '_ .:. ',- ,:._ ~ ", ~. ~:- ,,<>' " .or ".":~"" t..', " 

determina.tion merely because' of the clarity of their markings. Jones 

, , 
" ... ~; , ~".' , ~ 

'. ' 
~, .... 
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(1953) follo\'1od the sonaono.l cycle ot growth rinS' formation in 

Llyn Tel)1d firq-ling end. ·found that the annual check wns laid down 

during 4nrly D.utu:nn (September) in contraDt to the spring chock 

formation in Scandinavinn grnrling '(lluller, 1961J Peterson, 1968) 
\ 

nnd'in North J.merican species (Brown, 19431' Kruse, 1959). GerriDh 

(1939) found 'that the "rinter" band 'of rings started to appo'ar on 

the Bcnles ot gr~ling trom the Hampshire AVon in early July. 

Hel1awell (1969a) sought to conf.lrc the apparent difterence between 

British 81'3Yling and thoDe in Scandinavia and North J.mericD., by a 

'study of River LUgJ grayling over a period ot twelve conoocutive 

months. Be tound thnt the check waD laid down in November/Decomber, 

some"1hnt later than in Llyn Tegid grq-ling (Jonea, op.c1t). Brown 

(1~M3) stated. that difterent check times of Uontana 6T01ling in 

various waters probablY resulted trom temperature differences. The 

variation ot the check time: o_bserved in European grayling within 

the Dritish Isles; and,oatween the 13ritish Isles and Scandinavia, may 

also be caused by this factor. 
I \ 

The results ot my' studies on 'grayling in'tha Welsh Dee aroa vary 

strildngly from thbse of previous "13rltish worke~~, bu:t' more closely 

resemble those of Soandinavian authors. , The seasonal occurrence,ot. ,'''' 
'(.,~,;,.'7.J.~ ..... ,.).. • l," ... ,i ' ,-* , ...... I. ...... ~~ •• -.'~_ 

scale growth rings,in River Dee gr~lin~ from September 1969 to 
T ~- • ~' .' .. • 

October 1910 i8 shown in table 21. Observations Clade on scall sampl~8 
" : <:r .. ~~ ~ I ~,-: ~ I , ~ ~" .. _'1 ' ? j" -::." ,'. J "'#.0"'/ 

ot scales in March, April andDecember 1911 are also included. 
• . ' . , ; 'I' 't " 

-f. . • .). ~ ". " '" #- ~ • 

The check was Idd down during early Uay in 1969/10 and during' 
• , ~ ... ",:1. ,', ,.. •• , ..... 1"1~" ':.' °r.i ," f~ ",:.' ~ .. ' .. '.~ .'" - ,_. ":~ tJ'.:.," .... ' ~.~ 

early April in 1970/11, the onset or wide ring tormBtion coinciding 
:- ~\ .. ~ . ~1' - tl ,:.1.,~..,,,: "!J'~ J,.:r'Z: .• 7),/,' ~ ".1 1. . ~ ~~~tt ~~-~'."". 

with the time ot inoreased srowth rates (section 2a,1i), increased 
f ~~\ -")'';1\: ~. ,,,,,,,,~~."-. ~ i,:: L': .:. "f.~'~-~.J : ~ - " ,~.,.. '. ,': <'. ' " .. I, ~ :".3.~: .. 
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food consumption (chopter 7, oection 3,i) and riD1nG water 

temperatures. The Goales of' two fish from a sample of ten exncrl.ned 

in December 1911 had one wide summor ring at the marcin, suggesting, 

that the 1911/12 chock would be laid down earlier than in the 

previous two years. A Goale fmc a 1+ cr8Yling (showing two winter 

bands) oaught during April 1970 in the River Dee at Llandrillo io 

oho~n in plate 15. 

Table 21. Seasonal cyole of' scale growth rings in River Dee graylill8. 

Year Jan Feb Uar Apr May Jun July .Aug Sept Oot Nov Dec 

1969 NS NS W \1 

1910 w \V IV S S S lfS NS W - -, 1-5 1-10 4-13 5-19 n-19 

1911 W 'il/a 
1-2 

where I S • wide "summer" rings 

NS - narrow "su.c.:mer" rings 

W • "winter" rings 

1-5 • number of rings beyond last annuluo ' , 

red line • time of check formation 

The seasonal occurrenoe of scale growth rings in Llyn Tegid since , 

1950 is shown in tnble 22. 

During my sampling period the scale check in Llyn Tegid grayling, 

was laid down, like in River Dse grayling, during the opring (early 

May 1968/69J early April ~969/10). ' Plates 13 and 14 s~w ,~c3les 

from a fish caught in late Januar:r 1969 (winter rings at margin) 
, 

and recaptured in m1d-Mny'1969 (2 wide rings at margin). The time 

, 
J 

, " 

" 
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Tsble 22. ~easonal- qcle ot scala growth rings in Llyn Tagid grayling. 

Year Jan Feb Mar Apr Uar Jun JulY,Aug SeF~ Oot Nov Deo 

1950 ··"r '-. - s 
3 

S .. - fiS. W 

1951 

1952 

1953 

1955 

1951 

1958 

1959 

1960 

1966·: 

1967 

1968 

1969 

1970 

1971 ': .. 

1972 
. -, 
i§' ... " 

'.' 

S 
4-11 

+ 
s s s 
2-14 + + 

s 
+ 

NS W - -
- s s s 

,··~2-13 2-14 + 
s 
+ - s S 

_--:.;;1-8= 2-6 
s s s s s 

. ~. 2-7' 4-11. '2-13' 2-14 + 

S ,8- S -
1-8 4-6 2-10 

w 

s 
2-1 

- .(~ "'" ..... 

S s 
1-5 5 

s 
+ 

-
S 
4-12 
S 
5-10 

-

w 

- -

NS 

S s 
1-6 2 

-' -
w 

-
S 
1-8 '-

}lS W W 

- - -

S 
1-11 

-

-
s 
2-7 

w/s s s s S ns ,.NS. 'r1 - \1 ~:'" 'Ii 
2-5 1-9 1-8 2-8 8-16 

w 

VI 

s 
3-5 

- - - - -
- -
w - S 

C' • I , " 1~"'5 ... '~'... ---- - .5 
1-10 

-
S S S S NS 
1-8 2-9.6-12 1-14 .. 

- - -
- -

llS \1 
'I '" -." :- I 

NS 

s -
1~5'r 

- -, 

•• 

key as tor table 21. 
,; 3 .~" -;r ."'. "'": 4:' ••.•• ~) ;, •• ;~... ' ~ < "" ,.... .... "i • ( f', ~ ... 

+ - Clany "summer" rings beyond last rmnulus 

w 

w 

- ,,~ . "\ 

, J' 



of check formation in other years variod oonaiderab1y, QS shown 

in figure 16', In Ootober 1970 Llyn Tegid grayling had 1-5 wide rings 

at the cargin, resambling'thos8 ,examinoJ. 'by Jon03 (1953), and in 

January 1972 an average of 4 wide rings were present at the ocale 

margin, indicating an autumn or early ~inter cheCk time, "It is 

suggested that teaperllture may have been an important contributory 

tactor to the observed variation at cheok time in ditferent lears. 

The wi"nters at 1968/69 and 1969/70 were severe and prolong9d, with 

snow preset.lt on the mountains surrounding Llyn Tegid almost 

continuously trom November to mid or late April, The following 

winter waa much loss severe, and tha autumns ot 1970 and 1971 were 

particularly mild, 

Grayling otten teed actively throughout the winter, exoept 

during severe weather (chapter 7), and Llyn 'regid fish which check 

in tho autumn grow rapidly at this time (sootion 3a). During vert 

cold weather feedinG aotivity is low and little winter growth 

ocC'.1l'S as found in the years 1968-70. Tho growth ot Llyn Tegid 

sray1i~5 scales during the winter of 1969/10 (table 22) contrasts, 

with the lack ot seale growth in the River Dee (table 21), and mq 

result trom richer feeding conditions in the lBke. 'l'he nnter food 

ot grarling in Llyn 'l'egid consists principally ct Ephemera dnnics 

nymphs, Crustacea &nd gwyniad. egg3, which are more nutritious than ". 

the Trichoptera larvae that rorm the main winter food or River Dee 

fish (seechapt.er, 1l. Grayling leave, Llyn Tegid .in the summer and ., 
, . 

return to the lake from the River Da~ and the Llyn Tegid feeder streElQs 

during the autumn (chapter 10). The rich teeding conditions found on 



Year 

1970-71 

1969-70 

1960-69 

1965-66 

1959-60 

1953-54 

1950-51 

FIGURE 16 

Time 01 Scale Annulus Formation In Llyn Tegid Grayling 
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the return to Llyn 'regid cny siv'e rise to en UPU.ll'S8 in feeding 

activ1 ty and growth which cnn continue throushout the winter. It 

is interesting to noto thot und.e17ear11ng srD3'11ng, \'ihi~h checl, 

later ,than oldar. fiab (also recorded by ~ellawell,,1969b), eat 

little ,cf .the n~tri,tlou~ food listed above ,(SI. chapter 7). In 

~nC1~Dioq, it appenro that both winter temperatures and the 

quantitT ~d ,quality ot .the ava11~ble tood supply are it2porh.nt 
, 7 

tactors in determining the time of scala check formation in grayling. 

The 'formation ot,the'sca1e check in the spring, during the 

breeding season, facilitat~d age determination,ot gr~lin8. The 

allocation ot year classes was not related to the number ot winter 

bands ot rings'in gra11ing which ohecked at other'times, sinoe a fish 

caught during thewintor.m1ght have two oheCks,but weuld·onlT be 1+ 

Tears old (Hellawel~, 1969a. 1969b). The designation ot year olass " 

was theretore generallT.-g1ven with referenca to the hatchins t1me. 
" 

(taken as 1st, June). The validity ot the Boale method for age1ng " 

grayling was demonstrated by the seasonal sequence, ot s~e grcnfth .. 
I 

, . ~ 

rings'shom in. tablES 21 end 22, together w1th the. examination. ot scales' \ 

from· fish recaptured' over a one Tenr period. Saales iraQ a cra1~ing 

caught at· Llanderte1, in February 1970, Elld recaptured Jlt, the s.ame , 

place 'in April 1971, are shom 1n' plates 16 nn~ 17 •. Two other. s~o~ 

,fish', :recaptured 'over a on' year periot!, had one .soal~ check .~n ,

Warch'.1969"and tl'loBcale checks in J.1arch1910. False ,scalo .checks : 
- ' l' .... j , ~ 

wera ,found .1n .a number ,or~· the : grayling . examined. \, These ,c:he,C~s, 

tamed "summer.:checks",. were tOrcled dur!ng periods ot ,high rwat,er.,: 

. \ 

, '\' 
temperature which occurred'1n mid-J'uly 1969,.> ~hen ;the wrtaoe temperature' 

-y." ~, . 

• , .' f 
" , 

~ ,,'" "' 

.. 
" " ,,J 

• J ~ '" . '. 



~8. " 

, 0 . 
ot Llyn Teg1d reaohed 22 0, and in the first week of July 1970, 

when the River De'e' temperature roue to 20°0 •. ' Scales .ith such 

checko are shown in plates 18 and '19. Erown (1943) also recorded 

su:n:n~r ·:ohecks in l!ontcna grayling, tormed during hot weather. 

The ~~me o~ ~cale tormation waD unknown, but n fish ot 4Omm., 

captured in, Llyn Tagid on 15th July 1969, had Bcales with only 

one wide growth ring, Plate 22 shows a Bcale, with four wide 
. '" , /" -

Browth rings, trom a grayUng of 48mm. also captured in Llyn TeLtid 

on 15th July 1969. Gustafson (1949) stated that soale form3tion 
• I , '+ 

took place at a length at 33.5mm., and Peterson (1968) tirat found 

Bcales, along the lateral line, in gr~ling at 37mm. Fish of 4Omm. 

examined by Peterson (op~ ~1t.) had about two scale growth rings. 

The oldest fish found in Llyn Tegid and the River Dee wore 6+ 
, . ' 

end 7+ respeotively, the scales of which can be seen in plates 26 and 

21. ~cales from fish ot 3+, 4+ and ,5t are shown in plates 23 to 25. 
• .'" , 4- ~ ~ I '! . { " , 

The oldest recorded British grayling Sgems to be one of nearly 8 years 
, " < ~ - :: It ',' cr' • - • 

(Hutton, 1923), and Gerrish (1938, 1939) found 6T811ing at 7+ in the 
.,~ ,.. ,'t" ~: .. ~ ~.o:. . ,t, ',~. . . \ 

Hampshire Avon. ~ Scandinavia, Petorson (1968) examined grayling' 
.., .• ' .• ~·i ~' ::: ~. . ~. 

at 8+ and. '~ull~ir-(1961)'round one ot 10 Yotlrs. Tho longost lived 

Europ~D.n; grqling 'llppearto be those in Tucos1aVian rivers ;\1h1ch 

-'may live to an age ot 13 years (SVetovidov, 1936). Arotic"grn,yling 

'~ot 1l'yeain :hnve been}recor1ed {l!111er; 1946).' 'J.Iost' nuthora D.gree 

<that 'grayling have s""reiative11 'short lifo oPan' (Jankov1c,l964), and \ 

':'the'; scarei ty'of' fiSh :~lder ilirul 4+ or '5+ 'in cost at- the "data 'prescntel, 

"'is "vorj noticeable. "'·'Tha:re1ntlve 'numbers 'of grB.11ing of different 

"ages'in'L1yn TeBid 'and!the"'River Deecnn be seen in'the eeasonnl 

-,' ,\ 

, " 

l 
A 

, /, 



length frequency distributions given in figures 17 and 18. The 

dominance 01' the 0.... 1+ and 2+ age groups seen in these fieures. was 

alGO reoorded by Peterson (1968) and Hellawell (1969b). 

3. Growth 

a. Seanonal g!Owth 

(i) l.tnterial 

The numbers of L11l1 TeBid grayling and River Dee graylin8 

examined each month are Shown in tables 23 and 24. 

Data from River Dee grayling were treated in two groupoJ 

(1) Above Corwen (aiteo a to u), 

(2) Corwen (sites v and w). 

No significant difference (p > 0.10) was found between the growth 

rates of grayling in eny of the Ed tes a to u. but the differenos 

between the growth rates in sites a to ~ (upper Dee) and v to w 

(Corwen) \tas va-q significant (p( 0.001 in most age groupo, see 
-

section b, lii) • Sites a to u ere hereafter referred to as the 

"upper Dee", end sites v' and .. as "Conen". 
,,. 

(ii) Growth in length 

The seasonal growth in length of grayling in Llyn Tegid and -

the upper Dae is shom in figures 19 and 20. A comparison of the 

seasonal growth of grayling in Llyn Tegid, the upper Dae and ,the . 

Dee at Corwen, is given in figure 21. The seasonal inoreaee "in ~ 

length ow also' be followed from the length frequency histogracs 

shown in t~gures 17 and 18. The, results trom the 1966/61 s::unples 

donated blU.S. Siddiqui were not slgn1ticsntll different (p 7 0.10) 
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Table 23. Numbers of Llyn ~eg1d grayling exnm1nod each month. 

lIonth 

Octobtr·1968 

November 

December 

January 1969 

February 

lJarch 

April: 

l1ay 

June 

Jul,. . 

August 

September ,.:. 

october 

November 

December 
" > 

J anuaI7 .1970 

FebruD.ry 

%larch '~.',. 
,. .' , ~ "~, . 

April 

!lay 

June 

, July 

August 

September 

Octobar. 

'l'ota1 

26 

64 

59 

51 

77 

71 

67, 

82 

51 

63 

14 

.2tr:t 

53. 

15 

54 

40 

3 

2 

48 

99 

1 

2 

o 

o 

40 

1014 

lumbers in eaoh yo~r olass 

1964 1965 1966 1967 1968 1969 

- -
- 2 

-
1 , 5 

3 

1 

1 

2 

-
-
-
1 

-
-

-
-
6 

9 

-
4 

3 

-
-
1 

1 

. -
1 

o 

-
-
-
2 

-

-

1 

32 

6 

16 

11 

14 

16 

43 

12 

16 

1 

1 

1 

5 

10 

-
2 

1 

-
1 

-
2 

-
-
-
-
2 

168 

12 

43 

42 

18 

56 

21 

48 

56 

33 

3 

5 

7 

8 

1 

1 

1, 

-
4 

8 

-
-
-
-
6 

319 

6 

3 

6 

13 

2 

3 

6 

4 

8 

1 

3 

1 

19 

12 

42 

33 

.1 

1 

39 

76 

1 

1 

-
-

28 

317 

-
-
-
-

-
-
-

52 
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12' 

15 

2' 

2 
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-
.. -, 
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-
-
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Table 24 Numbers ot River Doe gray1ina examined. enob montb 

a. Above Conen numbers in each year class 
l10nth Total 1963 1964 1965 1966 1961 1968 1969 1970 

October 1969 89 - - 1 4 15 56 . 13 -
llovoClber 42 - - 2 1 11 21 7 
December 36 - 2 5 5 20 .4 
J enuar,y 1910 143 - 6 9 23 92 13 -

February 130 - - 1 6 18 81 ~'24 -
April 80 - - - 3 5 57 15 
llay 133 - - 1 7 15 67. 43 , 

JUne 164 2 4 6 61 85 
July 176 - - - 3 6 60 107 -
August 188 - 1 3 7 11 66 93 ,7 

Sept ember 213 - 4 3 4 55 123 24 
October 199 1 - - 2 4 ' 41 129 22 

'l'o~al nOB. 1733 1 2 22 55 134' 785 681 53 ot'lisb 

""; l-.,; 

. b. ! At Conen Total . 1963 1964 1955 1966 1967 1968 . 196.9 1970 
, I 

.',1133' 1970 8 - - 1 3 4 -t 
I 

0 June """ -! 
July 8 - 1 5 2 -," I 

AU~.lst 21 1 1,' 2 4 12 1 '" 
Se~tember 27 - 4 6 8 8 J 1 
Octob~r 6 - - - 2 ~ ;~\/,~)31 '.tt '" ~)1' 

Total nos. 70 0 1 0 6 22 29 3 or,:fish 

1 ~ 

) ;, ", ,J " .: !l. "t I" 

" . 

"... "'1 _ ~ - . '. , 
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FIGURE 19 

Seasonal Growth 01 Llyn Tegid Grayling 
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FIGURE 20 

Seasonal Growth of Upper OeD Grayling 
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FIGURE 21 

Seasonal growth of grayling from the upper Dee (, t), 

Llyn Tegid ( ........ ) and the Dee at Corwcn (0-0 >. 
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·' 

from those sbo~n in tisure 19 amd hn.V8, theretoro, beon excludod 

trom this' seotion:: 'roe Cl'qllng colloot.d. b1 Dr. J. \7. Jonea from 

Llyn 'rIgid "rlers,;gtnlrallY',toQ t.~ in, nucber, ~d. too unevenl,. 

distributed. during tho lear tor detercinlltlon of'monthly growth 

c1c18D but the results for 1+ year old ~11n8 trom Deceober 1953 
~-! 

to June 195.~ are Ghom in fieure 22. 

Figures 17-21 indioate that the maln snwth period of Llyn 

Tegid and River Doo grsyl1ng was t~t1 Aprilfllf17 to Octoberjl1ovember. 
I 

,', prowth during the winter was Ve17 elow, River Doll 0+ Cra111ng, for 

, i,·instanoe only gre-a about 5a;l. bet.eon T.ov .... bor 1969 end April 1970. 

;' ,Figure 22 ahOllDt he'llovort that' fiah whloh checked in the nuturm 

(S88 table 22 and. tisuro 16) gr9W much cora rapldll durinG' ths. 

'Winter than tOOa\) which chec..<od. in the spring_ Cray11ria of tho 1+ 
I , 

age' group gI'3lI 28=. 1n le."lgth trom.»ooamb&r--1953 to April 1954. 

,Hellawoll (1969a) stated tha~ the poriod ot aocolernted growth in 
, , 

~Riv9r Luge: £1"27l1ng occurrod troQ l.la¥ to I..usust. 
; ~ .. ,...."'~ 

"c, ) ''l'he '-seaoonal growth c,ycles of grayling in Llrn 'l'eg1d t.nd. the 

iR1ver Dee werG vOr'J sic11ar (Figure 21). The differences in growth 
I 

Irates ct 6l'lQ'ling from Llm 'l'egld. ~h$ upper Dee &lnd Corwen whlch 
" • ! 

; are 8vldwt in figure 21, o.re diGC'Il.Dsed in GGction .3 bv • 

The ooasonnl length/frequenCY distr1but lon~ ot rod-oaucht and 
, ~ \ 
, ' 

lnet-oaugl+t grayling in the River Dee are shown in tig.1re 23. No 

; " \~i~:rlcant' diite-renos- (p5" 6:10 II wsa toun~ between :the groWtlf rateD . ., ',' 

ot thIS two groupo ot tiuh and, 'a1tboU8h the age s~ruQture of the 

oamp1es varied considerably in different contha, th$ total mmbers 

Dr each year class captured froM June to Saptewber 1910 were ver,y 

, \ 

, 



FIGURE 22 

Growth of 1+ Grayling In llyn Tegid during Winter nnd Spring 
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FIGURE 23 

Length/Frequencies of Seine Not and Rod Caught Grayling In the River 
Dee (sites a and c) 
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71. 
,< , ~ " ' 

similar. The numbers ot tish captured during this period are 

shown in table 25 •• ' 

Table 25. 

", 

Year, (Slaas 

,,' 
1966 

1967 

1968 

1969 

1970 

Tho nur.llbera ot grayling caught by angling and bY' oe1ne

net 1n tho River De, (sites a and c) between Juno nnd 

September 1970. 

No. of rod-cnugbt grarl1ng. lTo. cf net-caught gr~lin8. 

o 1 

3 1 

45 47 

95 103 

7 13 

',) 

A 'X.2 test showed tbat these figures were not sisnificantly 

different (p>0.10). 

The eo~sona1 ~wth in length of tagged. fish 10 ehown tor 

Llyn Tegicf in tiiara 24, and. for the River Dee in figure 25. 5l.~ 

ot recaptured Llyn Tegld grqllns were shorter them tho moen untagged 

fish 1~ngth, 21.5% wer~. the Sa.c8 length, end 26.6% greil taster than 
- , . 

, 

the mesne Recaptured fish \'lere on avernge onlY' 0.12cm. shorter thsn 
j :. ~ 

untaesed'tish (not elgn1f'lco.nt, p> 0.10). The comparative fIgureD 

tor the River"n-e's grayling were 57 .ar;, 12.8~t 29.4',& and 0.25c:n (p) 0.10). 

The tagsing methods used in this study, therefore, had a small but 
, 

non-s~~ificant effect on the growth in length of grq11ng. Gustatson 
• I~' J 

(1949) ~~ng individual taB'B .. :sim~lar to those described in chapter 4. 
" sect1~n:2(b), tosether with pelvic fin clips, found little or no 

cUfference between the growth of tegged and unt8.€ged grayling. 
- ' , , 

I 
t".\ ....... ~' --" ~~ .. '''''-''7'~''''"'' .. , .• _.-, ,-,- V' ~~. 
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FIGURE 24 
The Effect 0' Tagging on the Growth of L1rn Tegld Grarllng 
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(iii) Growth in weieht 

,The seasonal growth in weight of 81"arling in Llyn Tegid and 

the upper Dee is ahown in tigures 26 Qlld 27. Tho Ilenconal w4ight, 

of'Corwen gTa11ing is Biven in tablo 26. / 
! 

i 

Table! 26. Seasonal growth in weight of Corwen gr~ling. 

No.in IIlan wsi{)ht (grIl) ot eaCh year class, 

Uonth s:lQ))le 1964 1965 1966 1967 1968 1969 1970 

lIay 1970 8 370.0 160.0 43.6 

June' " 0 - - - - - - -
July 8 - - 700.0 257.0 90.5 -

_ I f"~ 

August 21 845.0 623.0 40).0 302.0 10).5 8.0, 

~ep~embar 21 - 410.0 415.0 261.0 116.4 9~0 

October 6 - 211.0 143.0 1'4.0 

.' 
T~e seasonal growth weicht of grayling was round.. to closely 

follo~ the seasonal cycle or growth in length. 

i 
, (iv) Condition 

! ("j The condition tactor (k) ot ~ayling was calculated as tollows I 

k • 

. The sea.sonal change of k for Llyn Tegld and River Dee gI"qlinS 

of aJ.fferent Qges i~ sho~ in figures 28 and 29. The seasonai k cycles, 
I 

shown' in these figures were found to be superimposed on a general 
, • i. 

I , , 

upwa~ trend in k with increasing'length and age of the tish. This 
\ , 

upward trend reflect~~changes in the length-weight relationship which 
; ',' , i . ,~.. b 

occur during the life of the fish (see section 3r,Vi). The data 

• r;-
.' ~\";'1 

, ''I 

l' \. 

/ , 



FIGUR E 26 

Seasonol Growth In W~iDht of Llyn Togid Grayll n9 
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Scasonol Condition of Llyn Tegld Grayling 
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FIGURE 29 

Seasonal Condition of River Deo Graylino 

2+ 

1+\ 

0+ 

\ 
\ 
\ 

I 

I 
I 

I 
I 

\ " , 
\ I " I 
\. " ',- __ __ J 

....... .../ 

I 

I 

I 

I 

I 
/ 

I 
I 

,. 
I \ 

I \ 
I \ 

\ 
\ 

\ 
" " , , 

" .... 

" , 

I ......... 

I 

I 

I 

I 
I 

L---~---r--~--~~---71--~j~--~i--~.~--~--r'---T\-·--~'--~~ 
o N o J 

1970 
F M AM J J AS 0 

Month 



. . 

: 

.. 
'" . -~ 

from fiSUros 28 and 29 were combined to give theoretioal condition 

factor curves for the first 3+ years ot 11 ~o as shom in tisures 

30 and 31. The general trend which e:6lerged showed hiCh GU.1l:ner 

condition a:u1'10i riinter condition. The highest k occurred in 1+ 
... (' ." ~ ... \ " ~ , .. ! ,'''I...... ""''' 

i,".,nd 2+ fish during June and July, but 0+ grayling continued to 

increase in condition until November or December. A sharp tall 

,.' in l( oocurred in Llyn Tegid grayling durintt AUGUst, followed by 

~ ':1 

a rise to a higher llutumn level. Unsu1tab,lo livina conditione in 

Llyn Tee1d probably accounted for the su:::Jllsr dicnppearance of 

grayling from the lake (ohapter 10) and Qlao tor tho Poor,/ 

oondi tion of the few fish which remained. Or~lin8 first catured 

at the ond of the third 3ear of life (chapter 9) 'and tho condition 
, , 

of maturing fish increased through tho winter to a cu1cum just 
r 

~'}berore spawning. Condition ,fell sharply nth spawning, but quickly 

1'OSO again in the e:.lrly GUm.iner. 

, 
The growth in ;length or grayling was unaffected by tagging 

, 

(section 11)\but th~ moan condition of taggod fish was signifioontly 

"'iower (p< 0.05) than that or untagged fish. The condition ot 
.. ~) ,'\ ' I . ~ 

J;'8captured and',~newly tagged craylin8 in Llyn 'regid and the River Dee 
,: l 

i' t , .. ,_J 

,is shOwn in fig-..ll'es 32 GIld 33. Figure 33 shows the etfects of 

~agg1ng on two year clasaes in which recaptures were well represented. 
*. ___ f~' _-~ ~--...,..,. -"""- -...,..-~, -. ""-" '-. ¥ ~ r'" - ~"f~~ ... "-~~ .. "" ..... - r- ___ w_' ,- • r .,,- .... - , .. ,. ... -~ ... ' .• ~, ~"--, 

Only' one' ng8 group' (1+) 'fro(nU1ri Te~d.· ~ntah{ed l~rBO nucbera'" of' • ' ') 
,,"'-"1:11 

recaptures, and data from 1+ grayling in B.1ccesoive years wore 

combined to some extent in figure 32. The 10s9 of condition following 

tagging was greater in Llyn 'regi(\ grayling than in River Dee grayling, 

and this waD refleoted in the PQor appearance ond large tag \1ounds 
. " 
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FIGURE 31 

Change In Condition of Rher Dee Grayling with Age 
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ot a number ot the recaptured fish. 

b. AnnuAl 6'I'Owth 

(i) The Bcale len~b/fieh 1ens'h relRtionnhin 

The relationship between the CI'311inS' s body lenGth and 

sC31e measurements bas been investigated by a number of authors. 

Dalon (1962) oonslde';ad that his data, trom maasureoents ot tho' 

ventral diagonal scale radius, closely fitted a straight-line 

relationship, as did l3rovm· (1943) in his work on Contrma araylins. 

SVetovidov (1936) and. Gustatson (1949), using an anterior scalo 

radius and total fish length, :round that the ocale length/fioh ' . , 

length relationship took tho form-at a parnbolio curve, nnd ll1oha' B 

~1911)"dnta titted's logarithmio ~e. 
, 

Tho Boalo length/fish length relationship for Llyn Tegid and 
( ~ 

River Dee grayling is aho"m 10 figure 34. The data used to construot 

figuro-J4 were treated in threo groups~ and' the parcr:leters a r.nd b 
, 

for the equation y • a + bx (where y • Boale l,ngth in units, and 

x • fish fork length in centimetres) are inolud~d, for eaoh ~up, 

in the figure. The regression lines were oalculated. trom all bt 

the acaumulated data, but only tho mean Dcale lengths for each . 
lOmm. fish lens-th group have been (,t1ven in tigure 34. ,The ,variation 

" ,> 

about the regression line was Sllall with the standard deViationdlf 
" , ~ I 

the "sc~le measurements varyil18 trom ± 0.2 units at lOce fork l:8ngth, 

te;>. ± 0.7 units at 40 em fork length. The results shom in figure 34 
\ .. 

~re in~erced1ate between the straight line relationship found br 
<Brown ~(1943) and Dalon (1962), nnd the parabolio curve described. by 

svetovidov (1936) and-Gustafson (1949) • 



FIGURE 34 

Fish Length/ Scale Length Relationship of Grayling 
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(il)C:'llculated lentrths ot Llyn ·Tegid· erqlipg 

The lengths of ~ Tegid grayling at the end of eaoh year 
, 

of life were calcul~tod by the cethod described in chapter 4. auction 

B2, and are shown in tig~~ 35. Tho data given in this figuro were 

cocpilod fro~ scale examinations of grayling caught between May 1950 

and Dececber 1953, January' 1966 and JlUluar:r 1961, and October 1968 

and October 1910. The results obtained were roughl1 divisible 

into two groups, the 1946 to 1952 year classes, and tho 1962 to 1968 

year classes, Crowth rates within these two groupo were very similar, 

but there appeared to be a large difference between the two groups, 

with the more ~eoent group growing considerably facter than the 

early group. 

Baok celculated lengtho showed little or no evidence ot Lee's 

phenomenon (Lee, 1920), so data for ~~cceasive years was oomb~ned to 

give ~ean lengths at the end ot'each year of lite for the 1950-53, 

1966-:61 and 1968-70 grayling. Thq "end of eaoh year of lite", in 
• f • 

teme of ' so ale check time, occurred at very different times ot thIS 

year in 1950-53 grayling and 1996-10 gra.:1ing (autU:!1n and spring, 

re'a.pectively, see seotion 2b), and a correction tor this factor ,was f 

c9ns1dered neoessary. Calculated lengths were therefore plotted, 

with allowance made for the scale check tice, as shown in ri~re 36. 

This graph showed very little differenoe botween the growth raton ot 

any of the Llyn Teg1d grayling examined. Further comparisons between 

the different groups or Llyn Tegid fish were made in terms of' speoific 

gro~h rates (B~otion (v) ). 
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FIGURE 35 

Calculated Lengths of Llyn Togld Grayling 
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FIGURE 36 

Calculated Growth of Llyn Tegld Grayling 
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(111) Cnlculnted len~hn of' River Dee ernyl!n". 

The oalculated lencths ot uPP4ilr Dee grl\Yl1ng are £loom 1n 
.' f 

:tlcure 37. No evidenoe was found of Lee'o phenomenon co deta for 

suocessive lear olassen of upper Dee and Corwon grayl1ng were 

combined and the results, together \'lith those f1'O::1 Llyn Tecid 

erql1ng (1968-70), llre given ln tlsure 38. 

Corwen gr&Yling grew factor than upper Dee ~11n8 at nll 

B&8S (p('O.OOl to<'O.OS), and tooter thnn Llyn Tegld 8l"oyl1ng for 

the f1rst two years ot 11fe (P<O.OO2 end<'O.OOl). The crowtt o't 

Llyn Tegld and Corwell grayling was the Sa:Dt) (p.> 0.1) from t~o age 

ot 3 years onwards, nnd' Llyn Tegid croyline' erew tautor th=m upper 

Dee grq11ng (p<,O.OOl to <0.01) except durina the tirot yoar ot 

Ilta. 

(iV) Growth of male and temale &T1'}'llru; . 

'rhe .,calculated lengths or cale an~tanale grayling in Llyn 

T.gid CU;d the upper Dco ara cbown 1n, fisure 39. Tho growth or 

cllie and te=le £1"£1i1na WQS Identt'oal (p> 0.10) tor the first 

.1 two years ot lite in both Llyn 'teg1d and the I11ver Dee, but from 

the a[;9 of 3 years onw3l"ds the cales grew taster (p< 0.001) thDl'l the 
. A 

to~ales. The cbsorved differences in crowth rate were correlnted with 

the onset ot semal cla.(uritl, and similar findinGs have been recorded 

b1 Gustatson (1949), Solewski (1963), Jankovic (1964) &nd Petercon 

(1968). The relationship betwoen caturity, size and age in liohes 

(inoluding dats'on arnyling) waG discussed in det~il by A1m (1959). 

, ". 

" 
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FIGURE 37 

Calculated Growth of Upper 000 Grayling 
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FIGURE 33 

Calculated Growth of Gr<lyllng In Llyn Tegld and tho River DeE) 
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FIGURE 39 

Calculated Growth of Mala and Fcmolo Grayling 
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,> (v) Soecifio flTOwth rateo 

" 

j.' . , 
77. :, 

Speoifio growth rates ot grayling were oalculAted from the 

formula I 

'" "'Q • :~~g. ~y!,- .!~ge!.:rt x.l00' 

T,- t 

whero G ,. specitio growth rat a 
... 

I'l' • length at time T . . 
It • length at' time t' ~ 

, 

and T - t ." ona year 

The specifio growth rates ot Llyn Tegld and River Dee 
, } . 

grayling are shown, in tables 21 and 28 respectively_ The mean 
~ J :. .. • ~ • 

ffgurec 'soo~wn 'at "the' Dottom"bf' tha table we're 'oalculated. from 

mean'langths and not from mean specifio growth' rates. The specifio 

growth rata in:"'the- first',.~ar of lite was calculated after assigning 

~"krbitrary initial lerlgth) ot 1.5~c::I. This was conoid'area to be'~ 

the approximate: 'length ot graylinS ,fry when tho," first began to 

~ '. ' 

~. . ~ ~ 

Because of' the difference. in scale oheck times ot Llyn Tegid 
: <' ...... / ,. '" :'~J, '" ; ,,,," 

,. 

grayl1ng,-the.mean.O.-.. l-year~apecitio.growth.,:rigures,given.1n, ....... _~ . 

t'able27 ~ for .:the 1950-53 lish (1946-52 year .01ass8s) and tor the " 
• ~; ..:~"'.~~:~" " ,'.,' • f ~.".'f'1l; ,; ~ '. , •. ' /':..; 

i96&-fo.fish-(1962~a#year,-olasses),,, are not . comparable. ",.The:~,,~_,'.,""""''''c .. 

Specifio growth ra.tes vere found to be high in the first year 

ollile and to decline in later years with a decreasing negative 

r 

J ' ',. 

• t ~ " 

• f J' \ ,j', 
, I: 

/' 



.' ; , 

Table 21. Specific growth rates or Llyn 're8id grayling. 

Year ParcentagaincreasG in ,length per.,annuo, 
C1a.ss 0-1 year 1-2 years 2-3 years 3-4 years 4-5 yeArA 5-§ ye~rR 

... ,. - ... ,'>~ ~ .... ,',-

1946 197.4 59.6 28.7 26.4 15.2 -
1941 19).6 6).4 )).9 16.4 10.8 10~8 

, . 
1948 188.7 '.~ '62.0 34.2 24.2 16.5 -
1949 197.4 " 59.1 -, 36.5 19.1 10~9 

" 

1950 19.3.6 " 61.8 '33.2 , '32.2 
\ 

1951 193.6 t '60.3 38.8 

1952 199.2 53.7 -
1962 203.7 :.. .. 67.1 " 29.8 -
1963 207.1 , 

58.7 ' > ·34.8 .- - -
1964 . '~~~~,: 207.1 ' 58.3 ·34.5 -f 

1965 207.9 ~ '.60.6 ... 29.3 

1966 . ,.' 211.2 ';",,·59.6 28.4 .. 
196f'< ., - .... ·""203:f·.,'· .. ~-68.0 - '~' 24:5 " 

, " 

, "61.2 
• 

.. ,~'_ '"'_""." .. ~ ~. • .. P+i __ - ... "-;O'............,..j....,....... ... ~""""',~. - ....... "'. _."1'0\ ~- .~ ,.~ . 

-------------------------.~', 
Moan for 

1962-68 
207.9 16.3 -

, , 

, .... " 

.', , . , 
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; , 

Table 28 •. Spoc1f'lQarow,t~ ,ra~ea ot Rivor ~e groy11nC. 
',' '. 

, 
" 

Year 
Class 

, , 

1964 

-~1965 

CD 
1966 

(I) 

A 
1967 --" • • A! .... 

i:.' - \ " \","1 

Q) 

B: '1968 ,j'. ,I;) 

::l 

1969 
, 

1964 

1966 
- , 

~ 
,1961. t) , 

"~-- r; >~ ~ .. c ~ 

8 .~ 19.6,8, ' ' \~'" .. ~ 

7"1"\; ...... ": ,~ .~~69\ • '1" - .~~ 

" 

. ' .. / 

Percentsco increase in length per cnnum . 
" 

0-1 year 1-2 yonrs 2-3 yc~rs 3-4 yenrs 4-5 years 

203.5 60.) 32.) 

'~\ " 2°1.9, 56.0 - 25~9 

;207 .9 ' , - 51.1 ;""l 29.6< 

" 201.9 ('- ,62.0 24.8 

201,,9 J.. .' 
-, ,58-.8 -. 

209.6' - \, ,', 

l,?pl ~9, 66.8 31.) .. 

,212.0 61.4 
~)" , 

27.1 

29.7:-9 66.8 25.8 "; , , , -, 

209.Q..~, , .66·4 
~ ~ :-~ ~ , .-

; .2~~ .• 4. .' -,~:; ,'"":.- r " , 

-
14.4 

16.1- , 

,;1; 

i '., - " 

:' _ ..... 

- " ..: . 
12.7 

,. ,. .-\ 

.~, ; 
'" 

" . " .. 

-
6.2 

it
j 

" 

_. 
:-

-~ .'" t 
!.. { .~ 

. " 

, , 

" I 

, -.. 
'y 

, 
I l 

. ~" 
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acceleration.' ~he highest rates were found in Corwen srayling 

during-the early years ot lite, but Llyn Teg1d crqling mnintained 

11 higher rate in Inter years. Llyn Tes1d t)rayling bad 0. higher 
, ' 

specific ~~1h rate than upper Dee grnyling in all le~rs except 

the first, end. upper Dee Sl"cyling bad a higher ra.t 0 than Carwen 

cr~yl1ng in later lite. 

A number of workers (Frost, 19451 Dall & Jones, 19601 

Thomas, 1964) found that the overall growth pattern ot trout "s. 
greatly influenced by the speoifio crowth rate during the first 

year, and Thomas (op.oit.) found that trout with the highest speoifio 

growth in tho first year always attained greater lengths at the end 

of eaoh subsequent year. These observations were found to be only 

partially true for grayling. Corwen grayling showed a hiZh speoifio 

growth rate in early years end. ",untuned. higher lengths than 

upper Dee gr~ling at all ages, but Llyn 'regid grayling reaohed 

the same length as Cor.ven 8'1"fi11ing by the fourth year ot life ond 
., 

from then on crew as fast as Co~en fiSh, or olightly faster. 
, . , 

GrilYli~ growth pattems were therefore affeoted not only by the 

specific grotrth in the first year of 11fe, but al£O by the rate 
:~ .' , ,~-, . ' . , ..... 

, ot decl1ne ot specifio arowth in subsequent yeo.1"s. Thus the 
, ,,-~. .. , 

I. • 

relative11'-high specifio growth rates maintained throughout lite 

by Llyn Tegid grql1ng ena.bled these fish to aohieve greater 
~ ~ .' ". 

len~hs than Conen grQ'ling which bad higher rates of' spec1tio 
;, t. ... . ~"t[ ..... ~ .. \ ,.... •• ~ 

growth during tho first two years ot lite, but more rapidly deoreasing 

rates in later years. 

, ' 

': 
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Tha slower ,growth.ra1os;~t upp~r Dte gr~ling in comparison 

with Corwan Ltrayling probably resulted fro,I:1 the hieher population 

4ensity of ~3Yling in the upper ronoh (chapter 10), and d1frerono~8. 

in population de~o1ties, together with the quantity and qunlity 

of the available tood supply (o~pter 7), may have Accounted for tha 
j ~ " ... , ',. I • :- ' 

slower growth of upper Dee grayling in comparison with Llyn Tegid 

fish. , The speo1tio growth rates of the 1950-53 and 1966-70 groupo 
, -

of L11l1 Tegid grqling were similar during the second year ot lite 

but from then on the 1950-5'3 'group erew quicker. These dJ.tferenooo 

mq have 'resulted' from an increased population ot grayling in the 

lake (chapter 10), changes"in' the'invertebrata tauna' since regulation 

(Hynes, 1961aJ Runt, 1970),,, or~differenoes in the oeaeonalgrowth 

cyole •. The first an~c laa:t, ot the~e taotoro probablY had the 

~aatest .~t~ect, onsro~h rates, BS most. invertebrate animals 

have, become., re-estab1ish,ed ,in the lake sinco reOllation, mld oome 

have even increased in ntt:lber (Hunt, 1970). One bf the major changes 
t •• , , .... 

which occurred in the seasonal growth cycle from the 1950-53 ~up 
; ) .... ~ r ....... '1--,1, ,'" " . - f~ 

of grll1ling to the 1966-70 gro~p was the shortening ot the usummor" 
Ii ), _ ,; _' '" ~ \ ~. ~ ~ 

growth phase (section 2:1). The higher speoitic growth rate or t~e 
/ -~~:~ .. i"!J ,', r : '. - \ ' • - j ,~ '," L ~ \. "': !' .~. '( ~,~ : :',;' -. ~ t, ! ..... , ?; i 'l. .... 

former tisb was tberefore spread over a longor growing period, end 
cl t/ ~. ,"-" ~ .'- ~ "'_, ' -~t~, t! _ ~ t ~ , \' - ... ~ .. A ,,' 

may net have been higher at any one instant during the accelerated 
-: ~~ .. , ~ \ '-~(;'::,~V>.t,~~ :~:' ,~~~ :~~-.t .~. " .\. ..... ~j~ ~~ ~~.,. :_~ .. ,::; .... ~ " J" "<~ ~ - .... :;"!' 

growth phase than that or the latter group. Nevertheleoa, the 
~;.~ . ' r,..: _. ~"",;",:,~:f';._ .. i..( .. "'-_'.~.~-I ..... ' : .'-' ... ~ :'-:,,:1- ~". '.: ~ ~ .... -. ';'~ 

1950-53 fish had a higher annual s;>eclt1o ~wth rate tl?oan the 
~.:. .... -,;,: .,' :tJ~:, ".: . .;t "';"~=,-::-:..ut~· t~~~ ";:-:~'~",¥.-'" - \ ,.. .. .;'~ ';:~~_./'-~~".~.~..:..,~l 

1966-70 group and. oona8quently achieved a greater overall size. 
:;:£,.: - ~.\.~:r~~~>-::::~.! .. ~ :,~.,-, ~; -4-v~'l-'l-~';'~~~~:<";)" ~.;r.t"" :."". ~. : - ~'¢ ,~) .f~t:f j"""'1 .'.,,.1< . ....;: ", 

,~ ~ t .. , 
, ~-"" , , 

,\ 

,. , 
, : 
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(vi) Lonath/welGht rolntionnbipn 

The length /wo1ght relat10nahip of mest Hob 0&:1 be adequatoly 

represented by 
'. 

71 • aLb (1) 

where a 1s a constant, and b 1s An exponent with a value 

nlarly always bat.aen 2 and 4, otton clOOG to 3 (Tosch, 1968) • 

. ExpresQon (1) c;:n be tranfi)mod to a 

log w • log a + b log L (2) 

. 

A plot or woight 881linat lenE,)th on doublo 10guritb:l1c graph 

paper chould therefore c.pproxima.te to a otreight 11ne. 

The loguritb::Jio regressions of wei&ht on length tel' Llyn 'l'o(;id 

grayling end River Dee Gn3'lins are sho'rn in ficures 40 and 41, 

to~ther with the com woights tor anoh lOmm length group, th. 

rezreecion coe1!1c1ents b, and tho y-axis interc(Jpto s. 

lUella (1971) found that the length/weicht relationship ot 

crz.;.11ing comprised two parte, one tor fish above 19=. and one for 

fikh'bolow 19~., ench with different regression coeffioients and 

1~. intercepts. He considered that tho single straicht line 

lc~rithmlc rolationship shown by n9llc~ell (1969b) resulted tree 

tho inadequa01 of tho data on fish below 15cm. The genet'al upward. 

tr~nd of K with increaGing length found· in QY study (oaction l~tivt . 
j 

1'1f;ures 30 and 31), suggests that chanaes in the length/weight 
I 

reiationahip occur throughout the, 11te of' the fish. Regression 

co~f'ric1ent8 and y-ans 1ntercapts were clllculated for enoh age 

group or graylinz free Llyn Tegid nnd the River Do" and are given 
! 
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FIGURE 40 

Length/Weight Relationship of llyn Togld Grayling 

a = .i·166 x 10-2 

b=3'1964 
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FrGUnE 41 

Length/Weight Rotelt lonship of River Doo Grayling 

a =4·614 x 10-3 

b=3'2589 
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in tables 29 and 30. 

Table 29. Variation ot tho logarithmio lenath/woight rol~tionBh1p 
'" :, . , 

with age in Llyn Tegid grayling. 

Age in 
(yearn) ',~ '. lenl~rUI? I-nxis intorcent ro~oRoion coertioient 

a b·, .+', 

1 ., "., 

3 

4 

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

.... 

.. 11-13.5 

. ., .. 20~24 

a1-32. 

,,33-38. b 

" .. ,.0 ,,'II ."". j, .,' \ • . 

"1.074% 10-2 

2.424 x 10-3 

,8.039 %"10-3 

.. ,).518 ,x .10-2 . 

t· " 2.9221 

3.4694 

:, '~ •. ' '3.0909 

2.6661 

?-,able 30 •. Var~ation,of'vt~e logarithmio.length/weight relationsip-> 

with age in lU:ver Dee grayling. 
t'" l- .,. :-! -... . , " .,' ,;. ' 

"--•• ' ~ 7. ,. -, JdV; Y'I • .' " . )7' • ABa 'in . y~nx1s intercept regTORro.on coorrioient,; 
years ~ ,8, . 

;. b' '.' '.' 1~13' ~ ''-:, ~ 1;:, ···1.~05 'x' 10-2, I . 

2 j .. <~ ,of' • 'j- '1~22<;" \ .'I,' ·1'~701,.ri10-2 

3 .... .;;;. ~, . 

4 

5 

. ,~., .G.~ "'25-28 .' , .... . ... 7 ;389 i 10-3 

"f~' t).·~. ~~~ P",'; (,·2~33~.':' .J, " .. :" .... 5.214 .x·10~3 ,,'1 

. ., ,\. t3l~36.··; ',~.~ .~ : 6.397 .X 10-,2 .' 

:0 " 1· 

2.7569 

'2'~8360 

. ~:"~,, ,,': 3.8176·· ~. 

. '. 2.5060 :, 

'rheas tables indioate that changes do OCC'..tr, in the. length/. 
~.)~ " , ....... .!..:;". .. '!~~i:--:~.t~ 1:'1"(;2 ~r ... ~ .. ~'"~,* r;'l.r·.~J.""''4 ~'~"".'" \ . <f , i· \, ~~ j.,'! 

weight relationship throughout 'the lifo or grayling. Hunt (197P)~,,~C"' ~ 
,..j.~~ .... "w •• "- .,'.k.;...i}?!t "," "'Y1.,..~ .. ? t oIl,\,"\ ~.". I~ ~.'~ ~" ",," ~:" ' . .... I' ",~.l" t ' .... t.~""""'J.- t~. :,j. ,l.J<-ft .~ • 'iL'A II .... (".I. .·w ...... "t. ~ ~ - . 

found. that the parameters a and b ohanged s~asonally in trout, 
If 'f .. ~ " r:- :"1 - -t--': ..... 

and. thitf"COuld a>also be expected to oocur in gr8111ng. The overall '-

logarit~ic ieng~t/we1cht;:relhtionShip; of- grailing' 8ho~ed.'" an ; ':~" 
, 

1nores.slng~we1'ght;per':wu.t·:':length up:;to' 3 or 4'ye~rs' of' 'l1ge,'" 'tolhred 



The nnnual growth in weight or Llyn 'l'ei;id and River Dee 

grayling was calculated from the length/weight relaticnshipo 

described above, and 1s shewn 1n fiauro 42 • 

. (vii) ~arlC1~m ~il'.e of £Q"eyl1ng 1n Llyn Tegid ~nd the River Dee., 

The Walford plots shown in t1sure 43 indicate that L 00 tor 

gr~llng is 37.6 em. in the upper Dee, 40.8 em. at Ocrwen, nnd 

45.0 cm. in Llyn Tegid. Graylins were captured at Conen o.rd 

in the upper Dee which exceeded theBe asymptotic lensths. The 

lar68st grayling oaught during my 'lItudl were 43.' CXll. (910gms) in 

Llyn Tegid (scale shown in plate 26), 42.2 Om. (P45 gms) at CorRen, 

and 39.2 c:II. (680 6'Jls) in the upper Dee. OrB11ing ot about 900-1000 gmt . 

have been reported by anglers fishing in the River Dee Qt Corwen, 

but the all~ed. capture ot a fish~'or 2000 gmt (4llbs) a.t Dodweni B8ems 

bighly improbable, the on11 British rivers producing 8l'~ling ot 

this size are the very productive 8Out~COunt1'1 chalk ctrOtlllla and 

po~sibly a few Sootti~h rivers such as the Tweod. and th~ IIh (Perthsh1re). 

In Yusoslavian rivera J&nlcovio (1964) found: grayling of 42.0 em 

(800-1000gm.), and. llu11er (1961) caught one or 52.0 cm. (ten lears 

old) in the Lule A1v. nutton (1923) examined scales ot a grayling 

43.2 CCl. 1nlangth from the lIacpeh1re Avon. Table 3l shows the 

growth rates ot srar1ing in a number of British end European waters. 

(1) The' age end growth of grayling was assessed from the 

measurements end. scale examinations of 1585 Llyn ToBid cr01'ling 

caught between 1950-1970, ond 1935 River Dee gt'nyling caught between 



FIGURE 43 

Walford Plots for Gr<1ylino in Llyn Togld and the River Deo 
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Annual Growth in Weight of Llyn TeOid and River 000 Gr3yllng 
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Table 31. Comparative growth rates ot grayling in varlouo waters. 

Len~h ~cm.l at the end of ench lear of lite 

Location 1 2 3 4 5 6 7 8 

Upper ,Doe 12.0 21.3 21.0 31.6 33.4 -
River Dee at Corwen 12.5 23.8 30.3 34.4 

Llyn Tegid 12.0 22.5 29.8 35.8 37.9 39.9 - -
R1 ver Qr'1te 
(Macksy, 1910) 12.0 20.0 25.0 30.0 -' 
Douglao Vlater 
(Uackay, 1970) 7.6 16.8 22.7 25.3 29.0 

River Lugg 
(Ballawell, 1969a) 11.0 16.7 26.0 30.3 

River Test 15.9 28.G 33.5 38.7 41.3 43.2 -(Hutton, 1923) 

Lake Storsjo 
(austat£On, 1949) 8.4 15.9 23.2 28.5 31.7 33.7 37.8 -
Drobsinska riverine lake 14 7 
(Balon, 1962) • 22.4 .26.9 29.4 31.1 -
River Ind~lenlven 9.4 17.2 23.9 29.6 34.9 38.6 40.8 41.3 (Peterson, 1968) 

Yugoslavian rivers 15.6 ,24.1 30.6 35.1 39.0 41.2 42.0 -(Jenkovlc, 1964) \ 
, ,,) 

curtha River '14.5 23.5 29.5 \ -' ... -(W.cha, 1911) , . 
. ..... ',r > • 

'!/ " 

" ' , ' 

-
" . 

; 4.'-.' 



. , 

October. 1969 and October 1910., 

, . (2) The SCllles of Cr=ylinS' were des'cribed: m;c1 th~' occurronce 

ot "spawning mnrks" wa.s \UcC'.1Dsed. 

" (3) A stuay of the seasonal scale growth ring cyole showed 

that the' 'nnnuill check ot Llyn Tecr1.d and ru:v~r Dee ~ayling during 

the 1966-10 period lU1Q latd down 1n tho spring. Tli. £Jlnual ahe'ok 

ot, Llyn Tegid ,grayling in the ,1950-53 per1od, and ngnir( in tho 

1970-12 lJeriod, was formed during 'tho autumn. 

, . '(4) Age determina.tion trom grayling scales, the occurrenoe ot 

summer 'cheok~, £lld_ . .'~he ,time ot, Bcale formation' were discussed..:'" 

,'">, ' I., 

(5) The main period ot accelerated gi-owth" in length and 
. , 

weight was found to be Apr1l/May to Ootober/t:o'vember. Grayling 

.. .; .. } ~ f" .... \: ~ ,~"': '. 

signitioDllt difterence wae tound between 'the growth rates ot net 

, • t.-"""! "I t-~'" 
and rod 'C8UBht. fiah, or between .the growth'rates ot tagged end" • 

(6)J'The condition (l() ot grayling showed merkel! seasonal 

fluctuations in addition to a genernl increase with age. Condition 

ros' quicklY 1n the early su::mer and declined during the autumn nnd 

winter. Llyn Tegid groyling showed a sharp tall in condition during 

August. ~he condition ot ma.ture fish waG hiGhest just belore 

spawning and lowest i:ncecUately after spawnill8' The condition ot 

grayling was found to be adversely aftected by tagging. 

(7) The calculated lengths ot upper Dee graylinG were lower 

than those of Conran and Llyn Tegid grayling. Cor.ten grayling grew 

" , 

1 ,"! 



,. , ~ , 

" ':',' 

faster than Llyn Tegid grayling during early llte, but slower 

in later years. Llyn TeBid grayling caught in the 1950-53 

period graw slightly taster than those caught in the 1966-70 

,f 

period. 

(8) Mature male grayling grew taster thnn mature temnlo3. 

(9) The length attained by grayling at the end ot each year 

ot life was found to depend not only on the epecifio growth rate 

(a) in the first year, but also on the rate ot deoline of G in 

subsequent years. 

(10) The logarithmio length/weight relationship of grayling 

was found to approximate to a straight line, but changes occurred 

in the regression coefficient b o.nd the y-a.xis intercept a 

throughout llfe. Tho ennual growth in weiDht ot Llyn Tegid and 

River Dee grayling was calculated from the length/weight relationships. 

(11) The mG.rl.mum size ot sray1ing in Llyn 'regid and the River 

Dee was discussed, and. the growth rates- of grqlinS in various 

uaters were compared. 

. ! 

I, 



CHAPrER VI 

THE AGE 11m GROWTH OF TROUT AND YOtmG SAWmf 

1.' Introduction 

. "'; Some t:revious research has been carried out in the WQlsh 
,'\ 1 ," , ~ t " ' ~. ~.' 

Dee area on the age and growth ot both trout nnd. )"Oung salmon. 

'Jones' (1949) studied the scales of 1500 young salmon troin the 

River Dee and. paid "particular attention to the seaGOn~l Browth" 

ring' ~yo1e/ the etteots ot spawning on soales, the srowtb 'or' 

yoWlg B~l~on, and. the age at scolt migration. Ball &: Jones'(i960, 

i962)iin their studios on Llyn Tes1d trout inoluded observatio~B 

. on the growth 'or trout in the Aron Lliw and Mon G1yn~ These 
. , 
authOrs also investigated the age at which trout migrated from 

the~ ~e~er streams.into Llyn Tegid, and. the eftects ot migrat10n 

on the: ~ength/rre9-uency d1st~bu~icns ot trou~ ,which,., rema1~!d. in 

the. streams. Jon~s (19500., 1950b, 1951, 1953) made s~ud1eBon , 
'\ ~',,' "'. • ~ }:. • ,'" t, .... " ,,'\. l .... "","*' ..... lr.. r 

adult Dee salmon and. determined the durationot r1v'er 11te.in the 
t.. . a,A~': n ~" ./ \ -..." '"',, , . 1\ \ n }'! ..;:. 

juvenile. stages, . and the relative proportions of, the .. ditferent. 
~~,::r.'~' : ..... <:..J ,.~.. -~ <~ ~ - j" , "" ,,,,,,~>., -, 1!., ...... ,. ,,'-"'J" 

BIlX)lt age groups. In my study I have examined the GC31es,an1 
\: '<I>'.t.' '" 1!< I '.' ~.~ , . _ > <' - • ~, ." ~ ~ • '" .... '~ ;J, ~ ..... 0/ 

measurements ot 1830 salmon parr end 1306 trout trom the L1yn"Tegid 
'" -.-:' I t ~ {. , ., tOo',' ~. 'l ~ .' ........ " '"'" , '<I: 

reeder Btre~B, together ~ith 316 salmon .parr and 148.trout trom 
t.1,;..;..t-;):,-f - •• >..",i.. ...... ~..,' ,: ~ /~, .' . \.~. , .. ' ....... ~ " 'l:,.,' " 

stream material was collected trom Nove:nber1968 to March 1910, ... ~ .. .., 
\.1 ~~ ._ .': ~ 'V " ;::,!. .. ,. ~ . <". ~ ~ y '.." "... • < '.. ~.. ~ \., '\..oJ'...,) <-

\ 

and the River Dee material waB captured whilst fishing tor 
:._ _ , .... " " •• , f t 1:" _,' > .. 

grayling between Ootober 1969 and October 1910. 
_\·--:.!~!.lr.; rJ, .. ,~~"'~ ,:.-i t, - '~~ ""'" '- ~ ! ~_ .. _ "'~f".-": ... ~ .j.~ ... ~>-,+ :~!~ 



and loung salmon in ,other British waters. studies made in 

13ritiBh rivera on young salmon inolude those or CQrr (1913), 

Alle~ (1940, ,,1941b), Frost &: Went (1940) end. w'lls, (1964). 

86. 

o,n __ 
, 

~.::.o~t, Southern. (1935), Gerrish (1938, 1939), .Vent &; Frost (1942), 

Fro~t (1945), Horton. (1~61), Thomas (1962, 19(4) nnd Kennedy & 

Fitzmaurice (1971)JI~d on both speoies, Frost' (1950), Spenoe 

&: West .(1964), Egalishaw.(1967), Robins (1967) anqVickers (1969). 

Pler~noh (1955) revi~wed the literature on atlantio calmon, and 

reo~nt ,books whioh give details at age and growth studies are 

those ot Jones, (1959) on salmon, Frost &: BroT,'ll (1967) on trout, 

and Mills (1971) on salmon and trout" Went (1964) reviewed the 
, ':, < • \ 

investigations that had been oarried out on Irish salmon up to 
, ' 

1963. 

2. Age determination 

~he use ot soalee for ageing salmon and trout is a' well 

established prooedure and has been desoribed in detail for salmon 

by Jones (1959), end for trout by Frost &: Brown (1967). The 

scales of· young· salmon and trout in the Welsh Dee Brea, and the 

validity'ottheir use for age determination were desoribed by 

Jones (1949) and 13all &: Jones (1960). The terminoloeY used by . 

. these, authors has' been adopted in my study. The "birthdq" of 

both salmon and trout was considered to be Uaroh 1st (Ball &: Jones, 
. ." . 

op.cit.) and the length at commenoement or feeding as 2.4 em (F~st 
. ~ . . ' ... " ~ .' 

&: 13rown, op.c1t.). " 
" . ~ ~ , ,'. '''.. ~ 

, ~tcutting ov~rttl of··~n~_~p~ete winter r1E£s by ~~etir~ summer 

ring (Frost &: Went, '1940f Ball &: Jones, 19(0) was found on the 



j t' 1 .... ' 

, ~ .. 

scales ot both isalmon and trout, and allowed the quick and 
• I" • 1 

oertain identification.ot completed winter bands. Ball & Jones 

(op.oit.)r !l.ere ~unable to identitY spawning marks on the soales 

of. Llyn Tegid ttcutand'non were found in my study, either in 

River Dee trout or in Llyn Tegid feeder stream trout. Su;mner 

checks were recordsd on a small number ot trout and salmon 

scales and appeared to have been laid dam during Ju;y or Ausust. 

These checks are related to above optimwn temperatures acting 

eith~r through the respirator,r B1stem (rr,y, 19571 s.1tt, 1961) 

or the digestiv~ system (Pentelow, 1939). 

Ths seq.sonal scale growth ring eyclet. ot the 1968 year classes 

.' ot,.·trout.lll'!d ;rounfJ salmon in._the Llyn_Tegid.teeder st1ecms and th~. 
, " 

, , 

River Dee are shown in figure 44. This figure clearly shows that 

the annual Beale check was formed in early April by both species 
. 1 

in both habitats. This time chaely corresponds with that found by 

Since the scale check time . . , .~" 

~ almost colricl.d.od with the iiii~tted t'birthday" the age olasses 

could be allotted according to the number 01' completed winter bands. 

Fish were considered to be ~at the erid ot year year- of lite in 

l1aroh, end to be in the next yea.r or lite in April when "SUIlIIier" 
, 

gro~th rings first appeared on the scales. 
I • , ; 

; The age structure of the samples ot salmon and trout can be 

s~,.~ in tables 32 and 33, and in the 'length/trequ~nC1 distributions 

shciwn in figures 45 and 46. }Jost salmon smelted at 2 yeara ot age 

(s~e chapter 12) and tew tish over th~t ~e ~ere captured atter . 
1 . 

Hat. l1any 2-4 year old trout migrated during the opring from the 

! • .--

, , 



FIGURE 44 

Seasonal ScalD Growth of Salmon Parr and Trout 
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Table 32. NUlllbers of )'oung salmon examined each month 

(a) L11ll 'regid foeder streamo. 

Month 

November 

December 

'rotal 
number 

17 

30 

JanunI7 1969 45 

February 31 

ltaroh 178 

A.l?rl1 19 

111l3'. 81 

JW1' 42 

Ju1l 119 

August 119 

,September 191 

Oot.ober 71 

November 156 

,December 127 

Januar,y ~970 202 

FebruaI7 36 

1Jarch 228 

Total nos. 18)0 
of fish 

Numbers in eaoh ~ear c1aso 

2 9 6 

18 12 

24 21 

3 27 7 

4 114 60 

4 55 20 

1 21 65 

- 1 41 

28 125 

13 105 

14 154 

- 5 56 

2 22 101 

1 5 1m3 

- 12 143 

1 28 

1 18 114 

18 387 1221 

-
-
-
-

-

-
26 

1 

29 

10 

31 " -~ 

• , 
" 

18 
-, 

-,~; , 

47 ,\ i 

, " ' " 

7 
.. 

'!"'t 

35 1 "'.1.",., 

) ." -. \ 

204 
,. )'~': 

, , , 



",,' , 

(b) River, D,e 
." 

Uonth 

/", ... 

October 

November 

December 

Total no. 
Upper Doe 
(eorwenl 

, 31 

Jamua17 1970 13 

Februar,y 

Uaroh 3 

April 14 

May 22(3) 

.lime"'': " '.'" 33(7)' 

JUly 41(6)" 

AUcust ' 27 (6) 

s'eptember ~ ~6(4) 

JOctob;l,; ~."- 34(7) 

, > 

2 ' 

-
-
1 .. 

-

3' 

1 

1" 

-

Numbers1n each year olass 

24 

14 

-
-
.3 

12 

'15 (3) 

10 

3 

-

5 

14 

1 

5 

-
2 

4 

22 (7) 

37 (6) 

27 (6) 

27 (2) 

32 (6) 

176 (27) 

-
-. 
-
-
-
-
-
.-
-
,-
-
2 .. 



Table 33. Numbers ot trout examined eaoh conth. 

Ca) Llyn Tagid reedor streams. 

Month Total 

November 35 

December 27' 

3an 1969 63 

February 37 

Maroh 106 

April 30 

Yay 61 

June 45 

July 126 

August 81. 

Sapt~i1lber 158 

October 76 

November 141 

December 24 

Jan 1970 150 
" ~ ~ :-~. , 

Februart 7 

March" ,', 133 

Total nO~036 
of fish 

" , 
"' ~ . . 

llil ill! 

-
-

1 

1 1 

- -
-
-

- -
-
1 

- -
-

-
- -

,. 

3 

2 5 

Numbors in each year 01a09 

lli2. 1966 lli1. 

2 3 12 

2 10 6 

2 12 17 

1 7 26 

9 25 39 

- 7 10 

3 18 

1 2 14 

4 8 33 

4 18 

1 14 49 

3 3 13. 

3 9 35 

- 5 

1 G 39 

- 1 -
8 8 34 

37 122 369 

1968 llli. 

18 

9 -
32 -
2 -

31 -
13 

40 -
28 -
49 32 

42 ,23 

72 , 21 

38, 19 , 

71 22 
, . 

15. 4·· " : t ~, :.: t 

72 32 

2 4 
r • ..,. i .,11\ " . . '. . ..... 

63 17 ., 

, ' 

" 
597 174 
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Table 33. ,cOntd. Numbers or trout, enmined eaoh month. 

" "".'" .. '" 
(b) 

, 
River Dee 

I , ~ ~"~~ ,\' .... ..-

- ~ ::;>¥~- • .. ' '>;.- ,1'-' • ' " 

"'~"1>" ';'~': "'~-"-~~J ~ 
',: 

J!onth, ~' T~~n1,!2a 
Upper 

lli! .llii _ 1966 lW. 1968 ~ 

Dee 
(Corwen) ~ ,''; , ..... ,",,'" - ' .... ""- .. } 

<' "- -. "~l k 

October t ,1 . -"'~'-"''''' ,', - .. - 1 - -
llovember 9 - - --. ~~ -.,':~~ 4·" ---,.;p 5 -

.. 

December 
~-~.)'..:i 

8 2 5 1 - - - -
Ja~ 1910 5 1 4 - -\, ". .- ~'-'_~"""_'o! __ 

Februa17 4 - - - 1 " 3 -
Uarch .. ·3·,. 1 , ~. - 1 1 - -
April 7 - 1 4 2 -
Uay 16(7) - - - .. :'~ ,~ (4) '§'(1)""10 '(2) -
June 26(3) - - 2 2 11 (3) 11 

.' , 

July 19 - - - .,.,.'",,1 '2- ' . 11 5 
ja": '~1!;"''';:ct- -

AU&Ust 10 - - ~ 1 

September 21 (2) - - 1 - 3 8 ~ (2) 

October '6 - ',;- :(1) ".'-,';'\0>'" 5 1 
. , '. 

" Total nO,a 135(13) 1 0 3 7 (5) 35 (1) 62 (5) 21 (2) 
ot fish 
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leeder streams into Llyn Tegid (Ball & Jones, 1962) and trout at 

4+ years nnd older comprised only 2.l~ of the total B&mple number 

tram the, f~eder "reams. In the River Dee, trout over 4 yearo ot 

-;"age Loompris~d.(8.1~ ,()f .th~Cl~Qt~: . sample nUQber. 
.' ' 

'. ~ , <' , 

3. Orowth 

, ,,~! (a) Seasonal growth 

, : 

", 

':' 

: ' 

(i) Material 

The nUQbers ot salmon and trout examined eaoh month trom the 

Llyn Tegid teeder streB!Ils an,d the River Dee are shown in "ablos 32 
. ~' 

• .. ... ,I 

end 33. The Corwen samples were considered separately trom the 

"'''Upper Dee samples in t14e same way as for gr81ling (chapter " 

section 3a). 
/' 

(i1) Growth in le~ath 
, .' 

.I 
/ 

, .~" -,-" The seasonal growth in length of trout and juvenile salmon in 

. the Llyn Tegid leeder streams and the Upper Dee is shown in 

figures 41-50. Data on salmon parr and trout older than 3 years 

have not been inoluded in these figures beoause ot the small nWlber 

ot old fish captured. The seasonal growth ot Corwen fish is 

excluded tor the sq.me reason. The data from the Llyn 'regid feeder 

'streams have been ,combined since no sisnificant difference (p> 0.10) 

" --·was-found .between .,the .. 1angtha-o£. salmon parr, froCl the dirterent 
:" l 1 ~ '.: ,'1 •. '; .l M 

streams', and the length differenceo of trout were on11 s1enif1cant 

(p • 0.05) from the fourth year of life onwards (see section lB). 

The accelerated growth period of salmon parr and trout started 

during April and coincided with the tirst appearance of wide summer 
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FIGURE 47 

Seasonal Growth In Length of Young Salmon In the LI~n Tegld Feeder Streams 
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FIGURE 48 

Seasonal Growth in Length of Young Salmon in tho Upper Deo 
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Seasonal Growth in Length of Trout In tho Llyn Togld Feedor Strooms 
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FIGURE 50 

Seasonal Growth in Length of Trout In tho Upp~r Deo 
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scale rings (Bect,ion i) and the inorease 1n teeding'intenBit1 

(chSpter 8). Theae findings oloael,. acreed. with those ot 

Jones (1949) and Ball & Jones (1960), and with those ot other 

workers in different waters (Frost & Went, 1940, Thomns, 19641 

Egglishaw, 1967). The early growth of 0+ try could not be 

determined since fr.1 were not oaptured in the teeder atreams:untl1 

July, and in the River Dee until September. Ball &;Jones,(1962) 

first observed trout fry in the feeder streams during May, -but 

were unable to oatch any.until August. No trout under the age of 

1+ were oaught from the River Dee, and thio reflecta the selectivity 

of the sompling method (rod). The accelerated growth period of 

salmon and trout started approximately one month earlier thtln in, 

gra11ing. Gerrish (1938) found the reverse to be true Inthe 

Hampshire Avon. 

A number of authors have diocuosed the eftects of water" .' 

temperature on the growth and general activit1 of aalmonido.c'Jones' 

(1959) found'that salmon parr fed at water temperatureo a8"low'ao"' 

200 and Allen (1940, 1941b) ooneidered that the critical temperature 

for COCllllencement of active feeding and growth in oa1mon parr wae 

7°C. Brown (1946b) found two,optimum temperature ranges for the 

growth of trout, 7-9°0 and 16-1~00, but Swift (1961) oritioised, 

these results' on the grounds of inadequate data and conoluded that 
I 

the optimum temperature for the growth of brown trout was about 

r " " " 

12°0. In my.study.the growth r~te started to accelerate,rapidly 

during April when .the,water temperature ranged trom 4-8°0 (chapter 3) 

and:fell aharpl1 when the water temper3~ure 1'00e above about 17~C 



~ - ~ ~ '. : 

(Jull/August). Thomas (1964) recorded a similar decrea.e in 
~ ~ ,. - " " * 

,,' .' t ., 

the growth r~te of a number of trout that ha examined. A small 
, ~., , , rata ' 

incre~s. in srowth/oocurred in the Llyn 'regid feeder stream fiah 
, . • " t • < ,. • ;.. 

'du~ng the ~~tumn 'at wat.; temperatures of 8-14°C. Little or no 
'y 

growth oocurred during the winter. 

" ,Ball,& Jones .(1962t re,terred. to the sisnitioant deorease 

w~oh .90curred in., the EII~ll!l lengths ot feeder strada trout, following 

t~e ,spring migration ,of the".,lar5Gr, trout ot eaoh ase group from" 

the streams into Llyn 'l'egid. A similar deorease WAS found in the 
~ '(. ~ 

mean length ot' 'the' 1961 '1ea~r olals during April and lIq 1969, and 
~ • ,,> "1 r : ',r \I.' , .... • ,.~' "'," t r', , 

can be olearly 'seen in figure 49. A deorease was not apparent in 
, ... ~ .. r:' . ,. ~ , . .. ">-4 0 .' ,'" ,~ ., • 

other lear classes at that time beoausQ two year old trout alone 

oomprlsed the va'~t 'majority oi the miSt-ant tish (l3alf & Jone~, op.oit.). 
.. " ...... ~ ~. ~ "~ 1 t.. • ~ .. , ' - '. f - • '- • 

A corresPonding decrease' in the mean length ot' s81mon parr remaining 

an'er sno1i'migration may also be expeoted to occur (Allen, 1940), 

and such'a'deorease ,can',be seen'"in';tigures41 and 48 ttJr 2 year old. 

fish' from both the River Dee and the Llyn'l'egld feeder streams during 

liay and June. The two year old tish again comprised the bulk ot 

The gro~h ~t .red.\ caught ,and net', caught fish in the Jliyer. Dee . -:."" -.~~;.... . .....,..., ,.... . ~ ~ ~'.' 

was net sign1f'ictlIltly. different (1)>0.10). The etfeots ct tagging cn 
~ , ~ ~ \ ... .... ... ~, 10 • 1r-, ~ • ... , 0- " • ~ ~ "" 

the growth rate of' .trout .and, salmon depended,on the tags:i:ng "method 
.. e ' • '. • "... .:.... .. ""f> ~~... ....' ~, - ~ .", ,,L.' 

used. Fin clips end dye 1nnoculation.had.no significant etfeot~ , 
_ .~: --.~, • ~"' , ... \> ~~ ••• :, ,,.. ... -"'J ";" , .. ' -" 

(~>~O.tlO) 01J th~ ,gro~!~ ~~~~ ,.'?~ trout or, salco~, but. th~ indiv1dllal 

ministry tags.descrlbed,in. ohapter 4. (section A 2b) caused a'. '" '·L~.: 
, ~' .. j< .-~ .+' ~,;. , _ ...;' l' :_.;. .. ';.. .. "~' '_ .. .... • < • 

eiSnificant .deorease,.(p<O.OOl) in.the.81'Owth rates of salmon parr. 
;,. ~ ~ '. .J .;; ~. f ',~ .. ' _ ~ J;. ",. .:,!,; I;.,.. j ''I.,. - ." • ~. • 
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The ef'fects ot tagging on the growth of' salmon parr are shown 
- -

in tigure 51. The change from little or no ettect in salmon 

b.l~~:lO!5cms. to~~e ~a~ked ettect in tish,above that l.nath, 
" 

closely corresponds to the change from fin olipping and dye . . -'" ~',. 

1nnoaulntion to individual tagginc. Figure 51 thus show. the etfects 

of' both tnes of' marking or tagging on the growth of' 7oWl8 .almon. 

L11nistr,y tags were not used in trout, but similar tags used by 

Fagerstrom et a1. (1969) were f'ound·to·retard the ,growth of' trout. 

(iii) Growth in weight . / . 

The seasonal growth "in weight ot trout and .~uvenile salmon 

in the Llyn Tegid feeder. streams and the upper· Dee is sholln in 
\ . 

-
figures 52-55. Fiah older than '3 years, and all Conen tiab, 

have been excluded ,from these figures tor the reasons given 1n the 

previous seotion. 

The' seasonal growth 1n weight ot trout and juvenile salmon 
" 

~as found to olosely tollow the seasonal cloles ot growth in 

length. 

(iv) Condition 

The seaeonal condition tactor (1<'), calculated sa described in 

chapter 5 (seotion la,iv), of' salmon parr and trout is sOO\\n in 

figures 56-59. Fig.lre 56 shows that the condition of' salmon parr 

rises rapidly from April to July, decreases in August, risss again 

in the autumn and falls. sharply after November. A general upward 

trend of' K with incr~aa1ng age,ie also apparent. Hoar (1939) found 

that the 'condition of' salmon parr increased with length up to the 
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FIGURE 51 

Effect of Tagging on the Growth of Solmon P~rr 
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FIGURE 52 

SOClsonnl Growth in Weight of Salmon Parr In tho Llyn Tegld 

Feedor Streams 
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FIGURE 53 

Scnsonal Growth in Weight of Trout In tho n I~er 000 
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FIGURE 54 

Sensonal Growth in V/eioht of Trout in tho Llyn Tcgid Feedor Stronms 
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FIGURE 55 

Seasonal Growth in \Veight of Trout in tho Rlvor Dec 
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FIGURE 56 

Seasonal Condition of Salmon Parr 
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FIGURE 58 

Seasonal Condition of Trout in the Llyn Tcgid Feeder Streams 
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FIGURE 59 

Seasonal Cond it ion of Trout in the River Dee 
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time ot emolt transformation. Hoar (op.cit). Allen (1940) and 

Frost & Went (1940) all found,that the condition of salmon par.r. 

reaohed a maximum.in JulY,.and deolined thereafter. In rq study 

the~ time of, highest condition was dependent on sex and maturitl. 
". ' 

as shown. in, figure .57. Male salmon parr first reached maturitl 

during the second lear at life,in the LIm 'regid feeder utreams 
~ ..,. , , " ;' 

and the River Dee, and. samples ot tish of this age and older 

contained mature males, 1mature males and imsture females. The 

condition of immature males was always less than that of ripening 

or read~orblng (Unspent) males, but greater than that ot spent 

males during the Winter. The'''condition of immature males and , 

temales was verr similar and followed the same, seasonal pattern, 

with"a maximum in Jul1 and a decrease t)l.ereafier. : lIaturing male 

salmon parr, however,reached their maximum condition in September 

and October,' just .. before the SIlaming seasonl The Auguot decreaoo 

in condition probab11 resulted trom above optimum water temperatures • 

. ~ The seaSonal ~condi tion cycles of trout in 'rq study (figures 58 

'~d59) ~ere ver:/sim11ar to those found b1 13all & -Jones (1960), 

with a spring increa.e ,to a maximum.in Jull, followed b1 a decline t 

thereafter. Secondary'; condition manma were ,sometimes tound,.in.the~. 

,November-Januaryperiod. '13all & Jones CoP. alt.) relat'ed suoh peaks 

to··the large ,.arll,.w1nt~,fat.reBerves, and considered 'that .the /.:'" 

rapid rise in(condition between 1Jay and JU1l might have ·reBulted;: .,. < 

,from taster growth "in weight than in length at"that time. ,A rise,

lin mean condition 'oocurred in the trout at the Ll)'n Tegld feeder ,'. 

streams up to~~heag$,or 1+ rears-followed, in contrast to salmon 

, " 

, ,'~; 

." ' 

.,. 

' . 
.. . ~ 

. , .' , , , 
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parr, by a sloW,deQline.in subsequent years. This d.clinG waa 

also found in River Dee trout (fiB'U'e 59) and. waa recorded 
I • [ "} ,< ! . 

previouslr by Allan (1951), Ball & Jonas (1960) and Thecaa (1964). 

Thomas (op.cit.) related the deolining oondition of trout to 

deoreasing specifio growth rates. The effeot of maturity on .the 

oondi tion of trout was not assessed in my study because ,ot the 

vert small number of mature fieh' examined. ,Vert tew salmon parr 

or trout'were weighed in the field (chapter 4, seotion A2b), 80 

the etteats ot tagging on k could not be determined. 

b. Annual growth 

(i) Soale length/fish length relationships 

Wide use has been made in the past ot the back oalculation 

ot lengths tor age of salmonid fishes, with the general assumption 

that the Boa188 and body grew in direot proportion and that the 

ratio ot soale length to fish length ranained constAnt whatever the 

length ot the tish. This aasumption may not always be justified and 

corrections must orten be applied to compensate tor allotl1aCrio 

growth (Kipling, 1962). 

The fish length/acale length relationships ot trout and salmpn 
, 

parr in my st~ are shown in tigure 60, together with the regression 

slopes (b) and the 1-axis intercepts (a). It can be aeen that 
~ _ ~ '10 ~ 

allomet1"1 ot scale growth ciid. occur in both trout and Salmon. Trout 
, . 

below about lOem. showed a ditterent bodY-scale relationship to those 
,~ ,~,. S"f} 

above 10cm. aa did :.he·'trout examined by Kipling ~~." Allomatrt" 

in the scale B'l'?wth ot saltlOn parr occurred below 8CJn. These results 

indicate that:~ corrections' tor allometl"1 should be applied to back 
.J 

, .' __ .. ,. __ . __ ,_ ~ ... ,.'0 

8 \
., 
'-
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FIGURE 60 

Body/ Scale Relationships of Salmon Parr and Trout 
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calcula'tions bl direct proportion (Dahl-Lea equation) tor all, 

fish under these lengths (i.e. most f'ish at age 1). In rD1 study', 

however, onil the mean lengths of' fish at the end of' eaoh .year 

were considered, enabling mean lengths of' the scaies to be related 
i . 

direotll to maan lengths of' fish using the bOdt:"scale relationships 

shown in figUre 60. Some' small enoors « O.5CCl) oan arise in the 

interpretati'on ot' the scale' lengths of trout and salmon around. lOcct. 

and 8cm. respectivel1, and variations in scale meaSUl"ccents cake 

length estimates from small samples unreliable. 

(ii) Calculated lerieths of' trout and salmon' parr 
.. 
. ' The calculated lengths of' trout and oalmon parr are shown in 

tables 34 and 35. The actual lengths at the end of' eOoch year, 
, . 

where known. have also been '~oluded in theDe tables. lTo siGliticant 
~ . ~ . 

d1f~erenge (p> O.l!.) wall t'0und between the lengtha ot salmon parr ~l'Om 

the "upper Dea ;.~d ,Corw~n., ~ ,data fl'or:t all River Dee salmon were 

combined •. strong mdenoe or "Lee t B phenomenon" (Loe. 1920) can be 
c < ", 

aeen in the data presented in tables 34 and 35, with eaah sucoessively 
~ ~~ J 4~1,' . ,0'",: , :~ ~ -~~,:",>,~;, ~,; .. ' _:,~ 

older aga - group givins £:maller values of' back cOolculated lengths tor 

corresponding years of' life. To minimise the effects or Lee t B 

phenomenon~~e calculate~:lengths,of' ,trout at the last ~cale annulus 

onlr were p;ot~ed againB~~. age _ as s~m in fieure 61 •. This method 

should give the. best estimate of'the actual size of' surviving fish at 
" ... - ... ?-';~.~ ..... , -, "" "~' ~ 

successive agee. ,·,Considerable .discrepancies enst between the 
~ '. 4r "'~ ..... ." '" >Q, l). .. 

calculated lengths and true lengths ot the teeder stream trout. the 
" J 11 •• '-....". ,-" J-

tormer gener~ly being less than the latter. This may partly be 
~.~ ~f!~'J~'''''''~JJ :~~.4~~:!i/t - ",. -, .'. ~ ~ ,< 

~~'~~ted for by the mi~at1on of' the largest tish ot each age' , 

" 
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Table 34 Calculated growth in 1enath ot trout 

(a) Upper Dee. 

Length in an(!s.d) at the end ot each 1ear ot lite. 
Year 
class 1 2 ' 3 4 . 5 

1965 7.4(!o.4) 14.0(!1.2) 19.9(!2.3) 23.4(:2.4) 25.8(!2D) 

1966 7.8(.!l.6) 13.6(:2.4) 19.5(:2.7) 24.0(:2.4) -
1967 9.0(!1.6) 16.0(!2.4) 20.7(!3.5) -
1968 9.2(!1.6) 16.0(:2.9) - -
1969 9.9(!1.9) - - -
Actual - 16.0(!2.2) 20.8(:1.) 
lengths - -
(b) ,Corwsn. 

Length at end, of lear 
Tear 
class 1 2 3 4 

1966 9.5(1:2.4) 16.4(!5.4) 20.7(!4.0) 24.)(!3.5) 

1967 9.3 11 •. 8 22.1 -
1968 9.6~.9) 18.6(!).1) - -
1969 10.1(11.0) - -
(c) Llzn Tegid feeder streams 

Year 
class 1 

1964 6.5 

1965 1.0(.0.8) 

1966 7.4(!1.2) 

1967 7.8(1:1.2) 

1968 8.4(!!:1.6) 

Actual 7.8(!1.0) lengths 

Leng\h at end ot year 

2 ) 4 5 

12.4 15.6 18.7 20.7 

11.6(!1.0) 15.4(=2.2) 18.8(1:1.8) -

12.8(!2.0) 16.8(.!2.4) 

13.0(:2.0) 

, -
-

-

-
-
-

" 

I - 0 
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Table 35. Calculated growth in 1e~h ot s_slmon parr. 

(a) River Dee 

Year 
Class 

1967 

1968 
, 

1969 

Actual 
lengths 

Year 
Class 

1966 

1967 

1968· 

Aotual 
lengths 

, 
• f 

. ' .. ' 

1 : 1.-

' . .Lengtp in au' (!:s.d) 'At .. :~pe end ot eaoh yenr ot lite 

1 2 3 

8.1(!o.6} 12.5(!2.1) 16.1(!:2.7) 

8.5(!:1.O) 13.0(!1.7) -
8.7(!:1.1) -
8.6(!o.6) 13.S(!1.3) -

" 

Length iii em, (!s.d) at the end ot each year of lite. 

123 
.", 

f 

7.1(1:1'6) lO.9(!1.6) . . 12~9(!1.8) 
'+ 11.2(!:1.5) 7.4(-1.3) -

8.0(!1.O) - -
7.4(!o.6) 12.4{!o.9) 14.5(!o.8) 
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group frOm the stre~Bms into LlTIi Tegid (&11 & Jonas'; 1962, and 

Becti~n ");,C'ti), '~'d i~ ai~8i·"mar~.d ;fte:r the' second. 7ear~ :Figure 
, . ,~~i : ~ f'1j d { ~~ ';"" .... ,_ .0 '. "_. t' ~ ; 

61 does, hOwever, show that upper Dee trout grew quicker than 

Llyn 'Tegia' t'eed.·~r(streadi ~~ut (p'<'O.OOl), -and Corwen trout grew 

tast~r'thml upper nee t~ut "(p<o.OS).'No signitioant'difference 

(p> 0.10) ;w~~ round b~twaen' the c~icUi'at~d lengihs 'or trout' trom: 

theAf'on Lliw~' -Aion'~lIi'~d Mon Llatar, 'but trout 'frOm the 
•• ~" - • t' t;, I l' ~ l " , • , " 

Aton G1.ytl' and Mon "Twrch grew significantly' slower (p '. O.OS) than 
, • f ",". "'" '( ~; ~ "J.. .. ~. • , • 

in the other Streams 'during the' fourth year of lite. The eean 
.... ->. ,I" \. '. "'" "t "',. _ T "'''' _ • .', ,-

1 eIlgt hil , ot Glyn and 'l'virch trout 'were 16.4 cxn. end 17.9 cin. at age 
• -~ • j • ,"';.' ""'-, "" .,. ~ ;;~ 

3 and 4, is compared with '17 .)=. and 19.4cm. in the other feader 
, ,.,~ _." ,-..... I" , ......... , '; ~ . 

stre'2ms •. ' These' vanaticns were probably the result 01' population 

size ditferences,Js~o ~~pt.e~:ll). The actual lengths of Alon Lliw 

trout given by Ball &: Jones, (1960) did not differ sisn1ficantly 1"rom 
• -l.. ~" .....- ~ ,. ,,'" If.:: . 'pl •• ~. 

those round.in the .Lliw ,during, ~DI1' atudy. These· authors recorded. a 
..: " ~' . .. ,. ! - ..... {. -..' .< "'..., , - • . 

Blower growth rate in Glyn trout as compared. with Lliw trout, but 
\ • I.. •• 1" _~ :1(. ~v , .. .. ' _ • 

considered :that, this adght haV4t resulted trom the Glyn s&mples being 
:J: __ --_# .. :...:' .. ~:1 ~ ~'''. i .... .1 .-: I ,-~ '<,. .. ", ... ", 

taken atter ~the spring migration to the lake, and the Lliw .amples 
\.'" .. . . ~ -,. ~ .#0....... ,., .. ~'! t:' _.....- " I'~ ,.: - " • ' 

being taken before the migration. , They also found that trout grew 
........ ' . .. ."" .~ ~ . . t .. ~:.!Io. 'l' " .....,. • , 

much slower in the upper reaches ot the Lli., where the river took 
~ '~.-- ;~;. .. ::.;~~ 1-£1~:.· .. : +il\'\. !.~ '<" ~ .. < ~" .'.' ". i·~) 

on the character ot a moorland stream, than in the lower reaches • 

. The calculated lengths ot salmon parr also show strong" evidence 
~,~":',,: .. ' .... " i...iv~;# ~ .. \,. ..... ;" .. ..: .~ ~,,,j ~,~~,,', .... :, >.,... " ,'" -. .';, 

of,,!'Lee's. phenomenon'· . (table .35), ,and this Qq largely b~ a .r~sul t 
e:<-A-' .... - .. ·~ .. 0 ~"~"";" ...... ',j l ... ~.;r~ ~ {. '. .,' , ~.~ .~ 

of smolt migration .which.annually removes .the lfll'8est fish of each 
~"~~_ .; .. .l- ....... ~.l .. ,.'.,k>' ... ~.A"- ~ ,:",,,.A-~ '- .. 

age group. ,Annual. growth,fi~res ~ased on back calculations, ~ro!!l.; 
• " .~ .. t,l. i<I' .... ',., i ....... 1 ... ~ d _ I" " .... ".".~..,. "I . , • " , 

scales are therefore ot little use, but m~ give some indication 
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of the growth rates of the difterent migrant groups. Calculated 

lengths were found. to be much lower than aot\U.l lengths, IIlld the 

annual growth was therefore assessed. in terms ot the latter, as 

shovoU in figure 62. River Dee salmon parr were found to grow 

sisnifioant11 faster (p<O.OOl) than L17ll Tegid feeder stream 

salmon parr, but no differences in growth rates were found within 

the feeder streams. Th~ctual lengths ot the emolt migrant 

groups and the back oalculation ot their growth in earlier ,.ears 

is .. consid~red in chapter 12. The lengths ot 2 ,.ear old salmon 

parr given by Jones (1949) agree GUbotantio.llY with thoee tound 

in the River .Dee during my study. A comparison ot figureD 61 and 62 

shows that trout grew faster than salmon parr in all habitats. 

(iii) Specitic growth rates 

Specific growth rates (a) were determined, using the formula 

gi~en in chapter 5 (section 3bv), from the oalculated lengths ot 
( , 

tro~t shown in figure 61, and. from the aotual lengths ot salmon parr 

shown in figure 62. The initial length at age 0+ WBS taken as 2.4= • . 
(Frost &: Brown, 1967). The annual specitic growth rates ot trout 

and salmon parr are given 'in tables 36 and 37 • 
. i 

" 

The specific growth WBS found to be high in the first 'lear ot 

life and to decline in subsequent ,.eare with a decrea~ negative 

acc'eleration. A strong correlation was fcund between speoific 

gro~th rates in the first year and the overall growth pattems ot 

fish throughout· life. Ball &: Jones (1960) considered that " 

differences in growth rates in the first year were VIr:! important 
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Tabla 36. 'Specifio 61'Owth rates ot trout. 

"Paroentaae 1ricrel1te in length per &UU1Ut2. ' 

Loeg11tz ' ,0-1 leor 1-2 Y8~r -2-3 yearn H yeora "4=5 'years 

'0> 

153.7' 30.8 > . 
Cor~en 17.2 9.5 -
Uppor Dee 

, " , 141.7 48.0 25.8 14.8 7~2 

Llyn Teg1d 
43.6 feeder . ,125.3 25.6 11.) 9.6 

utrOa:l6 

. " 

, . 
Table 31. Specifio growth ~ate8 ot sa1ClOn parr. 

, ( • " _ ," f", J: \~." , 

Peroentage inorease in length per ann~Q. 

0-1 year, 1-2,yenr' ?'-J ye:tr " 

• 1 

River Dee 
• f;.; ... ' 

Llyn Teg1d 6 
feedor streoos 112. 51.6 

in, produc1n&, subseq~ent ,size ~ftoJ;"enoe8 ot trout, and. r.r:I t1r;.d1ngn . ~.. \ ", 

&grOa substantially with those Iltltbors' and. with those of Frost 
, .. ~. ~ - , , ... . ~ 

(1945) and. 'l'hOtilIlS (1964). Trout and succn parr whioh shoved the highest 
, ." k .' , L '!.., 

specifio .srowth ~t.e. 1~ the tirstY,esr ot ~it. always e.tt~~e~ 

sraater lengths, ~t t~e ~c;..~r eacl;1 GUbBeque~t yesr. Thus Corwen 

trout, whioh tad a higber value tor a in the first yetlr than upper 
~ -' .. ~ ;1:, " ~ ,'11- ~" • , ..} " -. ' 

Doe tl't)ut gre-s tauter throuabout lite despite the taot that G lII18 
, , • , , •. ,: ".,:" .. ;... " .', '~"l;1.L' ~ ~ .. 

higher in the upper Doo trout traQ the second year ot lite onwards. 
~. ~.;, _~ -\ '".;" ~ ,"~ J r ~,;.; : f"... ~i 1 .. 

The sams observations oan be applied to the ditterences in growth 
, ' 

, ; 
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rates between River Doe and teeder stream salmon parr, end to 

some extent between"upper 'Dee and rleder stream 'trOUt'~ The i specitio 

6'1'Owth' rntelot feeder stream trOut' rell8.1ned lower than that ot upper 

Dee trout throughout most of lite, but it should be remembered that 

the oalculated lengths of feeder stream trout were much lower than 

their aotual lengths (tor reaaons discussed in section 3b,ii), 

and the values ot G trom the second year onwards should be higher 

than indicated. 

(iv) Le~h/weieht relationships 
i'l , 

The rise in the condition taotor ot salmon parr with 
1 ' 

increasing age round in this study, and also by, Hoar (1939), 

suggests that the length/weight relationship changes with size, 

Figure 63 sholls that this rttlationship does change as,the 'length 

,increases. Fi6Ure 63'was construoted in the samawsy"'as tor 

grayling (ohapter 5, seotion 3b,vi), and shows the mean weights 

:ror each lOmm. length group. The regression lines have not been 

drawn, but the regression coefficients (b) and 7-a.xis intercepts (a) 

have been inoluded tor three. groups ot -data trom eaoh habitat. 

~hese three groups ot data «9.5cm., lO.5-12.5cm., 13.5-15.5cc.), 

rOughly corresPond to the 0-1, 1-2 and 2-3 age classes. The 

length/weight relationships or River DBe and Llyn Tegid reeder 

stream salmon parr were found to b'e very similar. 

A marked change in the condition ot trout occurred after the 

tirst year ot life (section 3a,~v) and this vas retlected in a 

corresponding change in the length/weight relationship at a length 

of' BPproxlmat"-l,. 120m., ~s sham in, figure 64. As with salmon parr, 
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the regression line8 have not been drawn but the values ot b 

and, a are shown. The length/weight relationships ot River Dee and 

Llyn Tegid. feeder strem trout wIre alcost identioal above 120m. 

but SQaller fish wera Ql~ghtly heavier in the River Deo at eny Biven 

length. Eall & Jone8'(1960) found that the length/weight 

ralationships of/the trout they exomined were identical in all 

habitats, andtbat the 'slope ot the logarithmio relationship 

~as 2.92. Graham & Jones (1962) found. a slope ot 2.86 for Llyn 

TeBid. trout, and considered thnt tha differenoe between their 

findings and those or Ball & Jones (oP.cU.) may have resulted 

trom the detrimental aftects ot reg~lation on the tood supply. The 

slope of 2.76 found in the feeder stream trout in my study is 

rather leas than that found by Ball &; Janos (op.cit.) and Gr,aham 

" &; Jones (op.cit.), and may reflect the bettJr feedins conditions ot 

lake trout as compared with the river trout. 

'rhe mmunl growth in weight of salmon parr and trout, 

calculated from the length data shown in figures 61 and 62, enel from 
, , 

the :length/weight rolationships shown in figures 63 ond 64, 1s 

shown in figure 65. 

4. Summal'l 

. (1) The mmual scale check was laid down 1n salmon parr nnd 

trout during early April ~ 
, 

I 

(2) Few salmon parr over 2 yoars ot age snd few trout over 

4 )feaX's ot age \f~ra ca~ght in the Llyn Tegid feeder streams beoause . .~. 

of ~olt migration and migration to Llyn Tegid respectively. 
, 

, " 

~... • .. --_.- < • 
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FIGURE 65 

Annual Growth in Weight of Salmon Porr and Trout 
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, lc'. , ' .. ';1 ~.., ' : i: 't .. 

(3) Growth 1n length anc1 weigh~ lncreased rapld11 from 

April to July~ slowed, :d.own' in late SWDIller and autu.cm, and alQQD~ 

ct_aaed during ~he .. inter~·· Orowth ot, GOme tlch otopped ln August 

. , 

',- ; " .. ...' :" . '. ~ i:" .. ,'.)" ~" '.' 

(4) An cppo.reni deorenoe in sae occurrod
o 

in two 1enr old' 
f"') ,"'W -,.' ' ,\. -:>',.: ,,,~ , . 

saloon pnrr and 1n Llyn Tegid feed.er otroQQ" trout' dUrino the 

a~ri~. 'l'hls resulted' trom" the rcQ9val or the larcost;" fiah or' 
I> '" .l, • 

ea'ch age glooUp tree tho lfOPulat1on b1 the omolt a1srotion Md the 

mtcrat10n to' Llyn Te&1d of calcon and trout respeotively. 

'),; . '\ .,! '~-' ',1,.. ..i~'. ..,. , . ...... . ." '" ' j. ~ '~ " 

(5) Individual "m.1hlst17" tags 'signif1cantly reduoed the 
., , ' ~' .. , 'I.- I ," "if... !'o ~ 10 ,-" , , ... ...;; ~ '. ~ " ',. ,t~ , ! ~ f' 

growth rate ot calraon parr, but other taggirlJ IIlllthoda had no 
. [~ , 

•• .. c ~ .~.;:' 'r" ... ~ . ~ , .' "'" t ~-' .' \, '" ;: t 

(6) The 6ondit1on (k)' of saleem parr showed a rdc1l11r Ge4sonal 
A • ' , "".; < "'- '. ~ .~!,;.;. 'I. .... -; ~. .. • 

eyole to that ot growth in lensth and weight. The k ot icnature 
.. ,.~ • : ,"\,' ,).. ~~..: "f f'_: ~ 'II, 

alale ond ts&le ealmon p&lT reached a max1UlUCl in July end dec11ned 
, ; > : ,-' ~ .,'" -to:, :'j..:.: ~~" " Jt~ ~ " " •• : ~ ~ "", _ .' 

thereafter. ltaturinc mlile sut10n parr', after 'an August deorease, 
~:~~:. :':'~",1'" ""I ..... "-"-"4 (;.!.4t·.' ", . : ~'. ~" . i .I< .t~" • A ; 11' 
showed Claximu:n k values in t.he aut.umn, just. beloN the apay.U1ng 

, (7) The condition of trout roDe ahnrply in April, reaching, 
'; ~ ~:'.~ .!: .t"·'.~'}-"~'i,t " ~;.~ ~ <'~' i !'" ~ '.' oC"' of I! - ,",". '~~"o"''' .. '} .7'(,-« 15~! . 

a muitl'.lIll in Ju1.y~nnd doclining thereafter. "A 'secondart ria. ,in'" 
.,. , ; ~ ,. .. ..,,. *""" f;'.. ... _-.* ,~ ,to.. \~ ';' l :-, Y" '.. ~ '\;0'; ',-,' 

'k trom 'Uovem'b'er"'to Januar;y'cq hnve'been'reic.ted'to earli w1ntor 
\ 

,,...,~ ,~~!",,"..~} (~f~~ ~'""}'t ... ::.H :---:lr'l .. ~;"'.' , ..... "~ _.~ 'i< - ,,,~~. H .• ftlo",.~ f.~ 
tat reoervao. After the nSe ot 1+ tho condition ot trout "gradunlly 

~:! .. ~: ~;~:'-.4·?,~-;-~ i,::l. 'C:::.~~1J.-:!.':::1 ..:.;:: "',:.~,~~ ".>(t~" ~l~' .,:; 'j' ~,.11J1 ... ' -.it j1f~" 

, (8) Al~ometrt was found 1n the growth ot IscaleB or trou,t belo~ 
). _~~j~!&~f~~''''J:::i~ rn~'t..~.~~~~~:::~ ,il"""i."" t;" d~ t _rtJ"oj'~t.·~ ;; .• .i ... ~,- ~'V'~" ... ..;1' ;,.- <'''ItJ.·~ 

x,.' 
V 

, ' . , 

" , 
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10em., md of so.1con parr below 8cm. 

(9) "Lee'o phenomenon" was apparent in tho calculated 

lengths of' trout end salmon PD.rr, and was most marked in salmon 

parr and Llyn 'l'egid feeder strene trout becau •• of' the migrationo 

mentioned above. Annual srowth of trout was determined from the 

calculated lengths at the last Beale annulus on11, and the annual 

growth of salmon parr was determined trom the aotual lengths of 

fish at the end of' each foar of life. 

(10) Trout grew taster than salmon parr in all habitats. 

Trout and salmon parr grew faster in the River Dee then in tho 

Llyn Tegid feeder strea::ls, and Corwen trout grew faster than upper 

Dee trout. No significant difference was found betweon the' 

growth rates of salmon parr \7i thin the teeder streams, but Olyn 

and Lliw trout grew slower atter the third year of life thtn in 

the other streams. 

(11) The specifio growth rateo in the first year of life 

vas found to be an important faotor in determining the S1 ... 8 of 

trout and salmon parr in later years. Fish with the highest first 

lear specific growth rates attained greater lengths at the end of 

eaoh subsequent year of lite. 

(12) The length/weight relationship ot salmon parr was found. 

to ohange with age, and different relationshipo were fcund for 

trout above and below l2wm. These difterences were related to 

the upward trend in condition of salmon pur with increaEing Giza, ,'-, 

and the change in oondi tion of trout after the first year of life. 

The logar1-tt:;ic regresGion slope for the length/weight data of trout 

was found to, be lower than that found for Llyn Tegid trout by 

Dall & Jones ,(~960) and QrahaQ & Jones (1962). 
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'J.'tc FOOD AlTD F~nm nADI'l'3 OF mu..nn:o 

1. Introduction •• 
, 

Fell atud.1eo havo be.n cade of the d1e~ ot ()%'n1l1ns Clnd 
" " 

those thnt have cudnly cona1der the gI"al11ng in t.rma ot 
",' ,.... ,~ 

coopotition with other saltlonida. In 'the Brltlah laloa, 

" 1nvc:lt1satlona hAve been carried out by Cerr1sh (19)8, 1939), 

Radtorth (1940), Dunn (1954), Siddiqui (1961, 1969) and 
, " 

IIella".11 (19690, 1971). The diet of STtoll1ns 1n Europe bt1a 

102. 

been £1tud1ed c1 ClMY authors and Dobl (1962) 6ivoo a coQ~rehonr.dvo 

reviow of the literature on Europe::n sra:r11nS and. related Grecias 

1n I.s1a and l1'orth hierl.ca., togethor with a deta11Gd account ot "he 

. "diet or grayling in' Dim! all 'stro&:a. athol" reoant C;X;nt1nonta1' wr!, ' 
~ 

'1lMludeB tlUlt"ot l!ul1er (1961), Jcnkov1o (1964) end Pot.reon '(1%8). 

. ' 

In this stud,y the tood and teeding bab1ta ot £I'1Q'11ng 1n tho 

".R1ver,De.'.nd"L11D'i1'.g1d,.hav~ been"asGCtcaad bl tho ox=dndlon ot 
~.- '''' ~ ... '., ' ~ -

411 end 242 stoQacho nspeatlvol,y, tukcn OVOl" thirtoen =nth 

"periods. ~he.d1e~I"of)J.rn ~e~d grql1nil,10 ot partlculnr1nt.~s~ 

", lineD Llyn TeGid ls' ~~e onll natural lake in the Er1tlah Ialeo 
~ _. ;, ... } :.'! t ~ , "'J I ~. ~ ~ \ 

. containing grazling. The co;;}~tl tion for tood between ex-~11n8 end 
, . ; . \;-" ;, 1 ~ r~ ,'\ : 

other salmon1do 1n ~h. River Dee is d1aouseed 1n chApter 8, mil the 
..... ';.", =.:: • { _ :t... ~; __ 1 ~ /; _ ' • 

oOmpet1 t10n tor tood between bro"n t~ut tnd 6X'Cl11inS in Ll1ri 
n ,.: ,'~" ',.~ , lo; i0 " 

1'ee1d has beon preV10usll dieouGsed by &11 (1~61) rmd SidcUqu1 '(1~6~). 

-
2. l!ntarinla 

b 

Th. e~maoh8 ot 242 1\l"8Y11ng ct.ught between October 1968 

" 

" , ' 

" , 

, . 
" 



and Oatober .1969 from the Llyn Togid netting stationQ ehov.'ll in 
:... .... ' ~ .. z...... ..' .« ~ , .< 

plate 12 (chapter 3), and the otoQachs ot 411 grn111ng caucht 

during O'otc~e;' 1969 to~~ b'ctobe; -i9~~ trOm· the' Hi vor Dee D8l:lpling 

sites bet~~en 'Eala and Corwen (cnapter ), so~tion C)a),'were 

examined.'in 'order t'o determine tha tood ~'d t~ed1ng habits or 
.,. \. ll. ~ ,~<' , .' ... 

grayling in these differing environments. Table 35 shows the 

riumber~' of ~Bto~achs ex~ned each month • ., , 

Table 35 •. ~he number ot .. gr,ayl1ng stomachs examined each tlOntb. 

Month: ~ , " Oot ,Wov ' Dec' .Tan ':reb J:ar Apr L1q Jwi .Tul Aug Sept Oot. 

Llyn'Tegid ',20"20 .. 20 .720 ' 20' '20', 2Cr 20' 18 '13 13 20 19 

River Dee 30' 11', . 25 40' 26 ,30 16' "39' 35 40 -39 40 40 

The numbers .ot crqling Bto~ohs examined trom each cain 
... <\ .... :" .:_ \<~A'~"~}~~. 

sampling area of the River Dee are given in table 31. Fewer stomacho 
... :- - .' ' , .,. V", ~ ..... \..... ,. - ~ f ..... ?; .... 1..; ~ ~ . , '" ~;,' t.) , ; 

were examined. from Corwen thsn from the other sampling arena because 
'"'-,v .... ~ ~. ...' ~J,:.~~' I - '. ~ .:'....... ~ ~ ~ • ~:. ".t;:.'; .: \ ~. . ~ 

this area was only tished betwoen llay nnd Oatober 1910. 
, , 

the River De. 
~ , . <: j ~':'" ¢: .. : •• "'; ,. , '! .. ' :' ~ ~. ' .. ~, ~ -,!~ .. ~. ,,~~ 

Site I 
" ' 

10 14,' 11 :--"9: 90 
,- , J~ ' ... 1' t,."'! 

4 - 8 8 105 
< { .. 9.'"''''...... >~ .,':~~l ~.~. ~t><~:, ~~"\~':_'" '.~.. .:.;~ 1:~'..~ 1"<;'. '~:: 

Llanderfel12 5 - 10 ~ - 8 ,10 10 

. ' 

• #. ,: " ; ,," " " 

9 10 8 9 91 

8 83 

Corwen 
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3. Rormltn ot tood IlnrtlYfu,n 

(1) r~AAOnnl verintion in te.~ln~ inten~ttl 

Previous workero baVG e;onornl17 round thnt thl foedinc 

1ntenoity or l;ray11ns 10 hiGh tnd t~t Grc,yling tlith ccr;:t1 

mtoCllchs nre rare (Dahl, 1!Hi2). 'rho aeaDOnal toed1ns intanalt7 

of' arnyllng in the niver Doe Mel Llyn '1'o~d 111 ahom in tiE,;UNs 

65 end 61. The caqn contbl1 ctoQnon tu11naoo nlvor toll bolo. 

eno third full and 'fIaa roroly 1838 tbt.n btl! Ml. Ho CQ~t,. 

otomaeha "erG found in the !aver Dati cr-~l~ and on11 two OQpt1 

otor.1achG vert found. in Ll:In 1'ouid crqlinC. one in AUDlct c:'lcl one 

1., Gopte.:ber, at the title 1ihen thCJ wntar t~~erQturt llll~ nt itD 

hie!lest. C1ddiqui (1969) reoorde~ no CQpt1 etoClr1clus in tto 104 

Llyn Tegid Cl"Q'lina which bo ,xaained. 

~hG ZlU:lber an.! voiu::e roprencntations ot the toe.U.Z\1' activity 

ahowea a umlar batd.o pattorn to tn, Mine,s variation, with the 

exclPtion et the JanWU7 r.nd I.uouat poaks in the il1ver De, a.lmples, 

end the large mwbsr ot orG"'..n1=a in the c.utucn 1~68 Lltn l1e£)id 

~~leG. The J'mus17 peak or volue, Gnd nU:lber of' or£t,nle=a in 

atoCl3.cha tro= the River Dee l"8nulted IraQ 11%1 abovo aver:se nucber 

ot llU'~ rlch ln thtlt month' G ~ple. LarGe nu:lbers ot D:Sa11 

terreatna1 Diptera accounted. tor the J.ut:uct and J~ pe~o ln tho 

River Doe nnd Llyn'l'os1d, m1 the autw:n peak in Ll1n Tegid VlaB 

ral&tcd to the oonguQ~ticn ot larGG n~ers ot chironomid laNa •• 

Theae observations 1ndio~te that the fullness index method showo 

moot clenrly the pattern ot feeding actIvity, flinea thits Qotood waD 

unaf.tected by tho Giza ot the flab or by the prosenco ot larue nu::lbero 



Ficure 66 

Seasonal Variation in the Fullness Index ot Grayling 

Stomachs in the River Dee and Llyn Tegid. 

• mean fullness index 
. (', \ :;., 

, -

------ . mean water temperature 

Vertical lines • + - S.D. ot fullness 'indices, 
-.., ., -' ~ " 

t.. " ~.' , 

" 
f , .... 
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Figure 67 

Seasonal Variation in the Volume of Stomaoh Contents end 

Number ot Organisms eaten by Grayling in the River Dee and 

Llyn Tegid. 

• mean volume of otomaoh contents 

• mean number of organisms per stomach . 



2-0 

1-5 

1-0-

CII -c 
<II V 
C 0-5 
0 
U 

s:-
0 
III 
E 
2 
(/) 

-o 
0 N 0 J F 

~ 1969 Ii - \ CII 2-0 
\ E 

::J \ "0 
\ ;>-

c \ 
nJ 

\ CD 

== \ 

" 1-S " '\ 
\ 

\ 
\ 

\ 
\ 

1-0 \ 
\ 
\ 
\ 
~ 

0-5 

\... 

o N D J F 
1968 

FIGURE 67 

... -'"\ 1\ 

r \ I \ 
I \ I \ I 

I \ I I \ 
I \ I I \ \ I I I '-

I 
I 
I 

I 
I 

I 
I 
I 

M A M 

/\ 
I 

I 
I 

I 

/ 
I 

I 
I 

I 
I 

I 
' ..... ~ ..., 

M A M 

Month 

J 

\ 
\ 

\1' 

J 

\ 
\ I 
\ I 

" 

RIVEn DEE 

J A 

LLYN TEGIe 

J 

S 0 
1970 

s 0 
1969 

150 

100 

% SO c: 
3 
r; 
ell .. 
o -
0 .. 
Ul 
III 
:J 
lA-
3 
fA 

"1J 
t1I ... 

500 
(/) 
~ 

0 
3 
III 
n :r 

400 

300 

200 

100 



105. 

ot =all orcnnlccs • 

•• > Fe~ng inte~a1t1 waa clo~'11 relatod to wat~r ttlClporaturo. 
, '. 

".rioels ot low teO<11ns actIv1ty oolnoldod wlth c1n1cutl anJ maxicum 
~ t. If" , 

.' 
taperdures, md p.rioda ot h1sh te.d1ne activit:r coinClld,d with 

lntera:oditlte te;r.:eraturo£l. A su::::ltJl' dopreas1on ot too~na' actlvity 
, ' ~ 

y:ns evlden~ end V48 CIOat carKed in Ll:/ll 'l'e&)1d clarine Aueuot, a 

tector which, Clay' have contributeJ.~ to the EUatOl' Clieratlon ot 

erq11ns out o,t tho loka (chapter 10). &11 (1961) pointed out that 

Q su.c:ne~ d8preaa1~ri of' te~diris inteno1t:r cq be en artetaat parl1~ 

&coount8J. tor by inCreased CUgootlvo" rat.s at bleb su=er tetlpentureo. 

'l'he'LlJn 'l'ec;1d eenn' wr.1er temperature, however, WDD identical in 

July LoU Aueust but'ths toodins intensit1 WilD conc1derabll'low.r in 

Ausul't. S1d41qu1 (1969) and Rollawell' (1971) both to~ that reeding 

act1vity'was '£X"8steat 1il tho winter end lonet durinc the w:cer a:.nd. 

wtu:::n. llU:olEki1 (1963) litG.ted thnt' Arctic flsh,s " auch aD the 

genua' '='h;InI'~ilUf!tz uSual17 teod. all the 1.ar mund and. mny ovon increase 

their c.ctlvlt,. d.ur1ncr thet wintor. '4'ho tlnd1nsa or SiddiQui (1969) 

ruii 'nollc;;;"ll '(1971) suPlXln 'this 'atatc.nt, and Hellel .... 11 (op.cit.) 

a.MO'that sino' 'rhymAlluA 18 essentiall, ::n J.rct10 ol'(oold-water 

~£CnuG;":a deproo-o1on ct'teecu.nti:llot1v1t1 at· hioh BW'Uer te::ap.rnturse 

:'wuld. ~t C9e::a :unreaaoriable." 'A1thoUSh "·~.r d.prts&1on ot 

'reoling n~iv1il W'D.s"towld '11i 'both Llyn'Te51d and. tbe Rivar. Doe, 

tba 10.lot .te.d1ncaotlvltl in these habitAtO occurr.d. durin(; 
, n " , '" '>< 

•• < ~ .' , _ ... .,. .-"" • < 

~r.bruflr.1r,and·l.tarch whon tho:.wattl' taCllorature \1as at ito loyood • 
.. .. _._ .., ....... , .. ~_ ...... ~·r·'~ '-"-"' ... _~ ,,~., ... ~,I>-- w;~ __ , • ..,., ~ .;,., _.~. ~,~,;!'_~ , ' .. ':' ,- • .,'.,J' .,. 

;·'l'b,:rinter8.ot"l~G8/69 and_l%9/7o Vlret G&yere m1 ,-,;11 acoount tor 
.. ~_,. __ • ,_ ~.. ...._ .... .. _ .... <1- -. '"'" ... ~# ~ -. - • • 

\ 1bie, as w',ll as tOl':,the· apr~;; naale che,ok tOr::1:1tion ~na.1S&eJ. in 

chanter 'i CS'action 2b). 



106. 

'rho pe:lk ot tcuxl1nS r.ctlv1t11iU tound to bo in late 
t ' 

cprina end onrl1 tu=lGl'd:th toodincr Ilctlv1tl hiCh tbroucbout 

the :roar, oxce;)'t during Fobr.16r.1 and !!D.rch whon tho linter 

teQPora~urqGaa at Ita loweGt, and Jul" and. Au.suot when th" wo.tor 

teClperaturo wns at ito h1&hoC't. :;osoon:u che.nUCIJ in oto:uloh 

tullne!s (fllrJrea 66 t~ 67) \fore c1oae~ corro1uted ,with 

Gcaronal ch:l;:,~:: 1ncond1tlcn tllctor (flourea 28 - 31, wpttr 5). 

(11) Tht co;npofl1t1on of th~ d.1et 

a) River Doo. The coClpooitlon ot the diet ot Rivor Doe grql1r..g bl 

por~entceo nu:Jolr, volume and. oo.::urrO!1CO 10 ~v.n in tnblo )3. 

Detritus \1QJJ excludtil troc the calca1Qtiono ot percentac)O volu.-:o 

c.nd nu;:~er ~ Ginoe it \7as conaidarod to ba ot ~ nutritlcuo vAluo. 

~ho perccn~~oO)nirtbutlon ot detritus bl valUino end oaa..lrrenco 

to tho total atccech contento Is, hewevar, included In tabla )8. 

~r.o wide vtlrlet1 ot dietaI7 orc-..nir;.::la was Vlrt obvlouD end the 

c~tbollc teed1ns hc.bits ot grql1nc have bam n~tol1 b;( moot 
_1":,'. 

previous workeI'D (P.adtorth, 1940, Dahl, 1~62J nellawe11, 1971). 

The'vorccfty ot tho ar~l1nG' B tee.li11JI habl~a waG refleoted in 

tbe,larse nW1bir ot 1nd.1v1dual tood,ltema contu:iod with a ClO:;n 

t!sure ot 101 teod lt~B per G-tomaoh. RLdf'orth (1940) rloordod 
.. .... ~ . . . - . ,. 

an.averaGG;ot 318 toad It~a per atocaob. 

'. . , ' . . .~ 
.. ' .. Tricho.,~ernn larvae' (partlcularly Potrc."J'ehylnx Intlp;nnln. 

\ ,.... ' , 

GloRM!ll3 c:onf'omiPJ, Coern pl1oM, Pldror"yoha inr.t,,~111fl tnd 

!5ijietw; fuSOtpeo) tllre found to bo the cost lc;'lOrtc.nt food by 
~;~:;~''{.~ ~'''-<'', 

wlu=t (49.7,4) _end ocoarrenclJ (92.~). A nu::bar ot previous 
',;,1 ?~>~ ... T~'" ,~i", ~ II' ~" Y~ 



Tnblo l~. ~ 'rho colDpoa1t1on ot the diet ot n1v.r Deo ~11n8 bl 
porccntnge nucber, voltt:J1 Ml ocourrenca. 

(+ • 1esa than O.~) . 
~ tJ· ~ 

NUQb,l' Vo1uwe o ccurrenOG 

n~hernero~te~n n~phn lkl ~ 48•8 
Baetlu app. 2.0 1.0 46.0 
Detl3'onurus vena GUD 0.4 0.3 9.7 
~~h~orella ignite 5.0 3.0 26.0 
lleptscen1a aulphuroa ·1.0 0.8 8.) 
L~ptophlobia v8s~ert1n4 +~' + 4.4 
Centroptilua luteol.~ + + 2.:? 
CaeniB coosta .' .' 0.5 
EphG:tora dllniC!l 

" " 

+ + 0.2 

?l,oontor~n nYEnhA 8.6 :Ll. iW. -
Chloroperla torrcntlum ·4.6 1.6' 34.1 
lsoperla ~w1atlcn 1.8 1.3 23.6 
Drnch;ptern rla1 0.1 0.1 1.5 
Perlodes mioroce~haln • 0.2 2.7 
Leuctrtl rus~ 1.0 0.4 2.9 
~~~ctr~ h1pPo~ua ... + 1.0 
Leuctra -1nard.a 0.8 0.4 6.1 
Nemoura erratlca + + 0.2 
Taenlopte~J% n,bulo6u$ + 0.1 2.4 
t~~h1nemura,6ulclcoll18 0.2 + 7.8 
'l'riehoptmoan lArvae 2.Q..& .42:l ~ 
Cool-a pl10ea 0.6 4.9 10.9 
Pot~oph11ax latlpennls 1.2" 15.8 21.1 
~erJ.co stoma" ~.roon .. t ur:J 0.2 1.3 7.5 
Atrl~vodeG bl11neatuB 2.) 1.4 33.6 
Aga~etus r~sc1P'G , , ).8 2.8 2;.3 
Stenophylnx s~. 0.) 1.6 14.4 
ItOabol1i nervos& 

~ + 0.2 1.7 .. . , 

Iia10sUB d1g1tduu 1.9 ).0 19.0 
GlossOQ&~oonroro1B 1.8 8.4 14.4 
Tinodea ffneneri ... + 0.2 



Tr.ble 33 o:mtlnued. I 

~ :. ('! 
~ 

l:\1':lbar Voluo. OOCUrr3nOe 

'Glnhcrt'colluQ polluolduQ + 0.1 1.7 
~y8tacide3 nigra + 0.1 3.2 
~9pldoGtomB hlrtum 1.8 ).1 r.3 
Trlnenodes bicolor 0.4 0., 1.9 
RJdroptl1idlle ... + 2.7 
Unldontlrle~ oases O.E> 1.1 15.1 
~otQl~cnaed larvce lli!. A:1:.4. Id.6 
U1drop~oh~ inatabllis 4.3 4.' 51.6 
lihyacophila c,Qrsn11s ;".' 0.3 0.6 12.9 
?o11o~ntropus f1a~~aulatun 0.2 0.2 6.6 
Pleotron~la oonsr.aro& + + 2.4 
Tot~l unoaaed larvae ~ '-'.:.1 iLJ 
Dipteran InrvGe 1- • ~ .:hi. !!2.:l 
Chi roncmda0 13.1 2.8 65,2 
rir.r.uiu:n spp. 0.2 + 7.5 
Tipula opp. 0.3 1.4 15.6 
Ceratopoeonida.a 0.4 + 11.0 
"'th.r lanne ' 0.3 0.2 10.2 

l~ollu~oa 1.:.4. 2.2 26.2 
Licnnea peroger ... 0.3 < 4.4 
J~~la8t~ fluviatile 2.2 1.8 20.2 
risidlUM1 ' Q~p. 0.1 + 3.9 . 
Plcnorbis compl,mntuB ... + 0.2 
Hydra bia j en.\d.nsi + ... 0.2 

Cruntso!!'\ l:.2. ~ 3.1.6 

Cn::w1ruo pulex" 1.3 2.4 16.1 
Ape11ua tlt;-1d1G.nUB 4.4 ).0 2~.0 

i'l~n1o, Cru:ltacea 0.2 + 0.5 

nlrudin8~ 

£rpobde11a ootoculata 0.1 0.2 5.4 
... "" 1". • .,' ~. r' 

U9,~lootern 
.' 

'nia11s tUllg1nosa 0.1 0.3 "6.3 

, . . . 
, ,.,,1 
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TobIn 38 continueds 

Chirono::lldlle 

Othor ~U;:Qa 

,~rne~.n1dA 

I{yd1'~c:lr1nn 

A9uatl0 &: torrectrllll c:;lldore 

Coloontern 
Larvlle"~ . 

Adulto (aquatic ~'ter1'eatrial) 

Corirldttf9 

Fish -
'9untio r.orinl inn@otA 

i!pho:lerO~torG. s 

, l3a:etin spp. 

npho::e1'el1B It.;n1 tc 

"Uoptoeenla· riUl'Phuroa 

. C:."3ll1 C 0.0 a at n .-
l" ... 1 ...... • • 

Plecoptera, & , 

Chloroporl~ torrentiu::1 

I60r-e1'14 ;(;!"c.:lrJQt1cD.. 

Pe1'loJcQ C11a.rccoll!lala 
" , .. ~ • " y 

Leuct1'o. tu$C~ 
: 'teu~t'rn 8QniCuiQt~" ' :..~.i~/~ 

'\ 
LGuotl'Q'"hipl-~puO ~/;.l > 

Le'Jctra lnon:lio 

llemoura cinoro!1 

TacniopterJ,X nebulosun 

"At:l~h1ne:r..tra GUlc1colliD 

llet..'"Urella p1ctet1 

Proton~-U1'a ceyeri 

~rlcbopt.ra 

=' .-

+ 

1.1 -
1.0 
0.1 

2.8 -
1.0 
1.8 

0.1 

+ 

.+ 

.!:1. 
... 

0.1 

+ 
1.0 
0.2 

0.2 

+ 
... 
+ 
... 
+ 

+ 

0.3 

• 
0.1 -0.1 

+ 

0.) 

+ 

l&. 
..b1. 
,1.4 
2.2 
0.1 
+. 

2·2 
... 

0.2 
.0.1. 

1.6 
0.3 
0.3 

... 

... 

... 

... 

... 
+ 

0.8 

tI' 
I" 

o ca:J.rrO.1ce 

, 

f?O.~ 

18.8 
6.a 

10.0 

.4l:J 
~ 
17.3 
15.8 
; 0.7 
1,.5 

.17.1 

1.7 

,.,0., 
7.5, 

12.2 

4.1 
1.7 
1.2 
0.2 

0.5 
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Tnble .1:13 o:mtlnuta I 

,,' jU 
,ic -.. , ~ ~'.. ' '" ·Uucbar, 

,,~'<01''' ' ' 
, 

Dlptora.a Chironor:lcho 
:. v' ~.O' . 

"$1wll1daa , 
~ . ~ '. . +' ' . -

TOr'r"Atnnl 'aeriAl inseota ~: 25.1':' 

D1.~t~r& .,. }~ I., " ... ,9.5 
• II-

lJ3tlanoptera 0.6 , ,~ v • 
Ue;.nptora " . 15.0 . 
;-, .~ ",'r\A> :"",~ "..,,'~ ,;~. t ~ 

ltisoellnneouA " 

.Lep~dor-~ornn ~~ryn., ~ ·'·,L\ ':.~, : :.:) '+ .' .~ .. -. \., 
".~''''.M ~___ 4, -.i" '~{ .. ~ 

~~~pe~oa.,~, '.:.; • ':;'~'" : ,'~.,. " .' 
Centlpedoo 

... 
+ 

h.?r'4t r'cu·l r .: ' ..' ,. ~'J~ .' ' .. ""'" ····c ,£t.g:. J. ... ' .... ~ eV_\~.·.l~' ~ .. ~"\ .. ,,< ... ~ ........ >.~~ -+ ~ 

, .... / : 

\~.~rt~'N~~.~ ... '(;;;::-~:,:,l.i,:.t,~.~:';. '~.; l:;l~ ~ 1) t~'t .. · 
Unidentified tra6Qenta -

Detritun -
'?ebDle~~ ~·~i otc.; ~':,' .. \.\:~:: f,' .. "."'...:. _'.J' _ 

;VeSGtllbia(matter··.' .:' ~ .. ::.':7, .......... " .. ~,;;: ;~'.$,~_. :/,' 

."""",_. P1eoo)itern _ ... ' ,," 
~ l( '", r -. - ~.":.. """ .. _,.;;' '",..;_....... .H.-,-~ 

" '" 10.3 
~~""" .j.... ..c '>~ ":. 

Trichox;taru . 20.3 
C~'" ){~~ lqua'tib':riipi~~~"'1,:--';;' '-l.~ ~ ::i.1 718•5!' ... < , '. , 

'J 
Vo1tt:lt 

tl.5 
... 

!:L.1 
' 8.0 . ' 
1.0 
'5.4 

+ 
"" , ' 

+ 

... ' . 
~ .,,;,..- ";~"'I+ ~, 

10.1 -
.9.6" 

. , 6.7 
" ". ",:;;.,.,} 

50.5 
.' 5~S 

\.lIefilf n6·~.~organls:ns/sto=Ach·; 'i~,!, ";,<,: 101 .. ','.,, • ~),,' ->,j';' '. ,'~:' 

t y • ...... " vo· 1 ..... 0· '0-..... - i' (.-.3).,~. t,'" $.,,, ,·.1·" '~"" '." ,', 8.6' \, 
'. i£.& .. " ...... 11 ~'f)""4A--""" ~-. Y.~, 0,,". '-~" .. .! '~" 

... 
I' 

o cC'..lrren co 

19.7 
0.5 

~ 
41.8 
20.0 
34.1 

",'0.5 : 
,0.7 
0.2 

:' 0.2 t·. 

·r 0.2 

~ 
" s4~'5 

31.4 

6).0 

62.2 
",< It: ~ 

93.1 
',- 86.6 

·61.8 
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WOrkers r.lGO re~rd.tJ. 'trlc)hQpteran iarvaa: as a ~or tool1 ot 
, 

grQ1~ (D.:hl, 1962,' PeterooD, 1963, n.ltawoll, 1971). Aor1al 

1nsoQ~a (aqua\10 andtorrGatr1al) were tho .eoondca1n rood 

cntet.rJ17 bt wl\l:lQ (2Z') G.i1tho 'dow.m.nt tooa bt Il1.t.Jber (33'.~). 

Zerrostrial 't'iioaoia we%'Q cora 1Qportant th3n aquatl0 aer1al 

insecta bl nu:lb~r -rondo wltwo, nlt-bouall or a1m1lar 1mporl~ce b7 

ooCuTTcnce. Thtt mast ()')ccon11 eattn .<iu~~10 Aerlal lne.ata tItre 

Sph8:n4Nllo.·1snitA, . nneti8- rh.,dAn1 'c.nd Leu~rn f'UGg.' •. '4h. 1e~atriQl 

1n~cto oonf:1tn.t11 .. er~_ tro:a the omlra ,Dipterr. (QOat1: ':pididae and 
. ~..... " .... -. . 

~~~~~~~o, ,,~~'t~ -.B'!AG, C~111rhor"l:Ild,L:\l.o1dQe), ll1m'm~tera . (Ichnell:lOnlda.o, 

Apidat, -Formica and,Vdsna) -and,Uemiptera (mo8tly Arhtdne). ·Poteroon-

(1968) found aer1al'1nseata to b. the docdnant·'tood ot 10unB erq1ins 

and a common·rood'or old«r'gr~l1ng. ,Hellawell (19690) tound rewer 
• 

acriD.l inaecta in ;tiver ~ BrllJ'lins and. Oona.1deHi1 th:lt l'eteraon'n 

(op.cit.)",r1nd1ngs miGht have resulted tram ,801ec\lve .ea.cp11n8 b7 

~Un..r;. ,A, cocpariaon of -tho ·&to::mchs ot .'srql.1nJ caucht b-o:4 the 

1U.vor .Dee. d~·AU6U.t lind. :£ep'tlWberravoaled thn't -in -to.cterq1ina 

caUGht by-netting coritn1nad aUshtly more aerial inoGata thlm,tb)oo 

~U8ht b1 r..91J11ns.':.llo dat1n1:ts·(X)ncluaioria can 'be dram t%t)r.l t.hOne 

ObDlrYo.tiona, "bolte-lor" a1r.oo n,t tOt, rod -Ilam,l •• Yere not taken 'at~lho 

same -tic, and .the' CJnElCption: of' 'aorinl '1na.otu lIao part1r do,eD1ent 

on· 'clluult10 :condit10na.~·-l1o· evidence ftS foUnd or -roaurz1tat1on ot ' 

food by rod-~8ht- Sl'sylinJ 113 round in ·:tl"Out by ,Phillips (1929). : '1 

Scheu.ring, (1936) (quoted:1n' Dah1i':,l962),:·tound' .',high O)ncu:iptlon 
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~ .' .' " • " '. 't.",. "". .. ~ ... ... 1_'"" ... 

which tlowed through torronts! nrQa.~ Cr~liric rro~ tlLn~ertel 

(Rival- Dee; sites "'k:imd m)' Ilt. the 'Qoot ·terrest.rial tood, nnd 

this ':faa the Clost 'h'env11Y1JOoded river 'cootion Ilnc~lod(tQO table 14, 

ch:.~er 3' .~hl (19G2) Oona1dtrod that uer1ai inaoo't.~ (pArticUlarly 

thOSe» ot"ierreatrlal orig1nr'"ore an e:MergenC1 too.1 noclollsrY'in 
• . ' • .. . .'\ 4 \ ..., ,.. ,.. .' _', ~ ~ 

rivera where &quat10 tood waa 1n~jrtiolent In either qu~nt.ltl or 

: .. 't ~ • ~ .. ",.~ '. 

EpheCloroptertUl h3Qpha (chlotly i~ph~ftrol1n i(nlt,,', f~nittlA 
... t' ~~j'~":" .. .# '_ 

rhod"ni end R~ptneenin aulphuroa), ~copte~ ~~ .. hQ (cQin11 
, ' . , 

I~~perlB B!nmmatlo~t cbloroparla torrenti~~ and Leuotrn 8~.) and 

diptarcn larvae (atdnl1 Chiranomidce) wan 'next. 1n dietaQ' iraIOrtancI 

to trichopteran larvAe and. aerial In.act.a. Tho nuo:nberu, volt.:.'U1 and 

occurrence ot plecoptenll ~ eph"Qeropteran nympha were vOr'; 
... " ,.. "",/.. -

~ _; 110 •• -:.' '~~ ~~.... ~ • ." ,,~ .~, ~ __ '~.,," 

siCilar to each other snd poSka of oonBU.lU;:tion ocournd just betore 

w:1 during their respective eQargenoe penoda. Tho volu:lo ot 

di~.rt.~ larvae eaten' (4.5;'). ~~8 Bidlar to t.hat or pleoopterari'~ -
< • 

,.cd ephe~eroptertn IlTollphs, but t.he nu:nber (14.4.') end ooaJ.rroncI 

(80.lP) were elich' &ra~ter. '-O~c. tnd IlUQber l!.nal)"a~B thuD' 

eUggerate' tbe 'd1otcr1'Cont,ribut,1onot dipteran la.rvae (ana atrial 

inaecta) , ,parlloaiarly.'.1n"·colDparIr.on "ltb·~t.rlchopt.ran 'larvne which 

cent.ributo 'a Inr~ fercGriial:'l volU:.lG; lluch or t.he wlume or 
,r4 ' •• .. . 

tr1c!lopttran larvno; 'howeVer, corudate or'1ndic-stlb18 cr..at- matorial, 

end 'tho nutr1tlcn~1'vnlue:ot,th8'C'O' cir~is:lo 10 over.at1cll.tel by the 
• _. 'r " t . -i'> .... ~ " ' ''. " • • ~, • wlurae catted. ~ A nucbor ct proviouB 1tor~ra-r.oordeJ. $1cul1cc as 

iheAc:dil (U.ptornn·lnrvi-:·~tCn'b1·~lirl5 (Raatorlb,1940J Dahl~ '1962J 

l!eiinllo1i. 1911)~ 'bUt' ill'cy'study' tar ;;ora Chironoold lnrvs.- wero 



eaten then pimullum larvae, a, .no tou.~~ b7 Po~.roon (1968). 
• - • ~ ~ • <.--

Cruatsce:;.na (O,;r.;:nP"lA T:uln'l' Q~tl J,,,,,,llufII m~1"1d1I'\r"",,) .. ore 01' 
, . , 

ait:111Ar diete.17 io~rtcnoe to o;heo,ropterr.n, nycphD bl volU:18 
" - " 

(5.~) but ocean-ad leDa, treQ.uontll end in mnller numbero. The 
"- ". . 

incldel'1ce ot Onro!!!l'\U'J in stocacha 'I:lG found to b~ hlch~r In tho lowor 
. ~ ,.... 1'.. ¢' ~ 

:aver Dee B:!mplina ,Bites, than,in the upatr'm:l~oootionD. end a 1dt111ar 
'! " " -

d1~trlbutlon, of this orCl'.nI~ \tDS toun:1 in tho bmthio fnunn b1 . .. )., . 

U.A, Rnh1c (pers.co~.). Pl&nktonio Cruntao,o tnr;hotrerhftR) wore 

round in the atomacha of two flsh cnusht itl::ed1ntoly bolow the 
• 't • ,. 

, .' ~, 

outtn1l at tho Rivor Doo trom L1;rn Te£id. 'i:he onl), co11uoo 
,,,,_ •• H .:- ' l ~ if' """": 

coCQOn11 found in the diet was ,-no,ylnstt"l.l:l rluvint11ft. ~lcoptero. 
~ f • '/". '\ > '. .: _ t .. ~ • 

(1nrvae Ulll cdulte) wa1"O cono~.11 in G1w11nr "ac.ntltlea to CQ11uGOG, 
.... ~ , .. ~ - ... .' t:t ", ,-~ --

but occurred. In ~N ato::aahs; Di .. terun lUP3e, l!elt31opt.ra (S1:'l11n 

[Ul'ls1pO§l'1), 'l!irull;e~ (E~b(\8~ln oct~CU1~t~j t i l.rac!!:iidn e.~d 
, . \" ,.~ , , . 

Cori:ddao 'Core ot ontl Ci11nor importanoe to thl diet, an vera tho 
.... ~~ "" " ... " • . ' "".J I 

mi5ceUWlOOUO tood. Itca recoNed. (l!3r1apod.c, Lepidoptera, Forf1cuh,' 
... fo ... ,;.... ..' .; t .. ~ ,,' J .. -i 

Orlhoptera and earthmrtu). 

Four ern11ing of see croups 2+ to 4+ hr:.d one fiiU in thoir 
: i'" • "~ ~~, .... ". ~'--A-

sto=a?h~ •. theo •... \1.~ t.-o, bu~lhoa.;a LCottU8 ~'Oblo)t a B'tlcklebnck 
, : " -, ~ • ~:- ~ ~. ..." ... '. • -- ,.... ~ -" -,' ~-.l 

(Oant8!"Ostwn I!lculeAtuo) ,.~ A ~.(J'horlnuA ~horlnuq). lIoot, 
• ~ l' ~ .." ~-! -' '. , !)'--

pr~vi0ua.\1'Orke.r,! h~~e.r.(X);:;~ ~!" t1sb, .. (RruU'o~b, 19401 ,Dnhl, 19,621 
... .... -.~ \.. ~ - ,*"',. ....AI< "- '" ~ . .i } . ~ '.. ':. .. . .~ ~ '< .. .. 

Peterson, 1968) or no t1ab (n,UQwall, 1971) in aroylina' oto:1DCns. , 
-:.. " • .(...!,. -::' ."--F'~t ,..~ ~ :..:~" ~ .3""'~ ~:''' -, . 't' .:.-'''''~ ... 

i'cteroon (op.cit.) tou."ld lnte:t"nu::iboro of nab in ~l1ng trec 
d~:::;-:)._,,·\;""- -<-' d "f"'"""~ L, .-,j; t'to,' '; ~> ... ..t.,~'~~~" .. -r \..\~. 'i:','- .. w'41 i.' -:' 4" ~,., 

SUndsvoll ~ than. tree the River Indalan1ven, cn~ l!ullcr (1961) 
'" ;:"'~:'... . ... j~/' ,,'~ ....... ~ i'-:, _ __ t;;;~\~iJ'.: ~.::,}: 'taf.::t ... ;, l-t" '" , ~ . ". -- ~ . " . 

conoldered that ~~11ns 01de~ than age ~up 6 tended to C~G to 
~A; .. ~; ....... ~:.~-::. : .. ;..~.~~~ ~:,. .• -:-"':-,. ;~:r~ .'~'!'~'-:~" -:'~;',- .{'~>i"' <toi t ..... ;..t " 

a fish diet, pnrllcularll 1n,Jakea, ond, pend-liko rogiono of ctro.loa. 
;. .... r' ...... :\ .. ~: ~, -:'t"J '" ~ ~ .'-.~:'.z-.. ... ,. ........ ~~ ~ L~~~ 'f • ..;.' ~ ~ ..... ~-, ~, .-.t •• ~ 

Cn17 nin. fiBh eego (srll.Yl.ina) WIN found in ~he sto::lnaho ext:l1ncd. 
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}:o SDlcOn or trout eega wore foUl'll but 'onslora repon~d. tincl1n(: 

a;:nll nu=bero of th8o~ e~a in crtlYl1ns thoy bnd. eu.:lineJ.. F1Bh 

ec[;r." includinG t~Ge 01'. trout, G~on, i ~ql1no, oorc£Onido and 

cauoa 1'101::., ho.V,O been rOOJrdod in gr~l1nt: otoclona by a nwber 

of workers (Dnhl, 1962J.Potercon, l~GSJ ,nol1A~ell, 1971) and it 

iG goporolly oon~ldorod. thnt the =leon Uld. trout c~a whieh Aro 

eaten o.re thone th:lt have boon waGhed out 01' t:. NddG and which 
'" ., ~ - ,# 

DctrltUG in the tore ot pebbles, aUld, other aubo\rc.t. 

I:I:iterinl end vegatable Clatter (tlODtly trleal, wao prec611t in IDUST 

Gtocncha ~d bas been rOCDrdod, otten in considerable q,~ntUle", 

by ~r.viou8 ~rkQra (Radtortb,1940J Dahl, 19621'nolla •• ll, 1911). 

~.!argrlJlter, 1938 (quo~.d. in Dahl., 1962). cxms1der~.1 that tho, " 

ve;;etable matter" he ottm found ~ grqlinC stocacho hDA OOQ' ' 
" • -I. ~ .... " ... 

dofinite nutritive value to the tioh, ,but goot t .. orkorn exmGider 
• ".. "~ ,. ~ 'I '. • ... ; v' ' • 

GlAtmnl to have 11ttl~ or no putrit1v. value to arqlins. , . ' 
~ " -...,>,-.1> t"", " / .... "'.. ",-' , " ~ • • 

HGll&~ell (op.c1t.) tbousht thst pebbleD c1aht be enton acc1dentallr 
~ _.: ,~"';' ,"" , • ..... ~~.. <0 _.,.... ".. "'--"'~ ;-.,. , 

or perh4pn del1biratol: to "help .1n,~h(J lil&at1co.t1cn, at tood. Datr1tuo. 
, ,..... ,. ... -........ .,' • «- •• 4' >' ..... j. .. .. _ 'I\, .... ~ ,......;..... ~ 't! ~. " .... " 

in PJ.ver ]jOG grayling: vas "CQ~s1cl.sred. to luave 'been, Ilcc1dc..,t&l11 :: ,~. 
,~ _ ~ .'" ,f-' ~n. ,.. 1< • _..' - " '".,., ~. • < • I < 

bottOQ or~lCQs,,,pnrt1culQr17··tr1choptercn larvAe, end 10l1'1t 'coQlmOn,: 
.. " ,. , ;a..:,.;. " ,~. ...~ .... '" '> - ~. ~, ... '.. ( "', -._... '" ... :....,. ",:. " > • ¥ '" .. .. .. l.' .. 

when, a1er1a1.1nsocts.,'Ioro.,tbe .~c1nant.,rood. Fob'blo3 were ~utlcula.rl~ 
* it. ,,~" ~ ' ....... ~. ' ~ '1 ~ .. • (.. - .' .. ~ -.., if T- ,c .. 

zwiCo~UIJ, 1n,.~h8. ~!~:la~~ .or ~~11z:s, JeedJ.ns .~n 9loa,cc80!l:at1dae. ~'::. : !:;, 
( .. ', ..,', ' , ' 

end thua._a11er ,stones "and Flbblea wlth.larvu •• ttQched,mzq,.bD~" r'. 
U" . .," " •• ~ _,.;-.. ...... ~ _... ~';" _. 1- ',.. • .,. ~ ~ ....... , • - '~ .. • - ' ~. -", 0"""; ~., .<?II..f-"'?" ~JII 

~~~~d;"~pg~!h~r.~ i~~~ P.~ the trlltS round 1n stomachs m!J.3 hnve been 
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b) L1Jn Tec;id. 'l'h. cor:pordtion ot tho diet ot Ll,-n ToGid 

cr:!3l1ng by poaroent8.l;e nu.uber, vol\t:1. md oocurrence i. aholm 

in table 39. 'The "id. varlet, ot tood organiG:ll8 was' G.g:l1n 

evident ,e.nd. the moan nUQber ot tood itlClG per 8\OQaah (210) WAS even 

higher tMn'thnt tor River n.. £1'Qling. The overall eten volwne 

or the' etomsoh CQntentn ot L11n Tec111 tiah WAI 0.99co. Q)cparol "',,

with toot ot 0.9600. in tho River Dee nab. IndividUAl neo 61'Ou~O 
• ~ " t 

ot Cl'll3'lina .tf!l.a.;~~ger volwne ot tood in Llyn 'l'eo1d thc.n in tho 

I\1ver Doo.. The~mem volume ot Moench ccntmts woo 0.7400. in '> ': 
._,,' ::...'" < ... .,p' 1 ~"'> 

Llyn ~ogid Md. ,0.6500. in the River Dee tor the 1+ ll€O croup, and . 
>' -: '. ~"\..:, } ... ~ • 

1.50oo.,end 1.3400. respoctlvol" tor tho 2+ ace aroup. 

Previous 1nvestl~tlon8 into tho diet ot Llyn 'l'e.;;1d crQl1n5' ~ 
~ , \.. ' ..: , ~ .~""" I < • • ~ ,; -L " 

&avo'bean C3rriO~ out 13, Dunn (1954), Jonoa (unpubllohed, 1957) ~ 
. . , 

rJ.dd1qui ,(1969). L'unn (1954) e%&tl1nod only 4 grc.ylina cnut;ht during 

Uarch ~l952 &nd round.' tho dom.rllmt tcoda to be L1tmn~I'1,1 Ol'.o~nruo end" 

AB$11us. "J'on~~ (1951) exm:dncd. 16 £r33'11n6 cWBht ~ Octobor and , 
E •• j. .. ~O r~ ... " ,. v.;;.:.r 'i'·T'l.\,.r ~t~,,'~: .~' ,. 

E'oVCQbsr 1957 6%"4 t~und 'that tho c:nn .t:ooda "era J.oellun, Or:=nrufJ.,.J. 
...... ~ ! lo:" , .... , " • '" .. , 

Diptora and planktonic CruatJlooa. c1dd.1qui (lSG9) found. that the .lo •• L" 
. '".,. " ~,-,~, ' , ' ~.~ 
ciOin' 'tQOd."lt~a· ot 104 crQlint: cauaht ~durine 1965 \'rero pltnktonio""P<" 

.. < ( , ~ ,.; ~ ; 

., It ~,.~ " 1:.-" ..... ',., ... '1 1,,,/ ... , "!~' ,. ... } ~ 

Oruotaoea,--c!1ptortn larvae lind PUP::lOi"-Aol)llut) W to" 4' lesser enent, 
",: '- : ..... } 

Borinl insects, ephea:.ropt'rs~ rllWpho,. tr1choptann llU"Vae m:l 
,~ ~. : ............ '" ~,; 

~ad.egtIG.~ Kruse (1959) tound that .:the mn1n rood. ot Arctio "linS 

, . " , .. , '. ,',<.;!"... . .. . .' 19 .. t.. 
snd' Oll;'m~nii;' together with £,QIilO plMktonic Cruo'tooe:i, tr1c~p'tcran 

l~e1. and aerial 1nGeo~ B. 
, . 
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Tnble 39. The peroentaGe cocpositlon by n~bert volUClo end 

occurrenoa of the diet of Llyn 'rebid gl"qllnC. 

(+ • 108B than O.l~) 

Enh~mero~t9ran nymDhB 

Ephemera dames. 

Leptopblebia;marcinata 

Caenls moeda 

,Eotyonurus venoG'JS 

Ple60pterrn nymphs 
LeuctrB bippopus 

~emoarQ', ap. 

Cbloroperla 'orrentiu:n 

Triehontor~n Inrvso 

'. ~tripSC)dos aterri:us 

GlyphotaelluB pollucidus 

Go era ,. f110 sa 
II;rdrOpti11dti.o 

. LePidostoClQ h1rtun 

Limneph1iuG 8111'. 
: - \ ~ , 

l1yatae1dea azurea"" 

',Seri~stocn pors:matum 

T~nodea waeneri 

"Poijcentropus flavOr:lllculntUB 
..... , 

CyrnUB tr1cQC'Jlntu~ , 
. ' C ..,;, ~ 1· 

Totol cae3d larvae 

-~. Total'uncs,eed larvae 

:"riit')t.~n 1,grva8~'" ,I ..... 

.-, - . 

"Ch1ronomdao 

"ipu11dae ' 
. "" .. r 

, Cerntopcigonldae 

ftmphlroda 

O~ruB pulex 
;" . ,~. -

;IflOpodn 

Asellus merid1enus 

. , 

~ 
Nu::lbor 

'8.0 

", 

-

+ 
+ 

+ -
+ 

+ 

hl 
1.2 

+ 
+ 
+ 

0.5 
0.2 

+ 

't 

b~l 
0.1 

0.2 -

+ 
0.1 

19.6 

t/ ,. 
Volume 

li.!i 
13.8 
11.7 

... 
+ 

0.1 -
0.1 

... 

... 

g 
1.5 
+ 
+ 

... 

+ 
0.2 

0.2 

.4:.l 

.2:.4 
18.5 
16.1 
, 0.4 

+ 

5.1 

21.3 

,% 
Occurrence 

~ 
39.3 
34.7 
,.0 
0.4 

~ 
31.2 
0.6 
0.4 
0.4 
9.1 

16.3 
0.4 

" 4.5 
" 
2.5 

, 14.2 
14.1 
43.9 

?2.5 

"'.,1.!.:2. 
'71.9 
5~8 

16.5 
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Table 32 cont1naed 

P1!nkton10 Crustaoon 

1:0 llua oa. 

L1mnea ptreger 

!nOllastrum 'fluviatl1o 

Vn1vata ap. 

Pi Gid1UI:1 ap. 

PbyG3 ap. 

J!irudine8 

lIelobde1la utt1B'tla1ia 

Erp::,biio11a octacub.ta 

Mee;alol)tera 

Sialis lutaria.-

Diptertn puPaes'Chironoc1dat 

ArschnidR 

l~drn carina 

Aquatio «."terrostrial spiders 

Corirldae 
" H,J·: .. : '. ":.,~~ .-:' '. 

Coleoptera 
~ 

Larvae 
Aquatic and te~strial adults 

Finn err(tfJ 

Aquatic aeriel inseots 

ChironoC11dae 
PlecopterQ I Leuctra h1ppopas 

Ephe::leroptern I 

Leptophlebia marginata 

Caenls malata 

&etis ap. 

TrlchopterA 

11.3 

+ 
+ 
+ 
+ 

0.) 

0.) 

+ 

0.1 -
+ 

0.1 

0.) 

+ 

0.5 

1.8 

hl 
1.1 

+ 

0.) 

+ 

+ 

+ 

, " 

'f. 
VolUQ8 

1.8 -
1.6 
0.1 

+ 
+ 
+~ 

, 
0.5 
0., 

+ 

+ -
+ 

+ 

1.1 -
+ 

2.8 

1.8 -
0.7 
+ 

+ 

~ 
OOO'.uTonos 

z.!d. 
16.6 

J.J 
1.7 

1.2 
1.2 

18.2 
16.1 

2.5 

17.4 

)5.1 

l:E. 
4.5 
6.2 

16.9 

26.0 -
2).6 

0.8 



TAble 32 c:xmtl'nued. 
~ ~ 1-

llumbar VolUtlo OoourronOD 
"'}' . ' 

T9rr~Atr1Rl aortal ino.ota 8.0 1.:2. J6.A -.iJiptera 3.9 4.9 31.0 
I1;;1anopt era ' 0.4 

" 
0.6 14.5 

Hecliptera 3.7 2.4 14.9 - t, " , 

J.l1l)cellnneou8 
• ',,'" ~f' . 

O11goohnetes + 0.4 
Ostreoodo ' . . + +' 1.7 
Algae 

"'C + 6.6 
Unidentified frauccnto 0.4 5.0 . ~,. ~ 

Detritu8 13.1 70.7 -Pebb1ee,sand' etc. 
/ -

11.B 65.3 
Vegetable matter - - , 1.3 7.9 

. ~ ".;.. ',' " ~.: ..,. .. 
Total 

-
Ephc:neroptera 2.8 26.3 ~" '" 61.2 
P1ecoptera ' +' 0.2 8.7 
Trichopiera. , .. 2.3., 5.3 " 

, 57.5 
Crustaoea 32.3 29.3 74.4 
Aquatic diptern 44.9 21.7 88.5' 

... '.Aerial insects 9.6 9.7 43.4 

1!ean orgenisms/otoc(1cb 210 985 
Yean voluce (mm3) /0 rgt.r1i fJf.n .. 3.2. 

- . , 

. ' , ,! 
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"lU1'otudy ot"~ho,tood·c.nd·tect1ing habito ot Llyn ToJid ' 

cra:ll1n~ a~e8 substantiall: with the tlnd1nac' ot'tunn (1954), 

Jones (1957) end £1aal~u1 (1969), exoept for ephe~eropternn" 

nymphs wh1ch"1'Orme1 25.5'." ot thtl total vOl\l:l, ot tood enten by : 

Q3" tisb,' CoClpared. 'with 'the" S.O;' rOOlN8\l b,y Siddijui (op,c1~.) 

and th~,.1nsle oc~.~ca or an.~1d.ntlti~d nyaph found by Jones 

(op,cit,). ~h.e i,!eranldnc nucbora ot 8p~e~,rop1erA l11'Qpha in tho 

diet 10,a retlect10n ot~tba gradual re-'8tabl1~~nt or tholO 
... • .. ." ~ ,,' '.' ." i" _ '. ." 

org:mlG?s, tog<lthQ~ with ma111 others, in.the ll~1.oral zone ot L1)11 
. " . ~ -" ... ~ ,. ."'" ' 

'i!eiP.-ls1r,1ao rcaulation.·, l!ud . and. 111t have al&o 1nertaaed. 1n ~h' 
~ '... . ' ... ' _ • _' "\." ~. 4.-

littoral zonS'Q& a ro~lt,qt.the low.tina ot tha l,~. levol,.and 

th1c b3s ro£u1:tw in inoraaGaJ. ,nWllbara or £nhe~er!l dttnlon 1n thin 

tood bl,.nu.'.l~"r &nd o~c:urrenae. ~d ·th. en01"'lDOUB inor.aet in the.. . 

nu:aberc ~r th,eso qrJS.1l1:tca . 'lin a li.no~her. or the eftoct. of ro()Ula\lon 

recorded bl Hunt. (op.cii.). 

: "E,bOJlsropternn 11TJlpha~ (costl,. H~h~"ra c!"niol Gnd L'lt')tor,hlebi:t . 

m3rginntn) trere ~lio 'cost eocr:on :tooa by volu::~, tollf.,od b:r An"Uu8 

(21.'l');d.1pternn ls'"ne (18;~) ana aftr1=l''1nGeoto(~h11). ~ Or"'losaor 

d.1otar:r importence by volU::le \1erotnchopterc.n larvae (5,1~), 

G~nnArUo (4.1~),' plnnktonl0 Crustaoea (3.9~), sw,y.nlnd eccn (2,~), 

dipteran ~pa.~ (2,~),:moll~Gon_:(1.a.:,), Uec;aloptorll (1.G;) tn~· 

Col~ptD~ (,l,~).".:~hE! CQ~ ~,~nto"d .. 1~G~. bl nuabor woro· , 

~P~~X:~ ,~~a.e, A8.11Ust •. plllllktoni~ ~stac.n .end Clerilll inseot,o, ,.,,:, 

r.n~ b1,~c~~n~'t ~p~er~}nrva,~, .• ;ph~t1:opt~rrn n;cpho, tr1choll~ercn I 

larvae and aerial,innect G.''l'ba n~"r me \ hod ovorostiW1tea the value 
':. .. _ ..... ~ ., , .. ~ , -' ~ ... 'I·" '1.... .. ~ -... • 



,ot dipteran larvn~ fUld pltnktonl0 Cructaoe:l r.nd. undereutla:atoa 
. ~. '.. . ( 

the value of ophe:1eropternn n:;mphts. 'i:'ho ooourrenOG Qot-bod. 
.. I .', 

overo~tuato~ "th, oontrtbution or diptoran lervae Il~ trioboptaran 

larvat to .~he .~nJ to&~thor with thnt or some ,or tho minor rood 

iteQG £uoh as Coleoptsra and colluaoD. 
l : '" ' I' 

\~v·J3a11 ·(1961) .:xam.1n~d..,a n'Fllber ot srzq11no, Gt.oQ3oho tor 

'co::l~cr1~n ~ltbtb.QDo 'ot Llyn ~eeld trout., and toW1~ tbat th~ 

.cain '1richoptenn larvae eaton 1I8re Fol:08nt1''OpU~ tlnvoa:nC'llntuB 

together ~1th J"t;r~lr8f.\ c:ultironotntn, TlnoJen waenerl. 1,e'OidotJtomll 
, " 

hi riu:'! ~d Licnonhllun lunatuu •. , or thtsll_o~l1 L.pt~or;too" wos 
-, . ' - . ~. -, .., ~ 

. ool%l:!Onl1.found in r:r:J ;~ud.Y, th~ Qa.in triohoptercn Inrvae 9Qton by 
• '... ~ 0" .f' 

~ f' • ~ 

.erq11~ .be1ne Athl'iuoodon nterr1::~A. ,Janos (1957) noted .that, cora 

...' - , . ." ,,,' ". 
Cnr.r:Jl!lnlA pulftx 1Ze~G foun! in atomscha _ of cr:ylinC ceut;ht Qt the 

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

north-ellst . end of Llyn ToJid. tbtn in those trot:l tho Douth-weat enil. 
'f •••• ,:;, .. ~"'" ~. '\ (;..... r:.. ~ 

Ciao11ar trendo "oro. recorded in my 8~~ nnd reBUl t from tho enrich-
, -:; J < < ,,~ .' • 

. cent of the l~. nt. the north-east enl by the Dala SfJ'Wa8'G outfall. 
~ '"" t • :- • ,,,, 

The 111toral tr-una at the ooutb-.,ea~ end of Llyn 'tegid 1s core 
, 0 ...'. ' .' • • ""'~ •• /'" ,1 

reatr1~od than at tho north-onst end, and ~h1B 1. reflected. bl 
> • • .. ~ ~ .', r: . . 

differences, in the. diet ot Qrn11ill$ froCl opposite ends of' the 1cke • 
• ~ •• ' .. < '.. 4. ...:' .;.. ~ _~ :'" !" "- :: .. '. _ _ "I": . . 

110 fiah were found in MY of the atoca.cho exr.::dnod, ani none were 
'.J . • ,.,. .. .;" "'-:" ">-~ ,.~ :. ~""'.. ~ ~ • \ ~. " '~ 

found b1. Siddiqui (1969). 
>'. ; ... ~." • ' - '. " .... t :,'.<;-pI\ .... ' .... 

_1otal·. ,to;nch _c:ontentG.~ 'r~e~re~uent ~oc-.Jl"rcnco or lar~ :l:lOunts 

.or ¢t, 111lJ.. o1her .. -w,b5trate ·rta~ez1a1:.,aB oleo· re~r-J.~-b1:, nmn (1954) 

. and t1Miqui (196~). 'In. fIIJ' atud3'.;~h1a Claterial waa. =ot coa::cnl,. 

'.-present 11\ .• ho.,' D~o;:;Qcha~of~ crEJ311ng vb1,c!1;ud. b"en.oat1nc, thtJ 
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burro'Ging'llj.Olpha or EpheO'l&rn dl\nlc~. It \'rAa thOl"aforo oonolu4ol1 

that tubutr:1to material was ao:identalll' lnt;eGtoJ.' Cne nto:naoh 

contain.d:a nUQber ot plnnt Ghoote Ylhich nppearol to llnvo boen 

eaton deliberately; 'enJ in U~ and JW1. a nu:mcr ot atoc:ncha 

contained 'algae (ecQll cl~scl Noatoo' uP.) which Alsoo npp8t1r~ 

to have been eaten deliberatel~, but which ~er. oonaldored by 

EatoD(l97l· .. pera.coClCl~) to be ot little or roo nutritional value to 

the fIsh.· 

~he diet ot tho ~srql1n6.1n U111 ~Gs1d Mel thoDe 'or tho 

It1 VI:- Dee \'lao, as C?lGht hAVct bo,~ expoctod, aubutt.Ultlnlly difreront. 

n, c"J.n dlt!4ro."'lcGa were the srader conSW2ption or epbo::l.lSropterrn 

~h:J., Crusto.c,nn t.nd. d1pt~re.n lo.:vae in Ll;rr !L'oSld, tosether with 

a &:1lS11ar con&U!Dptien,ot t!'1cbl~.r~n, larvae w'nenAl inaecta.' 

The mlan, volu:n. ot org"'iiilliEGI8 eaton 'iliaa conaic1orabllleaa in Llyn 

'18014 (3.2=3) tlwl iD the River Dee (8.6=3), ma1n17 becnuse at the 

lugo nl.Cbe~ ot agall cUronogld "larvae in tho diot at Ll1l1 Teaid 

~t11l1nB' nn~ the lars, ~r1~pteran llU'TllO in tho diet ot River 
; , 

De~,cra~l1n.l. I~ ia,~t interost to ,note that Dahl (1962) round a 

~~ater &rO\'fth rate, in EIroyllna which Ate C:!r.:';1~T"UrJt Chironoaddne and 

epheceropteran, Zl;F1phs, ~han in srqling which Qt, trichoptsraD larvae 

end narinl insocts. no ,cona1.dered. thnt tr1choptertJl larvae were 

nutritionally ot 18sa value tbt.n the other rood~. mel thnt whore 
. \ ' _.~ .... - . ~ : 

fish t.G.d to raoort to aari:al tood, because aquatio tood waa searce, 
J. ~ ", • ~ _ .:~. ". : ~ .. 

the 81'Cwth rate w~a poor. Theso observations acree oloa,ly with the 
~- '"" ~ "'; ;': :.~,; '.. -.,,", , ,~~ '. ~. .. 

result,D ot gy ctudy. Cror.-th, .. ao ~o~.r in RlvGr Dee ~llne, where 

tho c:dn reodu .at~n "e~e tr1chopteran larvae and aerial insecta, 
" • . , . > ,.' ~ '~' ,,/'. " .... '~ 
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,\hnn in Llyn 'feCJ,d Grq11ng" .. ~eh 'tto' moatl, vpbtccrol'ttnn nympha, 

dipteran larvno £nd. Crustacoa. A co::li'anaon or tho relative calorifio 
(' ~ ',",., 

va1uea or theioio--dlets (ijSiri~f d.r.ta tto::f Cons, 192'; ~UO"el in :;tube, 

1958) ~ .. ed iralativa vnluoa ot 447 x 103 and 413 % 103 b1 poroentaco 

vo1ugl in LiYit Tos1.d end. River DOQ gra;y1inc respeotively. Zha 

re1&tivG calo::ltlcf"wluo ot -the diet ot' tt1vol' Doe er41l1nc tlnD thuo 

, ap:pro;XiQQtefy ~ 10sa than that ot Lbn T.ir1d crayl1ng and tho 

:,:' 'emal1er volUci, or rood OI1~cn bl River De. grq1ina 'Wno noted earlier • 
. " 

(111) Seasonal vnrintlon 1n the ooopooitlon or the diet 

.) ru.ver Doe. 'l'ho ooasol'lsl variation in the coC2;lOrdtion ot the 
!~ 

diet ot n1varl Deo g1'Cyline by wlua;e, nuc~er end OCClUTonco 1. ohom 
-- .~ • ~ ~...!~ - ' 

in f1Ei.1rGS 6$ to,JO. ~ller (19G1) and. Dahl (19G2) •• 1" .. ble to 
L , 

, Rho. come o's3Donnl trends in rood oonsu:zpt1on ,althcq;b their fJfJllpl~s, 
i 

'WtUka tboG~ or lIo11awoll (1911), ware not tn!c:on over fl period ot'; 

conseO'..ttlv8't::On~ho. In rJ1 otudy 61"811inl:' vere exnm1ntc1 In 

epi'Nx1ant.I1:-6~U!1· nu=bel'tJ 1"or-·culch·-ot· 13 =nalcutive months ". ''', 

C, i ' '(table' 36) fro::1 Ootober 1969 to October 1910. Tho m:lct CQ:DQOn 
t" J Y :~~ :.- j t : 

irl.nter too~ wera rOW1~ ,to be, trlcbopteran larvae, CruutcoOD." 

P."'; d.1pt:"ran l~a. C-"ld plecoptenn nycphs, "hillit durin8 the su;:z:lor i . 
N f" } " , .' , • 

\ ,~ ~ 

trlcbopter~n \lal"Y'aejucr1,nl'1nsects"end 1tphec1eropteran nympha rOrCed 

the bulk ot tho rood eaten. ' 
t r j (. '..1. ",,"""- ~ ", ~; , 

.,~ { . ", . , , , 
Trlcho~.ron 1arvaCi 'Iere tho main tood ot River ~e grayllns 

, ,", . . ' I 
throughout .the-7e~·1'. jpartiCUiari1' during ~h. 'winter. tuller (l9~1) 

~::':.;l"'GO reorodel mo~"tr1chopteran larvae" ~ tho wintQr, but IIellG"~ll 
i ~ - .~ ~ ~ ~ .' - ~ 

(1969) toun~!~h_.COBt . .oomon17.1n. ap~.ingJ, ~nr11 EUanor end. autwin. 
l") f1 ~) .. ' ~ ~,~~ ~ '., 1/'-

'l'h9 srelltoDt numbers ot tr1cboptors~; .l~n. y;ero round in niv"r Dee 





FIGURe 69 

Seasonal Variation In the Diet 0' River 000 Gravling by Number 
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FIGURE 70 

Seasonal Variation In the Diet of River Dee Grayling by Occurrence 
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srqJ~nS,Gt()Cjt1_9he ~8 Dececbor, \then om31l f.,r:eretuf} funoi;>nn 

woro .tht!. ~C'l1nen~~ l&~s.e.;.';be eroateot vol\l::.1G, oouevor, oca.u-nd 

~.11llrch."ben .1aFJO. ~otr,r.lOrhylnx Intipenni, lnrvne ware. tho mAin 

to~ll. eat~n •. ; J.rnF~tu" tuRcipea and R,ydronnych8 inotnbilin tven 

pr~sent. ~~JJt~Qaohii t~~ut ~be year, A"'~'P8tun balns C)OlIt 

coo:,:on ~ aut~" e~rll ,.,inter £nd. spring, and. Ry.'ron",ynh" ~4.~~E: 

April nn4 U~., \rotA~~nhllnx Intin8nn~.~ and n"l~~~A dtritr.tUR 

oCa'.llTGd cMant ln "ho winter end "ere «laoest. tlbaen~ tro:n I1tom4~a 

during "he U\,1l.'ll.1Ier. Lopldostooll h1rt\C, a pre~cdntntlj' est.ill-water 
., ,. p",,", .t';"". -:::',r .• ~. . , • .. ,', 

species, was on~ tou."ld in Bto:nachu during th!l ~er, And 
.,. .... "" .. . ..: ..... _ L' : ~. .' ,. .' " 

ClOBAO:r.n eonf'omt" was eaten costly in tho s~or and &lutucn. 
" • . ~ -, -! ~ ~ < .~ .-~ 

. ,Aerial insects, :f'or;lod u'tu!jor. part, ot. t1;o diot .free l!lll,to 
'\.. '". " . "'" "" " ,...." ~ ," -' , 

Octobor and. .ware;conG\.C0 4 in CQsller Q.unntltlos .in f.ovcnbcr, ~ 
-:,'" ... - ",' ,_ •• ~~~':"'" .. , .... _ ~ ,~ .. ' ..,. .... ~, l' "..'," • \, _." " 

Dcceobor. and..April. Epht:Joro~tero end Ploooptera z:.d.ulta 'were ~O:1to.'l > 
, ,,' , • • '.< .. ......." ;, • __ • ~. • v<,. > •• < • ""!' -<.," ""..." ~ 

during the ~pr1n8, .au::c,er end nutu::n ncoord1ni; to. their roopootlvo 
.. • , ,. -.. • >, ~ "', ~ • • 

ec.er~-;e~c?, ~ez:1C?,d.B.;,\ :n~ot1(l rho<3~nl ~b-~CJl1nea ,~d. D.dultD ot., rho ..... 'l" 
.... t"~ ........ ,..... 

n.., Eft!B .~p~. I: ,Phlorotl8rlA torrentlu:lI and Ir,of)IJrl" 1n.":\.':I::Hltlc!\ ,!,o~ .' ~;~ 

CJ~~~.A~~.~~~e ~~~X:. ,fbhc.'Jerel1n 1mltA ~~~ell ~~~a .. O).n.~ed 

cn:1nly.in Jun •. m1 July, &ni In.Jul~ t01'Qed. l5~ b7 JlUQbar and.14.~ by 
....... ' ........ _ ....... ..l. JI \.. ,.a,,,", ' .... ,~ (...~ .~, ".k"',~ • .Ii .,' "'..' '.. .;. < ~,."", ~ ••. , 

Qall.nu=bor.B, throughou.t. the. su:cer •. I:xctpt.tOl:' l3notl R rhorlr.nl in 
.J ,,""~''', " ...... 4..I .. ~ ~.:~ ,."'~ ... _,~ ,e .... < "'" ~,... \, '~~ ... ' • _ ..... ~-

Oc?~~R~r, .J~~~~o::,~ !L~il,. DJld. .. Erhtoorelln lmltn 1:n Jull, ~ua~.~o 
t. ... ,......, .. J.,. ... ~._.;;:" ... _ ... ". .............. c.k ..... ~.~""'-A)._""'i ,a. '"" 

aer14l.1naoq'ts .,Tiere .,ot, DctCO.ndnr;( imkortence.to ,terroatr1al ;lnaGct-. 
.. , .... ".,,~. _ .... '. -',"'-.A 'ft,c;.<iI~' a....-.... ,. ..... ~ ... " .. ~, .1, " ...... -'. ~$ .r .. -~ "", i" 

1n~hG d1ot:throue~ut ,tho.poriod .hencurfac. roedine occurred •. ' 
", ... #l'f"~' '~.'~'.J ....,: •.. , •.• ~I", ... "'.! \.~. "~~.', ." ..... ~:'.,,~ ,ft ..... ".? , ... ~ _, :,' ,~~t • • t-"1 ~.~~ " e~'" -. ,:' 
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whicb were· fOWld"in very lar80 nu:nbero in Sl"ayline Bto~oba 

durinc ./~UupUQt nnd June :recpect1vel,.. Uld in CQallar mwbera 

in Jul,.. and Soptember.· Ichneumon tlioo and bias (Ap1da.) 

ooC?Urred.. chlefl~ ·in ~arly DWl'Illor, "hi1at un\11nced ants (Forcdc1dae) 

were common in· otomQcha from }.U(;Uot to Octobor. 'rho main ltec1ptera 

found in cr~ling ctomncha wore amall Aph1ds. wbich oocurred in 

ver,y large.numbers in, late G~or and autumn. 

'.',J, ,Epheceroptoron nympha \'lore eaten in the gro:ltaot qunntiti8n 

durina June and July, just berore Mil durina the ceraonce poried 

ot Ephf'lmerellR ienitRe Enhe::lerel1n ~J',h~, r~n::CI~ up to 2~ bl 

vo~~e 01' th," to,ta~ 'o.od intake at thin ti;:a. ThG on11 othor 

?~~~~~~~~ra9.~pha touni trequently in grar11ng stocachn ~ere 

Dr-atin 'rhod~nl end Rftptnaeni8 Rulnhur8~ which were most co~on in 

April. Uay and ear17 June.· DR.tin rhodru1i ~phs were aloo conliUCed, 

but ~O"A .1oBser, extent, in the QUtUl:ln &nd SQall nu::lbero or et.har 

Bnetia fQP. wore round. in sto:1&Qhs durinlI the DUmQlr. The 1c;ortnnce 

ot ephe;noropternn ny:lphs' in ·the .. diet de~~.d rap1cU,. atter Jul;y end 

v~~ .. tn'Jore eaten.durina the winter. Bella .. ell (1969) IllElO found 

tipha::ercpter:m f13mpha Clost ,trequent1;r 1q the sum.ur, nnd Dahl (1962)' 

tound the ,1lo3k ot consumption. during ~ptCGb.r in .trer.ms "here 

Eaetidae were ~the main'Eph~el'Opt.ra present. Other orc)rJl1s::a e:ltcn 

1Il3.1n17 during the· 8W1lC~r:1I'ro mollusca ',and ~Coleoptora. l!o~luGCD ' 

(moatlyJ.ncylastrum,tluviatil.),w.re DlOat:.oommon in the diet during 

June> snd~July.,"hen;they 'tormad9'J. and,~ ,respootiv.17 ot tb8.,"toto.l 

VOlUC28 or· the : sto1ll8ch "contents.·: Col90ptera tor-nd;" max11:1U1:l ot·\4 

ot,tho diet,b,.,vo1ume'1n,l[ay",and,.wero,Jilore,o:)llJ:on in tho au::lQor, 
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when ter.reatrial upeoles wore clao eAt In, t~ ln the wlnter. 

The maln aqu&tlc COleoptera tounJ in grcyl1nc ctocacha ware 

Hyl\rannq'. "lib' ~ali~r nu.ill,r~' or'i~tAimin, !>~t'Oneotdr;, HYdror<n''UB, 
.~. .' - •. :~ ,~i' F\' ... .,.~ ~ •• ' , - r 

nnl1plua and t:noeoblu,,~" CrQ11lng egl)fl ware the onll fisb ebtlfl 
, • "" ... ""'.fIio. '. " ,~ J. I' $,4 :' • '" ". 

fowU 1il tho oto'OIlachuexr.tl1ned' and wer'o round ln GT"'4U.nc cn~ht 

on 12th 1I~ 1970<~ , '-, .,,' ,,' , .. ' - " 
..... r ,,' r\;" tT.~·t.,. ... ,~. , ..,. . ,,/ " t' ... "I' ..... l!--

P1,copteran nympha, Cr~atcooan nnd dlptornn 1arvn. were 
" , .. , .. . 

CQnQU:llod to a greator extlnt 1n the winter and opring than durlns 
•• • _. ~ ~ "" • ~"I. :" '" "" i"" ."i""., ,..... -, J; Vj. •• f • _ '", \~.. • 

th ... ' liIU=::ur. 'Con6u:'Il~tion' 'of pleooptercn nyc~hs "'Ull hieh.at ln April 
,f' ......... - ... "" A " .. 1""* of 10, '- •• ~.. I 1 ..... .; ~ ~.- , •.• ~ 

'and lIn)'" prior to 'tho ecercI9nco plnod of ChlorornrlA tort"Al"ltiur.l c.nd 
T' ,. .... ,,".~ .• ~ .. ~;i-.,' .. ~ ~,. 

:It.o·pfJrla ,n;&Q.·:J:),t1o~t· w'tocothor thoaetlio orbtn1tQ's tor.;.ed l~ 
, ,. .... '. ~:JI" .. ,~ I"""> .' \. .' '<> ... _it" '.. ',.:t' '" '* " • '" ' ' ~. ~ f! t • _--' 

or the diet ~b7 'wlucs' dur1nt~l!iii. Plecopternn rlJ':1pha tormed. 
$. I/; '01_... - "'" " " .. ! ~··t - ~. ~." ~ ". ~.* B -iJ.gnlfioant ·~art or the diet throUGhout the wintor but in' ., 

YiGra~ fOUn£,in "Gto:nachs' dUrlns t"he ~er. Dahl (1962) '~1~ :'t~und 

tho gr~llt~~t, coni=.:ciptl0n· of ple'copter:.n nYQpha dur1its' th~ nnt'er" , 

&rAthe' ia~Dt in Uq ind Jut1'ithan 'ConCWJ~icn or oaul t' Plo'oopi\rn ' 

1'I4e i.i 'its htiheat~ l 'Cruatr:.cenno"(Crur.:nrus'pulft'C" titJ'tiRftllun ' 

tleridlnnua)' ,tormed. a"cartr:r.i:l ot'21~ ot'tha dlit by' Voluoo 'in"" . 

Jeiuiai7 and. verT tew 'IIore eaten b7 {;rq1inC in tho cu::::lGr. Uol1allell 

(1969>. ,f~und .. ~hat -the 61"ate,Bt con81.tl1~t1on ot Ot::eruo b,. nivar·Lut5 

gr{\.Yline:,qc~rred durin8" the winter, £Jld. .D::.hl.: (1962) (X)oe1dered :that 

C111stac'~lwore,,:l~80.1ml1Ortant to thad1ot, in the; &U:lller becau8a;of 

~h~:~gh,. ,,"yai1abl11ty.),ot; other QX"()tnlfQa,G.t thn", tlct.-:- :-D1;tel'Jlll 

ls.rvae~ (QOQ~ll',. Cll1J;'Onoaada4thto:cod '\he'c:in' winter food bl' number 
~ ~ .. ....A 
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tht (X)nsumption of dipttran '"larvae was at ita c:dnimum. ' " , 
r-- - -, 

Hell~w.ll1(1969) found an inoreas.d oonsumption of detritus 
~ .... ;;. , ~ 1" 

,1' &nd debris durins :the suamer months and thought that this material' 

might b. eaten for~an associated launa •.. In this-studJ,_dotritua 

was ingested to .. 8 slightly greater .xt.nt in the wint.r, with a 
".)tPf -1 

., "~ax1mum ot 2~ by.volum. in D.cem~.r, and appeared to have been 

eaten aooiden'tl17 'whilst .feoding on benthio .0rcanlli1Ca. ___ . .. .... 

b) Llyn 'regid. 'Th. seasonal Yariation, by volume, number and 

oeC'.lrrenee, of the main lood items in the diet of Llyn 'r.gid 
f" -~ ~ . : 

'" 'grqling fro:n OotQber 1968 to Oatober 1969 il' shown in tigures 71 
I ' . .-

t, 
,. , , 

to 73. Dipteran'larvae, Crustacea, Ephemera d.anloa zqmp\ls and fiW1Jl1ad' 
: 

~ ~ ~ 

,_ marginntn D3tI1phsand dipteran pupae~ro~ ,the bulk ot tht w.:mner tood. 
f' .,_ \ 

" 

'" 'J"siddiqui (1969) 'found that Chi~no!ru.dae, A9dlu~ and Gastropods were 1 

. i 
eaten all the rear- rouna,-- ephemeroptorlJJi-b1mpha tnOatl), ih--the winter""; 

_ '. anc!.. spring, pl~onic Crustacea in the autw:m end wint er, aerial 
" 

insecta from June 'onwards -mld-gwynla4 '.gp" during the appropriate· 

." .' - ~. - . 
, Dipteran l~ae (mostly Chironomidne) verQ 'the main rood bl 

volume and number 'throughout moat ot the autumn and winter, but few 

, ~<,'1'ier~~eaten durin8 ;th8 summer. Dipteran pupae and adults (coat1r 

Chironomidae) "8r~ moat common in July, and: Ausust reaplative11, 
.. __ ~ __ ~,,~~ ... _____ ,~_ ,",~ .. _" ____ ~. -.. ~ ... ___ ~_~_H _~_ . _______ .... , ~--., 

the latter also baing eaten to some extent in June, September and 
t 

r:: - 1 ~». ...c t r _ _ • 

Oatober. Cruatacea were moat- comcen in tho diet during tho autumn, 
• ' t t 

I L~~ ~~_ ~ .l. _ ... _. _ ... _ ~ ..... ~ _ _ "'r ' .--~-'-' ~~ -) 

winter and spring and were totn111 absent in,Ju11 and Auguat. ~Bt 
,. 1. ~_., 



FIGUne 71 

Seasonal Varlat Ion In the Oiot of Llyn Tegld Grayling by Volume 
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FIGURE 12 

Seasonal Variat ion In the Diet of Llyn Tcgld Grayling by Numbor 
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FIGUnE 73 

Seasonal Variat ion In tho Diet of Llyn Teaid Gr.1yling by Occurrenco 
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or tbe fish eurdnod in' Ut\1 c.nd. October 1969 woro ~ht ;.t 'the 

nort~",i~nt end ot 'thea lnko wharo' AOAllun c.n4 Oll!::::lnru9 CU'G 

particUlar17 abundt.nt. ~h1D' resulted in the 'hiGh oonau:uptlon 

or Cructccecn:s cbccrved duri~ theso IOlCntha. 'rho lnrce vol\QQ 

ot Cr.latcco:l (coatl7 An~11ut1) toun11n JtnullI7 'Wore eden durins 

a apell ot ciild 'Ctonther.' wee nUl:lbera or planktonio Cr..aataoo!l 

(Mle'tnpt-:osr \'r.~ concu::ed in lfovccber end UarCh, and thosa 

orgonie:lss "ar. alao eaten during t'eptec'ber, October, Diceaber 

and April. Ow7niA4 egos' ".ra found in 1he die' tree JenWlI7 ,to 

April, im1 in Pobruary t he1 .. Ire the cdn tood' .aton. ~llu.o3 

(LiInnllell pireier) ,war, most ooa:i:Onll round. in otOCACha du.rinB 

Gepte:aber, when thti tomed l~or' tb, 41,t bi volUi.l1e. 'l'b01 

occurred in-'ailall nui::l~.rD at othor tlm88 ot'1e:.r but waro ~cral1t 

core nbu.'1dant in th~ Gutw:n and tJinter~ end "ore oocplotol)" o.boent " 

tree the diet dur1na 'JulllUla'AUOUat. Uet;tiloptora (tlnl\A lutlt"C'lp) 

wore f'oUnJ. t~usbout -the ,winter e.nd aprlng forcing 8'~ obI volU::Je' 

ot 'the total' food intako 1n lluch end April. l11Nd1no: (coGtll 

llolobt\elle Gtflmal1o)J •• re:QOst ,CQwon in 'he cUet during the winter 
I 

r.nd. torcod. 2.7~, bl volu:ect, the tood. eaten-in DocGQb.r. De1ritu8 and 

debrio was' found',in tr\Ot:athll, tbroaahout the 1cfil', but wao lellst 
"" "'... " "'- .... '." •• ,... • 0.>' ~ 

abundAnt in', the, wmaer " ",hen e.erial 1n£eota WON the domnMt tood.·.' 
..... , ,,_' ,'" ", • '-.A"'. 

'1ho con'~tlon ot .~hC::o:roptQr:n ~"C;h3b1 Ll.1I\ '1'o~ ~Ql1rig 

'shoued a d1t!.rGi1t "soa'sOnCLl -"pAttern thrm in'the RS:,er:Deo. 'LarGO' '" 

Irj.i~e"r,r d~nl'c~:~hB·'v'retL major tood.- b:' wlUQa tbroU[,1lout' tha 

nnter, ~i md ' cU.u.~e·~e~'· rn,"l:ii" tho d1 at· an er tho; e:lercenco 'period' ' 

1n'late !!q." '~Epliem.ropteim;1i1Qpbll were never or aien1t1canco 1n 
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the "d1.~ ot River Do. BX'::ylins durinG tbe wint.r. Ltpto'phlobia 

mar{;inata ~pha wcre c.ldOll:,tound in th, atoacha ot Llrn Tetl1d 

grsyllngdurin& the \11nter, but 'ih8.1 beoaQI inCl"oa:dn.Ilt 'cocmn 

in"the '$pring and tormod a tl:l%1ClU:1 or 59~~ ot \ho total wlW'JO 

of: roo'd eat.pIn -June • ., Thea. Il1CPha d18apPG~d troQ',1ba 'diot ntte:' 

ibi/erneraenoa period in Juno Mod. Jul,y.'t Plooopter~ rl3t1Pho ooourred 

in ema11, nuonbers, I:IOGt11 durins' 'tbe 'opring and early ou:cer,' arid' 

.tra onl1·tound"in fiSh 408UfIh1 in the Y1c1nitl ot lnfiodng tlled.or 

atreams. ~r1chopteran larvae ware e.ten during thl oprina,'QU'ly 

~er-cnd earll~autu:mi, ~and.""er8 _gaant troQ-"be ~.t in Auguai. 

J.thri12erhs atcl'rilD'JU waa a;oat cocwn in the 4utw:m <anJ. 'r.(J,n.i{tdfttnru~ 

hirlua was cnll ot dietc.rj ir.a~rlano. in ~ and June. t.im .. phl1un BPP. 

occurrod.tlmluahout thQ autu:on".nntGr tnd .prinS', but wero abaant . '" ." ,. , 
, > ~.IF'.' ~ ~ .,. "'. 

tree the dilli in JW.1 and August. Coleoptora (~:&uatI0 end. tlrrlstriAI 
.. ~ .. ~ 

utulto) vere only (X)cr.on in the diet during J .. ugust (r;. bl vol\Ule) 

tnd Corirl.d.o (coat17 llicronaeto rowari) forcod 0. cm.cu:l 01' ~ by 

volumo in Jul1. 
~ ~ ,II r. 

,'" .Aorial':.1nae~lS,b.~o~.~ nu:Jerouo ln~h. diet &nl!%' .luna ~~d " 

tomei 95'~· by nucbar c.nd 90;: 'b7 volu:::t~ ot tho dI.t In AU£'Uot. In .. . 

3uly aquatic a.rial insecta (Le~tophlobiA carrin~tn. Baetis opp. 
\ -.,,- "-f .. --' 't" ~~ .. '(. _ "",1' "':"K 

C~onin meata, Chirono:11.dtlo nnd Tric~~tero.) wore or grantor dietary 
~ """;;.. ~' . .., -<-: ~ .. 

i~%'tD1lCt3 thnn t8rraBt~al ~c~ctB, but in AUu"'Uct tbo lnt-tel' tOr.Dta 
,~¥ : .. ~ ..... ,. '. ''''- -. -.~:~~~ -. .... -." ; .... '::;'. f'& t" t ""'1 !~, : .. ' -. /It 

80p 01' the diet by number and volll;lo. The croat reduction in teadJ.1lB 
, :_ --.~~ ~ -' _ ~~ oF <~":. ,;... ~ > .,' ~ -. ~ - '..... ~:. -. .... 

lntensi t1 ot Llyn ~es1d craY1ins ~ 1ho ~ol' haD .1re:l~ been 
, .. 1'~ '~~~-·-'1.r « ... 

contIQncd and tho utI11:atlon 01' amal ort:L"llmus, particularl,. 01' 
!'.~ "...~~.. f -. -. > ~ ,'J -.: 7· *f ~-J r.;.? -. ". ~ '. ' .. :" ~ , ~ :!- t ~ , ~ 

terrestrial orie1n, as an ~rl)tnC3' tood (D:lhl, l!1(2) baa been 
~ , p.... • . ,; ~::.: ~ : ~.J -. -. Ii ,~ .. 
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discuasod. Few grq11~ ro=a1ned 1n Ll:In Taa1d durlnlr Jul: end 

Aueult (chapter 10) and thaDa that d1d ware tounJ. to ba in VOr;' 

poor O)odition no f1 re&ult ot the 1nterior teotl1ns conditions 

which oocurred at that 'lice. The terrestrial inooota tatDn in 

Ll)'n 'l'e6icl \':ero d.c11.u- to thac!J eat.n bY' IU.vllr DOD bl'Q1inJ, uioth 

Aphidae predol6linntlng in the e41'11 nutucn Ulil I::;2pididne, Diblonldae 

and Fon:dc1dno dur1ncI tho BUCJler. Aerial inceoto tzero genornll1 

lOBB nu:;eroua 1n tho diet ot Llyn 'l'ec1d cnl1ina tbnn in River Deo 

gl'ayllriu excapt during l~Uul"\lot .. ben 'tbo onl7 other rood it8Q8 eaten 

t1Q~ ColeoptCilrn (C1:my or terrestrial oriGin) and n flOall nl1:.bGr ot 

Dlptara larvae md pupae. Siddiqui (1969) alllO round aeriAl insecta 

to be the c10mnant tood ot LlJn 'rIGid grqling durins AUt,;Ust. 

(lv) V8~ntion in the diet with P.se 

(a) Riv.r n... The vc.r1atlon in the diet with ace, b1 voluce aM 

llU:4ber, io shown tor P.1vor Dee E;rC3'l1ne in tablea 40 and. 41, together 

'lJi~h tt-a conn volumo ot D~ocaoh O)ntentn rmt!. rood lte:1l, e.nd 'the 

00311 nUtlb.r ot tood ite::1s per stocach. The 5+ fUld. 6+ ~e Gt'OUPD 

are re;rooentod by on1t tao and ona lndividuals reapGot1vely, co.tisht 

d.ur1na the ~er. 

Previous uorkera senorally 1lo~'G that tho bottoQ teodins 

hab1ts ot srQllng beOOQ8 mre pronounoed. nth increnoing age, 

Glld. tho contribution or aoriol tood to ths diet Clrreopondingl1 

decreasea.(Do.bl, 1962. Jnnkovio, 19641 Peterson, 1968). Young 

gratllrl5 (0 ... to 2+ age l)r.)ups) in the tivor DeG, unliks the older 
lqrGI 

fish, o:te/qutn'titieB of aerial 1naoQts. ~l Chironocdd.a.o, 

E;.hsr:croptera Cond. Aph1dao cocrrised. the cain surtacs tood ot )"oWl8 



Ttlblo ~O Varintion in the diot by percenineG volUllo ot Rivor 
: Dee grayling with aee. 

(+ • lOBD than 0.1%) A(;fJ eroupo 
0+ ·1+ 2+ 3+ 4+ 5t 6+ 

no. or 8tomnchs exnmined 78 173 102 32 23 2 1 

E?hACeropternn nym~hn .4:.2 6.0 §.:.4 ~ g lQ:l --
Daetis 2.5 1.3 0.6 0.7 1.4 -
.cphelllerell a 1.0 3.6 '.3 2.; 1.2 21.4 -
Heptagenill . 0.6 0.8 -.0.3 -0.8 1.9 3.) -, 
Other nycpha 0.4 a.) 0.2 0.9 0.6 

PlecoEte~n n~rhn .l!.2. 2.!.Q. hl .4.:l .1&. !:.4. -
ChloroplJrla 1.2 2.2 1.2 1.7 1.0 4.4 -
Iao~rle. 1.2 1.4 0.7 2.4 1.1 - -
Leu'ctx:a 0.1 0.5 1.2 0.2 1.1 - -
Other nymphs 0.5 0.9 0.2 0.4 O.B - '.-
Triooouternn larvae ll:2 l'h!. 2.l:.2. 2l:..2. _ 63.6 .l2:l ~ 
Go era 0.4 2.7 8~6 4.7 1.8 13.7 -
Po t &.QO pb,yl ax 0.8 9.5 17.2 24.~ 22.2 5.5 
Athri:psodea 1.; 1.3 1.7 0.7 2.0 0.2 -
Agupet ... a -. ' 7.6 4,1 2!6 1.4 + ~ 

-"'- . .. ,~. 
Hal.sus 0.2 4.7 1.1 1.2 7.8 -
GloSSOClfl 1.0 4.4 8.5 10.1 8.2 0.7 93.4 
Lopldo stor:a 0.2 0.1 ).3 1.2 12,0 - 0.4 
Other cased 1arv&e 1.2 4.0 5.3 1.2 5.8 11.2 2.) 

UnC3sod larvae 10~6 6.1 ·S.6 2.5 3.8 3.5 

D1Etern I Lnrvae 19.9 6.4 ).1 2.1 1.8 1.1 
Pupae 1.4 1.0 a.) + -

CruAtnoen - .w... ~ oW. !hi. !h2. 
CamaNO 0.1 1.2 1.2 4.1 6.8 -
AsolluD 2.) 3.6 1.) 4.4 4.7 

l11rudinen a.) 0.5 + + + -
Men'!!tloEtera 0.4 0.1 0.5 0.4 -
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Table 4~ cont1nuo~ 

Arachnida 
'~ -

'Coroxidne" 

eoleoptern . 

rolluDcs 

,Aeril'll inSf)ctFl 

i.quati'ol 
.~ ~. '~ 

~phec9ropt9ra 

_ ?~,e.coptera 

Tr1ohopt~ra. 

Diptera 

-Terrestrial- 'i ., 

Diptorll 

l!ym enopt o'ra 

Het:lipterll 

" 

0+ 

1.1 
0.5 
2~6 

2~5 

1+ 

1~2 

J!:2. 29.6 

~ !hl. 
9.6 5.1 
3.2 2.5 
0.9 0.9 
6.5 0.6 

ll:1 ·20.5' 
4.0 10.8 
0'~2 ,0.7 

Other or~n1~B 1,.4 

-Unidentified frnrro~nt8 2.U 

Q' 6 ..... 

1180 grcu~. 
2+ 3+ 

+ 
0.) 

2.1 
1.8 

l:1:.l 
l:.Q. 
4.2 
1.7 
0.8 
0.) 

lhl 
9.8 
1.7 
5.8 

+ 

+ 

1.5 
6.3 

0.7 

.1?.9 

i.:.i 
1.8 
2.8 
0.8 
0.1 

4+ 

+ 

5+ 

-

-
12.) 

-
1.1 -
0.) 

-
0.8 

6+ 

-
0.2 

-
.1.& 
Q.:.2. / 
0'.1 

0.2 

0.2 

-

+ 0.2 0.2 1.6 -

10.2 13.8 10.6 11.0 8.7 

'ue~'voluco/Btocnc~ (co) 0.19 O.G5 1.34 .2.00 2.45 1.83 5.23 

l1!cn volUQ%rgr.n1m(cgl.)3.0 ~ 6.0 10.9 12.6 16.6 7.6 44.7 
".. - . 

> • . ..... 

'" . i ~ _ 
~ : ~ " h .. 

,,~'.~ --t; ...... -

Yo- ~.' ~ 
~ 110 .' ...... ~ {. • 

....y~~ .......... __ --..litol>. 

. , 

1 c; , . 

I t 1. 

\ 

" .. 



Tnblo 41. Variation in tho diet by percont~ nu=bor of R1vor DGa 
I 

Braylinc ulth ~. 

(+ -lees than 0.1%) ABO groups 

0+ 1+ 2+ 3+ 4+ 5+ 6+ 

Ephoc6TOpternn nymphs l:.§. 6.(, .2.t2 C).Q l?.l §l.:.2 -- ....... -
DaetllS 2.5 2.0 1.1 2.2 4.2 -
r.:ph~.rella 0.9 ).6 d.2 4.2 3.) 41.1 
Rapt aaen1a· . 0.1 0.6 0.4 1.) ).4 20.8 
Otter nympha 0.3 0.4 0.2 0.2 1.2 

~1eooptertn nyaphA '2.:? 8.? 10.1 !!.d. 1~.3 ful -- - -
Chlorope:i-la 1.) 5.1 4.5 5.9 4.4 0.) -
looporla 0.5 .1.8 1.3 '4.4 3.0 -.. -

Lcuctrtl + 0.7 4.1 0.8 4.5 - -
at ber ll)"uJ'phs 0.4 0.6 0.2 0.3 0.4 - -

, 

Triohonternn In~r.~ 12.2 - 11.0 ~3.6 !.2:i. .ILl. hl ~ 
CoorD. .. + 0.3 1.4 0.9 0.5 1.3 -
F9ttmOPh31ax "" ,- + 0.6 1.8 2.7 2.8 0.2 -
--J,thri'Psodao 1.5 1.8 3.0 1~6 5.2 0.4 -
J-snpetuo 4.) 5.0 ).5 2.5 0.2 - -
HaleS'olS + 2.4 0.9 1.5 6.9 
Glocooc3 0.1 0.9 2.4 ).2 ).0 0.2 84.0 
Lepldoatoma 0.1 + 2.3 1.) 12.9 0.6 -
Other cased lcrvae 0.7 1.2 2.3 ).0 2.0 1.0 1.4 
UncaGsd Inrvae 5.5 4.8 6.0 2.8 ).7 1.7 -
Dipteraa Larvae 38.0 14.1 9.6 10.9 2.3 4.2 

Pupae 2.7 3.2 1.6 0.3 - 0.2 -
Crusteo93 1.6 !& 1:1 12.6 ~ -- -
O~B + 0.5 0.9 ).2 7.1 -
Aoe11uo 1.6 4.3 2.8 9.4 9.8 

Hir.1(\inea 0.1 0.3 + + + 

Ue~10,tert1 + + 0.4 0.) 

AraohnidA ).6 1.2 0.4 0.5 .. - -
eorirldne 0.1 0.1 0.2 + + ... ; -

~ . / . 
~ . - -



#4 ». ..-.-

Tnb1e 41 oont1nuG~ Ace fil'Oupo 

0+ 1+ 2+ 3+ 4+ 5+ 6+ 

ColooEtorn 1.6 . 3.1 3.1 2.8 1.8 3.1 0.9 
l!o11uBoo 2.3 0.9 2.2 8.8 1.1 8.3 
Fish 4- + + + --
Aerlnl 1nflilchl '~ ..lQd .4Q.:i. .li.:.l 2:>.4 !i:.l Li. ll.!.l 
Aquatic' 14.? hl .2.:.l 6.0 6.6 hl Jd - -

~phe::leroptera 4.1. 4.6 6.1 2.6 2.3 - 0.9 
Plecoptero. 1.1 1.2 1.5 2.5 4.0 6.3 0.9 
~lcboptora 0.1 0.4 0.5 0.4 0.2 - 1.1 
Diptera 8.9 1.3 1.2 0.5 + . -

Terrestrial .• 12:2. ll:.9.. 26.0 16.4 1bl 1.2 10.) - - -
Diptora 2.0 12.3 10.1 7.1 8.6 0.4 2.6 
lJ3t:1anoptera " 0.3 0.1 0.7 0.9 + - 6.8 
Uoaiptera ,13.6 20.0 15.:! . 8.4 + 0.8 0.9 

Other ore;anicon 1.7 + ... 0.1 0.1 0.2 -
Ueon n~ber of ortpni[Qs 
/oto::l3ch 62.5 100 111 137 132 240 117 

110. ot 6tomacha 78 173 102 32 23 2 1 exaa:1ned 

. ~ . . 
. 0. 

'.l ~ ;;.~; .... ..,'. '.. 

, , 
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cray11ns. whereaD older grayl1ne eta laraer Dipt.ra and Plt()Cltero. 

Dottcmtooda, particulnr1y tr1cboptlrcn lcrvcD end Cr~at~o'Q, . 
bac:.:na ~l:'~ cor:.man 1~ ... the, diQt ot £'NlinS, a~ tho)" craR oldtr. 

Dnhl (1962) . and Hollo::;oll. (1911) oleo. ro~rd8J. core. CNstncta . " .'. - , , 

ill older .. ~qllng 1hnn in y0U!'5 uny.ling. <> Thl cnin 01'80100 ot 

tricho;ternn l~/ae e:lten VuiC7d bet1:GQll tho ditforent nee groUPIJ, 

rcune. fish nt~ ceall larvae .. such no ftP"lretun 1\l!"lolT'1~n. tJld older 
~ ~. ",' . 

or\i.Y1In~ e.tl l~ger.,.1a.rv:ul,. ~., I'~rti~lDrPotncophYln. lntipmnir.. 

Uol1awollJl911l tp,unl that 1OW15 groylinc in th~ Rivor Luos Qt, 

coat d1~tertm lo.rvc~ r.nd ploooptarm nTo:lr-hs than older sr~l~. 

'r.ba, conrrJ:llptlon, .or dipteran larvae r.nd IU~o deorlnqod .1n River Dee 

gr~linG "ith.Jncreclf.d~ CBS, 'but .fll.oopterm nyt1pho were eden in 

o1t111ar .quantities by .nll ~ croupa ot tiuh. Fl,nh 1I8rO only round 
, L' • ... • .: ~ ~ , • 

in ,the utocccns or. older srqline End. .lrQ abotmt trom the 0+ end. 1+ 
" ',. t rI ," • • 

aa<'61"'Oupa. Uul~~t: J1961) totp'ld firm In ,the atoillccha or grqllng older 
. ~ -' - . ' ...." . 

th~ 6 18:1r4 • . , ' 

~'~'\ . Tho alze (menn .volu::le) :ot 'food orcr..n1S:11 shom in table .40 .'~ 

clearl.1ind.1~tGGrlth~t oldco' sr~l1.ng nto 1arsor tc.ld or~ls::u. 

Y0un8'gr&11irio'nta c:lOGtly"mi1l tr1~pt.:.-~ 1nl"'lo,lI, dipterUl'larvae 

anJ;4erlnl inseota, whilct older .fiah- Qt.·lar~ tricboptaran larval 

and . Cruatcce:i •. Th~ c== .VQlu:;o ot· ato::I1O~ contents alCO'rlnCNl1sed 

with ace 'as 'did. the nl:.:lber ot orcr-...niu:::uJ eaten. Duhl (19G2) usctd. the 

lenGth ot tood or~niSJa .to, daton:ino 4itter«1coo in rood o1z8, 'but. 
". ,,;,.. '~ _ '_ ' ._ ',.. ~ ~. -, r ,. ~ " • ~i. j.. ~_ ¥jo' .. _, ~. .....' \" • _ .~~.;; ~_ .... 'r -4," $' 

erroro nroa9 in. the .,ute or, this cothod AB a .r.cult ot t.ho presenoe 
.' "- ... ~"" ' • , 1 •• .-,r~ "'-: -:.. "". (l ... , ; ~ ,. ! '..~,.' ¥ t~, --'; ~ • ".: ~ :. !. h"" ' . 

or very .lone .~t1chopter1d, Inrv5la in ,Il nucbcr ot lOu:lC gr..;ling. . 
...... ~ • - _\ I!<> _ .. ~~~~ .. ' ~ .... ~._~_ , ';0-., ~ . , . .".<\0- S .... • .f~,:. ''I(' 

Bollawa1l (1971), wdns wlueo cO&GUl'G:;cntc, Iras Able to ~ .. a 



-. ~ 

. . 
corrolation botwoen increasintr a:::ounta 01' bro. food ltc. 

&md lncreas1n8 Ago. 

~ (1962) eire" attentlon ~o "'he tAct that £r=11ina at a 

aim11ar alee tend to Ghoal togathlr Qlld teed 1n different llf.rta 

or the river acoording to thd~ 81:e. O:lal.l C1'&1Yl1ns t~nd. to 

oonbN(;ate 1n the tad £ballowe, whereaD ll1rse grqllnS otten 
.j; . .. 

1abo.blt the pooll and de.per alow floliins r1ver olot1ona. Do.h1 
'.. ) . 

(op.cit.) ccnaldorea thnt differenoes ln diet wcre thus l.uG,l), 

relate4 to ditferenceo in hnbitatg. A similar diotrtbutlon ot 

sica craupu Wo.c found to tOeQ extent -in tho Fivor Doe end 

ve.riatlona ln the teodinc hnbi te at tho croups c:l1' have bem 

partiallyra rocult ot differentic.l &l1otr1but16n ot toad or(7...nio::a. 

~t.us_ ~h. conllU:lption at Am!T1etuA "Mob occurr!~ cd.n11 ~n ritn, 

areas, b:l Clloll grll)'li n.s. Uld tbo concu::lption ot l'otau:orbylax, 

.bieb. ~oourred. CQ6t111n deeper r.ncl slower water, b1 largo crql~, 
, . 

w:ae related. to tho cU.Btr1b~tion aa well an to tba 81tt ot the 

org:mls:n. Lars- srayl1ns woro caUE;bt ln fAst aha1low 'Inter durin8 

t~ ~l'~' whilst thOBO &reaD wore chienl f¢pulatod b1 s=a11 

"sn111nS 1n the £U:l:l(Jr. .L\ui.~ tho ".-tnter th.o .• 1:0 croup ... oro 

mare tl1~d end. 1ll"GO end £Qall g1"a1l1nC won onen cnucbt 1n 

Q100e . pro xi c1.t;r to each other, cosU,' in vater at t:odorr.to depth 

. (1:.-: 2 motres). ... .;' 

(b) !Jlr{Tet;id. 'rho variAtion in ditt·· .. ith G(;G, 'b:l volu=o Ella nur.lber, 
, ~ " , 

'1. allow tor Ll7U Tec1d sr~l1nC in tables 42 t.nd 43. Cnl,. 7 fluh 



Tablo 42 Variation in the diet by peroontnCG voluru ot Ll7tl TeaJ,d , 

graylina wi tb ~. 

(+ • loss t~ O.l~) A8e groupo , 
"'"! -,". .- 0+ 1+ 2+ 3+- 4+ 

• l' ~, ',,~' ,w, "\ 2.6 .' 

Erh~m'ero~ternn nymnhn .!2.:.2. 35.0 2,.6 1]:.l -
Ephe:;lQrl.1 d.rullo3 1.8 10.3 19.0 15.0 0.3 
Leptopblebia . 0;2 '5.6 16'.0 10.6 18.0 
Other nytilpba .. 0.6 + + -.', 

PIGcopte~~ nymnhs + 0.1 0.1 + -
Trlobopter~n Inrvaa l.:.l .l:.l .4.:.!. 6~1 - 11.0 

AthripoodGIJ 1.4 2.1 1.7 ' 0.3 1.4 
Lepido stomll - + 0.9 3.8 12.7 
~12l~'ph11us ~ \'?_ - 0.3 0.7 0.8 2.7 
'l'inoden 0.4 + + - -
.~her caBel1.1ar1~O ... + 0.) 0.6 0.6 -
UncAsod 1arvno. ./. O~5 O.G Q.2 0.6 0.2 

" ... 
D1pter~1 Larvao 3.? 28.6 18.1 15.0 hl - -.. ~",. ~. 

., . . 
, - ..... Pupas .. ··" ... , ".~' 10.4 2.5 1.7 3.6 + 

CrusttlCOIt 22.~ 22.8 28.0 32.6 ~ -
Gam:::1al"US - 0.8 3.7 5.3 17.7 
AaelluB 7.4 13.8 22.0 27.3 39.2 
Pl£.l'lktonic Crustncea 15.0 8.2 2.3 + -
l~l1uaoa 0.2 1.2 1.9 3.3 1.2 

Hiru.d1nea + 0.1 0.3 0.9 0.1 

llor,nloptera 1.1 1.6 1.7 1.9 + 

Arllchnida 0.3 0.1 + + - \ 

CoriJddllG 0.2 0.5 0.2 0.2 + 

Co leo:E: er~ 0.9 1.8 0.9 1.2 0.3 , 

Fish !SI"A 0.1 2.7 2.5 5.4 -
Aerinl InReotn ~ 16.9 .. ~ .l&. -

Aquatic' hl i.:..9. 0.1 .2:..4 --
EpheJl81'Opt era - 3.0 + + -



· '~ • .x,., • j 
->,'t .. 't" 



TDblo ~J Ycr1atlon 1n the diet by r-ercantago nutlbor or Llyn ToQid 

orqyllflb with nco. 

(+ • lens thnn O.l~) Aao (Iroupa 
. -:. 0+ 1+ 2+ )+ . 4· 

EEherneronter~n nymrhn hl A:.l l:?i ~ ,1).0 , -
Epheoorn dnniC3. 0.2 1.7 3.7 ).4 -
Loptophlebla 0.2 2.~ 8.4' 5.9 13.0 

Othor n,yc:pho + .. + -
Plecoptoron nyephs + + . . 0.1 + -
~richoptarnn larvl10 1.2 1.8 z.:.2( 2.2 g - - -
Athril=oodoc 0.5 1.4 1.G 0.2 1.1 
LepldootoQa ' '- .: - +. 0.,3 1.4 4.9 
Llr:::nephilu8 + 0.2 0.2 1.6 
t~lnodea. < :';: 0.5 + + ""': -

'Othor cnsod larvae + 0.1 0.2 0.1 

Unoasod larvae 0.2 0.3 0.2 0.3 0.2 

D1:Etorn I LD.rvae 5.2 43.9 44.2 3G.5 8.6 
lUpae 8.9 J.G 3.9 8.7 0.1 

Crustacoa .4!:2. 2.2:l ~ 32.8 §.2:.l 

Gr.=:narus - 0.3 1.4 2.4 9.0 
Aao11us 6.9 9.1 . 2).5 30.4 60.) 

Pl~on1o Crustacea 34.G 20.3 3.8 + -
l!olluscR + 0.3 0.6 0.8 O.G 

Hirudinea + 0.3 0.2 0.4 0.1 

1!e:mloptern 0.1 0.1 0.2 0.3 + 

Araehnldn 0.4 0.2 + + -
Corixidne 0.5 0.5 0.2 + + 

Coleoptera 0.2 0.1 0.4 0.5 0.1 

Noh Et"i!fl + 1.2 1.9 4.1 -
AeriAl Insoots. 41.0 13.0 A.:J ~ -

Aquatic I 1:2 hl 0.1 0.6 --
Epho;:: oro pt era 1.0 + + -



T~ble 43 continyed 

P1ecoptora 
Chironornldno 

'1ri cho pt era 
Terreotriall 

Diptera 
Hymenoptl.tra . 
Ilemiptera 

Other ·orm;nif.u::ltJ' , 

U~rn no. or~i~al 
stomach 

lTo. ot stomachs 
eXf'.n1inecl 

" 

.... ~ < ; " 

, . 
• ': .. ~. <} 

" ..... ~ •• 'lllt • 

. , 

0 ... 1+ 

- + 
7.9 1.4 

- + 

.ll!l 10.5 
14.9 ).8 
0.9 0.1 

17.3 6.6 

- + 

72.1. 285.0 

52 89 

Asa groups 

2+ 3'" 4+ 

+ - -
0.1 0.6 -

+ - -
!W. .ld -
3.4 2.5 -
0.4 0.7 -
0.5 0.2 -
,,.. - -

34).1 )36.2 402.4 

69 25 1 



nnd tho diet of this &rOup 1I8S, ~her,ror., 1'001'1,. reprosented 

b,. the reou1ts ohow. ,Oiddiqu1 (1969) did not abo. vorintlona 

in the did withaso in his atud..Y of Ll)"tl Tee1d crnyllnu. [ruso 

(1959) found that .1.rotic srayling of the 0+ aoe croup etnrtod 

fOlding in Grebe Inko on planktonic Crustacea (coBtly.Dnrhnin) 

and later epheQ.roptt~ nycpba, dipteran larvee end ~UPQe. 

Derial insects and BOct amphipodo wcare added to tho diet. Older 
" 

fish ate dipter~ larvae £nd pupae, ClaN r.~~nrun and so::o 

trichopteran larvoe, md. trust (1959) was able to chow an inaNlae 

in rood 01:. with 880 • 

In ,Llyn T~)id 0+ grsrl1n8 wore tlrat found t~ed1nc in July 

prinoipally on ch1rono~id PUfa., ani 1n AUOUDt on aerial InDsots. 
":~ . , 

L~t.r plmkton~o Crusta,cGa (n;rthotro'Ob.,,) btOtlOe the Qain tood and 

ephe:Deropter~ f13Cphi, ,ARe11urt nnj trichopteran larvae wtre aMed 

to the d1:~t. lZul1er (1961) ro~d. plmlk:tonla Crustecea to be the 

do::linant food ot 0+ srq-l1ng 1n Blo .. , 1uka-llk. resions at tbe 
~ ; • ~" ¥ .. 

Lule Al v. Th, 1+ ace group In Ll:n '1'ogi4 At It tewer aerial insect D, 
. -;, 'f ,.f. .. 

pl~tonlc Cruetacea nod dipteran pupae tb&n 0+ ~litl8 but Ate 
.~ - - ... -.- 4 , 

core d1Pt8~~larva8;';' .A·~el·l~'s,·.~h&:;ieropt.ran nympha, £"11"1nd. egp 

and Tr1choptsr~'" 'Th1'a"clWiiIo to botto:J foedine continued. as the 

£Tilling gQ~ 'old8r;~ Ti1th'1ncreatdrlg con~ption or epbtQero~.rt.n' 

IlTwlPhs' (Erh9t:lorn' 'dsnfca ·n:;d "Le'OtoPhlebia crtrJdrinte.), Cl"\.letacca 

(Cfnccinrua an~A.911\i9), '~rfOho;lteran la.rvae, gwynlad aci;a end cOllusos" 

ana' 'ctecreas1ll8 :conMption' et aerial ins.cts, dipteran" pupae nnd. 

pl£nl..'"tonic' C~ncea~f'''~''D1ptercn larvae' docrttiaed" in di.ta17 

imPlrlanc. 'rLtter' th,',t..: ige"srou~~ prObabi7 because or their &Call ~: 
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size, but continued to be a tlajor ClOQi'JOn.nt or the diot. in 

oldt!tr fiah. Some vo.r1ation in the species or tr1chovt.ernn 

larvae consumed in the different oge 8roupe was obalrv.d, 

young gr~llng enting ~a1l lorvae such as ~thrin~~~oe Aterrimun, 

Tinodes waener! and FolycantropLda., and oldor fish eatinc larger 

larvae, in particular Licnephilun flPP. end ,lJepidoAtomn hirtUl'!l. 

The me&n siz. (volume) ot food oroUlitm inoroased wit.b cgo 

(see tabl~ 42) but leas &0 than in River D.e,cr~ling. The 

increase in tood sizo was mainlr attributable to the increased 

consumption ot ephe~oropteran nympbs, Onconrun nod ABellun. 
o , , 

,The greater inoreasB in food Idze with 8git in Rivor Doe grey1ins 

W3S due to the greater concucption 01" tricho.,tlran lorvae in 

that environ::lent. There appeared to be no segregation at ur.e 

STOups in IJ.yn Tegid, both lartra and emall t;ro.11in6 beins caught 

in the Bace netting operatlon. Or&11ing fr,y, howevor, were found 
, 

to ba 1n separate shoala in V8r.Y shallow water when they tlrat. 

appeared in the lake. 

(v) Utili£stion ot tha fauna .. ' ,,", 

'lhe use or torage ratlos, avdlabilit1 tactors end 

seleotion faotors to show the'rolationah1p bet.een'available food 

supply snd dietarr cocpoc1tlon has been disc:.lsaed by C1m3' previoUS 

workers (nelll, 1938.. Allen, :1941,. '!J,ynIS, 19501 Jones, 19521 

Uaitland, 19651' Elliot, 19671 DUnt,,1970), and 1nvolvIs,tbs 

, comparieon at, the peroentaS8 representation at an mical in'the 

, food wlth its'percentrige' representation in the fauna. 110i11·(1938), 

Allen (1941), Jones (1952) and Bunt (1970) compared percentage 

numbers of Orgo.niBl18 



in the tood and tauna, tobil' H3nea (1950) conoluded thAt 

parcantngo bulk oaould be used to d,t.rc1nt ~vnl1abl1lty tActora, 

this matbad beine adopted. b7 1IaltlUld (1~65) and Elliot (1967): . 

BaSultQ.obtained t1\')Cl the U08 01' wah avnilabllitl tactors h3.vo 

been further considersd byllell1 (l939), Allen (1941), Tbo=alJ 

(19G4) nnd Bunt (1970) in tarco ot cccesnibll1t1, with 

claDsitlcationa at too~ cateeorlas rrunc1nc trom hithl7 acc,salble 

orgunim:lo, such a.s AaolluD anJ. ephetneropton,n Ill'Clpno, whioh are . . 

both ClObll. e.nd. exposed, to orcm1GCtI which may naver be acooeuible, 

ouoh as burtOwlng olleochaet.D end Pir.1~1u~. 

.. , In tho present utud1 the retIa, percenta.ce b;y nw:;b.r or the 

anical in the toad I percentC88 by IlU:1ber at the 5JlIcal in tho 

f5.W'1B, has baen used todetemina availabIlity factora linco 

nuzbera ot org&ni5Cl8 were the onl7 oomparab18 data aVdlllbla. 

Datn on tho invertebrato fauna ot the Riv:er Dee betwoen LIm To8111 

and Corwen t'l'OQ Uarch 1969 to April 1910 "ao provided b7 lJ.A. 

nabie, and data on the llttoral 1'auna of lJ.1n Tebid 1'1\'):1 t:&rch 1968 

to Uarch 1969 by P.C. Runt. Th, availability tactors ot th'o~varioua 
'" 

tood 1 te:ns art) Bhown to,r Rivar Dee cn.YllM in table 44, IlJld tor 
~.~ . - . 

Llyn 'l'es1d ~lins in table 45. 'rho ptrccmtage rapreoentlltlon at 

~ an1c1ll in the toad was 4otord.nod An lta proportion ot the. 

benth1:o ~mmn eaten, other toad it~ca suob as Aerial incaot.G,end 

planktoniC CN5t~cea being excluded trom <such O31allatlans. An 

ava1labIlit7 tactor ot'l ind1catta that Go tood 1tc::J 10 eaten . 
• '~:: ... :~. . r • J' 

~r1ct~ in acoordnno~ ~th ita OCa.l1'rGnO' in the benthos. ll'o 
~ ... .,., ~ 

previous roterenolJl to.the aYa11nb1l1t,. ractors at BTZl.7ling tood 
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T"ble &4 - Th9 availabilItY' ta.ctora ot the bonthio fauna in 

tho diot ot River Dee grayling. 

Ormn1nu 

Oligochaeteo 

Cor1:ddno 

Aaellus 

Dipteran pupae 

Coleoptera 
Gru:cnrua, .' \" 

Uegal.optern 

Turbel1llrill 

l\Ydracarina. 

:lltrterr.n larvae 

Chil"Onoc1da a 
, ,I 

O1:i;ulium 

Tipula 

Ceratopo£'Onids 

other larvae 

r:richontel"3 

E¥dropsyche, 
~ ~"" . 

'Aga~etu~ 

Flootrone!!"..1a 

at ~~~h;Vl~x 
Pot'Scophylax 

llllYs60pbiia 
• ¥ (f _ J. , 

certcostoca 
Anabolin 

lf1~ta~des , 
Giyphot~eii~s 

.' ", • ~ i 

Hale SuD 
Silo 

). ,- .. ~ i < ,<F 

Dipleotrona 

~ by no. 
in diot 

D' 

(+ • .,loos th.tl.n 0.1~) 

15.2 
6.2 
5.t) 
0.9 
3.7 
0.6 
0.5 
0.4 
0.2 

W 
23.5 
0.2 
0.2' 
0.5 
0.5 

0.3 
O.2~~ 

1.0 
.' . 
+ 

O.Z" 
," 

4~2 
~. 

0.4_ 
5:5; 

<t 

0.2 

+ 

+ 

-
0.2 
6.8 
3.2 
3.1 
2.0 
0.2 

-
1.5 

22.2 -

,}o.s 
6.6 
5.8 
+ 

0.5-
1.S 
0.4 
O.l 
+ 

+ 
+ 

-
-

AVtll1c.bl11t1 
Faotor 

D/A 

( (+) • lana then 0.01) 

-
0.03 
1.21 

3.56 
0.84 
3.33 
0.40 

-
7.50 

o.A2 
0.86 
1.50 

2.50 
1.20 
1.00 

1.16 

2.54 
2.00 

0.15 
2:50~ 

1.80' 
4.61 
1.50 

(+) 
o~i5.'· 

(+) , 

--



T'~bl(t" 4-1 continued 

~ by no. ~. ~ no. I. vallab!11 tl 
in fauna in diet Faotor 

'ti'Meph11uG + . - -co ern - 0.9 -
AtrhipclOd(,s - 3.5 -
Glos&olU - 2.8 -
TinodoG : - + -
L.p1d~ at·ocQ - 2.6 -
Trinonodea -- ,<", 

0,-6 -
lJ,ydnjpt11id6e - 0.1 -
Po lye sntro pus ' .-e, D.) -. 
ZtihemeroEtern !.l:i .lli! 9.:ZL 
E.:d,yonurus 0.2 0.6 3.00 
Daetls 3.8 3.1 0.81 
Procloeon + - -
Ephccerelln 5.) 7.7 1.45 
C1oson + - -
Cent ro ptl1Ul:.l 2.6 + 0.02 
Loptophlebla 0.5 + 0.25 
Ca eni 0 0.5 .. 0.02 
Rbi thro gen a. + - -
Hoptagenia 0.3 1.5 5.00 
Paraleptophleb!a 0.1 -
81:phlonarus + - -

. Ephe:lera .. + 0.37 

PleeoptBrn l:! !J:3. 1.86 -
leoperla 0.9 2.8 3.11 
Pro to n e:::ura 0.2 - -
AmI'hiner:ura ).) 0.3 0.09 
Lcuatra 0.9 2.8 J.l1 
llecoura + + 0.17 
Chloropar18 1.7 7.1 4.17 
Porlodes + + ).03 

l3rachntorn .. 0.1 9.86 
Hemurella + - -

. ',' 



fob18 44 continued 

", by no. '/, b1 no. /,va11abi11 ty 
in fauna 1n d10t Factor 

lro1luno.'\ z.:2 . hl. 1.~·1 

L1a-.nae:t~ 0.2 0.1 0.50 
Anoylaatruc + 3.4 13.79 

H3drob121 + + 0.37 

P1sid1u:n 
.' <t 2·7 +.- (+) 

Plonorb1s - + • 
Rirudin'ea hl o.~ ........ O.?9 
010 Bsipbonia + 

Erpobdella 0.4 0.2 0.50 
llelobdel1a ' 0.2 -
Piccloo1n +Q ,- ' 

_. 

, , < 

I' 

, , 
, ~ 

< .-

" 

" . 
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Table !12 The availability tactoro or the 11ttoral tcunn 
in the diet ot Ll1l1 Tee1d crayl1nu. 

~ h3' no. ~ by no. Availcbility 
Or.o"M.i1It1 

in is.uno. in diet Faotor 
b A D IJ/A 

(+ • lo08 than O.~) ( (+) • leas thnn 0.01) 

o11eoCMGtee 34.9 + (+) 

lI3dracarina 4·9 + 0.01 
Cn:u:la%'US 2.3 1.9 0.83 
AaoUua 2.3 27.0 11.14 
Uognlopt era 1.7 0.3 0.18 
Plccoptcra 1.1 0.1 0.09 

. Coleoptera 0.4 0.4 1.00 
Tur'll ell aria 0.3 - -
E"heo e1"O'Ot erit .!2d. 11.0 2.:.2l -
Leptophlo'bia 1.5 1.6 5.07 
C~cn1s 8.8 + (+) 
£phEt:lDra 8.9 3.4 0.)8 
Daatia 0.2 - -
Dipters l1.:2. il:.2. J.OS 
CeratopogonldLlG 4.0 0.1 0.03 
Tipulildne 0.5 + 0.01 
Chironomldae 12.6 53.8 4.21 
Othor Diptera 0.4 -
t'olluBcA g Qd 0.14 

Limaeo. 2.5 0.6 0.24 

Anc;rlnotru.:n 0.2 + 0.02 .' 

Pis1d1u:l 2.5 + 0.01 
, b. 

CorixidR8 i:! Q:.i 0.08 " -
Sigura 1.0 + (+) , ' 

U1cronecto. 4.1 0.4 0.10 ., 
b 

2.6 b' 
Trlohoptera .hl. 1.23 -

Atbripcodes 0.3 1.7 5·61 
PotlUllOplqlax 0.2 - -
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1rib1e 45 continued 

% by no. 'J, by no. AvailAbility 
in taWltl in diot raator 

Lienephiluo 
, 0.2 0.3 1.50 

lJyotac1das " 
. 0.2 + (+) 

TinodGs ~.~ + 0.03 
Lepido etcmn + 0.7 1.00 
CTl'TlUB 0.4 0.1 0.25 

Hiru1in~ l:.l 2& 0.11 

£rpobdolln 1.1 + (+) 
He1obde11o. 0.5 0.4 0.80 

Oloaoiphonio. 0.1 -
,.:' ,~"~ 

.- , 

. " 

," 

, , "-. 
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orC"'~tQB have been tound1n ~he 11ttrnturo. 

(a) Rival" Del. 011t,tochaotls, 'l'urbellar1a, IJOCl. loeohos and 

tr1choptoran larvAl and a nu::1ber ot • .,h8C1eropttrc.n and 
, 

plecoptorcn IIJII1pha wltre present'in the fauna but absent from 

tho diet. Oliaochaotes W8re o.bundrnt in the tauna but high 
. , 

JIOlier oboG1"IIltion tor chaetae (Kennedy, 1969) tdlea to r..,tGl 

the presance ot rcoina ot theae wo~a in ar11 or the otocacha 
1 " ~ 

exacdned. Ollcoch:1etoa 'florl conrddered coner:1ll1 lnQOOOBSlbll 

to £l"O.1l1ng becnuse ot their burrowins'hablt. 'l'urbellaria, It .. 
laton b1 ~11ne, would probab17 be quickly dige13ttd to an 

....~ .... ,,,.. ~ . 
unre~gn1~able 't~rJ1 '(Eunt, 1970). Ullobdol18 etn.nonnliq and. 

.' ',,,,"; t , 

OlollaiphoniB oomplnnstuR are BAl0c1es ot latcheD which oocur undlr 
". j''(, ..., , • 

stones In r8l~tlve11 ocall"nwnbera 'nnd 'ahioh 11r<t thorerore not 
" :-- .. , 

readily acoessible, whilst Finainola 6eolnotr1o~ 1. n tloh paradte. 
,;.. ,.. < '," ~'~(" .; I~ .. t ~.} ",1. ~~' 

~h. absenoe from tho diot ot a numbtr ot trl0b0ptercn larval, 
", ': ~:~ :> •• ' ... ~.~.,~!,'-)ll::< ;,...... .. ... ~:~; 'it .t' - of ....... ". '>, '" ~ .. '" _' ....... 

ephG:::1ll'Opteran nyclpha and plecopterc.n nymphs W0,8 bOCl&u&8 or the 
" ~ .'~_l_>·-i>l>:'~\."'" .:r~ ~ ... ~." 

's'cti.rc1t,."ot thes.-~~~l£:lB 1n the t£.una. 

percenta«e rep~oemta~~~.n ,1n,~h., .t~una than in tho food., ~h1B. 
~ ," J ' /,-" ... ~'<. "".., L_ ~""" . "- l.._ .:. w .. 

,I 

gl"Oup lnolud~ Co,rinds" l.1egalop1,era, end SWat11" octooulato, ,. ~«n 
l ~, -.... '.. • ...... ,x. ,-," ... ' t ~ t ~ -I - • .I . ~...... \. _"'.... . ,... . "r,,' 'I&' 

t0B:~th~~~ ~~~_,~ ~~~o~~f~,ttlchop~erS:ll; la~to,., !phGCl,~ropter~ •. -,oj 
• ",~ ....... ~ J<. ~+_ ..... ',.e; ... 

IlYQpha, pl.cop.t~r~,~ph,D an~ ,t1O~luacs., Cori.x1do :-,r" ',; .. 
¥'., .. ~. ~. 'It-~ J~ ... ,." • ,~,J Vr _" Of· _ .... L:"' •. ' . _'...... fo. ' • ~ .of ... "'¥ 

considored by Frost A Uacm, (1948>... to be t:enar3l11 unnocopta.ble, 
',! ~ ~" .. - \ ... r~1 ... .i 'i~~,\.~ t .~ .. } ... !~ "';"."""" ... ~ .. -~ • <"'.. .-.-'\If< ~ :f '... .. .... ,. - • 

to fish becnus8 thet secrete BUbstanoeB diatllsterul t() fish •. ,,' . > -
,,:.:.::.::_~~~ ~, .. '... '" '~ ... ~':: .. ,h .... '" 11' I!t:; >Ii- .\!;~ ~'< ;..., ,_~-:":: .. ,'..;1:~ ~, .. "'" ~ .. )~~ .. ~ .. ,. '~ ... ;~.\~ if;'" ~.;.-: 

nunt ,(1970)" how.over" tC?und..O)r1x1da to: be.& cor=on tood .. Qt.,,;'~)'ll. 
~"_.;:- ,-_~ '"':: !If'~' f .,-,,-"":-<:<'l!. <~ ;l: .. _"".~~ ,'~ .... ~'Of!. ~ ... ~" •• !,' i .... 't,. '" ,.~.;~ ... '.'"~.J; " • .,.. ~ < ~.r-

Ala ... trout. tIost or the corU1ds recorded b1l.:.A. R:lhitl in the 
~ .:~~),)~",:1I ·'~;l(_·,¥';t;':~,-_i-: •. ,:;. .. ~ ~r··"'~;:!' ,." "\ ~~:;' '/' ~,.' ,,,," ,-.(.; ... ~ ~,~",~, 
~~ . ~~.. . . 

, , 
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nivar Doe \Voro troes a cat:l;llin8 alte at tho mouth ot a baciC':18ter 
I " • -:.'" f \ 0, ~,,~ ~ , " ',' .. 

continin8 large tQOunts ot cacrovosotntlon Illd c11t, Gnd 

gen~ai11 'TIlth' n~ .~i'~'r"now.(A.'l':7wer.rn tlood rellef cbnnnol,' 

plate i). l!'e~loptera (nil'll!" f\1Ur-1non,,) are burro"ina 

Or~s:18 which are not very nuOereua in tho' tauntlon! tzh1ch 

0;. not rendiii' a~aesssibl~ to ·'crr.11inC• Errob(\"Un woo tho onl;, • 

leeoh eaten br Riv;r 'De~ Srnlli118 but 'WaD unimportnn\ in tho 41e\ 

and relativell infrequent in the;t.una., TrlcDopttr&n larvu8'with 

low ava11abi11t;y taotors included Annbo11a'nft~n'. a lorge 

organi~ incori>oratins,'lon(f tw1e;a 1n 1t, 'casl, _&nd 01;n:l".otBGlluA 

;pelluoltlu!\, 'a species ocouiTin.;t 1n 8\111 or"o1ow' llomg 'part. ot 

therivarwh1ch'sr~lln~ Co no\ «intrcll;y'traquent •. Tho low' ; 

ava1lability'tactors ot' Pleoirone::ll~' Illld'ttyrihoiduA C1a1 b. b.c;;.~oe 

ot their relative acarcitf in' the tatuna sine, otter larvae. or .:.;;, 
similar; sizo and:.hablt8~.Yien ea\en b7- grayl1ne' to a conaidDrable 

extent." 'rhe smul "n.J1llphs or Centro1)tl1u:n lut.-oleu:':'l., JJeptorhlebin 

vecpertlnB and~B8.tleapp.~~ •• dtlo. availab11it7taators, a8, 

did th818call,~811trd ... llln8·nymphrrot CIlenio m08ntll shich ocel1%' 

in at111 er' Blow lIowing water.;" Onl1 one Eph.-mara denien n.Y'Clt.h 

118S lound In' both th."tauna'and'th.' stomach. ena1ned.' Plocopteran ' 

nymphs"ehowing low avd,lab1il\y ,taotors' .ert' J.:mh1nemuM f;uloloo111a 

Yihi'eh"were;emnll,"':, '&ntl'NflmOUrA" .rrRtio~" which were' Bcarce 1n' the 

fc.Une.h'The" r:106\'f'comori~ mollu8c 1n'the fauna was Pi uldlu::l, .:.but .. this 

orcanlSi:n' YJt1smre,ln;the stomachs beoBu •• ot it. bl.UTOnng t:ab1to." 

lIydrobiR: was-'n.re1n:.th.·tllun;'~' nrid':l.irnnael\ . wan on11 abundr.nt.ln the 

Aton T17We1'7rf'flooc1 re11ef" char.nel~- sacIlllng Il1t •. deceribod: tboye. ,~;;':. 

, \ 



approx1catel~ in aoooNCllce with their oocurrenoe in tho bentboa. 
, " 

Ch1ron~lDid larvae .ere abundan\ in both th. faunA and the too~ 
, . 

.' " 

end w.r~ more. avallable '0 l'Oung cn\Ylins than to old grayling 

becauol ot their anall &11'.11. An.UutJ, en tbe etb.r harl\l, woo coro 
, 

avo11able to older fiab, and was not eaten dUrtna tbe ~or despite 
• t< " 

its preaenco in the bentboo. 
~ .. 

Orcan1Gl18 Bh9~~ng ~ high,lI.vdlabl.11tl tQctor Tlere conerally 

~bile, ot lCU'g~ 8i~., and, occurred in "Xl'OaoJ. lSi tuc.tlono. ~QO, 

however, occupied concealed habitats (e.g. Hl~ron"vche inet.billn 
.. '. ~ ~ 

;,nd Tlpul. larvae) CUld their a.vailabill t1 to Grl\Yllns rafl.cta tho 
';i" • ,! • "". ~ .... " 

ability ot thene fish to uroot out" tood.1tCQo !roc o:ons atone .. 
, ,t , , 1 .. L : 

and bottom, deposita... Or~nlGQo wh19h are firmly attache.1 tc) 
, , . 

atones and ~h1ch are relatively ~obile (e.«. Jfi~~~tun fUocinOD 
" '. " , -" 

fLlld. l.noYl~~trul:J fluviAtile) cq alEO bo eaten to a c:onald~rabl. 
, • F' ... i ': • '. ",,:".1 t ~ l· 

oxtent b~ grnyU.lIcI. 'l'rlchopteran larva. such t;o'-Pot~~or.h!vlftrt 

~t~~phyiax~::"L~pldo8t~~~"';'~er(ooftto~F\ and.' R~l.~A are rOlat~V817 
" ~ t· . 'It ~,t r., • .~ ~ :" t-, '::, ~ ~. ':'-';".}, ~ .:. "'~.: ' ., .. , .. -," .... ~ .. 

large &n1Qala a.0111 accassible on the river bottom, rmd their 
~:- . '. ..~ ~..:,. : ~ ~~!~ "~: .... "" .. ~ . ~, . . : ", t 

lncreiu.ed av"atlability to older cra.Jl1no Bhowi"the abil1tl or 
"_ ~ '"\ j ... , t I ' ....... j l' .. ~""!, .' ,~..... "to, ~ ." '. ~ '.' ;f ~: ' ..,' 

la.rctr fIsh to oonou:ne lurGOr orCEniu8, end to deal with lard 01.0'0. 
- -.~.~~,: . .,,..,:;,~.'. "I'"~": .' ~ ~ 

Diptercn pupae and B1draC:uina Dhow a bigh &va.11a.bili t1 to )"ouns 
~~i4--··. ,~",~ \j1.., .... ~'"~ ... ~ J.,!.,' .,J..,. :~.::/- ... , ' I,,':' ~,,;,~: 

gnyl1118 b.o~uBe or their .%pORN anel cobl1it1, 'b-..l't are "t~ 
... , ~ ._ , '! _'j._.: ~ ~ .... " '<:-." .. '". ~':: ::""" ~ , ,''1' .:. \, (:::"', ... ' ':. ' ~ ~. ,} ": 4. .. 

cuch' 10Ba" 01 older graylins bOCD.uGO ot their c;nul ai:o. Ocr:l!'tNO 
. . . - _:'" .. ,,~, r :,~. '~, :'~ r ~i h, :-~; i.t" "~'1 \ ~ ~. < .' " ~'.. t', :.. .~ t~.,' 

10 readiq available to ~ling bec~ua. of 1tl al:. am1 mobiUty • 

. , ,+ ~k ;1"", ..... $."' 

ber~r8 ~d d~1ng their emergence period (e.g. Erheoerelln, nert8D'f'nin 
"" .. -'~""'" ,.""., .. ""4" .""'\" ,'1"0. ~ ..... ~..,.. ..' Il,."'" ~. jI , .• ';' ~ 

and. 13a8t10);-~at 'a' ti1te when thel'are most "rr.i:e-ro'ua,"' of' r::uiz::J:1 'slze 
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and.: cobil1ty, nnd are moat expoaod. }~o"'YOl"lut'U"t how over, wac 

only oocmon in the d.1.~ durin!) the winter, po81l1bly b.C~U5S' or 
tho &1t1illlr1ty ot itD habitu with thoue ot ,lithophilic pleco~\.rr.n 

ny:npbn. 'rho nvcdlnbilltl or 'Plecopt.ero.n IlJQphl) Al~ incrolloed 

just bef9ro tho .~;1erconc. poriodo (Chlom'l"Arll'l, .I~pf1rl", l."untrn 

and. }rnrhln&''':lur~ but thl$e orJ&ni&ea continual '\0 be ncc'Qslble to 

8l"nyl1.na .t~Ut1hout tho Aut~, winter Ilnd. ,spr1na. ,TblS I:lalelldin.)ly 

h16h nvc11ability tectors ot Pftrlo~8" ,and prnnhyptnTn re~lted from 

tbe vert ~ll numbors ot theBe r1j':1~hG in both tho ctoaachs cnrl thlJ 

fll~a •. It ,sbo~ nlco, be I'!oted thnt org&niS=D 'fiith high nvnilabll1t1 

factors ,are n~t n8cG~so.r11~ imr-orh.nt in the ,diqt (e.g. p.ydro.C:lrins) 

whel"eao Ortr...niu:18 with l~1l &1vn11a~111tl tactorJi) cQ7 be ot considerable 

d1et,o.17 vn1u~ (e.g., chironozn1c). larvae). 

, J.. nu::lbar ot'org<lniuza (=ootly trichopternn lal"Vae) wore tound. 

in flab atotUoha but ~t in the fauna. Planorbla" Tlnoc}""'t 

"yAroptilidae and PolloontropuB wore relatlve11 eO&rce in tho diet 

and arq havo boen easily mlaced in ,faunal' exa::dnatlona. ,.thr1rmd~", 

ClOBF,ol':ln, ,Lep1dosto:nn nnd to :l leccer extent Coert~ end T:1.nenodGI!l 
. .... _ '0_ ..... ' 

. C3D on17 bo duo, to 1nco::~lGt. &ncplina ot the wbolo fluviatile env1r-
• ~ ~ . , ~. ". II ' 

,onwent. This factor gay 11.1,00 aoCX)unt for the vo1"1 high ava~lnb11itl'G 
..,.~.'_ ~ • ""'~ ...... -' _ -.. _ < f r- 1 

of ~nl~l'luA Im~ lnoylnf!tru/:). '1'ho p~tch1 distribution ot f:ir71u11ua 

.larvae was noted by £&gllohzl." (1961) end it Mo:1a ill.l, tru.t their 
-, I· .... 

nu=erical repr.sente.t1on in the River Dee f&untl sl:.ould be hiGher 
,- . 
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and torreBtr1al,orsnni~o. ~th ot t~oBe tood catotoriea 

form a ,major part ot" t~of diG~ durinS the appropriato coaoono. 
~ .. ' • • • ~,j/I' 

At such times theD~ food ~tGr:la are very nc?oc:dble to C1'1l11inc 

and are orten avdlable in l,?-rzo numbers. 

River Des graylin5 were found tu be prl~rll1 bot toe 

feeders eat1n8 considerable quantities ot surraoe food when 

this 'wait available. 'Orq1inC .ere ClOGt11 'fown tooilinS 1n 

mid-str'eam over a.' cravel bottom, rather than wongot WGod beds 

or at the river edges •. Food orgnniGWls', were taken fro::1 8xpOs()d 

positions on the r1 ver bed, and from a,ax,ng stones and: bottoC1 

depoe1 ts. Largo bottOm dwelling' anitlal.a· becnme inor.asine1y 

important in the diet o't' older' sroyling. and full advantage 

was taken' ot the hign'seasOnAl aoceanibilit:r' ot aquatio insocts 

just betore their c::lorsencs' '~r1od8. OrCtniQQs whioh were moat " 

'num.ro~B in the"diot ·'Wu'$'generall,. those whicb were coot numerous 

in thetauna, ox'cept' when~ 'nucl:t o rccid 0::18 were, tor one reason or 

another, 1nnccessiblo' to .'srnyling, (e~c." oli&'Ochaotes) .' ,', , 

. :. ~~:- ~ " .~ ~. "-.,: "'-\ .. ,\,/ . ~ ~ l;':~ .-:'. "';". ">-'~,~ ,~' • '-~ .... 

(b) Llyn Teeid. Turbel1nrin, Baetia, Potnoopbylnx. Gloaaiphoni~ 
• -.,." ~ ,\.1 .. ~ • '" : .. t: } ,"; ''':: ; , ~ ': .... -.} ... \ '"i;·~ ... ~ .'" ' ': j' ~. '~ 
end some dipter,uf'larvao'vere preBo~t"'in thCl fauna but absent troa the 

., , ~~:'~'~f;-.;,~"""4".: ~:.,..~~~,~':ih ~:<':, ,::~; ,,". f 

diet. 'l'he relative ucarc1t,. (It thonG org811io:::1B, digestion ot 
\' , .. ' ", t .. ;. ~ .... ~ ~""l.",,!, • ... i .i..'~~~, •.· ... <'.l~('t -1-"''': 'i ~ ~ " ~' ,.. ,'# 

Turbelferla to '-in "unrecosnisable form, &nd t'h,'inncoaaBibillti ot 
,.: .... 'A ~ ~"j of: ~"~::..,~:< -,;:~, ".:--~ !'~ .. "J;., ~ ... I ~\', ...... , :, 1 ~110 t 

GloDsiPhonls"'(ililder stonos) end. burrowing dipternn larvae, account 
~",:~.~~-~_~_ ,l-,.:-~,.~ .. :~.~~!~~ ~~~-~ t·',\t:~ i:.;: .. ~"';:' -t:tt. 
"'tiir this absence. 

ollsochaetes, Hydracarina, Ueaa1optera, Plecoptera, Oorlx1ds, 
~:::<";. .. ,,~_.~,;~ ':t_~l~-,:~,,;.,.:_.t:'\ {.,;: i·~..,:'~'-.~~~,"'J~ :;'-,. ~'~;,,"J '. _ ~4~" 

Ernobd'ell;tfCiolluBcB and certain ~ ephe:.aropternn"llYClpha and 

, , 
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, t' " 

tr1choPter~ larvae."" foci' o¢hlaq6rga11S=I, notably oll80chalt'G, 

Caeni9, Erhe:nerR.,' cliorOn'~~ta', . I13dracarina and coratopo£Onlda, wore 

nu;::.roUB in 'thIS litt'orQl tauna. Oll~ohA.teo and Plddiu."O .ero 

genornl11 'lnacoeaa1bie because or the1r bur~'i71na habitat en'" 

were probabl~ insQ~t8~ ~coldonta11Y wh11at ~~llng wore reet11na 

on other boitoOil orb&Jlia::;. &leu. burro'G1~ or~£:la, in particular 
~ .... . ... ... 

Eph~a8rn dnn1c'l anel to G leG~or"oxtlnt· SinliA lutRr18, were eaton 

by t%-ay11ng~ 'hOweVer, 'the tonner nlaPh boill8or groat dieto.rl 
.. ". ~ ;~. : 

1cporinnce by v01W;s diop1t. ito'l'ow:nU:;Gr1cal availab1l1t,y tactor. 
.. ''-~ • '.: 'I : J,. ',' • \ ' Caanis, moefltn nytJpbu are rcall, dull coloured and alow covine 

• , : 1:, ,:",,'; - ' 
(13u'1~' 1961), 'and o=.rr:/ cud tmd op1plq1e. on their backs wbiob ClaY 

cUAOufl,age ,the:J and ,proteottheQ troaprojition (Proot, 1939). 

1!icrronoctft~ Hydracar1na auld Cerntopo80n ida, despite the1r mob111t'l 

6lld exposure, "are probab11 too'litUlll to bo 'or lnterast to ~11ng • .. ..,r" ... _ •••. 0_. 

l!ost of ~h. plecopteran:ava:ph'a rooordod by' Hunt (1970) ~o're tohn'd: 
1n the vicin1t1"ot~t.ha ·Aton Olyn-'inriow, en ~:1 tro:o1 -hiob tew 

"""'- '_ .-) -, .,.', '\." t'" ,..· ... 4 

6l"",,11n8<were-exa::dnod~~ 1LlmAan"f,ere,,.or, " large anl relcitive17 

I:OObi1e orpnism,'-1Ifaa .. the molluBc cOat :cOQQOnlyi e3.ton b.r'Ll;yn'Toc1d 
,,~ ." '., : ;\ "_" f.~ ... " ... -

gl'3,111ne. sih11Gt J.ncylAstruo ·fluvintl1o 'l'aa $cUCG in both th, cUet 

c.nd. the fauna.:' ,~ri~!loptaran ·1n.....;ao lihow1rig lOU' avdlnbll1tl' t~cto~o 
.~ ..,' ;1," .,. • ~ ~~ "'. ~'~ ~ c_: :' : it 

..aera It:atncld9A tlzuront 'Which 'CIeN relntlvoll scsrce in the fauna, 
• >' ,,. . , ~ • .,. ,~ ,; ~; a. "', "" '.:i' 

,£Yrnun· trim~oulntus,', tthioh:18 "scall' nnJ oc'cUrs und.er atone!, "and" 
. ,~', ,. ~ -4'" : :;', I, ~' '. 'p' '. {-... .• ~'~ 

'.L'lno4~!9 l1aeneri, :the' cost ~cotcon' tri~o¥t.r~ 1h tl.rn 'resid. ':'inodel'J 

occur-L1n ~u:mtl. on~'or~under·'B~on.s (nunt,"' 1970),:-G:nd a:'cY- b~'" ;'/;, ~ 

. , 



t.ptroxic~~e aocordanc.a ~~b ~~oir oocurrenoe in tho tc.una. 
r. ~ f>- (~ ~ ~ J~ ~ ',... ~ , " " 

Or.m::tllNO 1* not VIr:! nUJ1orouB in tho 11 ttorQl rauna. or Ll.rn 

~a8id excQ~t a~ the north-cast end ot the lake whoro lnortno~d 

n~bero in the fauna are parallelled by lnoraaaod nucbtra ln the 
...1, • , ~ , ~' • . . ,.,' . ~ 

"diet. Adult. Coleoptera 5r" re3d11)" Aoceoubl. to erql1ng but ICIU11 
" -\. " : 

... .~ ,~ ~~ ''l"\'' , ,. 

.01' the ,lUria, ~9 buried 1n bottoQ dOllOc1to or ooO'.a' benedb 
, , 

".atones. The con~ptlcn or nelob"alln by Ll1l1 Teg1d crl.yl1ns 

ratbsr than, Errobdelln 10 opposlte t~ tho oitU4tlon found in tho 
, , 

" .fi1ver Dea •. ' Helobdelln 18 a leech ocourrins unler stones, whoreas 
~ .. ~ ; '" -- <-... ."'" 

", . 

. £1"rob1ellA ,10 " relativ,ely cob11. apecio. to\1Ud cn the upper 
• ~ F' , 

surfaee 01' stones end bottoQ d_podtae 

.. Is. finnl croup, ot ~ical.o sl?tred Ilvailabilitl taotors 

oone1derablyin exceas .. ot 1. ".'rhosa wore AA811u". J,nTltnphl Ctblft. 

Clt.lr,,,:inotl'l nycpha, ch1ronoC11.d lnrvae end cenua trlchopter&n 

larvae •. The high· alner .. u.upt1on.ot ,'ch1ronom1d larvne 18 a reneotion 

" both '~t .th,t! abundcnce ot, theaa org3nlaa in the littornl tnuna, and . , 

,ot tlll'- gl"3,1Ung"Labll1tl, to "rco~ out""tood ite!110 trot:! bott~H:l 
........ i'"-'- -.-f. " "'l ~ ~..: 0 ' 

deposits. ' The conSWlptlon ot Ephe:::era ~pha and nalob.-h1l1n 10 alao 

.;,. accounted tor b1.,:thla chs.rqateristlc. ChlronocUd larvae continue 

to be,ot considerable toed value to older grnyli"G, but thore 10 
~ ... '. ~ ,.,- ~ -.:' \t \~Ii'~:"\.. ;':t;.~ .~ . • ';.,<~'«.i., 

evidence ot ~ decronso in conlN:lptlon wit.h increaa1nb' age, probably 
. • . '",",.., - ~ ':: .~.-. J; i (' >"" " """ 

~1\' , ;_ 

bocause of' the a::lall sua or these larv:te. rtlotoo'hlt'OnoouD \'t!lB b7 
- " ~,. ;J~..- '. 4,;t-: ~ ~;~:l-r l-~;. _ ~ 

, Ie.:: .the !%lost Jl\C10roUB ob1rono::dd larva in both the lit.toral taUl'ln 
... ,.f,~"", -, '. ,,~, ~"'.! ........ fi 4';;; ..... ,; >; ~ ... ~",~ ~"~" ... 'l -=- \.: ""._:~ ,of ' ~ , 

,&nd. .tt.~ ,diot •. Othor ohirono::ido found in grqling stoQuoha wIre 
~_ T ,'o-~ ," A\; ,"~ ;,~ ...... < ;'tt-

D191"Oten(l1pen ~d Cmtoohironot:.ls, together with verT SQall nu:nbero . 
. J '~"'"'_' ';-.',~-t-~: ~ ~ ~," ,~;;,~ 

or Orthoo18~linn8 and Proolndius. ~tictoohlrono~Ja, Dicrot.nl~~~ 
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ond prntoohlronoo'..lB ~oour_ alcoct G.Xolusivol,y in, tho littoral 

zona of the ·loke, . ~ Orthool"dUnno &nl Prooln<Uuo occur in 

both the li ttora! zon!J~d the 'protundal lODe. lloncp ot the 

otrictly protundnl. la.rvQ~ (Chlrnnt)rI:u!1 end r,or~ntla) wore round 

in ~:rnylillJ ctoQac!1a. "n~11us ~9r1d1trmn GhowoJ. the hiah.1it 

anlabl1lty tacrto~. ot c.ny ot ,the org:miGQ8 onten by Llyn Toaid 

graylinG. Thin ort:tm1ta 1n both fJOb1lo And. .~&od, o.nd. 1s ot 

IfJftlclent Gize to ,tore. n Qajor part or the diet ot all DgQ 

croUP3 ot.gr...yll,llB- As in the cast or Or\nr.~ruGt an increasl 

in the Dw:lber., both in tho fauna ~d the d.1e\. occarrod at the 
:;-

norlh.;.:east 6lld ot the lakCl_ Lento'Ohlebifl nYEpbo ,bo •• d. a vert 

high aval1abili t;r 'faotor just' ·betore end. durina th. eJlorpno$ 

period, when tha;r wera COGt abundant 1n:the l1ttoral &onl and 

wlien they uere l:lrsoot and mont aotive. 'rr1chop1eran . larva. 

ehowlnc high ~vn11nbl1itl' tllc\oru •• re J.thrlpMden, J,.enidnFltol:)f\ 

and Llrr.nephi1uB.t allot which .. ert ot tlOderate Biz. c.nd la8117 

aooess~ble .on ~.1f.' lak~ b~tto::1. Athrlpnodon and Lftnldor.tocn .waro 

panlcularly , .. a~d.sn~ :1n ;t.be stoC3.cha or grql1~ troQ I the north-

east end or the ·lako .... " > -. . 
, ~. - • -~. "'-$"'" '" .- , "- :" ~ " 

Food 1 t_a not includ.ed. in the' above cllsa.1csion were aerial· . 

All,. or. theno, o rg"'wIllSQO wore . eaton :to ,a, c:onaid.erllble on ent nt .. .. ~ ...., ~' ... , , .. ~ ~ ..., .. - - \... .....'-

those ti~~a or; 7~~ ~~~~ .it~s:( .~w~. a!~lnbl~ 1~ ltt~ ,numbers end 

~re.read1l¥ accasaible. 

~ ,c:!. otu~, .~q~. ~.gid. ~~1':l~ ;.~!"~ bacn,t~und to,;:ba .~. 

p~~~~~t~7_ b~~~~ :te.~'t:1 ,ot .t~o ~~low l1tt~ra1 zone, . ..eo 
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cuppleccnt1ng tbeir diet ~ith curiae. tood,c1d-wator tood AnA 

cora.;on1d .gsa at' tiel.a or ttl Tear when theal 1tall blCl:lQa 

abundant end na~a:l1bl.. \ih1lat GoClg ot the b~thlQ tood. eaton 

\1~S mobil; end. exposed (o.g. A o 411lu',,), ct.hor 1tu:lB wera burtaa' 

o~ 'part1nllY buri~d' (e.G~· :::phol':!Jrn 'dnn1e"l nrwvha' and eh1ronoc1d 

larvao) and ~uld onl,. b'~ obtdn.a b7 GNbbin<: about'in bottotl 

dopocdto. The latter cathell at tood1ng"waa cora pronounced in' 

Llyn 'regia crayl1ns'thm in nlvo~ Dee grqlinC, probably bocnuae 

at di.f't'e1'GnaQ~ in the faunal coc;:oGltiona. 

. . 

(l)_Tho food and reoJing bab1t~.ot sra1l1nC w~rQ asooaaed 

b1 tho .xa.c1.natio~ at 411,cnd 242, Gtotl:1~a tree tht Riv'r 1)e8 ond 

Ll1Il 'reBid ~espec~1v.li'. ,'l"~. value at the vanoua 1'ood 1tems 1n 

the din .. ~s ezt1mated 1n tams or percentage nu;;bor, valu;lQ c.nd 
I ' 

occurrence. 
'~ '. ~ . 

, (2) Fe~~ act.1y1t1 ~a.~e?M to bo (;redaat 1n.tho lllto 

"Prins cn~ earli' ~er tdth.a biCh rate 01' tood1nC t~~bcut the 
, . 

1~iU' Gtxcop~ 4-urlns Feb~ end. l!uoh, when the water tins OJ~dDnt, 

end.· Jul1 end J.uCUct , .'Ahen th'l:lnter t8Cll'lrsturo VlllS at its hichGat. .... .. .... r. ." ,. 

(3) ~he cunn·1'ood;1te;nB~o1'·R1ver DIG srs7l1ns were trlcl:.opteX"3n 

larvae and. aonal inaoata, tOGether with s:tnller qU&:lt1t1oa at 

ephG.:leropterron nycpba, pl.copteran nycphs, dlpterr.n 11ll"Vna tnd 

Crustacea. 

(4) In Llyn Tegid the ca.1n tood 1ta:;. or grRll11llt nra CruGtaoeA, 

ephCCl'l'Opter&n Jl3:2Pbs ani diptenn larvae. Fnlr atrial inseots r:.nd. 
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trlohopternn larvae wore ~ten tlwl in the Rivur Doo. 

(5) PleoopterM nympha, diptercn larvao end Crustaot. ".ra 

cootl)" eaten in the winter t.nd 811rins, toMlat •• rial ina.cta and. 

ephe:::oroptar&n nym~hB (exoept r.ph~ern dAn1oA) ware OGttn during 

the Du:::~or &nd oarly l1utucn. 'r'rlchoptoran larvae were found in 

Gtomncna trhouebout tbo 1onr, but waro £Onerally more oo~n in 

the wintor. Cwynlad .uS3 'Qore aleo canw:led. 111 Ll:fll ~.c1d 

C%'t1ling dur1nS the nnter, and. di~taran PUPAo in t~e ou.r:ctr. 

(6) As grqlins get old.r ClOr. larae tottoc toodu (e.g. 

Fot&~phylnx Intipannto snl ~ph~e~n dr-nionl and rewor n.r~iDl 

inseota and ct:l:Lll &qW1tlc oroonIEiC8 (o.c. chlronoc1d lnrvs,,) 

woro eaten. weQ and uzall crq11ne were, to BOcut extent, founc1 

in different.habitats in tho River Doe. 

(7) GrqIing in the River Doe md. Lllll Tectd tzore found. to 

be predDm1Dantly bottoQ reeder_, with oonalderabl. ~u=ntlti'8 or 

cid-vater and mu-faca toad. being aMed to tht diet v.hen this waa 

nvn11abla. Food Ort)aniG:18 lI.re taken from exposed positions on the 

river or lake bill, end .ere aloo rooted out frog arnon.{t stonea t.nd 

bottOQ depoa1'ts. Cr.lYl 1ng gonerallT ted. on or£ttnls::la which were 

coat llUQarou8 or G;Oot aocestdble. 



. " 

" 

CItAPrER VnI 

... -:)" 
TIre FOOD OF S!.L!101f [AnR 11m TnoUT IN THE RIVER DZE. 

1. Introduction 

. 'Inveatigations before 1948 into tho teodins relationohiplS 
- -, : ~ 

between different epecies ot tinheo in tho stu:l8 ooc:cun1t1 have 

been revie .. ed by IInrtley (1948). The teedinG rolationships 

b~tw8en: ~almonids have been otud1od recently by ThoClns (1962), 

Ua1~land (1965), EgJliohaw (1961) and Uann & Orr (1969). 

Mtd tiond (1969) o~~hasiBeo the importeno~ of exnc1nitl8 tish 

caught close tocether, both in t1mo end opnce when nttomptinc to 
, 

assess the competition tor tood between two or coro OP00103, end 

he ooJisiders the oocparisono of the tood ot difterent ~eo1ea 

ot'tish given by Hartley (1948) and ThoitaB (1962) to be unjustifiable 

on this s'ccount. 

In m:I study the sto:tncho ot 161 salmon parr £lld 105 brown ,. . 
trout, oaught whilst fishinG tor gr--....yling, ,"ore oUI:linod in order 

to OOCl~are the 'cUets of those fi,sh with each other and w!th 'grey1inc. 

Th~' oO~petiilo'n tor tood bot"Reen salcen pnrr, trout ander~l1nc 

W:lS nBsesoe'd.:: ~he\Uet ot S&lmon pnrr 1n the ChoGhiro Dee haa been 

. ~t~od'proviousli by Carp~nter (1940). 

2. Mnteriala 

,The ,stollJtlcbs ot 161 i salcon parr and 105 brom trout caught 
~ ~,~ < , ...... ' '" , " .;~ '-,,~::. .. <' , 

f between Octobor 1969 and Octobor 1970 were exrun1nod to detem1ne 
,,~ ~ • t- '_, •. ~ ,;,..~. 'f' ... '" '" ""_ "':;-;0" ~ r ~ '- ,~. :" '?' ~ .... i 

,the ,tood,.andteed1na habits of thesct tishes in the River Dee. 
i' '_ -~ ,'..... ~_.L 1< r.,J. ,,~"" .~.> ,\, '" ',. 1, '} .. ~ :'-, ", '"",,,' ,-~, • 

, . "' 
All ti&h wore CtlU5ht by cngling and Tnble 46 show!) the number or 
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stomachs examinod each month. 
, . ,. ... 

Table 46. ' 

salmon parr 

brown trout 

..-'" "\.' 
,~ 

The-numbers of salmon parr and brown trout 

stomachs examined each month. 

Oct Nov Deo Jan ,Feb Mar Apr Uay Jun Jul AU8 Sop Oot 

15 15 1 15 0 10 15 15 15 15 15 15 15 

168 9 4 10 10 10 10 10 10 10 10 
" ' ~ .: 

-The numbers of "fish -examined. from enoh cain saClp1inc area 

" ar~ 'shown in"table 47 •. ' 

.. , 

Table '41~ The numb era of salmon parr and trout e~nclined froe 

different ~eachea of' tho River Dee. 

Dala sluices 
~ '"~' . . ' .. 

Bodweri 
"", ... ; ~ 

'L1anderfel 

L1andrillo 

.J 

Saleon 
parr, 

l' , 

42 
25 

54 

14 

26 

Drom 
trout ~. 

42, 

21 

32 

3 

7 

The use of angling ~othodB. for the capture ot somples has 
. , . . ... that' 

been critioised on the grpunds/this cethod might be selective 
• • • \ ., ,;. l' -:,..... I ,,) -;~' ~ :.-' ", _ 

(Pentelowp 1932) &nd that captured fish miCht regurGitate their. 
" 1-~' , .. ~ .. -.~,- '-'; - ,.: ~ " . 

food (Phil1ivs, 1929), butT~maB (l962) states that these 
.,.,,,," ~ '" ~ ,. - .', ..., ~ ~ ... ~~. -~";'~.' ,"; { . ~ . ~. , 

criticises were dScounted by Dimick & Uote (l934), Heill (l938) 
:' I ... ~~. ~ ( , ",i'-':" . ~: .~~~ t, ~: ., '). - • 

and Frost (1939). }.!ore recently Uacan at AI. (1969) showed that 
~ ... '''' _ ' .. ..;.~ ·t ........ ~- ~:r' -:""'.,j,t-" :' ' ~ 
trout caught by angling and by netting could be troated together 
1''- ... ,' ~\, .... 'f l ·.".·" '-;'"j, ~.:', .' _(~: •• r ... t~~t'.·. t, " 

tor dietary analyses. No evidence of regurgitation of food by 
- .' ~ :: 1,. ... ~ ".:.: ~~ :-'~ t· . ~ . ; ~.J.'" 

'rod-caught salmon parr and trout "'as observed in the River Dee, 
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and comparisons of rod and net cBuaht '8l"o.Yling were diOCUDS'cl in 

the previous chapter. 

3. Results of food analyses 

(i) Seasonnl vRriation in foedin~ aotivitl 

The seasonal variation in the feeding nctivity of salmon parr 

and trout i8 shown in figure 74 in tems of fUllness index, and in 

figure 75 in terms of volume of stomnch oontents and number ot 

organisms eaton. These figureD ahow that feeding aotivity io at a 

min1muc during the winter and inoreases during the sprinc. rising 

to a maximum in June. Feeding intensity drops rapidly after July 

end remains low throughout late sUIl'tller and autumn. The period of 

maximum food intake coincides with the period ot maximum BTO,rth 

and the increased spring rate of feeding comonces earlier than in 

graYling, at a time when water tsmperatures are nt their lowest. 

6.~ of salmon parr stomachs wsre found to be completely empty and 

5.6% contained only a trace of food. 3.~ of trout stomachs were 

empty and the same proportion contained only a traoe of food. All 

empty stomachs were found in the period Ootober to Uarch, as were 

most of the stomachs containing only a trace of food. Some stoClachs 

in the latter category were also found in August Md September when 

water temperatures were at their highest. 

McCormack (1962) found extensive feeding in trout even at very 

low water temperatures and Elliot (1967) found no correlation between 

water temperature and the aIOOunt of tood in trout otomachs. Thomas 

(1962) found that salmon pnrr and trout fed actively at all seaeoru 

regardless of teClperature but that more ~ was found in the 



Figure 74 

Seasonal Variation in the Fullness Index of Salmon Parr 

and Trout Stomachs in the River Dee 

• mean fullness index 

• mean wat er temperature 

Verlical lints • 
+ . . 
- S.D. ot fullness indio •• 
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Figure 75 

Seasonal Variation in the Volume of Stomach Contents and llumber 

ot Organisms Eaten by Salmon Parr and Trout in the River Dee. 

• mean volume ot stomaoh contents 

• mean number of' organisms per stomach • 
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stocachs during' the DUmmer than in tho wintBr. Summer tood 

consumption i8 pro~ab17 even h1~her than otocach analYlts 

indicate because ot increaoed rateo ot digostion at high 

temperatures. Carpenter (1940) and Thomas (1962) tound en 

~ugust decrease in tood oonsu:nption an~ the tomer Ilutbor 

related this decreasa to, the low aVa1labil1t1 ot food orgnniu:;ls 

at this time. B~ll (196l) considered that the cain taotors 
, ' 

concerned in the spring rise in tood intak::J ot L110 'l'eaid trout 

were inoreasing dar length, t~perature, appetita and avallabi1it1 

ot the food,suP?1y. Brown (1946b) showed that muoh less rood was 

o 
eaten by trout in eXO«3SS ot the maintenanoo reQ.uire:nenta nt. 5 C 

and, 200 e thap.,at intemediate temperatures, c.nd ~1iohal'l (1961) 

considered that 10~,w1nter feeding aotivit1 wns due to a physiologioal 

10s3 in capac1t1 ot tho alimontary s1stea of salconids to digest 

tood at 10w.w1n~er temperatures, and not to a decrease in the 

numbers of food organiSQs. 

In this studythore appears to be a definite correlation 

between teeding aotivit1 and water temperature. Salmon parr and 

trout ted throughout the year but 1eso intensively at t1ces ot ': 

low and high water ta:lperatures. The period of ma.x1mur:l' tee ding " \ 

coincided with the time ot max1mu:n Bva11ab11it1 ot aquatio inseots, 

and inlate'.D\llI1cer .when many of those organimo wore inaooessible,' 

the .,feeding', intensity, decreased despite the abundance and. high 

availability ot.-,terrestrial' food. The depression ot teedinc 

intensitl'in.J .. ugust waS more mnrkod in salmon parr than 1n trout 

and may be ,correlatod with the trout' 8 greater tendency to feed· 
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on surtace organ1oms. <, , 

(11) The ·composition or the diet. 

The composit1on ot the diet ot R1ver Dee salmon parr and 

trout by percentaee number, volume and occurrence ie ehom in 

tables 48 and 49. These tables alao ind1cate that the mean 

number and volUme ot stomaoh contents, and the mean vol\1Qe ot 

food 1tems con~ed, 1s greater in trout than 1n salmon parr. 

The main food ·1tecs of salClon parr, by all methods ot diet 

analysis, w~re trichopteran larvae, ephealeroptersn nympho, dipteran 

1ar'1ae and aertal 'insoote. 'Carpenter (1940) found the Game main 

food 1tems 1n the River Dee salmon parr she enzrlned but reoorded 
" f, ~ 

a ~greater number or dipteran larvae (71'-') and rewer ephemeropternn 

'nymphs (l1~), triChopteran larvae (6~) and aerial 1nsects (1~). 
... .' ::..l " 

OtbeJ; workers ,have ,also ro~' the most common foods ot salmon parr 

to be ephemeropteron nymphs, .. tr1choptoran larvae and dipteran larvae 

'(FrOst &. ':lent; 1940, Allen, 1941a), together 1n' some cases with ,~~ 

< pleoopteran rlymphs (l.1a1tlandj ~1965J Eggl18haw~ 1967) and mollu8os} 
. _':~._,~-j-'l • ... '!tl-~l'~.;, ':110, "'- . ,: ~, 

(ThJmas, 1962). In the case ot River Dee trout the dominant food' 
- < ~- \0."";" -"'.;' • ~. 

items were trichopteran larva~, aerial inseots, fish (by volume~ ... : 

and ;to'- a"l lesser extent, ephemeropteran nymphs and dipteran larvae • 
.. 
,The major foods. C?t river trou~ have .been reoorded by previous workers 

~ .. ~ '~.',:-..' ~- ... ~ '.'"- -, ,- ...... ,> ':. ... 't~ 

.. ' as. being ~tr1chopteran larvae, aerial insect s and ephemeroptem nymphs . ~ '..,.. 

• • ,- • ~ ...... '" ." " < • ~ 

(FrOst,:1939J~Thomas, 1962. Ua1tland, 1965, Eggliohaw. 1967. Elliot, 
. l! ,/ .. ~ .. _ ~-",~ rt! ~'~ Jr. ... ).i' - ~ r:E. 

".19671, ~.,~ Orr, 1969) togetper, 1n some cllse~. with pleoopter~.: 
1 •• ~ .• , -~ •. J.".. [.""l', 

~·nym~bs (Frost.:::1939. Thomas",19621 Elliot, 1967), molluscs (Unn~_~ 

'Orr~"1969)/:d1pteroo'-'larvae"'(FroBt, 1939. Uaitlrmd. 1965J Mann & Orr, 
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Table 4B The percentase cocpouition or the diet or River Dee 

salmon parr by number, ~lUQ' ond occurrence. 

(+ • ioas than O.l~) 

, ' 
Ephomeropternn nycnhs 

Baetie epp. 

Eodyonurue venosus 

Ephemerella ignita 

Reptagenia culphurea 

Ephemera dsniaa 

Pleoopteran nymphs 

Chioroperla torrentiUM 

Isoperla grsmmatlca 

Bracbyptera riei 

Leuctra tusca 

Leuotra'inermia I " ,: 

Amphinemura sulcicollls 

Perlodes microc!,phala 
.~, 

" , 

Protonemura meyeri 

Perlablpunatata 

Trichopteran larvae 

Athripsodee"bii~eatus 

Agapotus tusClpes 
stenopbylax sp. 

Anabolia nervosa 

UalesuB ' dis1tatus 

01ossoma conformis':c:: 
f ~;'. :h" . 

lJystacides nigra 
"". "t ~ : "" ., .() 

Lepidootoma hirtuc 

Trlaenodea, ,blco1or 
< -. ,-_.' ~ 

BYdroptl11dae 
Unidentitied':caaes,~':""l 

't". ' ~ 

Hydropayche instabills 

I . 

. \ 

21.~. 
9.5 . 
0.1 

10.7 
1.5 
+ 

2.1 -0.4 
0.9' 
0.1 

+ 
0.3 
0.3 
+ 
+ 
+ 

16.8 -
3.7"4 
6.4 
0~2 

+i -, .. 

+ 

0.3 

0.'1·' 
0 .• 2. 

5.0 

~ 
Volumo 

E.1..:.2 
9.4 
0.2 

14.1 
4.1 
0.2 

hl 
0.3 
1.5 
0.1 

+ 
0.2 

0.2 

0.4 
0.2 

1.5 

JQ:.l 
3.4 
7.1 

2.' 
0.6 
0., 
1.5 
0.1 
1.2 

+.-"" 
0.1 
0.6 

12.0 

'" Oocurrenoe 

.&.2 
39'.1 
2., 

29.2 
13.0 
1.2 

'.3bl 
9.3 

13.7 
2.5 
0.6 
5.6 
4.3 
1.2 

1.9 
1.2 

1.l:l 
28~6: 

2O.S" 
6:8/ 

1~~ 

6.2 · 
6.2. 
1.2 
8.1 " 
0;6 . 

• 'h 

2.5~· 

4.3· 
~ ~ .,. 

36.0 



Table 48 e»ntlnued 
,-
i" 

I1u:1ber 
\~.'....' " 

Rb¥ac:ophila dorC4110 0.2 
Folycentropu8 tlavomaoulatuaO.l 
C7muD t.r1::lcul;.tu8 ... 
Tot.nl enlod larvae 
Total uncaeed.larvao 

Di nternri In'rvna 

Chironomldaa 
C1culiu::l c:;p~. 

T1V.1lc. spp. 

Othor D1ptora larvae 

eN lit f! 0 99 

Ga:m:larus pulex 

AGollua Qorid1enu8 

l~ol1useB 

AnC1leut~ fluviat110 

Hlrudin~'" 

E;{Obd.11~oQto cule.t a 

It'''.I!"1l1opt'r~ "'';. 
~al10 rullg1noan 

Di'Oteran pun/i8 

Chir:no~~'dti~~" . 
ti!;Ull1daQ 

, ..J ~ 

Ar-"obnida 

H;rdracarlna 
J~~Uniio « 'i'erre3tr1al 
spiders': ";.,,,,.: .1'.:;;'.' 
~ ~' f ........ -.,-, .......... ~""v-" ~"'.~, ..... .-.~ ~1t~:~,Ml't."t 

~"'-~-'> ~,; ~;;.t.1.;;::.: -X;!i;' 
Corinde •.. ~ .. -,,'-.,""''' 

Ll1rvao 
Aquatia & Terrestrial 
adults 

lhl. 
!2!l 

?9;G 
23.3 
6.1 

+ 

0.2 -
+ ... ' 
... 

2!l 
0.1 

0.1 

1 

~ 
Vol\t:lo 

0.;1 

0.2 
+ 

l.'W. 
.!l!! 
10·2 

7.3 
3.1 
0.4 
+ 

1.0 -

0.1 

+ -
+ 

+ 

0.1 

~ 
Occurrenco " 

5.6 
'2., 
0.6 

~ 
.lli2. 
51.0 
49.1 
6.1 
1.2 

4·3 
11.8 -

0.6 

21.2 -
1~ .•. 9. 
l •. ~, 

J:l 
2.5 

- 0.6 

0.6 
, I 
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TAblA 43 continued 
~ ',i 

w' ,. 
", 

Nu::lbar olu::ll o courr en 00 

Acn'inl inneetA 21.4 '20·3 "~ 
A('!untl0 '. hl 10.5 l1:,.6 

J,) phc;;Jol"O ptorc a 2.0 l:.! 15'.1 -
l3aot1Q ~p¥. O.~ 1.) 10.6 
~pheQer811A 1cn~ta 0.6 O.~ ).1 
uopt,ccn1a ~lphureo 0.5 1.2 '2.5 

Plecopteral L.l 2.:.l 10.2 
Chloro;:orln torront1uc 0.2 0.3 ).1 
leoperla gr&CQat1ca + 0.2 1.9 
LO'..1ct ra tuses O.S 1.3 5.6 
Lauotra gQniculnta + 0.2 1'.2 

1euotra hippoPUG + 0.2 1.9 
l~phln8murn suloloo111s + 0.1 1.2 

Tr1chopt.r:u 0.9 l:i. 11.2 -
Diptsr~' Chircno=1d:o ~ 1.2 !.1.:.l .-

C1cull1dae 0., 0.1 J.!l --- -
~e,.-rentriIll!11 14.1 ~ ~ 

Dlptera ., 4.0 4.3 20.5 
IlJmenoptera 0.1 0.1 2.5 
llac1ptvrn 10.0 5.4 14.9 

UiooellnnNluB 

Lep1dOpteran larvae + 0.1 1.9 . 
O~6 la111;;ed,. + + 

£crth~~ruG + 0.5 o.G 

PebbloD - 0.2 1.9 

33.8 0.17 

Mer,n 'w1lDe ~cQ3lLorll(.nl[Q 4.9 
l 
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Tabla 49 'l'hG percentcso C»t24JOBitioll ot the diet ot Rivor De, 

trout by nu.:.'bsr, volwo end occurrenco. 

(+ • lacs thnn O.l~) 
1w ~ 

Voluao Occurronco 

Eph"X'l'tt'Onter:m 'nymnho •• 

EIlot1e app. 

3odynourus V·lno tuG 

t))tttl,rallCl 10l1ta 

n,ptngenla Galp~B 

PI aeon er~n 1'1,}"cmh!1 

Chlorop.rln torrentlurJ 

loopcrla er~tl~ 

zrcc!;Y!rhra rio1 , . ' 

Louotrs b1p;o~~o 

Leuotrn ine:'W1a 

llptinalr. t:.i1cleoil10 

':rlehof\t~t",.n lOl"VRe 

Go o'1'a pilo 68 

Fcttt60r-h11a.x latipermlu 
• _ ... _"~ -iO" 

COr1cxHiltO::la parsonatuc 

Athrlpsodeo bill~.~tua 
AcspotUQ tu301p~s 

". ~'. 

G100.tOIOl£l contor.nia 

C~enoph:lln% spa 
. ~. I .. 

Anabolla nerYO&a 

Baleca8"die1tatus 

Gly~totaeliuo pelluc1~ua 

LopldOato6a biriuc 
~,8tacldt8.'n~a 

IJ.7dro ptilldllo 
.... ' ....... , hOI 

t 

Unidontif.1ad'cacGI 
1T3dro.,a;rche inotabilia 

, nhyacoph11a'dors!'l11u:' .:~.;. 

ti.O -1.8 
0.2 

1.1 -

+ 

0.1 

0.3 

18.5 

0.2 

1.8 
0.3 
3.~ 

1.4 
0.1 
2.3 
1.4 
O~9!' 

rol.1oantro~1 tlavoQ3C'.uc.tua + .. 

, J 

+ 
+ 

+ 
0.1 

.:1!.:.l 
O~6 

14.1 
0.7 
1.7 
0.6 
0.4 
6.9 
6.6 
1~3 

0.1 

1.3 
0.5. 

.fo', 

0~3 

6.1 
0.2· 
+ .' 

Jld. 
7.6 
5.7 

21.0 

2.9 

lliJ. 
4.8 
6.7 
1.0 
1.0 

2,9 
4.9 

~ 
2.9 

20.0 
).6 

26.7 
10.5 
1~9 

21.0 

7.G 
lO~5" 

1.9. 
I 

13.3 
1.9,< 
1.0 

5~1 " 
26,'0' 
2.9,: 

1~9 

61:6 
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Table -49 continued. 

1- ~ ~ 
ITu:lbor Vo1u:se Occurrence 

Totai'unc:,soJ.'lnrva. .:1:.! .€:.I .lli2. .' 
Diptorlln Inrv~o bl l:.2. 11;1 

~, 

Chironoa1dnG 0.9 O~l 5.7 
Siculiu."J 01.';>. O~l + 2.9 
':1pula flp~. 0.) 2.8 7.(; 

Cru~tnce~ 1.? 0.8 l~.O 
~ -

Ca=:L."'"Us pulex 0.1 0.2 2.9 
a. 

Aeo11uD mer1~us 1.1 0.6 11.4 

Uol1u90IJ 
AnQ11astruc fluviatile 0.5 0.4 5.7 

Rir..lrl1nell 

Erpobdslla octoculnta + + 1.0 

li~.~loEterr:· 

~nli8 tu11GinoB4 0.1 1.9 

:D1:etermn· ~u':"ltle 

Chironom1dae {hS 0.2 6.7 
.e.r~cl:nld·C\ ~ 

}.qUAtio &; TGrrestr1&l 
spider's 0.1 '. ,3.6 

CorirldaG . '. + 0,1 2.9 

Coleodern ,~ ~, .""; <' b2. l.g 19.1 
1-~' ........ 'w... " 

Lnrvno + + 2.9 
. ~~;: ::. ... 

. )q~~!!o,~ ~e~~e~triQl adul~s 1.5 1.2 1G.2 

J.eritll inseots 61.1- J:!:Z. ~ • 
A~untiol ll:l 11.0 .41.0 - -

Ephe::au'O ~t er.1 6.6 3.9 21.9 

Enetie spp. 3.6 2.0 13.3 
Epht;arolla ign1ta 3.0 1.9 13.3 

P1eoopteral 3.1 2.5 15.2 
Ch1oroparla torrent1um 1.8 1.0 6.7 



'l':lblo 119 continued 

,.- c;, ". tJ 
Nudber Vo1uoo Oocurr4noo 

lsoperla ~Gt1ca o.G 0.7 3.8 
Leuotra oonlcalata 0.3 0.3 1.0 
Leuctra b1pporu~ O.j 0.) 4.8 
Louctra inor.Ua 0.1 + 1.9 
~ph1n~s £ulo1coll10 + + 1.9 
P~tcnowra CGlm + + 1.0 
~aen1opt~Jx nobulocuo + + 1.0 
~rl0h0ptora 1.a 4.2 23.6 
Dl pt era 

, , 1.6 0.4 6.1 
':'orNGtrinh 2!& 23.?' .4.l:!! 
~~tertl ")S.S 11.0 38.1 

" 
llJwC1cptcra 0.5 0.5 9.5 
IIc::llptera 16.7 5.7 21.9 

l!1 RoolhnAOu8 

Flsh 0.6 12.2 20.0 
." Lopidopterz-n 1nrvaa .. 0.1 0.4 2.9 ,. . 

J.11l11pedta 0.1 0.2 1.0 
tarth,;oralo o.i 1.) 1.9 
Un1dent1fied. t"rQ£=lent'a - 0.1 1.0 

D4tritun - . ,. -- 0.,. 4.8 - -PebbleD - 0.1 1.9 • " , . 
Vegetnble catter - 0.1 2.9 

" U~t'n ~1u.'n~Lort-pnt<fQ(~3r 12.2 
• l ':," 

42.7 0.52 .,," .. • *~~, f . . ~: .. 

, , : , ,,' , ~ .• v , • <,!",,; ...... "- -.,.....,. ... ,~ .... ,. _It· ...... 

, {. 
.. i' . ..; 'l' 

~~--. 
, .. ' ... ~ 
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1~6~), Cru~~nq0!1 (Soo~, 193JI.
t 
~ .. ~an~d, ~965,J llann & Orr, 1969) and 

o~gochnetaB (E11i~.t,~.~967). ',". 

,. ," Ephemeropternn nympha ooaiprinl one 'ot the ;,two ·..majo~ tood 

items ot ~ver ~oe" s,Il;l~~.n Jl~~. th.s; comconad nymph. tound. in 

stomacha.being.Ephscerelln ignitnand Bnetis rhodani. Ephecsroptornn 
• 1.'''.1.'' " l' • 

nymphs were. eat en much le sa, by trout.. 'l'hs ae nympha were. mo at 
" .... .... ~ • 'II . \l. ." ~ !J.' 

acoeBs1ble,~o trout,and salmon just betore and during,their emergenoe 
, •• I ." t . ~ '> ._~ ! ~.. ~ _, .{ -' • 

periods, and iat,,~this ~i~!). trout ~e~e tesdins ,predominantly on s~aoa 
. '. .... '" 

tood, .~oth ot nqua~io .. ~~d ,t~rr~st~al origin. ~ l1dtland (1965) found 
• ',. _ • \ - <0.'. .. ., _ t '.'0. , __ • ' ... 

that .,ephemeropterannymphs comprised approximatoly 46% ot the diet 
. ,'" . "-' ~ ~ ~~. . ~" ':".!... 'b. , _ ~ J .' \. • 

of salmon parr but ~nl~ ~14r', ~~ ~~,e diet ot trout ln, the ~ver 

Endrick.· _ 
• ~ .... 4.0 ~ 1" 

, ' 
,."<t' 1 ,,": , 

, 'i', Plecoptaran,nymphs,'1'lere'ot minor dieta17 i~rtanoe to both 

trout ,and salmon ,parr but::were-ot greater icpo~to.nca to salmon parr. 

&lmon':parr 1gere:.tound to"have consumed a·greater variety at - ' .. 

plecopteran nymphs.'"than'.trout but the domnnnt species wore the 

same in both tieh,.tho moat common.being laoperln ~RrnrnBtica. 
• ' ,-. - AI.. ...... ~ '. -.r... J~j ....... ~ .3; "".J <;. ... ... ,,' - _ ," ~ " ,.fo 

~: L'C":~ • Trichopteran ~ larvae', wire the' docinant food by volu:ne and 

occurrenoe~in,both;trout~and-salmon parr,· nnd:were moreloommonly 

eaten b7.ttroutAthan bT.-:iialmoD'parr.' . Salccln -~arr:at. 'more· of, the 

-smalltlarva8~'such~ as~AthripSod8s bilineatus e.nd.AgapetuD,fuacipes; 

together 1v1th 'hncased"larvae'(mostly;HydropSlche ' instebili8), 1Iher.aa 

trout ate\larger larvae" in .. particular, PotomoPbylex'latipenni8,.~ 

stenophylax' sp"';<:- end ,Amlbolia'; nervOs:l.-:'::. 'l'boC1aB~ (1962)rl founct e1~lar 

:Q.itterenoes In'J.the consUmption' .ot''rriobopterm larvae· by- salmon 

,pa~ and', trout ,i.but. found. 'few oaseless.le.rlaof such' as lIydroPBlCho,.,,:. 

. \ 

I 
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which he considered were not easily acoessible. Frost (1939) 

and Frost & Went (1940) found Hydropsyche to be the most common 
• < 

triohopteran eaten by River Liffey oalmon parr and trout • 
1 J . , .... 

,Dipteran larvae were of muoh greater dietary im,POrtanoe to 
~ . 

salmon, parr .~han to ~~ut. Chironomid larvae, Elnd to ~ lesser , 
. ~, ~ : ' 

~xtent Simulium 1a~ae, we~ethe dominant Diptera found in salmon 

parr stomaohs, wh~reas Tipula was ,the moat comcon in trout. Th. 
o '. , 

same dittere~ces in th~ consumption of.dipter~ larvae by oalmon 

parr and trout ,were recorded in· the River Teit,y by Thomas (1962). 
" ( \ 

Other workers have er:Ipbasistd the importanoe ot Simulium lartae . ~ , ' 

in the diet of salmon parr and trout (Frost, 1939. Frost &: We~t, 

1940. Allen, 1941al EC&liohaw, 1967) but Simulium larvae were 

round to be less coman in the diet than chlronocid larvae in 
. . ' 

my study, a situation aloo found b,. Carpenter (1940), and b,. 
. 

Uai tland (1965) in the River Endric.k. Dipteran pupae were more 

.. 
(' 

.. Aerial :insocts were a major toad ot both salmon p~rr and 

trou~, but espeoially of .thel~t~er. Trout ate sli8~tly more 

~dul~ EpheQeropte~a, Plecoptera ~d Trichoptero., and slightly 
• L ,_. • ~'~ • 

fewer adult aquatio Diptera than sal~on parr, but at. a great deal 
... ' "-, l' ' ,~ 

mor4 terrestrial tood, particularly Diptera (ClOstl,. Biblonldae and 
t • ' 

Eppid1dae). Other'workers have genelral1y recorded more aerial food 

in trout than in salmon parr, partlculo.rl;y or terrestrial origin 

(Fro~t,' i939. Frost & Weni~ 1940J Thomas, 1962. Uaitlanl1, 1965. 

iIaim'&:'Orr,1969)i but Frost (1950) 'found. similar qunntltles of 

" 

aerial insects'in salmon parr and. trout rro:l the River 'Forss, "Calthness. 
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.j • " 'I 

Molluscs, Crustacea, Coleoptera and oarthworms were of minor 

dietary importal)ce to both saltlon rb.:t'r' arid trout ... , 11011u8co ana 
..... ...,., ):: , f 

Crustacea wero"'tloro common· in salmon par;-, whereas Coleoptera 
, 

(particularly dr' terrestrial ~rigin) and earthwo1'C1s wara core 
',d 1 

common in trout. Earthworms were .moat commonly round in stomaohs 

after periods of. high water nnd tloodo. Hirudinea, Megnloptera, 
T' .,. ~ " " , 

Arachnida, Cor~xids nnd:miscellanoous foods (Lepidoptera and 

Uyriapoda) were round to be of very little dietary iClportance to 

eithor trout or oalmon parr • 

. ~ ...... - " - ,- ' ... --
A nU::lber of previous workers have recorded the presence Qt 

, , 
I 

fish in trout stomachs (Thomas, 1962. Uann & Orr, 1969) and Frost & 
I 

~ 'le~~,J194q) t'o~d a minnow in the stomach ot a large salmon parr. 
r 

~, • t ' 

No fish were,;.f'ound in any of' the River Dee .salmon parr examined but 
I • 

tish were imPort~t by volume (12%) in the diet of trout. Dullheads 
. . 

(Cottus gobb1~o), :minnow~ (Phorlnus phorlnus) and oooasionally- y,0Wl8 
r , . 

salmon (Saloo sa~ar11·ancftro~t ·(&:im; t~tta), w~;~ fo~d-l~ ~all 
'. , 

numbers in 2~ ~1j th~ trout examined. Fish eggs were not touna; in any 
• I 

of the salmon p.a.rt 0; trout examined. Eggliahaw (1967) found- t~t 
~ 1.-" .1' • -, "'~) , , { 

. • t 

young salmon an~ ~rout fed on eggs released by adult Baleon and~ 
. i ; 

on those d1stur~~d from the redds during the apamins season. ' I l : ; ., .j, 

(iii) seasOnaY~vnr1ati!on in the comoos1tion or the'diet. : 
~ .. . ; 

,;- .----"~ -~ .. ~-- -- --.--.-- _" ____ ~_..4 

The seasona~ variation of 'the diet bY' volu::le, nUClb,r and " ,,,,n :'.1, , 
, .. , ! -- , 

'i)ccUrrence is s~~ for salmon parr in :tiaUres 16.to 7tl,·&.nd: fo~ 
I·· . : . 

trout in figures ~19-,'to-81.·'The-rna1n winter tooda~of' salmon--parJ!. 

~~lf:~ ~trichoPter~1~ar:vae, pleaopteran nymP~B. ~d ~pto!,~_ la~aj, .. ,l.:. ________ ,,_~ ___ . --.-,~- ., . , 
N :) ·1 .. I 

; ~' .,.,.,' 
« ,. 

, ,~ ~ 



FIGURE 78 

Seasonal Variation In the Diet of River De. Salmon Parr by Volume 
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FIGURE 77 

Seasonal Variation in the Diet of River Dee Salmon Parr by Numbe, 
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FIGURE 78 

Seasonal Variation in the Diet of' Hlvor Doo Sulmon Parr by Occurronco 
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FIGURE 79 

Seasonal Variation in the Diet of River Dee Trout by Volume 
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FIGURE eo 

Seasonal Variation In the Diet of River Dl!te Trout by Number 
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FIGURE 81 

Seasonal Variation In the Diet 0' River Dee Trout by Occurrenco 
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"... f .. ~ <\ ...... ' to "$" i . 

and. 'those of trout were trlchopteran' larVae, tluh, dipteran larvae 
. . ( "' , 

and Crustaoea'. Dipteron larvae -contlnued to b. eaten by' Dalmon 
,'~ ,'" :' , ~ t-.. ,>' ,~ A 

parr rdurlng the summer, but trlchopteran lurvae nnd plocopteran 

n~~;phs ~'e~e ~ replacecl'lit" the diot b;y ephemeropteran f11m ph 0' imd:'aeriI11 

insects. 'The grea.t~~ Con&ucption of 'dipteran }n.ipae o'ootirr.d in 

June end' Ootober. '" Aerial inseots boone. the dominant 'food 01' 

t'rd~t'~ing 't'hesumer, tOBOther with Cllaller quantitieil'ot 
. I .-' ~... ;: r. > _ • 

trlchopteran la~ and ephemeropteran nymphs. 
~ ~ ." " • . t ' -~-

.. ~ ",- ~ , ~, ~ ..,.~; .,Ii. • ,~-, ~ ~~~', 

Trichopteran larvae were oaten thrCukhout the ,-elll', but .ere 
l' '" 

of greatest dietaI7 importanoe to both salmon parr and trout during 
'))' - 'I ~ ~,~, ... 

the winter. In the winter trout ate moot1,- Pota::lOphylax Intlpennis 
'') 'l _ .. ' < I. / . "''\.'. 

and stenophylax ap. whereas salmon parr ate Agnpetu9 ruoolp.o. 
: ~ ~ .' r, ~. '. ~ ~ l" 

,&dropsyche instabl1io was tound. in atoma~hB "throughout the autu:nn, 
"" ~ """4' '-: ... , '::.:t.. ,·,;.,-1' ."~ ; '. . , 

winter and spring but was most col'!l:lOn in April and Llay, torming 3()~ 
- k~ ., • t • """, ~ "'-. _ . , 

b1' voltu:lo of tho 'diet of bOth trout and Salmon parr at that time. 
~, ~~. ,J", > i ~''<-;'. :" ~:_ ... :. 1 ~ ~ .. -"'fl ' "" 

Lopidontomn hirtum was only consU!:!ed. during tho GWDQor and formed 

loi by v~l~e ~~f? th~"dJ.;;t"~t trout in' Jul;y; Frost (1939) J Froot' & .. ; 

ii~nt'" (i940) :'~d j Tho~~~ . {'1952 f ialso :'i;a'oOrded~ t rlchopteran' larvae' as' ,;,~~ 
. t l. ~ ,>"> '" j,;,..: +-r ':.:"'" ;"",.-.";,,011 _ .. ~~ :.,. ... - ~~ ~" • if ,_ , ~, ~ , , 

major tood ot salmon' parr 'and trout ·t hroughout the rear,' 'but' Clore 
~;:-'1.Y ~:: 1~~,1 :~:' ,,::.~~~_"'.t~~: . . '" t.;" :-'·",.. .. :;.·1 t .. ~ ~~ '~ ... " ~t 
60 during,the winter than~tlie uummer~ :Cr~stacea (AselluoceridiRnuB 

\"~ .,I,,~, 'l .~ i ."'~~>"" "" _~__ A • _ 

:~d Ga!:unnrUo .... Ptiler) were' 'toUnd.'iri stoQachS !rO'i:z trova..bor to MaY.' 
.. --, .... ~.t"" '" ~,!-e...,..t i''''''-1 (_.11< ... --,... ~~.f.~ 

'Aeeilus 'was particularly 'abundant "in' the t'GtoCaclla 'of trout in " 
~i~1,,~rt."":~ :'",:~,," ~'''-!11 "';~ !:,~ Q,l : ,~~:~,' "t';.:..~ ~~4' • ,i > ~ , 

November. hose'trout were cauehtin a<olow flowing Bootionot-the 
~ " "~,~, .. >.'''{' ,.,f" • j -;r-" ~ ',/ 1 I.~ ii' .: '"' ,'>.k<"' ... ~ ... ,."j i"- • , _', 

'dver at Llandertel',' where' the.'bottoGl.was littered with plant debriB. 
, ' 



record~d bl,Frost, (1939), Uc1t1and,(196S), ~S11~ha~ ~1961) and 

E~liot (1961). A number ot Chlorop8rl~ torrcntiuQ nympha and 

Ieoperln grammation IlY!l3pho wore oaten by oa1mon parr in ,1:111'," .. 

just ,before ,~heir~ergonce period, and Leuotra nympha woro conoumed 

in ~he) au~umn.Chironpc1d larvae .ere ot ereatoot dietar,y 

import~ce ,to, salecm parr during the .epring and. o.utWltl, and 

Simulium larvae ·in July and AUGUst. C~entor (1940) found 

Simulium larvae ClOst commonly in July,· Illld ohironom1d larvae during 

the spring, Ch1.ronocrl.d lnrvlle Bnd ~irnuliu."n larvae were not oomon 

in th~ diet .of trout, but .were eaton ClOot frequently in June and • 

Uarc~ respeqtively. or greater diotar,y lcportanco to ,trout were 

Tipula larvae lIh1c~.t9rc~d 1oj, by 'VOl~e ot the diet" i~llovembe,r. 

Fish were found in trout._stolllaohs DJatly during the autumn and ;,' 
~ ... _ ,.." ~'M'" . • ... '..... ... -< ...:i.. " • ~ 

w1nte~ end were, the do~~t food in l!arch. 

'Ephemeropterml' nJ'mphs "ore eaten to the greatest eXtent: by 

sD.lcon '-parr tmd trout durill5' tho DUmler, pnrtlculnrly in July. 

Different spec1ea."wera eaten at-·difterent times of the year aOCording , 

~o th~1r eme~gence per1ode~' 'Thus }laetio rhodan1 ttaa tound in 'stocaohs 

during' the spring'ana; autumn, . other Eaetie BPi'. during the w::IIler 

(particularlt.'Au8\ist), Eph~erel1a 1mi ta in June and July ond 

Heptag!riiEl'sulphurea in 1.1&7. 0 Aorial inaccts vere eaten during the 

spring, BWmmer and autumn, with a su:mor decrease in consumption ot 

thes~t organiSms by; salinon parr at' the tice when the conoucptlon or 

ephemerOi>ter8ii~nYmphs~:(Ephemerelln imitR) was at a maxilllllm' This 

decrease was": alSo') reoorded in emon parr by Carpenter (1940) nnd 

Thomas (1962), but trout showed only a slight deorease in consumption 
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ot ae~1al 1nsectsdur~g JulY and ate ~re Ephemerolla sub-

imagines than nympha. Carpenter (1940) found that aquat10 
, , , 

D1ptera tormed the main aerial food ot salmon parr in the spring 
r I' 

and terrestrial organ1sms (espeoially nec11.ptera) in the autumn. 

Thomas (1962) and Eggliohaw (1967) also recorded largo cu:lounto 

ot terrestrial food dur1ng the autumn and considered. tho . .;' 

possibility at muoh ot this tood beins introduced to tho river 
;. .. 

via the leat fall. Terrestrial tood in R1vor Dee salmon pnrr was 
, : . ~ ~ - , 

most common 1n SG;ltecber (mostly Aphidae) and. at much 6'I"eater 
... t ~... ')!' ....0; ,_~ .-

dietary importnnce to trout part1cularly durins Aucuot (Diptern), 

September and October (Hoc1ptera). Aquatio aerial insocta eaten 
.. ' \"- "" 

by' salmon parr consisted cainly ot Hopts6enla sulphuren in Uny, 
.-

Ephemerella ienita, Chloronerla torrentiu~ end IRoperla fi!~~atio~ 

in J~e add. 'irlcbopter~~ Leuatra' ~pP.' Enetl0 l'hodftnl and. CMronom1dae 
, ". ') . " '" ',. 
iil" September 'and October.' Aquatio aerial tood "E1S eaten by trout 
-~ , .- "- .. '" - -' ~ ~ "" 

·rrom~JUne to October. rn addition to the organisms eaton bY' salmon 
- '''It • '"",'. ... ," ,;: ~I • ~ " 'If' ., ~" • ~ - ~.. , • .,., > 

parr~ trout ate Eph9iI1erel18 ir;nita sUb-imagines in July and Tr1choptera 

in .'August,·' togeth~r with gre~ter numbers or 'Epho:n~ropte~a t~ 

saimo~ 'parr::lmd fevjer :Pi8~ptera in' Sept'omber a~d O~t~ber. 
~"\ ..... ",_, ~..;;.J y, \ t ... "'-1. i,. "l • .' {~ ." ~. I 

l!oliusos (Anc;rlastru:n" fluViatile) were only COCl:OlOn in trout during 

July (~-b;·volume)·t~ in Sal.mon par~' during August '(6" by·volume). 
!> ~ I.. - ~~ i< ~.. j"'- • , , 

Coleoptera" larvae were chiefil' consu:led from September to April, 

mer the ·~duit~· rr6riJ Jlma"t6"Octob~r: The latter"categCri7' inoluded. 

Clan.Yte'rr~striat species t'iuten', triuong 'with oth~r aui-ta~e tood, 

parlibilia~lj;l~\jime:';' OJ < •• :. t. •• 
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(iv) Varintion in the diet with nr.e 

The variation in tho diet with ago by paraentas' vo1~e 

and number 1s shown tor salmon parr in tablas 50 and 51, and 

for trout in tables 52 and 53. The nu:nbere at 3+ sa.lroon parr ' 

and 4+, 5+ and 7+ trout eXB.Cl1ned wore too small to ba 

repr • .-sentative or these B8e groupe as a whole. The mean volume 

of stomach contents and the moan number at toad items par otomach 

increased. with age~ as did the mean size (volume) at or&nniemo -

enten. Corresponding l18e groups ot salmon parr and trout a~. 

similar numbers of toad or~ic::ls but trout stomachs containod 

a greater volume at tood and the moan size ot the food 1 tem. was 

larger. ' 

, ,Trichopteran larvae and aerial inseots 1noreasod 1n d1e~al7 

importance with age in both salmon parr and. trout, whereas 

Simulium larvae and oh1ronoc1.d larvae beOa:::l8 less common with 

incre~s1ng age. In addition, oldor trout ato Clore fish ond 

Tipula larvae than young trout. A numb'or ot previous workers 
, 

record the, decreasing consucpt1on at dipternn larvae by salmon 

parr. and. t~~~ ,with increasing 888, end the groater consucption 

at trlchopteran larvae and aerial insects by oldlr fiah (Alln, 19418J 

lla1tland, 1965). Young trout and salmon parr in the River Dee ate 

mostly &Qall trichopteran larvae such as Athripsodeo bilinentuB. 

whi1~t,.Qlder salmon parr ate mostly Hydropslche instabilis ~-. 

AB'a-oetus f'uscipes, and older' trout ate larger larvae, in particular 

Potat'lophy'lax latipennis, StenophylBx ap. and AnBbolitl nervoea. }Jon 

terrestrial insects and adult Trichoptera were eaten bl older 
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Tr.ble ~ Vula.tlon in the d1v~ bl vol\.QG i-' or River DOG 

s::llmon rarr wl~h ~. 

(+ •. 1e'ID than 0.1~) Ace GNUp 

-.« ..... - 0+ 1+ 2+ 3+ 
" 

Eph~o.ropt9r~n n~~r.ha 9.G J(, .. A 16·1 31.8 

l3:uTt1a' 8.0 U.7 e.l 12.9 

E~h~WlGre111l 0.6 2&!.) 7.4 7.9 
IIep~a{;~n~~ - 2.4 4.9 10.4 -
Ot her n,y;lphll - 0.4 0.) O.G 

..' " , '"' l:1 1.6 !hl 10.1 Pl f!~O pt nrr.n n;{l?~ .• fJ - -
Chlo 1'0 p<J rl B fJ.7 0.1 0.4 0.3 

iIJJOperltl 1.5 0.5 2.3 2.5 
Leuct.ra epp. 0.3 0.4 + -
Poris - - 2.3 G.1 

" ~ .. , y;~:. 
~c#nt:urci - - 0.2 1.2 
othGr nywpha " 0.7 0.6 1.1 ' * -
Trinhont,er;.n . larvAl!) 24·9 22.2 - ~ 25.1 
A~hl-ipoodan 5.6 3.G 3.5 1.1 
Agapotus 2.8 3.0 12.8 3.5 
ttcmop!ljlax - 2.8 2.3 2.4 
01osGOC14 - 1.2 2.2 -
L"p1d.ootoca 1.0 1.6 O.G 
Other caGod illrvtoe 8.4 0.8 . 3.2 -
Un~ned larvae 6.1 9.8 16.0 18.1 

Dil:! orr.n 1" 't'V:IIe ..lh2 .Y.=.i. 1.&. -
Cb1rono~dae 25.9 8.0 6.8 

timl11da.a G.5 0.2 

O!hcr larvae 5.6 0.6 -
Diaernn E!ptAO 2.2 3.0 1.1 -
Cl".l f!;t seQ A 4.7 0.8 1.1 0.7 
• 
Z'glllZ"7'i:.l 2.9 2.3 0.3 
Co1eont.ern, 1.7 0.3 0.6 0.2 



Table 50 oontlnue~ A&O Craup. 
o. 1+ 2+ 3+ 

Aend 1noeot!l 1.2.:l .!L2 Zhl ,31.0 

J.guntlea, 13.~ 11.8 L.9. 1e.6 - -
:pho:Jero~)t'ro. 4.6 2.7 2.5 9.6 .. 

6.5 Pleoopttrll ).4 0.7 Z.7 
D1ptora 2.6 1.3 0.7 3.2 
Trichoptara 4.) ).1 3.1 

Tet'l'>!~t!'i nla 5.?, 6.1 ll:.l 1~.4 -
niptCJrn 2.2 ).8 4.5 7.3 
JJycenQilt_er!1 . 1.0 .. - 0.3 
ne:niptera 2.0 2.2 9.2 4.8 

Othor oT'~nlsmQ -, 0.5 I.G 
Pebblon o.G • 0.4 -
!!R"n volu::l!b~to~!e~ (ce) 0.04 0.14 0.25 0.41 

¥A~n volttQlJ/ortrnl[l!l(m~)2.G 0.14 0.25 0.41 

N'U:"l2b9r of' «tor:., ohlll 22 88 4S 6 exr.C'1ine1 
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Tnbla ~1 Var1ation in the dlot bl ~ nU::1ber ot 111vGr not 
Snlr:on karr with 0eo. 

(+ ; lOQG than O.l~) ACO Crouv 

0+ 1+ 2+ 3· 

Eph~~aroptornn nYPph~ l:Z Zl.:.l l2:.l 29.6 -
Daotla 6.6 11.7 6.1 1).1 
.'£phecnertl1a 0.6 14.6 6.9 9.5 
l!o¥tc.scnia - 0.8 2.3 5.~ 

otber nyaphs - 0.2 + 0.) 

P1eoonternn niE~ha ?1 I.? .l:l ~ - -
Chloroperla 0.6 0.1 0.7 0.7 
lDO'Per1n 0.9 0.5 1.5 1.6 

Leu ct. rn 0.3 0.4 O.~ ... 
Perla + 0.3 
AcpMn et:'Jrn ... - 0.4 2.) 

other ~phG 0.3 0.2 0.4 ... 
TriohOTl'tf')-rr"" InrvA8 !hl 10.t> 26.1 18.6 - -
A thrlpoodoa 6.1 3.5 3.7 2.0 
J.e;!.petUQ 1.4 2.4 13.5 5.2 
cteno'Ph11nx - 0.2 0.3 0.3 
G1osso:a 0.2 0.5 -
Lopld.ostooa 0.3 0.5 0.) 
Other caGod lcrvno 2.8 0.) 1.0 -
Uncased 1L.-vae ).7 3.7 7.2 10.8 

Pi ut~r"n Inrvt!o 21.:2. li:.§. lQ:l. -
Ch11'Ono:lldl1e 57.6 24.) 19.2 

S1cull1dlle 11.3 0.3 -
Ottar larvne 0.3 ... 0.6 -
DiTlternn pl':'lIH' 4.9 7.6 3.2 -
Crustaoea • 0.9 0.4 0.6 1.0 
MollUAO!1 1.4 2.0 0.2 
ColeopterA 0.6 0.1 0.4 0.3 

'" 
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\ 
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Tnble ~l contin'J.ed 
~ l)%"Oupe 

0+ 1+ 2+ 3+ 

I.oricl inn~ots 11.0 ll!.2. 12d. 46.1 
I -
ra\l~tlos l&. 7.:i .1:l 22.2 

Dp~8Ceropt.rtl 2.3 1.5 1.1 7.8 
Tllooopteru 1.4' 1.7 0.4 2.9 
Di pt era 4.0 3.5 1.5 8.5 
Trlchoptorn - 0.9 0.7 3.6 

TCl1"l'nstricll 3·~ .w. s.hl 2J.2 
I 

Dlptero. 0.3 3.6 4.0 11.5 - .. 
ny;anoptara', ' 0.9 0.1 - 0.3 
llc:nptero. 2.0 . . 3.6 21.1 11.1 

Other o1'('1"n1,..:'10 -• 0.2 O.G 

Cet'n nu:,,:bar ot orwn1r.:1"15 8 
rRtO:~C'l • :13.0 42.1 51.0 

. 
J;ll~b(\r 0 t 'BtO:'lr.l eh" 

22 83 45 6 ,,' 
~ exr.clnod.,· ~ ,'." .... I' 

" 

., 
. 
'" " 

' . 
"" 

. ., .~ - ',. ~ ;: " ' ............ " .~>·,.,.,"(""~"'\r __ 

" . . , 1 L ... 
f 

¥_c .. ~., 

. f' 
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~~b~e ~2 Varl~'lon in th~ diet by ~vol~"ot Diver DeD 
'trout \lith ~. 

(+ • leaa ,~ O.l~) As- Crol.lf.o 
'1+, 2. 3· 4+ 5· 7+ 

i::t'lno::jgroctorrn nlJ:1?ha. l1!2 J!l .l:.l L1. 
Esetls 0~8 0.4 2.2 - - -
i:phe~ersl1Zl 

'- ~ . , 
12.4 3.2 1.1 1.7 - -.. 

n~;>t t18'~nln 1.1 + - -• 
SeJycnarua 0.6 0.3 0.4 -

t ~ ~ "'. .. I.~ 
, , 

rle~nt'A'r~n' n'r.l'l~·h.., '!l:l O~'l ~.~ O.:? ~ -
Cb1oro;.erla 0.4 + • 0.1 
lsopcrll. 

'~ - ~. - O.f? 0.7 - 0.5 -
Louatra - + 0.1 - -
J..:l~h1n~i4 ,,_.-on 0.3 + 0.2 0.1 -
i!rBohY.ptera .' " ... ~..; : #~. - - 0.1 - - -, ... - ..... 

Trioh~pter~n lnrvt.o 16.6 ':0.0 26.8 JQ.& ns., l!hl - -
Pot CJ:lOph11ex. . - 6.3 11.6 J.1 37.1 7~.3 

" . . 
Atl:.rl.pse 110 01 

,~~",-... ..., ........ - ~ 10.2 2.4 0.3 0.5 - -
~ - ... ' . .;.' v ..... ~~. ~ .. f .. 'l. /. :lpo .. aa..··,·.· .. ' "", ,- Q.5 :1.5 0.1 -' -, -
~enoPh31ax - 8.9 4.6 - 19.7 -

:bOU' .' ,;' .: /;nll D. ,~, * .• ~"-•• , ...... -. ~ ;. -"","'" - 1.6 1.0 25.3 15.1 -
Levldoatoc:.i. 2.7 1.2 1.2 1.8 0.5 -
Other c~Gei larv .. o 0.4 4.6 7.8 - 3.3 -
Uncalled l~rva. 2.9 11.5 0.2 0.1 12.8 -
pipterrn 1 R1'VMt l!.l ~ 1.0 0.1 - --Ch1rono::ldnt 2.0 + - 0.1 - -
S1wlUdno 0.3 - + - - -
~lpuUdde 5.~ 2.0 - -
Dir;tort'J1 F.ll't\Et 0.8 0.2 + + - -
CruRtPlelt~ 
I 

4.6 0.5 1.7 - - -
1~o11u!'lco 2.6 0.6 - - - -
r.oleo~terl\ 
• 

).2 0.8 1.8 1.3 0.9 -
Fif!lh - 10·2 ?-':?? 1~.2 - 21.1 - -

I 



Table 5'- CXlntinued. 
Aco crou;a 

1+ 2+ 3" 4+ 5+ 7+ 

fter181 Innootn ~ ll:1. , J5:.l :1L1 !!:..2. -• I 

AOUlltlcl ~9.B 10·2 2=.!l l2:.l !:l -. , .,' 
;;pheotoro ICr:1 10.4 3.0 5.0 5.6 -
Plocoptera 0.7 0.4 1.9 10.) 1.5 -
D1ptara 4.1 0.1 - 1.1 - -, 

1'r1choptlrn 4.6 7.3 2.9 2.5 - -
Terror.triolt 1'2.1 25.8, Z2:2 ll.:.1 .!!d. -• F 

~~tcn 2J.3 21.0 17.0 17.9 4.6 -
~-:::noptor3 + 0.9 0.5 - 0.5 -
lt~cd.pt.r3 11.S 3.1 8.4 9.5 3.3 -

Othero'J"/l'l'ini ron 
Or 1.5 0.3 4.7 ,.6 0.2 -

Unld£ntlf1ea fr~l~ent~ - - - 0.9 - -
, ,-

,,- . -~ .. ~ 
0.2 0.3 0.6 ... '?"trlttlA " - - -"-

~~r.n vol~~a/8to~~~~ (eo) 0.17 0.41 0.51 1.12 1.65 2.30 

5.1 10.5 14.2 12.) 29.1 143.8 

yra. or ntoc"\c1'm ~x"Mlnc(l 18 52 2Z 8 4 1 
, -' 

--~ , 

... , 

"'14-.., ) 
, ,~, > "--,' _ • ..,:.l,'-4< 

' , . 
, \..: ~ -

• ~ 4 

" 1:' .. 
'" 1, ".. ~ ....... 

ito _",""". 

~ -.!'-

. > ..... \ r~~ .. ;.:' 

, ~'~.i> 
....... !14\. .,'~ __ ."t_ 

, 
.. 1 ' - ~ 

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

/:- - ... -;# 



Table ~l ' Variation in tho diot bl nu:bor;, ot Rivor Doo 

trout .d. tho '6,"G. 

~+ • leas thzn O.l~) AIr' croup. 
, , 1+ 2i- 3i- 4+ 5+, 7+ 

r.phA~~rOnto~tn nYE~ha 1~.6 £1 2:l l:.2. - --
Baetis 1.1 1.0 5.7 - - -
~oh:lGre11o 10.3 5.2 2.0 ~ ... -
Heptt.l;cnin 0.) + - -
Ecd,yonuras 0.) 0.1 0.6 - - -
Pl~Copternn nyp~hg 1.0 2:.5.. l.:ll .2:l. 1.8 - ' - -
Chloroper1o. 0.5 + O.l 0.) - -
lco~erlfl 0.3 1.1 - 1.8 -
LO-J.ctra - + 0.6 - -
~.Qflh1necura : l .~~_ ' 0.5 0.1 0.7 0.4 - -
Br!lohYPtern - - 0.1 - - -
Trichonternn larvne .ll.:.l l.1:.Z. 10.4 l:.!i .t6.3 - .2l:.l 
iota=lorh,yla; . '" 1.) 1.G 0.4 10.1 93.7 
Athrl.pood88 8.4 5.4 0.7 1.4 -
J.sapetul 0.5 2.9 0.2 - -
menoph:rlnx 2.9 2.2 - 11.0 -
l.nnbo11n - 0.8 0.2 ,.2 7.0 
Lopldo at.omll 1.0 1.3 1.2 1.5 0.9 
other cased 1al'\"at 0.2 1.9 4.2 - 4.0 -
Un~&od. larvaa 1.2 7.7 0.1 .0.1 13.2 -
Dintorrn Inrno ~.o hl - 2:l 0.:3 -
Chirono:::1dao 5.5 + - 0.6 -
DWJ111d!le 0.5 0.1 - - -
Tlpulldno - 0.4 0.6 -
r.ipte~.n WP:lO !:l. 2!2. ~ 0.6 --
CrusteCGtl ).9 0.6 1.3 - - -
Collu~on 1.0 O.G - -
.Col eo "tera. 0.8 1.1 2.) 1.7 3.5 -
Ii'ish - 0.8 0.6 0.6 6.3 -



, I 

~nb18 53 contlnu&d 

lennI insect" 

J\outltioa 

C;ha::l1tro pt om 

'!"l~~~~ cr:. , 
Dipter:1 

Trlchoptera 
Tort'o:-;tl'lda 

" 

60.~ -
19.0 

9.1 
... ,;.0.5 

6.7 
2.7 
~ 

. ,I;ip'ler.s ;'\' n, ' ',' ,. ) ~ 18.2 
r~enoFtorn 

IId~.ra 

Othor orC'1':ni rr.lO 
I 

~a~n 1:0. ormnl~!'J/ 
fJto0:\ oh : 

0.6 

: l:(). or Atomn~'H' tIIy"olni\a 18 
I 

."." :, ~ , • :.~' r~' -" 

~ " . 

. " 
2+ 

~:.., ~ 

2.1 
'2§.:.!' 

47.7, 
0.4 
8.3 

+ 

52 " 

4~ croups 

3'- 4+ 

70.0 p5.o 
~ 12.:.3. 
9.2 8.2 
J.3 12.2 

- 3.4 
1.7 1.4 

'.11& ~ 
.34.2 31.5 

1.1 -
20.5 23.) 

1.5 0.) 

,. , 

" 

; ... 

'. ;, 

-
--

:1:h! 
18.1 
1.8 

~4~2 

.55.8 

4 

',' 'c 

7+ 

-
---
--
---
-

16.0 

1 

' .. 
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salmon parr' than by fauns 's~co'n . parr but tho oonDU:Dption at 

most aquatio aerial insects decreased with increasing age. 

The number at neri~l insoota found in trout stomaohs was 

gGnerally greater in older tiGh, t~e large quantiti.s pre Dent 

.1n 1+ fish being attrib~table to the tact that cost at the 1+ 

trout oxamined were caught during the swr.mer. ' Thomas (1962). 

l!cCor.nack (1962) and Maitland (1965) all rtoorded. an increased 

consumption at terrestrial toad in older trout. Ephomoropteran 

nymphs were consumed. to n greater extent by older aalmon parr than ' 

by young ,salmon parr, but these or8Unl~a deolineJ in d1etary 

importnnce with inoreaning B89 in trout. Older aalmon parr ate 

more plecopteran nymphs than yeung fish, PerIn blpunctntn being 
, '.. , . ."' .... ~.~. 

absent traQ the diet or the 0+ and 1+ age groups, preou.:lablr 

because or its larltS size. Am,£h1nemurn eulcIco111u, a emall 

plecopteran nymph, was also .B:boent from the Btocachs at younger 

fish. The importance of molluBcs and Crustacea showed an 
,.. .. . '" _ .. __ ., ",>:_ . ..t..'!~."'1i _ p. ... .. 

apparently reverse trend toth4t tound by other workers (Allen, J! 

19~1aJ Thomas, 1962J lImn &. ,Orr, 1969). Thsije observations, 

however, resulted troQ s:na.11 nu:nbero ot relatively largo orga.n1D1llI3 , 
~, ~.. ." -

oocurring in a very tow stoQ8cho, and such diacrep£l'lcies would 
-,.o. ",_, 

probably be e,l1m1nated by the ex:::dnntlon ot luger Q:ll:lplos. 
~ . -, ~ ,~ 

. > .. '(v) UtilIzation of the tauna 
!' ... 
-.orr't 

"," ,The availability factors, of benthio organises in the diet > ,'." .. --. .• , 

ot'aalmon 'parr end trout in'the Rivor Dee were calculated in the 

~~e way as tor grayling (cha;ter 7), and are 'ahom in tables 54 and 
~'<~ ~ i 6 ~ , r', ~ ..,. 



Table 5:1 The Ilvd1abl11t,. tllctoro or tho benthio tt.unll in 
tho dint ot P.1ver Doe 83lmon rarr. 

'fo bl no. ~ b,y no. 
in fauna 1n Mot 

A n 
(+ • O.l~) 

011cochnoteo 15.2 -
COrlx1dne 6.2 • 
AoelluD .- 5.6 0.0 

Dipteran ~pl:1e 0.9 7.0 
caleoptera 3.7 0.2 

G~.1S 0.6 0.1 

Uoenloptarn 0.5 + 

'turbellari3, 0.4 -
f\Ydra c::lrina 0.2 , 0.3 

Ili p"terfin lnT'V:'!" i.:!:.2. lW! 
Chircno=ldoa 23.5 29.8 
Z1cul1u:. 0.2 1.6 
~lJ:Ula 0.2 + 
Othar larvae 1.0 0.) 

'I'rlohontart\ !l:2 21., 

ll.7dro i' Il;f ell. 2.6 6.4 
J.c;opetuB 2.9 8.2 
rlectronc:;la 0.3 -
Gtenoilbylax 0.'2 0.2 

FotC::lOpbylc.x 1.0 -
~o.coph11a -+ 0.3 
~r1OlGto~n 0.2 -
Anabolin 4.2 .. 
lI.Y8~ac1des 0.4 + 
Glyphotaellun 5."5 -
!Ialo&uo 0.2 0.3 
Silo + -
Dlploatrona + -
!.1m:l.philu3 '. -

Avd,labl1Uy 
faoior 

D/A 

( (+). 0.01) 

--
(+) 

0.14 
7.78 
0.05 
0.17 
0.04 

-
1.5J 

!:.5l 
1.21 

39.00 
0.20 
0.30 

1.2) 

2.46 
2.8) 

-
1.00 

-
5.00 

-
0.02 
0.10 

-
1.50 

---
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TRble ~1 continued 

'J, Ii,. no. ~ t:r co. Avdlcbi1itl 
in tt'.WlA 1n d1D~ tllctor 

A D B/A 

}.thri~GOdea 4.7 -
Olocooca - 0.4 -
LepldoDtcmB - 0.4 -
~rinmodeo - + -
Hydro ptl111lllo - 0.1 -
Polyoentropua - 0.1 -
CymUD - ... -
Bnhtcgro~er~ !.l:2. 2<1.0 ?01 b • -
J;~nuruo 0.2 0.1 0.50 
Baotla 3.8 12.1 3.18 
Procloeon + -
Eph~f)rells 5.3 13.7 2.58 
Cloeon + 

Ccntroptl1u:2 2.6 -
LG~tc#phlGblQ 0.5 - -
Caenie 0.5 -
r.r..1 t llro Gcna + -
HOiJtascn1n 0.3 1.9 6.33 
Para 1 apto pblcbla 0.1 - -
Uphlomll'UO + -
Ep 0 t::lf.,r:l + + 4.00 

Pl ecoEt ern l.:! hl ~ 
lGOparla 0.9 1.1 1.22 
Proionemu.r& 0.2 ... 0.30 
~~hlno:ura 3.3 0.4 0.12 
Leuctrn 0.9 ).4 0.44 
llemcurn + - -
Chlol'Operla 1.7 0.5 0.29 
Perlodea + ... 2.00 
Bra:b1Ptora + 0.1 10.00 
ltecurolla ... - -
Perla - + -
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Tl1bt'e 24. continued' 

!!ol1ucc~ 

!.1alt.l.oa 

Ano.11a,st rw: 

fiid.rob1:1 

Plc1d1U!:l 
, ' 

~a ruJ.lnt!'!e , 

Closaipt.onla 

brrobdellc. 
Iiolacdollc. 

Picc1ctllL ~, 

. -~~ - .' .-

" , , 

, " 
-¥ - .... ~,. 

- : ~ 

,,"l-

~"". .' ~t , 
" 

~ bl no. 
1n ta.un3. 

, 
110 

?-.~ 
0.2 

+ . ... 
2.7 

2:l 
+ 

O.~, 

0.2 

1'. ' 

.' 
~, 

", . 

~ b;t ~ 
1n diet 

n 

-
-
... 

-
+ 

-

Avdlability 
tao~or 

D/A 

42.50 

--
-

0.23 

--
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'1nbla ~~ Tho I1vtdlub111t7 rectors ot the bcmUJ.o touna 
1n the diot ot P..1ver lXI' trout. 

~ by no. ~ D.; no. An11o.bl11t1 
Orgnn!tm in (nuna in ella". factor 

A D B/A 

: 
"' 

(+ • 0.]$) ( (+) • 0.01) 

011t;:)cboto::a 15.2 - -
COrlx1d:~e 6.2 0.2 0.0) 

Aaellua 5.6 3.5 0.63 
.~p~.rM ~~vae '0.9 

4-. 2.6 2.89 
Coleoptera 3.7 2.6 0.70 
Gsr;:;:aNS 0,6 0.3 0.,0 
1!esaloptera 0.5 0.1 0.20 
'l'urbelloria 0.4 - -
lI1dracarina 0.2 - -
DiEtG'rrn lr.!'V'le ~ ~.~ 0.11 

Ch1ron~::l1doo 2).5 2.9 0;12 
stwll\Q 0.2 O~) 1.50 
'.ripula 0.2 1.0 5.00 
Other larvae 1.0 -

!' " '. 
Triohoptor:t !I:.l ~ .1:..1l 
E,ydropSj"'cte 2.6 1).9 5.)5 

~ 

A&tlo~'tUG 2.9 4.5 1.55 
rlect.ron~:l 0.3 - -, 
etenol'b;lu 0.2 7.4 31.00 
rot:!mor~lax 1.0 45.5 4'.50 
m::ssoo phil a + 0.2 3.33 
~9rl eo otO::lla. 0.2 1.0 5.00 
1.n:.bolia 4.2 4.5 1.07 
M,yriacldea ~ 0.4 o.G 1.50 
C1.1PhOtclllua 5~5 0.1 0.02 
Ha1eGUB .:" 0.2 2.9 14.50 

! 

ClIo' . + . , - - j 

~1ploc~rona + - ! 
Ll~,:'le"'h1lua ... - - ~ ...... , , 
Athripsodes + 



10ble 52 oon~lnued 

;-=. b:r no. ~ b,}' no AVC111.bl1i~.Y 
in fauna In diot i'aotor 

A .u B/A 

OloGSo:u - 0.) -
Le,ldo atOQ41 4.2 -
flJ'1iroI't111dl'l0 ... + -
Fnl1o,ntl'Opul!S ... + -
Goera O.t) -
,;T)hnel"OTltcrll 
• • • .!l!! lli2 !:6~ 
icdycnul"l.ls 0.2 O.G 3.00 
:.laotls 3.8 5.,- 1.53 
~roolo~n + ... 
~pba;;orGlla 5.3 15.2 2.87 
C10con .. ... -
Centro;>tI1u::. 2.6 ... -
Lept.)lillle~la 0.5 - -
Ccon10 0.5 - -
Rh1~hroe:lnG. + - -
Hap'hconj.a 0.3 0.2 0.67 
Psrale~tophlobla 0.1 -
Siphlonurua + -
£ph~or3. + - -
'Pl"oot ".ern l:l .l:.i .Q.:.42. 
ltiOperla 0.9 1.6 1.78 
l'rotone:T\U"A 0.2 - -
I.CJ Alhln O!1TJra 3.3 1.0 0.30 
LQuotro 0.9 0.3 0.33 
tloooura + - -
Chloroperla 1.7 0.6 0.35 
ferlodeo + -
1l!'ncll:fptora + + 6.00 
ll~urslla + - -
J.!011uao3 2.9 1.6 0.55 
L1cnnea 0.2 .;- -



'l'nbl0 55 continued 

~ by no % by no. Availability 
in fAuna in d1,t factor 

A n BIA 

lIn Cjls atr..:.11 + 1.6 40.00 
If3dNb1t1 + - -
f1.cld1u;; 2.7 - -
Jiiru rUn8fl 0.7 0.1 0.14 
GlODsipr..onia + -
Srpobdella 0.4 0.1 0.25 
Helobdelle. 0.2 - -
~>i£a1cole + - -
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Oligochaete8,' doapite thoir abundanoo in the t,unu, 'woro 

not found "in ani 'or th~ eto~chD ex:.c1n,d. " tt1eh'Powlr oboorvctlon 

rAiied to raveal ani chaotno roeaino (tanri'ed,y, 1969).' '1'11'0 

absence' 01' oligochaetestro:D the diet WIlO undoubtedly a revult 

01' their burrowinc habita, althou&h Elliot (1961) found a 

CX)naiderllble Q\\3l\tlty 01' thlaa woma in -troutatotltloh. traQ . 

DartQoor. Corix1ds wore rejected ,by both 8alC1On parr end trout, 

po8~iblr b.c~sa at the eecret.ion or oubst.anoea diatnotetu1 to " 

fish (Frost fA llaDan, 1948) ... ~he biBh proportion at CIOrix1da.in : 

the fauna 1s luge1r accounted tor by tho high IlWlbora otrtheoo',' 

organiGt:la at th~ baclt\1ater ss:lp11ns alt, deoorib8l11n tho 

prmous chaptel'.~lcon parr anel trout- 001401:1· trOqutllt thiB t)"pe 

ot ~bitat. As~llu8 ~d. GQIil:Ull'U8 "ere more available ~ trout 

than to,S3lmon parr, but in ~th caBoa these Crust.aceQ·~ero eaten 

to, a lesser.- extent than their oocurrenoe in the tauna. It the 

backwater sa:2pling site tauna 1s exolud.ad traa thl oveal I11vlr 

Dee invertebrate t.WU\ thet1 the. avai1abi1lty factor '01' ·AB~llU8 in 

the dilt.ot trout becomes approx1;lntelT 1. l!D.1t1nnl (1965) also 

:f'~und C;'Ustaooa :to be more!-vaililbla _ to trout thnn to Balmon parr, 

whereas·Frost ~ ~ent;(1940) found,YIr" few-Crustaoea in.River .. · 

Lifter- lUllean parr ~d trout, docpito the abundDno8 ot theot 

or~i~s in, the fauna. ColeoPt.eran .1~De wera not e~;4l7,. . \. 

accossible to trout or salcon parr, sinoo Clall1 or thoca 1nrvaa are 
., '. <, • : ,,\ ~ ... :. _ . _ .• ~' t • ~ 

buricd in botto:n deposits or occur beneath stones. Mu1t Coleoptera, 
... ' v', ~ • ". .,0 .r 

particulnr1r. ~r ~e~,~s~r1nl. ori~, are Clora avnila.b10 to tro~t .. ,_ 
~ . "- ~- .; ~. - ' . 

than salmon parr nnd the conWl':lption at tG%T9utrial f.lilec1os 
~',,~,~ .. ~.'~'- ' 

rerlects the greater utilisation or surfaoe tood by trout. 



malie f'uliBinoeB, aburrowinl) or8QZlioc, ahowed a low ava11o.billty 

to trout wd. aalmon_,llarr,- and" Turbollaria ware not tound. in, &U'l1 

of the stolllachs, examined. ~d.rocarlno. WBrs eaten oocnoicnEll1y 

by: ~almol\' parr,' but were probably too Dt:1nll to bo ot lnteroot to 

trout. ~', 

<-. lIarked ditterenoes in 'the :oOnBU:1ptfon' o'r dipteran larvae were 

observed bet~een 'salQon parr' and 'trout. 'Chironocid lnrvaeand. 

SiClUliu.'11 larvae were much more avnilElble to :Dlllcon 'parr, 'whereas 

Tirula' larvae were'more availai;le to trout. Chironoold larvae and . , 

S1rmilium iarvae were eaten- mo're 'by l'lQall trout thnn bl largo trout 

and their high availability 1;'0 calt:on parr io 0. reflection ot the 

greater degree' of 'bottom teed.1ilg 'bT oaleon parr, 'partiCularly- in 

faa"t riffles where ,nimuliu::z larvae are otten present in dense -, 

ilggregations -(Egglishaw, 1961), nnd occur in exPo-sed pJoitions. 

Tipuln larVae are ·'bitrrowing orcmUc:1s arid moat of those tourid in 

trout' stomachs were too- large to 'have been eaten' by onlcon parr. -
DlpteranpUpae wereo'! high' availablli ti tci bot'h Dalman J:D.rr and. ' 

trout ~'Dut less -so' to the' latter, end to lurger .tish,:, because ot 

-the size. t~ctor. ' These' orcan1sms 'Wore p~bab11 e'aten is thoT' ascended 

to' the water 'Surfacei' at a' tice :.,.ohen their cobillt1 would attraot the 

attentionot "the"tish.·,:', .--.;~_ _, 
..... ~ ... ~?~ '1"00: -.- ' .... '- • ...... 4."" • -_ 

Most"tricllopternn larvae showed a'hfgb availability t~ trout, 

espeoially 'to"the -older age groups, 'EIlld tho waller species wero 

-'eaten' to a Cconsidt,rablo extenf'by snlmon"parr •. Hydropsyche larvae 

:shOwed a- high' 'availabilitY' 'to bOth trOut 'and suman 'parr,' despite 

their~'conce-al8d.~habit'at.( Allen-'(194la) and.'Tho'mna (1962) oonsidered 
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pYdropeyche to be relat1vely iriaoottas1bla btOQuoI ot ito. hab1tat, 

but a number ot workers have Moorded ibie organ1sm in aa1mon1d 

stomaohs; 'and. Frost & \'lent (1940) found. it to be ihe moat common 

irichopteran eaton by salmon parr 1ri the River L1tfe1. Differenoes 

in'the ava1lab1l1ty'o~Potamophylnx, AnaboliN, StonorhylnYand 

Saricostoma to solman parr and trout are mainly attributable to . 

the abilitY': of larger ·tishto ,consume larger orgnnilJlls and to 

deal:with orgunisma in h&rd csses (Allen,~ 1941a)~LQrge trout 

are'the: only~ salmonids ,in: the River Dee capable otconouming , 

Anabolia to eny 'enent. The larce gape or the 'trout Ulabl8sit' 

to'lngeot .·the vert 'large 'ca8esor ·thes8larvae, .. hereae the mouth 

of " the salmon parr, and even ot large 81'01ling, 18 tOo small, to 

deal. with 'thera •.• GlyphotAel1uB i8 como'n in 'still or alo. flowing 

reaches of the "river, . but these areas are not orten ~u8nted b)" 

salmon 'Parr and'trout end thia larva io therefore rarely tound') 

in tho stomaohs.'A number of trlohopteran larvae' were recorded iiI' 

stomachs but,'not' in the' fauna.' ~me' ot~these larvae waro found in 

consider~?~e ,q'!-~ti~if.!.B ;~n .. ,th~. \s.t~,::l3ohs. (e.g. Athrtpnode8 and, 

Lepidontoca). and. .:t~ei_r .appax:e~~:~abs,ence from. th~ fauna. bas been 

diOCUBsod in"the preyiouo chapter., 
~ , ......- - . - . . " ~.......... . '.. ~--. .. _ +-~ .. _ , .. _ ..... ....., .... ,"""'-' ......... __ '\10<_ 

, Baet1s rhodnni;.rmd 'Ephecerelln lmitn:nyt:lphs, sbowed;bigb;:,::.z. .. ·:;. 

&vailab111tY"taCtorsfor'both salI:lon parr end trout' juct ',before 

and dUring thelr,9margenoo'periodo, wherithey' were llU"goat', coat" 

active and most· expoaed~ A·'number:of'.prev1ous~work.rB bav'e '.,h;, ~ 

, emphasised· that'th'e' transition 'f'rom"aquatio 'to' aerial lite'in 

Epb~eroptera' is the't'1me'ot manCUlIl availe.bUity"(earp'enter; -,1.9401; . ' 
'·1' 

, , 



Frost & lent, 19401 Dul, 19611 Thomas, 1964). BortJllt;tnift 

sulphu~ea nympha were pnrticularly available to Dalmon parr 

during May, "but were eaten to a loaser extent bl trout. 

Species of the'genus BaetiB. other than BAttl" rhodnni, were 

eaten to some extent > during the rJl.UDCler bl .a1mon parr, but much 

less so bl trout -which were feeding predoeinantll' on wrtaoo tood 

at that time. 'Eg8liehaw (1961),tound D~8tift to b. a maj~r 

oompon~nt 01" the drift 'fauna, and thua or high acoeoslbllitl. 

Snall sIze' .andJ,retlrl118 lublts give riae to low' Qvailability of 

en organi8'll,(Carpenter, 1949) and this.may explain the abaenco'ot 

Centroptilum from· the'diet, and. the 'soarc1t)" of epheme1'Opteran, 

ny:nphs in 'sto:laohs d~I18, th,e winter. ·13adcock (1949) .tated that 

Ephemerella 19n1ta have a lons 1n~~batlcn period, and that tree 

Novecber to tray the por-ulations consIst chiefl)" of [Call nycpho. 

Other .epheceropteran ny:llphs _ which were aboent, from the diot were 

gen~rally scarce :1~ the ~&unaor only .occurred 1n u.1tuationa where 

they were senerally unavailable to sa1ClOn1ds (e.g. Caenis). 
"f ~ ... ' .. ' ~ 

".Emall numbers 01" IS particular orgonis:n 1n the tauna md the. 

food m3Y'''give,rise to misleading aVailabil1ty factors, ouoh is.tho 

case with EphemerR dsnio3 in salmon parr, and with sevoral ot the 

plecopteran nymphs (Perlodas-cnd Brnor~pterQ). -Ir.operls sra;cntion 

was the only plecopteran;~'t:1;>h 1Ihicb actuall)" showed a hil)h . . .. 

availabil1ty- tactorlto 6Q.lmon··PEUT"ll%ld trout. This organ1SQ WSB 

consu:ned \to-:the greatest extent "during April IUld. Yay, just "betore 

ita emergence period. Other pleoopteran nycphs aleo showed 

carlmUl:1 availabil1ty 'betore·their~e:Dergence poriods, tbe.s::Iall ai:o 

and retir1n~ habits of most or these nYCl'Dha AonountinD' fo.,. thAi.,. 
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law a.vs11abl1lt,. at othor t1coa. !-nqlIHlh"\%'!l f1uvifttlle WCB 

tho only molluDo 'eaten' b,. salClOn r.o.rr end trout, and 1t WCD 

Consumed' to a tar £)rentor extent tUn itD occurrence in th' 

• fauna.' " This orgSni£Q occurra predoCl1nantl)" on atoneD cnll pobbleD 

in'rlttlec nnd moderately,tast floWlnc w~tor (Tbom~s, 1~G2)t 

arens which wore frequented. by aalClOn parr and 10ung trout, but 

-not-'by oldar t1'Oat which rarely ate thio tlOlluDo. Limnert cond 
L 

Ry<11'Obln are QO~~l1 tound on vegetation in 810~ tlow1n8' welt or" 

s!1d. P1oidh1:ll 1&,~, ~UITC?w1!'lS orcan1s::l wtuoh 18, inaoCGoaible t9, 

=lcon;parrlJ:lld, trout. ,frpobd~lln'wAD ~nt()Il toa WAll extent b:1 

. oalmcm p~ and trout .', -Tho 0~har,,1 aochen present in tho tnun~ 

ooo~ un,der !ltone3, (nelbodella cnd Sllonr.lphonln) or aro pnrnGitl0 

(Plso1cole.). i > ,r 

~'~ . Exoluded from the abovo d1ocuse1on are o:;:.rc!ntt at;uatl0 

-insect'e, 'terrestr1al orccn1tca and, -in tho carse or trout, fich; 

> All 'of theco' organ1lCs are ot conoid-orable icr;ortnnco in the 

dlot8,r~~1cu}t1r~~,ner1El: 1no~cta .. 1lh1ch"torc up to 41; n.~ 90;' 
• < ... - ,. -.., ,-.,~ .~ +- .... - -'" -- •• - ~ ~ ~. -, ~ • 

b7 nutlber or'the~'(lUI:r.or diet ot ualClOn parr end trout rtc;>ect1va1,.. 

At appropriate t1m,o~."~heaG OrS-~?D are ~rcoent i~ larce nu:bers 

an~, nre :"jer/;, ~9co~s1~1~ ~"o ~ ~~n!dJil" 1~ F~ic:ull11" to trout • 

. Kalle~erc, (1958h! iz:1:.~.o, -8~~nr:Ltcr.k o~;i.ccntc, found. t~t " -:;" 

~lm.m. ~r ln1~ .1n..,clo~o~ ~ntact .. l~h ~ho ri.yor Ibo~tQ;l, ,whereaa 

t~~t to~k ~p ~~~~~()p in; m!d-llato;" ~~roQ wbare ,thel \tero QOro 

en.a1l1 able t~," o~t_~n~rnc,~,fo.~d. ,ne ~a;) round, that trout, 

"reeding Int~~!~1.l~on aer!r:J. .... 1ns, Gcta ~C1et1;8B,~!ltt their , 
,.' about" 
~st~~1~~~ :~d,:;'?~o\ll~~1Jt ,belolJ: t~e.-:GUrtACO.' rw'a phenoccnon WIlS 
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oooao1onally observed in,t~e ~vor Dee. Ball (1961) oonaldored 

that trout preterre~ ~urf~oe food to bottom food when both wore 

available. This t;1B1. aloo ~~ true in the River Doe since durina' 

June salmon parr ted !lnensively on Cphe:naropteran fllIDpha whioh 
~ '" . ~ , 

wero very .ab~dant end aooessible at that time, whereal trout 

ate relat~vely tew ~phs and ted predominantly on the sub-imnginea 

and other surtace tood~ 

The importan,,' faotors soverning, tho typo and amount ot·, tood. 

oaten by" salmon l>1llT and trout in tho River Dee are the nu:nerical 

representation ot orgs.n1sma 1n<tho tauna, tOB"th.r \'lith th.ir 

l!-ooessibil1ty in t'erms of' size, mobility and habits. l'he type of' 

habitat in which the. fish, are t~oding and the ditferent 

'distributions of .benthio orgnnicmo (EgsliahD.1J, 1967)" plDO appear. 

to be', of' importsnoe •. 'l'he degrooto which surface tood i8 utilized. 

mq be .influenced by the vertioal position normally taken up by the .. . '. . , ~ . 

fish in the ~at~~ • 

. (vi) The feedinG rolntionshinB of trout, 0:1100n pnrr nnd wnyling 

"in the River Dee. 

·-Ball, (1961)!'ound:that :Llyn 'regid STa.ylins' tod pri:ncipally 

by rooting about. e.r.aongst bottom· deposi t"a, whereas trout ware 

superficial j'eeders ea.ting tho core.obvious and ro=:d11y aocessible 

orgnnisms;, Ho consideredLtbat these .feeding differenoes virtualll 

el1minnted·;competi~ion ... ror toad, between Llyn 're(>id trou~ and 

grayling,: lllld~h9t:suggested,that·.tho Ba:lle would Pl'9,bably bo true 

<,in .s riverine ~hab1tat.,. .. Siddiqui j (1967, 1969),. however,. found 

lconslderable over~apping between. th!J ~diet8 ot trout: andgrayll~gi 
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in Llyn Tegid nnd tholl8ht that 6008 COlllpotition tUd ooour betwoen 

the two species. ,1!ony Europeen nutbors MV" re8tlX'ded tho road.1ns 

of groy1ina £.nd . trout aD bei r18 distinctl1 1l1tU.1ar (Jankovio, 1964), 

but Uu1ler (1954, quoted 1n Jankovio, 1964) founl that trout and 

gray1inlfoccupied difforent nicheD in north D'lodioh rivera, and 

that there was no a1c1lnrity botween them r.~ns tho selection 

of.botto~ fauna as rood. Hartl~ (1948) found that thero waD no 

~mplete identity of feoains habit between any two apeoleD of fish 

in a mixed community, and ouoh Bonoral competition ocaurrea between 
, . I 

the fish for certain staple foods. Uany subsequont authors hav!) 

recorded similar obs8l"V'Btions in mued coacuni ties of tishes 

(Thomas, 19621 Crags-Hine, 1964J Ullla, 1964. Ca1tland, 19651 Sinha 

& Janos, 19611 JJonn &: Orr, 1969) ana this feeding pattern WBD found 

in sB1monid fishes durina cy study. 

The diets of grayling, trout and woon parr in the m\fer Deo 

overlapped not only in the general t)"pes ot tood oat on, but also in 

tho actulll speoies conSUI:lod. Figure 82 GhOWB the variation ot the 

main toad cateGOrieD in tho diets of the throo oplcieD. Differences 

oOcUrred in the proportions of these categories, thua salcon parr 
t: 

ate more ephemeropteran nymphs £nd aquatio Dir/Jra, trout ate more 

aerial. insocts (pnrticule.r1y of terrestr1al origin), and trout and 

grayling ate more trichopterm larvae. Oroyling ate moro Cr.lstacoa 

and. pleoopteran nyt:lphs thnn lrout or saloon parr, nnd fish ware only 

ot im~rtono9 to the diet ot trout. Differences in the diets also 

varied with age, thua young crayling ate similar quantities of 

dipteran larvae to salmon parr, and fOung trou~uto similar quantities 



FIGURE 02 

Comparativo Diets of Salmonld Fishes In tho nlvcr 000 

70 
I 

Ephemeropteran 
Nymphs 

Plecopteran 
Nymphs 

Trichopteran 
Larvae 

Dipteran 
Larvae 

Crustaceans 

Molluscs 

Coleoptera 

Dipteran 
Pupae 

Aerial 
Insects 

Fish 

Percentage 
50 .cO , , 

by Number 
30 20 

e • 10 
I 

P.rcent3~e by Volumo 
10 20 30 . . . .cO .50 

t • 

Trout 

S31mQn Parr 
arayllng 



of ephellleropteran nycphs to salmon parr. YoUllJ cra:1ins end. 

trout nte the» same D~ecioB ot trichoptorDJ'l Inrvao nD Belmon parr, 

but older trout end grayling nte much Inrger larvae, in particular 

Potllmophyln~ latipennia. This reoul tod f'rom the incroase of sape 

size in older fish, and the larger cape ot trout aD compared ,,1 th that 

of gI':lyling (Jankovio, 1964) enabled trout to conDUce the verJ lnrga 

larvae of' Anabolin norvesA. '.L' he consumption ot surfaoe tood inoreased 

with .a~e in,~rout and salmon parr, but decreased with age in grayling. 

'.: Egel i shaw , (1967) eephanised the importance ot tho raed1ns 

looality in detercining the diet, and thoU£tht that many of the 

difforenoes between salcon po.rr and trout were a ~e&Ult of thio 

faotor. _' The habitats occupied by trout, salmon pnrr and. grnylinc 

were to some extent different 1n the River Dee (ohapter 4, seotion Alo) 

and thesQ'differenc8s obviously save riso to, variationo 1n the, Aiete. 

~hus the large triobopteran larvae eaten by trout (SeC. Potnmoph;rlnx) 

were those which inhabited the slower reaches ot the river, whoroas 

:the snall larvae eaten by onlmon parr (e.be At:npetua) wore those whioh 

inhabited rift~e, areas. The conWcption of Gloeromn by older graylins 
,,, . '.., , " 

1n riffle areas, ~~her than AfiapetuB, was a !unotion ot ~~e size of .. - .. 

the food organi9 as well as its distribution. 
• .' '.'" L ~ I' • ~ , ~ '> • t • 

A number. or: authors have recorded the occurrenoe of,verticnl 

stratification between salmon parr nnd trout (Stuart, 1953,: 

'KallQberg,,1958J.11a1tland, 1965J·Unnn &. Orr, 1969), nnd.have . I 

related ~h1s ,t.o differencea in. the utilization or surface, food.: ',. 

Saloon parr, Ell?-~.~"also, gr~li.~g, lie ol,?se tCL the river ~ed 8f~ eat 

fewer aerial inseots than trout which teed tree a mid-wnter poDition. 

1/' • . 



It ,is ElOtlowhat, ~p..~C;!l t~ia canton that sroylins orten riDe 
, " ..;J.::.... .,..t#.. .'" .. 

to surfaoe food f:J;O~ dept~.o or up to ~ motreo, nnd that norlnl .. ' " ". . ~ , ' , ' , 

1>od (particularly of t~rreotria1 oricr1n) io ClOre icport:mt to the 
!, . ~ ..... .' ~ ." 'f • l.t .<- J ' 

d1~t ,or groy~ing:t~Qll ~o snlmon, parr. . .' '.' ... ~ . ... . , , 

,'. T,ht'.'occurrence ot 1nterspeaiflc cocpetitlop, 110 defined by 

Andrewartha 8: Birch (l954) .. and.Larldn (1956), lp, d.1tflcult to, 

deconstrate' adequately undor nn.turo.l conditlons bocanse ot the 

complerlty of ClOst ecocystecs. 'One of, the cr1terln or competition 

iB'~hat. .tood muot',bo',1n. shor.t. cupply. but,·thiu 1s very' difticult , .' 

to: assess nnd.lla1tlond ,(1965) .ascw::cd thnt· wl1en t'ii'O spooies .te " 

the, satla food .then. ,that 'cOntlUtled by ena &peOi83 pauld be used :to 

advantoge bY',·ths.,otber. ~'NiJ8DOn'o (l961t concopt ot "int~ractive 

seSl'gation".hters:,that, foed. .. differences botwoen Dytlpatr10 sp~oieB " 

become- mora prounounce4 when fO,cd reoo\U'oes ,are .1ic1 t,ed. The oloso 

o1crl.lar1tles in the: diets ,ot salmonid fiohes in tho River De8'~F ' 
• Or ...... ~ 

. 
,'\ -' 

- ~ ,~. "., ...... - _.. ,I- "I'<-~ ~ ~ .." ". j- ,). + ~.... ,; "'~.. "' p :;' 

rerfecte'd""in the 'groWth rates "ot'1he 'reBIl8ot'lvo'-coci~otitiorBrat ' '-
oF <F • ~ ~ ........ : t ~. w < .... ",' , •• ' ~ • ... io ~ ~ , "" _ ...... t "',,. " "" _. • . • ..." 

d1rrerent':pcipu1at1o'n dens1ties ... · !Data:;on' the' ~pulation' oizes ·ot····-

8D.im~'nld~ :iri "th;~1>ee hat :~Co~'yeiit·ar~" SCi'1tl bui "donsU,. ·irialC8S.1 
.' i; t:· 

I"'''' ...... <It'> .. :" .... "i- ~,. r .; ~{>~f"'~ ;'lI f > ".1!o"'1 "';."' ........ , ~~-" _-~.- 9·'\«'.~ ~~ . _ • ;.. __ ,' ~ 

that''fn'''Comparfs1ort Tilth the upper Dee,-core' salc10n parr, 'considerably 

f~v/;r~~q~;-~anf;~~ut~rthol saQe:"number';r;'trout "ire present . ',(.see 
..... '."!I'\ ~ ~r., ~ ... :~;. .,. ... -:;~ ~ t_:, .f\.~'''''~~'1'-''''' !At"''''.!: " • ,,, .. ' _, "'" 9-

chapter ~lO) ~ ~i'Griyli~g~ u;'''by ro.'r the"~~~t in~~ro~~"'ti'Bi'~in~ th~/';: 
.. 

i 

" , . 
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upper Doe, Md wltOn liarr Are tho r.ost &bundnnt t1nb at 

Conon. 'l'bsos vr.r1ntlono in llOv.J.lation donc1t1 aro rotl.ctG~ 

in tho nr071th rutooot tho throo CPOciOD in tho tw hnbltota 

(coo ohripters 5 nnd .. 6). Crql1nc, and to 11 lenOIr axtent 

trout" gI'Oil 'rnoter at Cor.-zen th::l.n 1n tho upper ~iJ, but oalClOn 

pnrr grow at tho Co,I;;tl ~~te in both roache3. It t.'auld appear 

f'ro:J theso t1nd1.ngo tlult ooQ~etit1on doss occur bot,om theae 
, '. . .-

spe01es, and that thio ,OOQPotltlon opa~~8o 1n tr.vour or the 

sraylII1G. It \1Ould Dloo a~pe;u- th!'lt d.rcno IntracpeoUto competition 

ooC'..u"S within the grqling population r:dno~ theBG t1sh 61'0- vort 

much tantor nt Corwan than in the upper Doe. CoQpetl tion bet .. oen 
, , 

grayllll8 and saleem parr probabl:r occura in tho u.,por Deo, but 

l1'1traa~oo1tI0 competIt1on would soea to be tho main tactor l1c1ting 
, , 

the erowth or snltlOn parr at Conan. It 1a d1tt1c:ul t to know 
~ . \ " . 

whether or not the Increased population ot aalcon parr advorso1, 
~. . ~, . " 

affects the growth or trout, but hoot (1950) tboUBht that Intel'-

~pec1f'lc cocp~tition wa~ unlikely ~ be tht primar,y C:lUQS ot poor 

growth or brow 'trOut Iil' baso deficient wntora, end cuccostcd th.a.t 
~... .. ~ . .. . ~ 

the 61'Owth ot trout would not icprove If ccl.ccn wore eUc1n:1ted. 

'Thin wceOstion sacca rather icprobnb1e 'boeau1lo ot tho vert mCli1ar 

diets ot tha tiel· specios in: tho' River Doc," part1C'.1111r17 durins the 

earlY- Dt~s~ 'Xa11eb'erg (1958) f'ou.~~ that trout woro core 

"~ss1ve' t~ ~uvCnl10 il3l.tlcn &.nd that trout oonaoquentlr oocupied 

the bost feeding BtntionB •. As a: result ot,thiB, trout, attained. a 

size, auivnntnce : ani ~thorotore and Inoronsed.. do::linmce over anlcon 

.. parr,' end· this '1sB,ref'lectod in.thef'astor:gl"OTlth ot trout .: 
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throughout treahwater 11te. !£&receive territorial behAviour 

at srqlins (Fabrlc1uD l: Guctllf'con, 1955) uld.lo.r1y ronultc in 

tho doc1nanco or eray1ins 'ov~r trout in the ttgrnyl1nC cono tt or 

the upper Doa (chaptora 2 and 4). 

(1) Tho toad mld teeJ.1.ns babi t8 ot nalmon parr tnel trout 

'1n the lU.ver Dee were asseasod b1 em e~nlltion of' 161 llZld 105 

stocacho respoctively, between Ootober 1969 end Octobor 1910. 

Tho vnlue at the various toad. ite=1B to the diet lillO estlmated 

1n tSI'QS ot percento.ce in.cbor, volume and oocurrenoe. 

(2) Feoding Intenrdtr ot salmon parr and t~ut Wl1S ot a 

cdn1muI:l dur1n~ the wintor, inoroased duriOit tho ollrly aprinc, 

rlo1ng to Q manmu.:1 in Juno, and doorenood carkodly d'ter Ju17 

rewa1n1ns low throU8bout late owcar and llutWlIl. 'rho spring 

Inorease 1n feeding started in Fobrual'1/Unrch, about on8 conth 

ear11er than 1n grDll1ng. 

(3) The main rood 1te::lG ot salmon parr were tr1cbcpternn 

larv3.e, ophfX3eropteran n,yc:plllJ, dipteran lanne end aerial Inoeoto. 

Trout at. more aerial insecta and trichoptersn larvae tlWl c31con 

parr, but ate tewer ephoceropte~ nyc~ha c..'ld. clipterc.n Inrvne. 

Fish formed. an iaporiont part ot the diot ot trout by vo1u::lo, but 

\tore not eaten b1 salltOn parr. 

(4) The c:.dn winter toode of salClOn pc.rr TJoro trlchoptersn 

lariat, plecoptam nytlVho nnd. diptersn larvne, and thoDe or trout 

wero trlchoptornn larvae, flab, dipternn larvae nod Cruataoon. 

" 
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Trlchoptorcn larvae and plocoptornn ny::;hc vtre raplacod in tho diet ot 

Glllwon parr during the ou:x:ler b:r ephoceroptertLn n.i1:lpho Imd o.eria1 

inseots. Aerial inseots (pnrticularl:r ot_terrestrial oric1n) 

tomed tbe mnj:)r r-art ot the QU=cor rood lntnko ot trout. 'rhe 

consumption ot th9 IlJQpbs ot Pleotoptrn nnll Epho:loroptern waD 

Groatest just betore their ocerconoe periodo. 

(5) 'l'rlchopter&n larvae IUld aerial in •• atll bOcs.c:.. Cl:)re coCGon 

in the diot of salclon pnrr end treut nth InoreaDins age. ':be 

spo01e3 or 'l'rlchoptera eaten also ohanSOd from c:nall larvllQ such 

as Athriprod.en bl1inegtua in the diet of 1Qun8 fish, to larger 

larvae ~~Ch as llldronnlohe inntnbilin and Pot~~on~~lox latif'cnnie in 

the diets or the older BUr:1on parr rmd. trout rl!opeotlvol1. Dil'toren 

larvae decreased in d1etarJ icportenoe witb RB'J. end older trout ate 

more fish. EpheQero~tercn nyo.,hs were leao CXUlcon 1n the diet ot 

older trout, but coro coc::on in older 831::lOn parr. 

(6) Th ... main taotors govel'Z11nl: tho t:rpe end. &COat 01' food eaten 

b,. sal~n parr end. trout in tho River Dee woro tho nucerlw 

reprecentntlon of orccn1sco in the fauna. tosethor with their 

lloce8s1bl1lt~ in terwn ot cae, cobiUty and hAbits. 

(7) The diets ot salJ:lon parr, trout snd £r'3jl1ns in tho River 

De~ were round to thew consldarnblo OVerlapping, cusoo~t1nG inter

specifio CQcpet1t1on tor tood. This B:.lgcorstlon 'WD.:J turther cnhnnceJ. 

by the observed ollactn ot hiGh populat1on donoit1oD ot crql1nb on 

the cro1'lth rntes ot the other t~o s.,eoleG. Intrtuljj)eo1.tic co:1pet1t1on 

for food oleo oCCI.lrred 'and waa ClOot r:nrked. in tha trD311nc populat10n 
, 

ot the upper Dee, nnd probably aloo in the 831con parr populc.tion o.t C,J1"iHTn. 

) 
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CllAPl':R n 

A. Ornllin~ 

Few investigations bave been carried cut on the roproductive 

biology ot grq1ing. Soma studios have b.en l.i6nde en D~awnins 

migr3tions (Gustafson, 1949. B310n, 1962), Op3wnina bohaviour 

(Fabric1us & Gustatson, 1955), tecunditY' end aaaoon"l eonad. 

development (J&nkovic, 1960, quoted in Jankovic, 1964). and :l 

number ot authors have recorded sex ratioD and the tl8e at 

maturity (Custatson, 19491 ~lon, 1962. Jankovic, 1964. Peteroon, 

1968, Hellawe11, 19694' Uichn, 1971). The reproduotivG bio10G1 

ot North American eraYl1ng was studied by Brown (1938). ~G. (1959) 

and ~ishop (1971). 

The sex ratio, ot grnylin8 haa .\1suallJ' been recordod ao baing 

close ~o 111 (~uototoon, 19491 Peterson, 19635 UBIIG~oll, 19690), 
. ..~ , . ,. 

but the o~3m1nc .ebonl ot.!gr~lif18 studied. by Balon (1~62) cocpriDod 

BPp:oxim~te1Y 7 t~a1os to 1 male, and Step&nek (1960, ~uoted in 

Jankovic, 1964) round ~a1eB predominstin~ over temales bl tro~ 

211 to 6s1. 

In my studr the rat10D ot males to tema10Q were.l.OS.1 in the 

River Dee end 111.1) in Llyn TeSid. Neither these values, nor 
~" \,. ~'~ 1 r:. l' ~ ~ -; ..... , :. ~ ~ : ,,- , ~ - '_ ." . ~. ,':. 

thOse for m~l~~,a~d ~~al"s .. 1n an: at tho l!8e croups utud.1od, 
, ... . .It l- <.. v'" • '. '.. • 0>' • - ... ; ,~ , ~ .. .,' .-

differed elgniflc:mtly'_ froe n 111 ration ( X2 teBt~ p~O.05). 
\.". '''''. : .,,~f .,.' .. ' "tI - , .1' ....." >~ 'l ~'" :; ~.:;~> 



J. Mfa llt m~tur1 tl 

Jtn~vl0 (1964) GtatoJ thnt 80xual differentlation ot 

grql1n8 began 1n the r1rot yoar ot l1to, and 1n m:/ Dtud.,y the 

•• xes could be distin&u1ahed by 010 at tho .n~ or tho firot 

su;Jr.ler. Y~slavlnn grayling cost.ly mAtured nt. 3 10nro of 0.89, 

but. a te~ males maturod at 2 yeers (J~nkov10, op.olt.). Caxual 

c~turlty was nlGO roachod bl maloo 1n 2 loaru nnj by f~alaB 1n 

3 years 1n the tlBh studied by Guut~son (1949),&nd Eolon (1962) 

reCX)rded that male craylin.; Gl'c:'f:ned one your earlier thnn femnle 

g:ray11ne. rf~e (1936, ~uot.ed ln l'etor~n, 1968) found t~3t 

fll'£.l1l1ng ln northern NONP':/ did not reacb Domal maturity until 

5 or 6 years of ag9, end thoroafter epnwned eV'I7 YGor. Tho 

youngest spawninc t.1ob round bj Peterson (op.cit.) were 5 180ro 

or ege. nollawall (1969~) and Uleta (1971) botb recorded that 

BTflYl1ng roached. maturity towards the end ot the third yoar of 

llfe. Tho &go at rohloh Rivor Doe and Llyn 'l'eG1~ crqlinS 

roach&.! maturity 1s shown 1n table 56. 

Table 56 Paroent~ of Grayling which ~nturo at the ond ot 
each lear ot lite. 

/...[Jf! JJaloa FEQalos 

1 0 0 

2 0 0 

3 64.5 73.9 

4 & older 100.0 100.0 

This table indioates that most grsyl1n5 matureil at tha 

end of the third. lear ot lite, and that all srqling wera cature 

bl the Gnd of the fourtb lear. Since no non-8p~ton1ng tlsh Viara 



, .. 

recorded aftar the ega ot 4 it waa conoluded thnt gra,y11ne 

spawn ~ver.1 year atter sexual Qatur1t~ i8 attnined. Elicht17 

more fecalee wera mature at age l tha:.n Qal.D, but. thin 

differenoe waD not significant (~2 teat, p>O.O;). 

Tba seasonal developnent of the sonoda ot cde end female 

grqling is shown in figure 83. The i§)nad 8t&(;_0 shown reter 

to those given tor fe:ale STn1lina in ohapter 4 (seotion B4a), 

and. for cales the x-axie nhould read one staee higher. 

JI!i~1tov1o (1964) considered that the 8or.Jcl oyole ot' graylinC 

had tour stnges whioh he gova an I 

(1) Spaming period ot malao nnd te::81eo - 4 to 6 w.e!cu. 
(2) Rc~enertltion ~eriod of cales and te~leo - 4 to 6 weoko. 

(3) Period ot active Gpe~toeenOslD and ovogenen1o - up to 

5 months. 

(4) Period of tinal opermatogeneua c.nl ovosenooio - up to 

4 months. 

These features can be 8een fairl7 clearly in t1eu,re 83, with rapid 

developcent ot the gonads to 4ege III-IV bet.een Ju17 and Deoecber, 

a relatively sintionar,y phase througbout the winter ot t~nad 

atage IV, Q final ripening phase in the .prine, spawning- in 1!tl7, 

and regenerating o.nd. redeveloping in June. Seasonal data on 

tho oontr1butlon of OV317 weight to total bod,y wei&ht were incomplete 

and only the relative wei8hts of mature ovariaQ were considered to 

be of importnnce in this study'. During :.larch IUld April ovaries 

which had been presarved in Gilson's tluid tormed 9.9~ ot the 

total body weight (Z.D. j; l.~). 



Sep 

Aug 

Jut 

Jun 

May 

Apr 

Mar 

Feb 

Jan 

Dec 

Nov 

Oct 

FIGURE 83 

Seasonal Gonad Development in Gmyl i ng 

[
-"",~-..... , 

'~'.. . ... -~~-:.' ~- ... ,,; __ .~~~_~J 

[
0- -0'''''1 ,-

;lo. .~.,....... 

•• ><_ • o'.\o.u~ 

r~ ~ .- 0J--
. . 

~~ .. mr::: ... ~.~~_,._ 

Gonad Stage 

[

100 
percentage 

50 01 fish 

o 



- ..... '" 
'. ':', -,'I ' 

166. 

5. Fe eun di ty 

The fecundity ot grayl1ns waD eaticattd tro::l oounts ot 
, . 

tho ea&a in 35 stage IV-V ovaries (uoe chapter 4, 6'otion D4b). 

Reference to section 4 ot tte present chapter .howo that 

ovmes nt thin stoge ot mat'J.rlty occurred dar1ns the winter 

mcoths when body eroTtt.h was at a d.nlcu:;. If GErGO an coUeoted 

troQ fish durinS a period. at 4at1vG f103tic fP."Owth 'than 

fecundity in ro1ation to. lenGth u11l a~paar to decreese (D~nal, 

1951). !i::h1s factor Ilhould be tnl:on 'into DoCOunt in ~l1ng 

fecundity vtudieo it groTZth ocours dw:i1lJ tho wint.er period, 

(see cbnptor 5, Dect10n3a,11). 

FecunditY' at 't1Bll' OM be 'relnted to a llu:nber ot par&:!l.tars, 

the ,",ost' co:::.:onlJ' usadbe1nc tich length and w81gbt. Typicol 

results of 3 f'ScUndit'i: 1nvo:stloation- ahatt thd focun;Uty is 

approxlCltltell' proportional i~ the C'..lbe ot tho loneth. or 

11noarl1' propo~ional. to.ltha .. l1ght (Dagcmu &. Drnu::l, 1~68). 

13agenal (op.cit.), conoideroD that t ecunc11t.T ,ohould pretcrablT., 

bEt, relat,ed to :lenztb ra~her .. than ~ wo1Bht •. - It teCWldit1' i8' related 

to t~l wo1ght,th10'can,lend,to a'spuriQus correlat.1cn (Dngenal, 

1961,. ~571, .~b11o,1t,conad,we1cht'18 not 1ncluded,.d1tr1cul~le8 

may ariee it, there are .marked _scallOnal changes in oandit1on •. 

In my .study.::-thq tecundity. or; ~11ns was relAted .to length-end ... 

tota!l w4isht -a1'ter~ogaritt:c1o 'trcnatarmationa !:.nil been ,csrried.: 

out ... "'.Tbes8. tranBrorcat.icn~ enabled. a straight line relIt'oss1on to 

be.:titted..to:;ithe-!~h'dn.ta, 'and. also,rocov~ the dopmd:t.nce.ot. 

I 

, I 

, , 



e~untionB tor the regression linoo were I 

lOG F • loe n + b log L 

r.nd log F • log Q + b loS .~ 

wher~ F • fecundity, t. fiab length, r.nd ~ • t1eh weicbt. 

The logarith:41o tr~.rud·orQQticn8 ot teounJ.l ty 1n rolnUon 

to length Slld \1eight are ~w 1n figure 84, together .,1 th the 

reGression slopes (b) and the 1-QX1a 1nterooyts (8). Tho 

logarithmio values for tho standard deviation of the regroaG1on 

linea were 0.056 end 0.055 for the length end wolght relet10n6hipo 

respectively. Tho scatter of ~oint8 about the regression I1ne 

wao grester in the weight relationship than in the lent;th 

relationship r~d rofleoted individual variationo in condition 

(K) 'ibicn constitute ona of the main objectiono to tho uoe ot 

weight meacurements 1n fecundity atudies. 

&.genal (1961) guv. til rtllge for the vnlUQ ot b in tho 

f'ecundity/lencth nlationship ot 2.34 to 5.28, witb the QQot 

ucul1l values being Q littlo above 3. The valuG of b obtn1nod 

tor grq11ng in m:r studt WSB 2.83 and no co:llparnble valuoD for 

groyling treQ othar tlOrkora have bee."\ found in the literature. 

CrayUng fecundity hes been reco!"ded. blather workero o1cpl1' IUJ 

tho rango in tha nuaber or eJS3, or more ocoac1onall7, ns th9 

incber or eggs per unit of bod1l'Iuight. A table of GUc!l recordinGS 

Biven bl Jsnkovio (1964) &howe that tho nu::lbor of oe;gs per fioh 

ranged troll 1000 to 36,240, and. th:1t one inv,st18o.tor found 

6000 to 10,000 e&$-n par Kg:t. bod1 weight. In Itl.vor Do& and Llyn 

Tesid grqling egG count B ot tl'O:l1 2200 to 5200 wero rsO')rdeJ., and 
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oxtrapolatlon at tho 'C'HtlC;bt re£,"1'oasion linG 1n t1sur8 84 eave an 

Gotl~at. Qt 8100 egSD per K~. bod1 wolatt. 

Fabricius & Cuatatcon (l~55) Qad.e a coClprohel1s1vo ntudT ot tho 

opa:rning behaviour ot grq-l1n.s &n.1 concludod, troi:l obGorvat.iona 

undor natural conditions end. in t1 GtrolQ t"llk, that 8~aYmln8 

gr~llnJ preferred Bballo~ plao38 where tbere waD a Lwlft 

current or water over the top ot a bonk 01' tina gravel. 

Spawn1~ took place in water 5-25 cc. deep, nouns at c.pproxiC:J.tlly 

0.75 cotrss per aecond, oyor a substrate cocprid.n.£: pebblea 1-3 cc. 
" ' . " 

in diamotor -;h1ch was usually located, in cxmtrast to the 

opaming gravelo ot ~alcon nnd trout, at the u~Dtret.i:l end at 
. 

poola. Crr;yl.1na tree lakeD hllve boen obsorved to c1s-rato into 

teeder DtrQ~8 to ovawn (Gustatoon, 1949. Dalon, 1962) and thoae 

studiol1 by G-l1statoon (op.clt.) epa'lme.1 at a distc..'lcO of 3 b. trea 

Luke storojo atter aucen~na a hoight ot 38 cetrea. ~lar 
" " 

c1eratlons 0: la!;a dws111ng l:orth J.QGlriet.n gnylint; were raOlrded 
... :: ' :- ~ 

by Brown (19)3), Kru:so (1959) an.! Diabop (lnl), and tho u~awn1nc 
\ f .. ,". t-! , 

gravels used. by these fish \1or!ol VCrj £1m11c.r to thoue deooribed 

potereon(1968) 're~rde~' sp~;m1ns'~gration8 ot err.y11nc trom 

fundGvnll Day (B3.1tic' Soar into 'the P.1ver tndallULlval • 

... ," ,'.~' -,"J \. .-.., •. ___ :' _ .. ..... lf~'i. 

From tho above obsorvationll it appeared likely th:lt Ll)'ll 
~{:-\-~;,,>:,:,:- .... "'" J' .,.,~ .. ,,' "\ .:. 

TcS1dgrar1tna oleo c1grated into teeder atreaco to apavo, and 
>~, ~ ~~."~i,~-~.t .:.:-~" -, . ..to... . ~ < ~f 

the <1952 Dee 6Ild. Cl'l1d River Eoard aeport otated that numorous 

8l':qling had been oeen apparsntly opa'Wnillit in the lower reach8s or 



. : 

the J.fon Llafar end Aton L1iw. 1.11 c.nglor alr.o re~l"tod thG 

prooence of numbera of crQlinS in the Aton Gl)'ll d\.lrlne foh. 

socond week of J.!ay, 1969. 0l"a111nC nre not e-nerally rrtoent 

in tho feeder" Btre~ at this timo of yel:.r (ohcptor 10) and 

the fish obllorvad woro prcbnbly erCi7111l8 .. hiob had cntorod t.ho 

Olyn from .Llyn 'regic.t tor IIpa"nill8 purpooeo. Do.p1ta da1Il ' 

obGorv!lt1ons 1n fohe roelor otrOQQfl fohrouahout thtJ prob3blG 

spnwn1nc aenoon in 1969 nnel 1910 no 8l"amins uao cean. A 

nWlbor of larso crc.yl1na' teere" Mwover, Il"'etl cr..Uuina in the. 

shllUowo of tho Afon ;Dyfrdwyabove the weir at alto 5 (EJOO 

ch3Pt~r 3, section CIa) durina tho socond \iee:~ ot l!a.1 lS-69,_,.nd 

one ot these fiah h~dbeen toceed ln, Llyn Tesid. J.:atun .arqUnc 

wore c~t in Llyn Tez1d cround.the feeler atrea~ lnlet.,durins 

April, and fr.1 were first obGorved in 1.h008 areca in early Jul1 

(noo aootion 8) Ii Corria· (1567)· reoorJed the prOBImOl) at grq~il1G 

.frr in the ,lower'reaohes ot'tho.l.fon Llatar 1n June 1962., ~pont 

fish were, c.x.tGht 1..~ tho.lnke~u.ring tUq around the teedor .trl1lC 

inlets nnd.,o.ls:Lnoar"the ;R1vsr ~e outlot. 'rhoea obGorvnt1ona 

-cbr17 1nd1cnte -,that cr :l31ing do lellve Llyn To~d to 6:1am ~in th~ .. 

. feod.er 8tro~a o..'ld ,~I'Ob:lbl:r,alCQ in the .ru.Vt~ Doe, M~,t;~roov.r 

that i)'rqlinS cey:asoen:i[Qsll··-:elrs.to do eo. 

,V' __ ~ . • ." • _ ,. ,,', _ '1\ 0' 

ornyllnC in the 'ru.ver Dee ".era tho~htto 'cpnwn in the' C41n 
, r A • ..., t .. \<, ~ .. ,~ ~ ... .. "", • • _ • , 

river 6inoonQcaturo·grayll~ ~er$'8vercau8ht or secn in cn1 or 

the: =11· trlbutarl.~~ ;-Grqitns bve' bem reporlc.i D,o.min~ 1n 
\ 

the' Aron Alwen below nhllG"brtdG$'r.(J.\1~Jonea, pe:-a.oor;c.) tout :tbBce 

rish are res1£nt in the lower nachos ot tho r1 vel" throughout tho 
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yoar. 110 Spt1wn1ns,~t1aB obQcrve~c1n"tbo Rivor Do, but. go:.;.O 

evid,noo w&s nCCUIllulnteJ. co,nooming the, l1kely JiLoronboutu 
-, ~ -I, ~ ...... 

of Il. j,ulllb~r ot Bpn.m1nc mtac.On 11t.h E.,lld. l~th ;:.rry 1nO A 

number ot InrGa Gl'ay1ina: ~aro D~m activoly cru1a1ns aboUt. in 

V8r,y otallow water ~t oite ~ (chapter ), ,ceot1on C)a), c&uoins 

D o:msidornbls d1&~urbnnce ~n tho w;.t.er. Tho Ill'ea ocouplcd b1 

theae fiah oould not, bo reachod v.1.thout t.ho n1d ot & ba1, but a 

number or the Cl"ay11ns Viera captured b1 £11 tishinC c.nu wore round 

to have newlT spo~~,60nndc. 1ho,tlnn had been t.~Jjr~ 1ntenalvo11 

t.nd tho Gtocncho ccntdncd n nU.Qber ot ~ lin.:: ec;cn (O'lO chapter 7). 
~rtlcult1rly 

It Gooes l1kell t~at ~hoso flab had only recently opawned,/c1no. 

one fiah hnd onll. partlr spent ovnrieo, Ilnd tho nrtilll in 'Whicb th01 

were located. cloBely fitted tho deooription ot opaT.uice nitta elven 

b7 Fnb;-1c1us ,&.~ CUlJt~~son (1955). The oito oonciatoJ. or a bank: ot 

tine grovol e.bou~ J square cctroa 1n, &rCIJ, at tho uido ot IL Plol 

in taot flowing ~nt~r lean thlm lOc:D. deep. Accu.::r..llationa ot 
~ • « " i ~.:: '" . \ 0; ~ .. -.-_ ~,' ,-'< "1\ • ~ ~ 

mo.ture grqling were toun~ during late April and onrll Un;(. in a 
- ,',.,". ,_: .,~,' .... "J..." .. ".,: '", ,. .. ~ . ~ .... 't~ ::.' "'''0"'' • 

number of v817 .. n1c1lar c1tuat10na at citOD o,k end h, tho t1ch 
, , ~' .. ' , "_" 1'- ," . t' ,,;:~.t ~ ..... ~< ~',,-.. '"'._ •• , " ".' 

being o!1U(Iht on the upstronJI side ot the crt-val bonks no wall as ~n 
. - ~ -; _,' ~':-c': ~::' t· : ...... -:.. '. '.~ . .,J" .. " • ." J : 1...,.... • 

the dO'mstreac sido. Extend,va d1E;sino 1n a nu:tber ot lik:ell o.rt8a 
.,' , ',:;'~, ;~"",,,,>." ~rr ,. > 

ta11oj, to reveal the presenoo of ecgs, end what her or not these 
, • '~';;~ • '. ~ ~ ~-, • ~:: #. ,. ... :''?'' . > -,.' ~' , • ,.,' ,'"';. 

{)ravel bllllks :~8ro. aC~~~~l,,~!led ~~"r "epl1m1~g re::udnn un~a~B1n. 
'. • , ,."'" < - ,I .. ~ ',_ • _ •• 

FraQ this discussion, 'it is clear that more atuJ.1es need. to ,bo 
~ ~ ... ~ 'I' } ~..: i i "I'~_ ... ,..... ~ • _" :Ioj;C .) _ .... ;; ~ :,~~..: ... j '" :,.~ J . .] _ l I: ' .,.. '" ." >, 

apa~n~,.;r.~~r,~.ent~. ~r b~~h !tl-!8r D!8 an~~ Urn. ~eg1d grqU!llr. 
, ... -< ..... ->' yJ ~.4. .... ..,.~L ~ ? t ......... _' .• ~ _ .- "'W;!" ~ .. "'- '., \ 1.~ ,--.J' 

, , 

: .",' 

- t > ' 

r 

. ", 

,f 

.. ; . 
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7. ~'Pnwn1n.o: tit1~'r..nd ronr1\tionR 

, , 

Grayllns hav .. cenerall)" beal to\md to G~nf.n l!11r1~ the 

cprin6. c.nd in a::1.V pD..rla of' tcmJ.1na:.vla *tminQ GOU v1 ty 

CXl~Eil'lCt3& with the ~r1nc lco-thD.w (Cactd'aon, 19':?f Fnbrlc1ua 

& Cust&f~n, 1~55J Cullar, 1~61J Patercon, lSGj). Fabrlo1uQ 

t: CU3tatson (oIlQ1t.) 'rouni thAt. (;r.l;(lin(: cpa~o..11n lllt.o l:a1 

~d earlY' J~e;' cnl"t.h:.t. mir..rly till ot tho ob&orved 'nynmina 

nct:} took pi~o'o ~t' tl~ter t.tal'cr-.tureu oet"ttCl.'1 9.1 ~d 11.~C. 

t:ulior (196i) ra'oordo2l thQ "nter tQ:l~Qrntaro At 10.50 C durin« 

GP:u:nlng, 'but r.t.reon (19GS) founl tho l&1"&oa\ nu.r:.bor of 

grqlins GlJt.wins during s:;id-!!~ at • t""poraturs ot 'joe. 

D'.rk (1959, quoteL11n Jlmkovio, lSG4) , e:dd tl:.at £Ta3'lins in 

C'a'luntll.1n o.l"Gnasr.aun" Qt 7°C, ,.hil!;t in lowor hillr roOona 

Gpn'iminC bec;1nG onll nt.lOoe.' 'Jr.nkov1c (1~G4) Gtc.tel tru..t 'the 

Cr&m1ng ~r1od Inllted.: fro:1 four to tix TOoe:a. 

The ~ct ti~Q or 6pa~n1n.&' ~t R1 vcr Dee t.nd U)"n ~og1d' 

Gl'ayllI1l:' ~na' uncertain': cinc~ no' Bp:l-.m1i15 was obGerveJ.. '4'hii 

oca.u-renc·o~ or"rl~o ~"ld.' e,ont' finh, t~i1over, enr.b1ed tho ticI'10'" ,. 

bo :tn1rll nccUratal:r o~t16.at'ea: Dur1nc iS69 c:nturo fiGh (almJst 
, .........,.. it .,..., It. ~ , ,~ j. • 

ripe) wera lust 'cs.usht ' in Ll~ Teold on''29th ,,\~r11 at th.o J~on ' '. 
, ~; ~ - .. '. ,- i 0, f' . '. ..+.- i' "", ~ , ~ ~ 

~~'tY' nnd.Afon Lll1.f'sr inlots, "ban tho lako to:lIJontur~ w8s':' 

7~5°C~ '-~~cnt"rlsh liei~' fi::st=' ~~""ht 'in the In!:e on' 1~3th Uq 

1969~ WhC:i'\h~·lnk8':te~ero.tar$" 1rs'a 10.5°0. It vae 'th,retora ' 
• ~.. I ...... 

} ,,,,,~ ~ '. ~ '" \ ~ ~ l,~ \ : ~ 4' ~~"" \ ~~: J ,. "". ,... < ',_ -i ..... ..-. lJr' 

'oOnoludod thrlt' c;amns took plnc2 in tho teoler'stroc.ca nt' SOCQ' 

,\ ~ ~. 'Il.,," ,..,.".... --.. r;.,' ,,< ' ': _- • < :. ". ~ ,~ , .~, , ~'" -l< e ~ 

1it;o batwoerl' 29th" April' cnd.-l)th lta1. -- It 1.' oUesesteJ.4 tbD.t t_ 

• .;. ~, ;..... .,.... -<l'r ':.' t.c....... 'f: ... \- ... "'" 1\: t, _ ~ ~ .. - - "J. "'_ ~. 
er;yl1DS in tact G~a-mea only- a' te"il' dqa betoro' tho "13th J.!:i,y," ,,~,',,' 

since heavy rains caused some flooding during the first week of 

. \ 
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Uay maldns cond1ti9ne.,unsultable ~or o;Ja'UUine At th~t tl:!o. 

In 1970 the last oce3tion on !hi~ Qature f15h wore c~asht 

in Llyn Teg.ld li~S, on 20th April end the t1rat .,pent tiah 

woro caught on 12th U3Y. Da.i17 a:.::lplinC tor eJ31mon rmoltQ 

was being carried out in the lAlco at thiD titlo Clnd tho tirot 

recording ot spent gr:.ylins "as probably fairly aocurat •• 
" ' 

The cnvlronl:lental condit.iona during lllte April and earl1 Uay 
, ", 

1970 war. 1'I3ter t.ecperstun 9-lloC, raintall very low, river 

flows low end wat.r clear. 

tn the rd.ver ~DQ8 'dUrlnC 1970 relntivoll 1nrS9 nu::bors or 
caturogrnyling were csaeht at'sit8 k on 3~th April at nnd 

., , 

site b on 1st l!~, . mld opent fish wer8 Q.l~ht nt the ca:o td.toa 

on the 5th' and. 4th' ot t!il1 l'ooveatlve1y. Tho TOntor t.c::::Hlrllture 
. . 0 ' . 

at "this tic:.8 ~aa 8.0-12.5 C, M.1 at tho ond or April th., river 

level '\'Iaa falllnc nfter n &:::111' flood a.nd the wntor weD oolourod.. 
. ..,,~' ., 

Tho ~ntor flows in'~ecstrg~ 30th April to 5th ~e3 were 21.5, 

18.9. 15.5, a.B,.' 51. 'mj. 3.4. en th~ IN, 4th &.'"\.1. 5th Uq the water 

'Saa 1011 and .. cle::.r en1" =;JG.~ probnblr took pInc:) in 11 conoontrated. 

;>erlod ct ,this t1c~., Ft.br1ciu:,t:' Custaf'con (1955) tou.'ld thct ': 

IOOst ~11nz cooplcted. their, ISpawina in iro::. t to 4 dn,ys, flith A 

tew tlah:ccntinuing tor.,up to n;1geek. 0r&!11inti at .n1teB q mdt 

were thoucht'to .cpam: olit;htl:r later th:n theee in nitto 1: 'w.!: h, 

since, the: ovidEnoe. suggested.. t};.Qt,the f1sh'causht' there on 11th and 

12th l!ay.had .. just: ~nli1led.. (noe section 6)., At, tbiD t1me the, river 

flo\'f, \Vae:betwoen 8, snd9· cu::lSCO, end, tho 'VQ\er tecpernture 'linG' : ... 

'11-12.5~C;-J ThuB~lt, eppearo tbnt although u~am1no in-'a' pnrtlcular',~ 

,.; 

I 
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, " '" J ' ,;~ .: • ~" 

locality Clay tako p1aoiJ in t1 abort period. ot titl., ap!'lv.n1n,; 
• • ", ' ~ .. 1 t ~ 

activlt1iJO tllrouebo\l~ the up;>er Dea rJ.a::J CX)ntlnutl tor c.bout'two 

woeko. No evldenc~ ot uq 8P~~nfnd U'ter 12th l:AJ' nco reOlrdod. 

A at:1all nuebor ot observAtionG wlara alt.O .;Jade in the 

River Jae 1n 1971. ~'our runn1no ripo tlsh \lore onueht at alta 
'. 

n on the 21st April and spent fiab were C4ught at thia cite, 
':, ,: ,\.: '.. ' 

and also at aita t, on the 29th April. The sater teQPoraturo at 
:-. , • r- t-.." • ,~'" 

this time was 8.5-11.0°0 • 
• "'., ,3" 

8. !b~tohln~ r.nd. el1rly otnr;e!) 
.,Ji " 

" 'rho lnCU~,~t~on poriod,tor ~11nc O~6'3 .W0.3 quattl by 

J!uller (1961) tlG bainG tro::a 2O-25deyQ tilld D. ~or1od or about 
• r ._j,. ., . , \ .... _ 

tbree \'7e~ka w,aa ,&iv.~:n to~JIorth }~or~ct,n cn.111n5 by Krua'! (1959) 

:mil ~18hop (1911) •. }.S,~3 lUl.,lno-.lbntion i'oriod or three ,,"ooks 
, ... ".:1' .... "". '.. ""'. ' ( ,. 

the eggs of River Doe nnd. Llyn Tag1d t;r~11n€ would have hatcb.~ 
".' -¥'>" .' : ... ~,l·i ,\ .. .:.:). ...... ..::_., ll~.· '" .~, 

1n late ;!a:/ or 6:11'17 June. 
, '; ~~: ,"'~ ~ :~ ~",~, ...... - .... ~~ ,!' o~. i ' 

. K;.-us.o :-(,1~59)~ ~,?~d .,~~t ,the ~ 0; I-rctiQ .t1"~11n5,~~1~'~.d 

do,n into ,Crebe It.!;~. ~ro:::l th'l ~reQdor S\l'tlLCQ within .. ten dey . 
" ." __ ~ .;.. ., .. ..t. ~,~ .. __ .... '. __ ~ " ' ... ~ " • ' .. • :-

8th July 1969 approximate17 one contb after hntch1n5, &01 wtre 
:) ~ ~~~::::..!l.; .. ~'~!.:,~~~:~Z~~,::~~,~~:::""':::7 .;~::,l_~~. :l~~:'!. .. :7 ..... ~ .. ~, ~~ ~~: __ '~"~ :..:~.:~; !~; 
first caught on 11th July when they oo~sarGd fro: 4.1 to 5.7 ~. 

'-:,'1' .~t; ....... : ,.,,"·-l ~.i-'f ~;':'!~;:l.'" <I.~1 ;'. 1\ "·;l"~~"'~f:',·~:~ \ ~ j ::, _ ",~:. ~ (:. -·;,~!-~f,:, ... _ 

'and. also at the inlet ot 8 6:a.11 unnamed brook' situated 'bo~1geQn 
+1;", ~ ~~ ~'\ Zi"M Y'~:,""J' , ...... ;.1~·~? i;").~ '\:,,~ AI. .;:,~~.~+~ . '''\{~''''''~ 1'''- .. ', .~.! ~:- ~",-,"~,', ~. 
'Sites b and c (eee pInt, 12). -, In the spring'of 1970; thr.e'pairs 

". , 
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tho a~~wn1nJ nctivity or thaGO floh, ~~l bl 001100t10n 01' tho 

reoultins fr,y In.o down.tr~ac tr~PI to aaSOQO CJrt~11tl betwDen 

tho ages and fry S'ta~a. Unr~rtunataly, n ver;; lnrce flood 

occurre~ In the loot week of April and thn oxpcrlcant was 

washl3d. out, A s1wilar erperi.c:lont in tho Aron Alwon otrea::J 

tank (Jonee & Kine. 1950a) r~lod when the fiah contrnote~ a 

fungal diOQllOe end dled. [ruBe (1959) eave 0 t'lguro of 2.5/. .. . 

survival trom egg to fr;r tor Qube lake grayllne. 

~he firet crcYlinl:.f'ry .woro Geen in th~ IUvor Doo on 

8th June 1970. One of thacQ fish, wb..1o!l tao::.cured aLout 2c::l. 
, ' . 

1n lellb~hJ wao c:lpture,~ by lWld in vert c!u1l1ow water OlOBO to 

the benkside. but ~n~50d to escape beforo lloC"llrato coatJUrGllontu 

could be made. Younc grayl1ne were first oaucht by tnsl1ng lU1d 
t, 

by netting durine AUl)Uut wh~n thoy ':lere about ja;l. in lcncth. 

Vary l1.ttl~ int0rcatlon 1a, D.va~lable .in th~ .l1ter3ture on 

the ailbryonl0 and, Juvonile. ',ntnseo or grr.yl1.nc (J~:ovl0, 1,9G4) , 
, ~. , A .~ ..... " .. ", 

nnd 1 t .Is Gtl&:)8ateJ. that" ,.-;0::0 war!\: should bo curiol out in this 
,." .)~ , '," _ .. ,.. .. ....,' • .. • 1 

tield on River Dee, graylinz. pocoibly nlonii th$ 11ne~ of, tha trial . 
, '~ . ''''~. ~ " . .' . ' . ' 

," 

9. . Tho aftoat" ot river 'rdf.Ulstion on M'nylins rmnl'lT11na 

, ~ 'AsOWllng ~hat' River' 'l>;JO"~li~c do' Bilalon in a1c:1.1ar plnoes to 

those deooribe.l' b~" FabrlCi~lj l; CU~Btar~n (1955), then it i~ ~ss1ble 
> _ ' , "I" lb _ "'" ,~ > \, '::";:; ""~. '. ,*':....' 't r , , ..Ii. , • 'I. -4 ~'1.' z. 

thnt river re£Ulat16n 00&- had aoQe etteot' on the breeding auoo.BS 
,'~ . ~ ... ,~ ~ .. , .. "'~ 

of 'grql1il8: "'Th.'eg~1I ot grt!Yl~ art deposited. under 4cm. or 

leos of tine src.vel~~~"'h11nt'tboaQ:ot trout 'aN laid at t.wice: 

,. 
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this depth (Jones &'!all, 1954) and tholo or sal~n n~ deptho 

or up to 30~. (Jane:!, 1959). 1J:h~ ccsa of' aalcon nnd trout 

nre laid in c::n.tch 00"'1"001" cravel thrul 1000' at grayl1ng, CUll 

trout oft~n l:;~\"m in' s::alltr1butary etretlm& rathEtr thnn in 

th9 tiut1n river. 

, . 
It follows free th1.o that the eCda at crqling 1n tho 

Itivor Dae c.re 'core' DUBcoptlble to tho efreot& or flood" cn.1 

drOuc:hto th:.n "Core thooa of iklbon nrul trout. '!'ho 1'1no grnvol 

in which the e~ aro laid le eno1l,. \1ntl~ed out b1 floods. Gnd 

61nce it is o1tunted in nhalloll w:>.tor 1t 10 Qu1ckly expoood tnd 

dosdc3tel during-periodo of droucht • 

.., . -~ 

The occurrenco ot even a ccdorntell Bovero tlood during tho 

1ncubntion period could land to largo ccale destruction of' egga 

and 6ubsciquently '6 :weak or musing year clooo. The hatching tlco 

ot grt'-71inl)'e~,' 'however 'lu VG'r3 c;uch aborter than that ot aaluon 

nnd trout~: end ·thirf·probi.bly oftoate the apparently d1&:ldVtmtagtOU8 

cusceptibl1lty to enVironcental conditions. UovertbeleS3, cnt' 

reduotion' in the'-frequonc.1 ot ndversa;condl\lono, ao =37 ,bo'brought 

&bout by ra5Ula\icn,_cuot"lealt~, ~~botcn~lalll lOwer cortn11t7 . 
I • ~ ~_ , .. -

rates, ,in the. reid.· Kr.1s, (1959) found. that tho b'To:1ioet ptU't of 
~ - • ~.,. ,.- t, 

.the QOrt~11ty:1tl.the~early atllJeB;ot Orebo.lnke ~l1ng. "~8 ~;,~:\', ~ 

,nttr1bu~8bl~to;~1slc~-e~ont of the e~-adarino tho incub~~lon " 

~ period ei ther,;,by; GUb.B~quent Bpa:-?~rB 0;- by" ch&n5?8 ~~ ~;.t_O!, level 

:. ~d. carrent veloc1ty •. ~ ,> '~', ' ,," .•. :''; I ','; '.;':,. .. 

It" is; arguablo"wcothor or not lower ccrtallty rntlo1n tbo~ 

rodd and. th' reaulting Inoreased numbers of hatch1XlJ flsh (reCN1to) '" 
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c;1ves rise to cny over:ll.1 inorenGG in the ~llulntlon. 1.ir.ny 
.. ' ~~~ .... ~ ...... "~, ... I~i " 

fishery ooientllilts believe that the nu:;b.r or Geca 1a111 b,y Il 

fish haa little bearlna on tho n'U:lber ot adulto thAt rOGUlt 
, , 

... ''l, 

(La Cren, 1965, Daverton, 1962), sinoe po~ulntlon recu1at1n« 
< -

I t.~ .. ,l 

mochanislls net me.1nly durinG tho tint to'1I waoko of llfo Q,nd 
l ."' :: c 1- ' ' • ,: ' .. 

are costly density dependent (~cFadjon, 19695 ~llo, 1169). 
" 

Increasod nucbors ot rocruito cay re~lt ln ~ lower 
. '" ',"" ..... : ... . 

incrense.pnrtlculnrly ~hon onviron=entil conditlcna boco~o 
.... ,,;. t. / . :''-.. ' ~-

favourable. 'l'l;o ot the enin tectorn which oonotl tato tl~Ch 
r;~~ ~,,". Y,,'" "-.~ 

fnVourable o:mditlonn are lncresoed food cuppllea and lncr9Good 
. -, 

living apnca. Both or thQSO tnctora C£n GorisG frog river 

rogulntion. 

-
Inverlebrate-e.n1:lala will survlve better in the QOro stable 

conditions- tohi~ti:.det in a regulatel1 rivor Slat9i:i, partlculAr17 

as c remll:t ot· the.,raduction in·tbe ho.mtul- scouring effects ot ',' 

floods, e.nd. terri ~orlea, tor.t1oh ... i11 l;Ol1erally incrosse becauue 

of the hilJher. Q~~: and cinic:uQ river. nows dicCUGtl.J. in chapter 1. 

Rosulatlon', caY.al~' ett"ci the breellttc nu'ccsaG or' Ll1ll 'T~d 
- " ". '" 4" ." ','''', • ~-, 

cro11iroS', 'inb;)th :the adult . 'and tr:/' etaees. Conolderablo erodon 
, \0 '\... , 

,.,. , • _, ~_ ~ • ~ , fell-'" _, .. "" .. , 

ocoarrci at tha"reeder"stre~'1nleto follo.inc the £enor~ low~ring 
• \ ~. '.... _" ~ .. l.. • ,,' .. • ... , I : '" ' -' " ~ 

ot ths lake~level, 'end esb10n weirs'tiere oonstr.1cted to licit this 

eroDiori '(soe ·cm;:pt'or·:j)'.·'':·'Ii 1o:·posdbi. that :thoca woira 'Q'D.y; 

.., - ~ ...,. ~ \. 

1Clpod.a the ,upotro;.;l tdgratlon ot leks srs7l1ng to eu1 tcble B~a.n1n8 

&itec, butevldanoa from tegsing experimento (chapter 10) ~.l&aectD 
.......... ""' ...... 'f ...... ---... ~<':,...-

\ . 

, I 

. " 

< , 
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that gl"q'lin8 readily- BUl'ClOWlt. wah ~all obetnoleo. 

~he lc.ko lovel is rnJ.aod durinG tho OU.1m1\lr (ch:!pttr 1) 

end tho' tics ot this operation roughly ooincld'tQ with the til:la 

of' f'r,? desoent into th~ .~~~e. Ornyl1na f'r,; n~end their oerl1 

life in e.'ln11ow watar (l~ller, 1961) ud th!t w:n;nor rl11c1nc ot 

the 1a~e level :greatly- increac88 tho areo of oha110. wator 

available to the tr,y, as well ao p~vid1n5 an lnoreab9d food 

supply in the form of' 't,erotns1 orcnnl~D. 

It 613om8 11ke1y troQ this, discussiQn that tho Salo res;ulr.t1on 

Boh!QO haa been benet1c1al to the' breeding ouoo1las of River De. 

and Llyn Tegid 'groyl1ns, md that this in tum hoe cpntributed to 

the lnol"Oacirlt; ato~tt:l which havo been obsorvoc1 sinos reau1o.tlon. 
, . 

1. Introduction 

'J 

l!trS stud18S. hrive been tlade on the reprodactlv9 b1oloa of' 

631c;on tUld troat (e:S. Jonos, 19401 \lh1te, 1942. JonGa b. Kir.o, 
". ::. 

i949, 1950a, 195qb-~ 19521 A11e~,'i95l1 Stur.....-t, 1953. Jonoa & 
• r 't J \ 

" .. ~ ""'-,~ , 

"l ..... - ... \ 

are beine conducted t1n the 'ilelUh DOQ aroa aB pnrt. of tho iator 
.... 

.... \ "--

nasourcas Doard. 'Proir~o (noe chn.,tar 1). In this 1nveGt1gnt1on 

seotion 30). 

,'!If' f''';:1.;.:·~ .w;~"~I" ('<, :~!":':=~." . . ,,. " 
Sex ratios 

• v 

The sex ratios ot saleem 'Carr Ct.nd trout in tho Llm '1'edd 
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Trible 51~ , C.ex ra.tio G ot cUcon parr 
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L:.. O~Ol 
. ~ 0.05 

> 0.05 
> 0.05 

L: 0.05 

(? • probnbilitl ot Ob8ervO~ rotulto conto~lnc to a 111 ratio, ", x.. tODt) 

,; 

Table ~. ~: :rntioc ot trout. 
'10 ~. '- !""( 

leU" Ll1ll ~eB1d . nivtir 
Class Feoder p DoG P 

, i;tN~$ 
, .... '" ~ 

1965 0.73 I 1 > 0.05. 0.33 I 1 > 0.05 , ~ ," ... 

1966 0~G3 I 1 -< 0.05 0.56 • 1 > 0.05 

1967 ,0.79 I 1 ,> '0.05 0.45 I 1 ~ 0.05 

1963 1.17.' ,1 " > 0.05 1.0la 1 > 0.05 " __ .t 

1959 1.65 I 1 ~ 0.05 
~ , 

1.40 a 1 > 0.05 

Totcl 0.93 I 1 > 0.05 0.72 I 1 ~ 0.05 
, , l"t.: r', " 

(p • pl'O.~r.bi_ll~1 01'_, ~~Qerv~d.~reoul~s (X?nfomins to n lal ntio, 

'X-2 teet) 

. ~ '" .. 

~a Wl:lOn parr outnu::bored. 1'e:ala BGlcon parr in the older 
..... -'~t~,~ ~3v~l ~·:.~'tl~ ~';ot.:.: ' ,.,.:~ 0, .,"" ' •• ,' • ~ ~ - ••• 

elie groupo, but not in tho ~o~ age eroupa. The overall rntio ot 
.. ' <~ "J. "',. .:.;: ~ > ,~~ ,; '" t"'"', 
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calee 'to f'oQnles in tha Llyn TeGid tOildor str.a:s I11d not 

difter slgniflccntly' fro:al,l, but mnlell outnll:.bere.i fC::::lleD 

in the River Doe. 

Tho ro£ults obtained in thin study were ~ubGtr.ntl·l1y tho 

tmCO os those found by Jones (1949). In hiG utuJ.,y,tho m.cotrD 

of cillo n."ld temale ik1.1ttOn ~o.rr ware not n1{)nif'1c:mtl.,y different 

in the l+- - 2 yanr c.ce croup, but caloa eru:ltl:r outnu:ib~rod 

fe:::flles (~.7711) in the 2+ - l yeor £lJ'G gl"Ou.,. He conBid.orod 

that th" 1ncreasi~ dotninzmce of ~n1." over fo::nlea in oldar 

age groups was 3 reneotion of tho nt.taIn:mnt ot £8XUlll 

cnturl ty =1 ::3~e fish in their ~eCQr.d ,¥c:..r of life. Ht thousht 

that th.e high proportion or 3 yoo.r old =:110 fich r0flected. and. 

probably accounted for the high ~roJX)rtlon 'ot f0::1:\100 coned 

2 year old smIts. This prolotninnnco ot re~nlQQ c:oncot 2 year 

old scoltu was aleo found in my otuay (oeo ohapter 12). Joneo 

(op.cit.) sUSClsted that 3 ye~ old cnles Qn)" a.,Il'rn coro thnn 

onoe in the river before cigratine aonuards. 

The as%: ratios of trout followed alcost rGVoroo tranda to 

those ot fmlmon ~nrr, fe::lalas outnumborlnt; was in oldar ll()8 

groups. tuld. males outnU::lbering tecalell soongnt tho yot1ll(;\lr fish. 

The overall r:ltl~ or male trout to fo~le trout in tho Ll~ 
" . 

Tecld tr.~der etrc!l.Cs d1d not difter Bisnitict.ntll tro::l 1'1, but 

tQ;:ale~ outnu:lbo'~~d. cnles in the Rivar Doo. 

Variations ware tounl in the sex ratIon ot ealcon parr in 

the different Llyn 'l'said fead.er stro&ms, and aleo in d1!terent 

FnrtD ot those streacs. ~nble 59 Ghows tha sox ratios or B:1lQon 

parr in the Llyn 'l'egid teed.er atre£J::s. 
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Tnble 52 Z9X ratioD ot a.utr.On parr 1n tho Llyn ~ec1d 

feoder otrs~3. 

Rival' 
Site. 

A. LIlw 

Observod ratio 
ot malaD to 
tecl:Lleo 

2.80 , 1 

A. D.Yfrdr~ (upper)1.75 I 1 

A. DJtrdWJ (lowar)O.32 • 1 

A. Olyn 0.79 I 1 

A. Tm-ch 2.64 I 1 

A. Llaiar (upper) 0.57 I 1 

A. Llafar (lower) 0.66 I 1 

Probabl11t.1 or 
rtGUUo con
fomln5 to 111 
ratio 

< 0.01 

« 0.05 

< 0.001 

> 0.05 

< 0.001 
...::::: 0.0,5 
..:( 0.005 

(AbWldonoa ot apa\ming craval fro::a table 5. 

AbWlIic.noe or 
DPAr.-n1ns 
crnvQ1 

++ 

++ 

(+) 

.. 
+ 

(+) 

(+) 

chnp'tor j) 

Thero appeorcJ. to be a correlation botwt?Etn tho -rroportiona 

of tho coxea and the nbund:.nco of CQD.1.nina crtlvol. .:.!aloa cretlt17 

o~tnuwb~rGd teQ3loQ 1n Drees where cpa~n1n8 eruvol W4D abundant, . ~ .'., 

and the reverse wa.s tnut uhere tI~ai'.ninG &ravel 'gao ccarce. This 

diffeDOtial distribution u~ be relnted to tho participAtion or 
male salmon pa.rr in tho s~a'.m1.n8 o.ctivitieo of tho adult fiab. 

(Jones a fane, 1952). 

lla1e Gnlc~n parr out~~bcred f~alo B51con r-n~: nt all 

siteD in the River D!o. The nu:::.bers of calo nnd te::lcle trout did 
~ • \ ~ i'~, . , ,', l> ~ 

n9\ diffor siO'llf'losntl1 in U1Y or the Ll)1'1 ~ogid toaJor otrocm 
;.. . ~"*' \> .. ,,' ,.". > ~ +. " , 

aites, exoept in the Alan Lliw where males outn~bQred t~al.a bl 
,'<>-, r ~ • , ~~, 1:'; ~ ~ ~ 1 '.' • • ~ .-

1.86 I 1 (p~O~OOi),t.ndin tho-Mon' 01111 where tem1ea outnu.1lberad. 
.. !' ", .. , ~, .. <I. t - ~ - ., f -'. '" 

m~fe~¥by i.54 , 1 (p<O.05). 
. -, 

\ 



The-ego Qt which cdurity -"aa raaol'.ed by trout ~'1{1 

male adc:on parr in the Ll:n 'l'Ge1d tooJ.tr etren4llo (ln~ tho 

River Dee 1s oho'm 1n tablo 60.' 

Tr.bl~ 60. 

a) Trout 

I 

2 

3 

4 

5 
6 /,: alder 

Atta1~cnt ot a.xual catu~ltl by ~rou~ and ll'l31o 

salmon parr. 

:' ';',.. ... 

. 

Percanta.:. ar CD-turo f16h ct tho eM ot 
Quch loar or I1fe 

maloa tCBlea 

'0 0 

0.0) 0 

22.4° 12.40 

16.50 50.00 

96;80 83.30 
,100.00 100.00 

Peroenta.gtt or catare fish at tte cn:1 at 
e:lch year at lite 

1, ,- "'... - .. ~' ~ !' ~ ~ 

2 
l &. older 

0.2 

8G.8 
100.0 

. ... ~ ~ ~,. t.,>.~- f'"-, -". '-y ,,-::. ' 

Uala troat woro fauna ~ mature nt a 1OWlJor llGO than 

181. 
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_ • ,;' j, ~ 1",' -;. ,tt • t ! «~t':':, " .... ~.;" n " ~ ~ ~ ~ ....... ~, .... ~ .. ,.;: ~ ~ "..... '~.~.. 5.,'" 

fci:Ule trout, most Qat. rich ll'laturiIlg' during the fourth leu ot 
">........ " ' ...... - '!" ""_~~ \. '""~~ I"'. ," '" '. t~"': >':.('~'\;~' r ;--. 

itte, 'and feQsles'Qaturing'dUriD8'the tifth :recr. 

nexual Qaturit:r wns first reached. b:r tho Qajorit:r ot cale _ 
"~"',,' ~..,,-;_;~~ _t'": \'-!4··:::-.t~ r<,~~-" :.'~ !~-~,:~'~~ ': .. ll:: 1~ _~ ..... l. Y'i:~"'}j.-- J.~" ( .• ~". '-- "., 

sallilOn parr a~ ~b. end at ~he second 7ear at lita. ~hQ 1+ to 2, 
..... _~~:. ~:f.' -f. ... ~ .. .t'-Iri:;l, l;:._~~ 1:!' j ~~ • .::, ... ~ ~~~~':.. ~.; ,'-.;.:;...1:"".,: ::1';~ ',k-~'..L ~~"',,.. ~~ ~lL.c.~ .... ~4 

year ago group ot ~n. parr coQprise~ .~!Z' 1,:::cat~~ .~lo:, , .\).'.: <;, 

. :.~.~.,~.".fLR .. ~: .. _~ ;.:':~~~:~:'j.. ~ ~\l~,~~; tt<+~r.,."~, I;'~:' CJ' -,;' .. -; . ~,.-.f-" y--, ( 

l 

" 

. . . 



4O.Z :::;ature cnlaD tmd. 53.l.,1 t'cnclo:. JonQ3 (1~M1) found 

n Inrgl!r pl'Orort1on ·ot tm3turo c!Uos in this fla- eroup anJ 

rocorJ.aJ. tha proportlonlJ ot t~a threfl =\O~rl.09 raJ :21.9,::', 24.9',~ 
• -,~ ~ " ,~ , l .' 

&n1 53;6:\' r8~;>~ct1vel:':. 'r~il~"1na tho t1ro\ attnin:j.,nt of 

£oDnl c:atur1tl "co~b trout enel cn:U. salmon ;;ct.rr ... ere toun\l to 

{ 

The GCQfJOnnl dGvelo;,'Qent ot: thQ coned. of t~uf, tnd cnl. 

,; GalL"'.on ~·&rr lOr;) ch.:um ,1n £1CJ.re S5. Thil eon!1d GtC[;GO G1v¢n 1n 

thia f1a,-.lI"o or ttoao rd'8:To.! to in c!'ln .. f,cr 4 (&;oct1on U:J.~. 

Conad deva10ICcnt tJtnrtoJ. in Ju.t'lOa by Ootober t:.oat. trout uoro 
, , 

'. ' 

rir;o an! bl f,'ov6Cocr coet 1'.1D.1e wr:.on ~4rr \iaM ri't)o. Trout 

Eipa1011el 1n f,4!J Itt t.r b.ru.£ of I;ov~bo:"t tiJ1i1 calmon "~::;:.nc:1 1n 

G.:l.:rly DoC3:1)er. '4'ho bOneJ d""llo~ant '-Il~ G:;J:1ttn1nc ot \l"O:.1\ th:.11 

,'to~k plac., sl1ghtly ear11er in f,ha ye:lr t~~ 1n nal,,"):)n )4rr. 

nc:;.b~rptlon rJld re~.1.al'o.tlon ot ccn::.dn too:;' pl=,c3 1n bot4 trout 

end sslb:>n r41'l' 1'1'):1 JllZl~.1 to l!q. 

. i i C. fUr.r.:nrz 

1. 'rho C~% ~t10 of 8l'81l1ns in both Llyn Tee1d mel the 

ru.vor !AJe d.id not diffor u£ll1tic:ntl,. fro:! 111. 'rh, QOX titlo8 

of saleem parr Uld trout varied acooNina to e.~ M"! dirrcrtd. in 

wrtrent hablt~tllS.· UalQ· Belmon rnrr prcjoc1natod over t8:3.1. 

aa1con :palT in older as- classos &ni 1n UtAS contdn1ns abund.1U1t 

8~t1":.n1ns gravtl,·'but the nu::bero or cales an! tem3le .. were a1dlar 

in loungor Ilga crou~'o. Fe:::11, traut outnu::berec1 Clalea in tt:.. older 

etr!' grou-po end. th~ reveroo WAG true e.concnt )'1:)uncer fin.'t. 



FIGURE 8S 

Seasonal Gonad Development of Trou t and Salmon Parr 
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2. test gray11118 Clotured. at 3 yown or ceo, cnJ 011 war\) 
.' . 

mature at 4. l!ost calo cnlcon parr (aG.n;!) attainod oom:ll 

Clnturi ty durine tho second 78ar at lito. 1.:810 trout r.wtured 

e~rlier in life t~ teQolo trout, coat Q310D :J~~uring dur1nc tte 

toUrth ye3.r or 11fe nod. t'OQaleo in tho tirth. 

). Tho gonads at ~aYl1ng d.ov~lop.~ rapid.l.y troQ Jul.3 to 

Docecber, r(xas!ned at ste&e IV (V in lJa18a) throUtJhout tho 

wint~r and ripened in the spring. 5pam!rl(; 100k plnc3 1n !..:QJ, 

end roadaerption end-rGcooaration in June • 

." ¥" j 

4. Oal.r:.on r.nrr gonads developed more 010\11:1 tbnn tboca ot' 

trout, trout rlpe~na in October and Dpav.nJ.nJ in Nove::1ber; calmon 

parr ripening in 1:0vecber end opawnins in enrly Decs:nber. 

Rondsorption and re~nerntion took place from Jcnuar,y 10 ~n1 in 

both species, Qllcl rodovalopnent coccencod in June. 

5. Tho focundity ot GrQ1l1ng was expressed in relction to flah 

lenGth £nd. waight in terao 01' the tollowing Dquntions , 

log Fecundity • loa 17.56 + 2.626 loe lonstb 

and loe Fecundity • 106 0.4821 + 0.893) loe w9ibht 

Ext rcpo 1 Ilt ion 01' the fecundity on weisht rccrecdon E;1lvo an 

ost1cate or 810~ cess per !Cgw. bod,y waisht. 

6. Gra,yllng were foWld. to lellve Llyn Te~d to OPtl'm ct unlmown , 

localities in the Ll1u Teg1d feoder streams and. in the River De9. 

The location or soma PlBc1ble Gpawning fl11eo or River Dee SI"n,yling, 

whicb. oorreapond.ed cloDely Tdth those described by Fabricius it. 

CustafElOn (1955), were conslderod. 



7. Graylina in 1969 and 1970 woro toun~ to mr-c.T.n dur1nc 

enrly May at water te::lpor~turou between 8.0 o.'1d 12,5°0, fihtn 

river flows were low ena when the river water wac olear. In 

1971 cpa'lmin« appsrantly took place 1n lc.te April at wnter 

temperaturoa of 8.5 to 11.OoC. 

8. Graylif18 0&)3 were considered. to hatoh 1n late 2J.ey or 

earlY' June. The first try war" caucnt 1n Llyn 'reg-iel on 11th 

July 1~6), and in tha River Dee on 8tn June 1~70. 

9. River reGUlation was ~hoU,£ht to hnve bad ft beneflo1nl 

effect on th3 brooding IJUOOO:l8 or Rivor Doo Gra,yl1ns, on.! alco 

on the survival ot t'q in both tha Rivor D.a cnd Llyn 'l'oc!d. 
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Sl'UDIES ON T~ roruLATIONS OF ORATr.Dm IN THR RIVlm DU;~ 

, AND LLYN T}::GID 
, ' 

, ~~ ~ .."", .~ ~~ ~~~< 

1. 1!ovementa ot crayllng 

_; >, A.~ ~",-"'/-':(Y .-,~ 

The tew studie.· tliat' have been carried. out on the 

movements ot Src1u.ng:'pOpulatloiul, have costly been concemed 

with spawning'migra.t1cins tro'Q'lBkea (QU~atson; 1949. rNae, 

1959JBalon, '1962) but~1n addition PeterD:)D (1968) mo.da DOme 
• • I.< , "" • ... ... " ~-, '. • ~ < ... • 

observa.tions on non-sprnming tlovecents. He round t'lO aenetlC3111 
• • .' "" .., 'fo." " ~.... ",' " • 

identical sub-populations in the "River 'Indalcalven, one which 
• ., " 'OF '1 -" "." • - ~ 't. ~'> ,.,;!,. ... 

originated troCl SUnc1svall ~"';and the other '11 Itpure" river 

pOpufiition. >The 'SUridsvall 'lkq' ~l1ngonterGd. the River 

In:13loalven ~o 'spain' midntSyeJ. <:in 'the river' tor'var;r1ris parioda 
. . ~ 

or up 'to one ieo.r~· 'This ~croup 'or fish movod 'e%tanr:dvo17lrl.thin 

the' rlver~' :l:iut ~the "pure" river population coved vert little, all 

recaptures o~· such tlah;being made ,ver;r·cloao"to :.tha "placl8rwhere 

thel were ,released •. ; ,~.~te~~,~ (~p"c1t.). alao ,.toundtlult v.rt~" " 

little ClOvement :oc~ed. ot:grq.l~DO in ,&1ndsvall Day. outa1d.e ot, 

,.. _'"" >. ,... ~ ~ 'tIl.;;~-

ThE' populations 'ot grql1ng in LlJn 'J.'egid IUld the River Dee 

showed. ·soce.,sim11arities.to .the two ,groups ot ,fish de8cr1bed,b7 

Peterson ~ (1968). ~a!l .ell: as', some, intel'eating:d1fterences. ' . ~wnins ' 

migratione ,were: d.al~,w1tb ;in :t~~ ~rev1ous' chapter ~<and.the : present: 

ohapter,dea18~pr1ncipal17,wlth non~~pa~iD8 movements. ; ,The numbers 

of':graylins;~~ggedat, each'ss.mI'l1ng Bite in:Ll1n-Tee1d. and the 
, , 

~, ,~. ,',' ,. 

.. ".', 
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River Dee, and the location of aubaoquent recapturea can be 

aoen in fisure 86. The cathods of' ta.ss1na ware cUaouGDod in 

chapter 4. For the purposes of' this study it hal been 8sw:led 

that marked fiah behavod in tho SBQe W83' &. Wl::larkod. tiab. 

13. Movements of e;rp.ylin,Q' 1n the River Doe 

(i) General movemonts 

The cQvecents of' tagSOd sr01ling cnn be Dem in n£U1'e 8G. 

This tigure includes the movaDenta of' fish used in tr&Ulsfer 

experiments (sites 8-0, see sootion lB,ii) end. such covGenta 

have not been included in tha asse.8Qent of soneral mOVGQlnta. 

Exoludin8 the results attributable to the transfer exporimonts, 

a total ot 117 (84.&p) sr~l1ng were recaptured in their aite 

of origin, and 21 (15.~) were recaptured els~hara. ThODe 

reGUlts indicate that the distribution of grql1ns in tha River 

Dee was not random (X2 test, p < O.OOl) end that mOVa:lent 

wns restricted. 

This type of restricted movement baa boen recorded for cSJ'l7 

stream tishes (Gerldnc, 1953, 1959) and 1nd1catea thnt such f'ioh 

occupy a "home range". lIa1na (1949) defined. hoce reJ16G as "tho 

area over which an fl1l1m:1l. nol'QtlUr travels", &nd thia dofinition 

baD been adopted here. 

The demonstration of' bome range doea not neoessarily coan 

that territorialit1 ia involved but it dolO ind.1cato the possiblllty 

of this phenomenon (Gerldng, 1953). Evidenoe tor the oocurrenoe of' 

territoriality in 'the River Dee grB11~pulatlon la praoented in 

the follo~1ns Bootion in conneotion wlth transfer experim,nto. 
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FIGURE 86 Movements of Tagged Grayling 

KEY A-Z,a.t Llyn Tegld and River Dee 1,les 

A-Z . a-I Recaptures of 'Ish from above alles 

2,9,26 ... No of !ish tagged at each 1.le 

2,3.7 ... . No. of recapture. 
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The distanoes moved b;y thone ST811ins whioh did loavo tho 

home nrea are sho~ in tigure 87 tor each 200 metre interval. 

Eleven at tho recorded movccenta oocurred. in an upatraa:n 

direction, end 10 .. ere downstream at their Bit. at origin. 

It waD found. that 76~ at the recorded moveaente .ere within 

1 lCm. ot the "home area". 

t'Qme bias towards negativa moveaent will have been introducod 

as a re6Ult ot the absenoe at samples troc:a otrotob •• at the rivor 

between oertain of the aacp1ins BGotions (aea figure 13, ohapter 3), 

but this error i8 likely to be s:1all since ant large ocale move:;lent 

into such areas would undcubtedl7 bave Dhow up in angler'a odob.a. 

Some error mat also result trom the arbitta17 Ill10cation ot oito 

boundaries which cq not coinoide with home ranges. The lcnslot 

rocorded movec:lent was' at a grayling tagt;'td at aite i in FebNsrt 

1970 and recaptured at site Q, about 10 Km. downstream, in Jul1 1970. 

ctott (1967) described the populations ot coaroe tiah in the 

River 14le, £urre1, as compris1118 tw com~nents, a statio group 

norcal11 distributed with a narrow dieperaion, and a a:naller Clobile 

group whioh wandered mora 1I1de11. Scme evidenoe ot this phenomenon 

was found in the River De~ grayling population.. 'rhus a gr:I11ins 

original11 tagged at Bite k on Ootober 29th, 196~, wsa reapatured 

tor the first title at Bite i, 2900 mitres upatreac, on l~ June 

1910, and for tho second tice on 9th Jul7 1970 back at Bite k. 

In addition, a tiah tag~ed at Bite m in Januarr 1910 \taB ra=uab.t 

in !larch or the Ot:U!l8 ,-ear at site n, and subsequlntly returned to 
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Movement of Grayling in the River Dee 
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Gite m. where, it wBs l caU8ht in ,1Iq. The tact thAt both ot .. " .. ,,' 
', ... ~_~ ,.,.. c • ... 

these gray11ng returned to their a1tls ot origin after moving 
II _". • 

away SUOgGsts the poas1b111t1 that DOlte grB111nc tul)" altemate 

between two home areas. Thia, however, waa alnaldlred to bo 
• ,,', i< - • -f 

an unlikely explanation tor tho first exampl. given, beoau8~ ~t 
",' ... , 

the long dlGtanOGD travelled. • 

The oocurrence ot a mob1lo portion ot the population =&1 
• l ' ~t' ~ ) " t 

result troQ tho inabi11ty ot such tiah to acoept • home rcnse, or to 
" , 

maintein terntorie'a in co~pdit1on with 'other tiah, the l1a8 
1\0. 4'" "' .. 

aggresSive nah being torced to Clove troCl one t.:l~rar.1 position 

to Mother temporar7 Position' (~11.ber8' 1958). ' Evidenoe ot the 
. , .> , "-t. t , ,. .... .. ' , 

inab,llitt or "foreign" £Tn.rl1.ng to obtain territoriea in 

competi tlon ~th permanent ~n1dentll WilD tound during trAnuter .. 

Since the degrea ot agsreauve behaviour, and thua ot 
-, - ~""'J '....--.,. t '. . .:.,!~ ""'>? f"~ ~ . .' - ," " 

territorial1t:, 1s'ott'en' a tunation ot &1:u (tall'eber8, 19;8) 
"'t 'I''': ~ ,f'~-" ,";i ~~' .. .;\ .~'''''-;.'' - , . " 

1t 'wuld 'aeeiOl reaB)nab1e to expeDtnon-sed.entar:r £T8¥ling to 
~k. ;; b.JI ~ .. ''t'~r'~! 'i.~t."".);.: •• '., ... » ,c'''~' ,:''';;: 

be' SIXUlller than sedentlU7 fiSh. This was not tound to be true 
•• < '. ...... • .... "I1' ... ,~<t .~ ~ __ ~·"M .... , .,.., 1" 1"~ r" ... oj... .,. ~..... ,~, >' • " 

or thOse"grql1ng 'Wh1oh~moved'1n th.- River Dee. -'The n~b.rs ot 
• t ~ "; '~" ,':::' 'r ...... ~"'_ ~ .. \!':.1. "",-!,,,,~~,: '':.~'OO; ,,", ,''- 'r .' ~ 

move:nents recorded.'ware very Slall, however, and no conolusions 
• t ~ '~ .... ~ ,"\ .. ~",l!" -4" "~.i'·'l·'1 - .... ':, ... \ ..r' .... ,",.,c " ,,. .$, • • ' 

con' be reaohld. on'the posSible benet1ts,' or' otheniao, ot , , 

, .,...! .. ~ , .~ , ... ..p t. }. 1; -~ ~ <t: -, ~ f ~~,,~ "A, !. ," - " 

territoriality to" Browth and feeding. ~Cei-idng' (l953~ 1959) 
• • ....... ......,... ~ .,. ~ f"'~ ~ ·t ~ r":- .... ~.~ ". k .. r) ,. _ .... " , f'" N... ','. '" ,. , ~"'. 

emphasised thu'-icportance or' Gtrq' tiSh -in ~ providing a reserve 
, , .;~ ;. ( •• ~.1! ',.~...-.,,~ ."",~~,~I,..""';;: __ ","~~~ ,...-' ... .10:,. ...--..';":.1 '" ~., 

supply available tor ;OCcuP11ii~"va'Cant tarritorieo, repopulating 
, .a. • " ._' YO) !""" ," ..... ,' ...... ..... " r'" Jttt /,t ... ..., " 

dec1mated.' areas,""'end.' 41stributilig the lJilec1ea over ita geographical 

l1mits ot tolerance. 



~I 

(li) T~ster exper1rnontn 

" ,,> ,t , 

The oocurrenoe"ot territoriallt1, whlre tlrr1tor,r 1. 
, .. -; , 

detined as' Bn1 d8tep~.d< area: (Noble, 1939), iis ditficult to 

observe in a large river' BUch &. the Dee. Experiment •• ere 

theretore conduoted alone the linea aume.ted br a.r1d.ng (1953) 

who considered that terrltoria1it1 could be dOQOnstnted it' 

(1) tlab move rapldl;y into an underpopulated IlNsl 

(2) a "foreign" population, on audden17 enterill8 a .111-
, • ,- 't l.. ;. 1. (J 1;. J ~ -:'"' ::. ,...., ~ v' ... ~< • - "" \ _ - -r j"'"' • ~ <l 

established population, OOClpete. with the ot~ers, but the 
:,."'~~~ f' .... • ~' ttl '.·~'i ,~~ ~~(, ;-'1, _.~~ iT " ~ -:: • j "'J,..-

residents hav:o some advantage in the coepetition. As a 
> " 

result "toreisntt tlsh moye to a ereatar extent tlwl the 
,>,;t,. .. , 

others. 

. - ,- (3), t!le",well,,:,:establ1shed individuals move ClOre than thet 
.. ~!..... '... .... 

usuall1 do all a result ot the coClpatltion. > 

, . 1"",·' ~ '! " ;:" . ~:' ,...~ ~...... "" i~:.... .'~' .~,iF ,; -<>. • 

,The exPeriments vere carried. out in sites G, b end 0, lind 
~ ~ ,4,~ ~ -~. -... '..:. ... ...( ~~ .. ~' \ ':,"",,:~~A.-:~:... ~''''t. ••• ~ ~ ~ '" ' ' '', ' • 

- ",' • , • '11,;'" .;, 

, '" 

grtlYll~ oaucht , at one .s1~e:> "e'~T~ :togged and releaa8<l at another 
. .. -" ... ~ •• .., -,....... ~!. '\. .... _,. "l :;' ..,; -\'~! ",,' :.... -~_ :. " ~ .:,.""-.... :;.~ ~ '":." 

nita. Th., et1'e~B ot!> such. ~,r~l1tors_ .. ere ,Gssessed troe subsequent 
, A. ." "at: ~ •. ' ... \.,,~..,1 \U"i';;~' l I; w, t- .:~' " •• "" "- ~ " ""~_ ... 

"" J ~. r ~ "'", ~ , 7\ 'I 

recaptures._, arqli~g ~~r~ on~~. ca~t in large nu:nbers trom site 
,.~, ~ .<' .... ~ .. t ,~~-~: .... ,Jt .. 4."."." ~~: .: b··'~')\~' 'I ..,. • ~:<:10 ~',"-J~";"td.~·.-t'<'i~<t-

a during the ,experimental, period (Januarr 1970-April 1970), and 
'- -........ "' .... ,. ".".,\,. A..t.\.:->< .... :.-,,:;, .. ,,":: h .... ~~: ,':'.i:';,~'t.~ "':,.~;,,",,+,.,.,, ~,;;~"" t;J~"":.·.~ ",:-'" 

EOOst ot ,the .. transfers were cadE.! trom that site. 'table 61 abo ... 
, l ... !- ~ ':;"~~." A~<.b t~ .. ,!7! ~.: \ ",f_~~ :-b ;;..!:"::'i._~~~ ~. , ... T_ •• ..; ~ '. ~ty"~ ~ 

,the relevEJ1t details ot the trnnster experiments, tOi)Qther with .. ~' '-, ...... "", 

the diotcnoes between the centres ot ench s1 te. It ahould also be 
. :--t ~r~ 1l4:' ; :~{:t~~,.£~'!>!. ~:r :~:~ t, i' ,"'.1 ~.i< ". r~ ~" : .. ,~ .~,.ot. ~_, ~.. ~, .. ~ 

noted that 'the Bal. 'puling station •• i'r "(plat.:);' Chapter '1) torma' 
I ," t, ~ ~ ~ .. ~ .,. ! t ;~. ~ :, ~ ~~ H :~ -: ;'~ :~- ~~ .: .. , _ 'l; "::~ ... '1' ,i ..,... " (' l '" 

.,. --_ ,:. .... ".f;) ..... :""'- ~<.~ tl,d\;'-' :, ;: . .."" ~ :~.""~''''~"'-~~'''':I;} 
the upstream boundar,y ot a1 te b. 
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Table 61. Results ot transter exper1monta with River D •• srq'lilll:' 

site ot, 
,', :orig1ii . 
t, 

a 

b .. , 

° 

. b . '.,_ ,250. \1', ",4 1 (I' ;:/ v,,' 1 ' , 
, .... , '.' ''OJ'. ~ ... ... ..' • • J i- " 

a 250 7 1 
. > J,J l' ,t;, ~';t $ • , ... ~I\J;; i~~(; .r' 

b 160 80 3 

" Reoaptured. in sit •• , 

b , o d ele.who 

'. . .. 
o 0 0 .... - 0 

2 0 0 0 ., .• " . , 
0 13 1 alte 1 -

o1te j - , .. '~' : :., \ ':' ~:r" ',: ~ f'f H ~ ;;:l. ~ .... ' < ., , '. 
~;I' 

.~ 

It .no competition tor territorie. oocurred. b.t .... n rea1d.nt 
~\,"'.;I'.~ ... ':r~~ ~"'" ' ... .0; c .. ~ ..... .., '"\.. ~ ,-""' .. - .~ -.".... I \ 

. ~~ int:z:o~uo~~ .if!lE'J t,hen ",~.h.,~ ~bs .• quent distribution pt, recaptureD 

to11ow~ng ~h,a, .. t,~,!d'.~;,~: ~~~~;: ~v~ ,been randoCl. "Table 61 olearlr 

shows that this was not so (X2 test, p~O.OOl) &8 on11 one tiahwaa 
~ I~ •• ~ J "", ... ".~~. t'!> ~t "~~ ~ -1:.~:' '.,,~ - ~ ..... ..,. ~. ~r)J.1!' 

'.'" ,-: \. ~ t ..... _., ¥ ....... - .. ~ • """ P<- ',' - ... 

capturod in the site to which it waa tranaterrea, coClpared. with 22 
1,""\" ~! ... ~ ~:'.; {~.i~~·~" \· .. "!r~' :')·.f)~,",:-:._';~ .J.f,: .... ·- ,.' ~' ~. 

recaptured elsewhere. 
~.~)", ~. ~: ~'('1 )..~.) t;!:~..v1).11 ~ .. !,~::) 1t( I t~. , ~"; COl, 

." . The results. also .• bow. a. distinct' ,tendency' towardG the ''homing" 
~~t .. ~ " ...... ~ ............. d_,.·.. ..." ... ~ .... ' .. .."u ;0- • - "". 'J-.... " 

ot displaoedrtish,., where ,~tdng", reters to the. choice a, tiah mo.ke • 
• <"' .. ' "... ... , ._,<:_J ,..,J"" ..... ~ ..... ,.. ",,,- ~ .". :# '''' '- " - ' " 

~bGtwe8n. retumins.:to _a place tOraler11.occupied.instead,ot £'Oinl: to 
~;;'''''''-~',/J~' .,..7 .Jj, .• "~.,, jr .. ...,.. ~. 10"" "A .. '_'l" -'1" ~ ~",~.. ~ ~ , ~ , .z. " 

~ e~':1~~~;r.;.p~~~b~~_?!!~ •. (~!~g, ~959). ,:.;,It ~YGent8,,!8re. on17',~' 
'''~i~rtb~!~~;.! ;,,~~,~ ~h!'l~~~!~!~Zl o~ \ an ~~~o1~l17. under po pula ted. 

;~~e~.:~hc~,~~me~~~~~L~.~l~~!!:a.,IUl~ c.j~~ld ~! __ J~.en tound;in 

site ,0, and.th8ip;-oport1on.ot;ti!h.return1n& to 0 wuld bot have 
,.) ...... _ ~-t"'''".-"' F " ....... & .. ...,.'r .... ..L -- "'-1'- ""'''.,,1' "' ..... ~ ~~ • 

•. Taldng.the .. transter,ot. a1te.o fish;.a beins moat representative 
;..' ..... ' ',. f ... of.''''_''~:r •• :.' ..... ". ~ ... ;:"'1 ~ ,.-~' .... <, ......... ':..'. ~'" , '.-' ~ .. , ... ~ .~ ~ ,~ • ~ 

then 68.~ ot"the rooaptures ot .. fish rele.lied in ait,·b •• re recorded. tf .. ~ .... l\.: 41'/-1,. (. ,~,;-t~'~~.#' -.~ ... , .."-,,,. .... ""-,~ ~ ..... , .... ~ -. ',o¥. , ', ..... ~, 

I 

. I 



" 
" , 

. , 

" ' 

",,'Ii.' ~ • j ; ..... ~; • ~, ~ t., (t tJ.:' .. ! ,,-v,.. 10" ~ \ ) ... • ~ • u· < 

back in the "home" seotion 0, 15.8~ went upatroam trom b to Il, 
, '\,~ o'~\.: t?;~ ~' ... -7. : ...... ~ '. '.;I ~' 1\" 

and 15.8% went downBtream below si'te o. Some biaa towarda 
" ~f.,. ~ ·'1 ... ; ~~A~'''' ~ ""..... .. ~ ~: - . ~ , ~ f ~ , '. 

"homing" may o o cur: ' with site 0 fish beoause ot the relativel,. 
. • .. j' 4.""" "'~'t" ;:' it;'~~· '" J. ,~~~.~,~L 1-

~hort distanoe 'from b to 0 and because or the neoeaa! t;y ot 800endins 
~. i" .;<\:_ " .j .... :~.r,.~'~ ~f-\,t . .c.,::'" _. ~'~~ ,,;:'" J."'~-.tI.' . 

the gauging station weir when leavins alte b in ~ upatronm direction. 

"Homing" ot Bite a graylinB atter trGllaterenoe to aite b, 
, " .. Y;J '~' ", ,:... :, 1,', . ':. 1. " 

and the movement ot some ot the Bite 0 grayling into uta a, 8U88oatB 
";- ." _.~ ,S i" \i.: ~, .. "1 ( 7,~ 

that the gauging atation'weir-doea not serioual7 impede the 
, . . .. ~ .. ," ~ ~ ,.., ."->' 

movements ot'grqling.' '1'hi8' tinding is ot pa.rticular inteHot 

since grny;ing, ~~~k,:".,aal~n ~~,trout, are not-generall,. noted, 

tor .,their abil~tl'_~o, aBoen~,~b~aoleB."such, a8 weir!:ll!'ld' talla. 

'':, Not sbown'by:'table ,61"are ,)-:'"grqling which, 'atterrltumil;" 

to site'o trom-site b/,were'.released aoti1n'in~a1ta'b.'~":Ot these'rish, 2 

returned !or"'the s8cond1'time!to' aiteic;' and!one was rloaught in" 

site j. In~·ad.d1tiori,the'site'oftisli recp'atured:1n'D1te d (sea table 61) 

was'the' same 1.'!ish'''as:the on'e, recaptUred :iit' a'later dnte ,1:1 s1ie:l~ 
,,\ . I "'" <: > - ~ _ • '\ 

TheBe-findings proVided turther' evidence 'ot territoriality, and 

indicated ,t.~t. :;~for~ign'l .... riah;intro~uce~. into, aite b. :wer~"unabl. to 

o~ta1n terri,to~t.e~.~ ~oompe.titiop ,:with re~dent fiah •. Fish , .. hioh 

~t\ .no~~rh~met:,.~~OC~.SBt:ull~;,~.ere.:a! .a . similar . disadvantage, ,and: ';,', 

show,ad ~ .~~t.~A~~ .t~nd.en03'~:.~o '.m?ye~ ,:"".:.1>' ',~,' :.;." ~". ':..:.! ~ "".:.~ 

- ~ -, or the' grayling which returned to c tree b and which were not 

tranB!err~~ Pa..~~t~;.b, ;3 were, recapt 1.U'ed tor a second ,time. :. Alli ot 

thase second recaptur!ls.~ere reoorded :in 'the, homeaection .:(0);.:, !'.~.:, ~', 1;,:-
- - ~ • - , ... _ ... 1>,' '" .. 

suggesting tha;t "homing" fish had. re-occupied their tormer territorieo .• 

'\ },~ ~, 



., , . , 
,l ' 

, \ _,"",i , i".::'... f~, j. :=...'~ ,.v' • 

The experiments did not reveal inore,.ed covement &mOngot 
, ... l' ~~'\' ·'~l.~ P ~.1iI' p. • .. ~ 

reSident fish tollowing tlie introd.uotion or toreltn rlch~ 'l'hio 
,-, '" ".... #;<,.!' - , '\ 

was because or the' complet.e absenoe or home tlluod ai t.o b tlah, 
. " , .. ' . l' , 4 

fend the anall number or t18h tranaterred tro:n b to a. Soce 
l' :" '. ",' l r: ' .1' ~. ... ~ \ ." 

evidence or the increased movecent.a or rerddent riuh 'COli 

. '. ,,( f}~ .~ ~ , ,. I .. 

obtained, however, in connection "it.1:1 the DUm::ler l=lgration 
, ! • '~.... ~ ~ " ," t.~, t ~ ",,._ 

or gr03'ling tree Llyn 'regid (113,11i) •. 

, ., :~:, \ ), ( .'1. .'"~,y'\ 

(ill) Senaonnl movements 

~ , I , :':., J~~~":-'i '.~" ft., .. '" .' • ; 

(a) l1ove:nent.a of'grqlin8 between Ll:n Tec1d and the River Dee. 

Fourteen reoaptureD ot Ll1n !recI1d sra.rlinC wert reoorded. in 
, . \. ~ '1 .... t .. "",' ;" if ~ • : ~: /' " .. t ~ ~ '!. '. ' 

t.he River Dee. &Uld. three recaptures ot River noe £%"l11ling were 
~ '"" "''':- .,",.,J<~ '\.;.': .. , .... " .: ... 4',' ~~ 

reoorded. in Ll~ Teg1~ (aee rigure 86). Allor the 'recaptures or 
*_. t.,,"" ~v t';!', ~ "'_, ~: !~ - " ., ,.."~ "'> , \. ,;-. ~ 

Llrn Tegid. fish in the l11ver Dee wIre cade bet.e.n Jul.7 and early 
· ~ ~! " # • ~t- ;.;.... - " , :-, -~ ""~ ~' .. .! " .... ,,.. t "r 

october, and Dr R1v'~,Dee tish in L11U !regid bet •• en late Oct.ober 
• "J.. " II'~\ .. <~" ~ l('".~:"'''''~ y )",: ~..- ~!#' ,;.' .' ;~~: -~ ,~:; 

and. early JIq. T~.ae movement.a "ere aumo11lt4d wit.h t.he observed 
; ..... ~' ,. f" , .. Of ~t.~ l:.~ .. ' .. 'Jt.,"'''' .~;~_,' ;"'\, -u . f' ' .. ; "t,' _;", 

summer disappearance or grqlinB troa Ll1U '4'eg1d., and thl autumn 
J"" ~ .. ' , .• ," •• ":'~~t '..,.: ~.,: ~ ~. t \~~ .ly~/ _ ~ iT.>" ~~r" ;;'" ~ 

retum to ,he, la;te (.~e aeation lC,l1i). 
• ~ -, , ~ I" ~ ~..~" t'1} ',. '~.'.k ~p- ' .,i : 1 ~ : .. '. 

necapture.- ~~::~~:~~d grql1ng wert' cadI throughout 

the upper'" Im. or the River Dee, but 71~ ot the recaptures .. ere 
f ,' .. x: ;.'~"':' .:..-:;·~:.:,.t1.~.:_ ··:' .. .t;l·~;,; 1a-:,Z""~1.-:,,~"~~, ~._ •.• ,;.'.. ".",. ,;, _:';_,:" 

made in the upper 2Ia. suggesting that. moat or the gr,ql1n& which 
, " .. ~', ~", ;-' - ~ ';'~~tt \ '-,. ~-:.,:t·;,. (:'~-.l '.~.,~~) .11-. ...: ';,.~ '\..-" f'~ ~\>.r. ~ t' ~. l 

enter the River Dee trem Llyn Te~d dur1.n5 the uu::cer occuw thi. 
:,~.,~' ,t, ,:t~::-'; :-~'''','''::: :',~:~">;i;1 't¥'"; ;.~t;.~,~ ;' ~~:~-.,', «~~~,:; :' '.. " ~:~\"" ~ 

part of the river. 
_t,. ,f;" :," ~ ~~~>11'/"~~~ :~;:~~~: ~~ .. :; L·~~",-J.} t':r:k :~~~~~r.'''' ;. ~t ~~~ -' ..:."., 

_ • <" ".' It i& apparent from the obaervationa on movements bet.sean . 
.. • \."".- • .. ... , !'C """. '",'", ~ ~.- -11 ~'" J...... ". " " "' !',.,,, ~ ~ _ ,t" ~ .:11: .... ' ~;. 

,Llyn Teg1d .. ~ .:t~a River Dee, that the Dala alula •• do not oonatltute 
, - ~,.. 

.... ' 
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a serious obstaole to the migrations ot srnyllng. tiM1qui (1969) 
, .. ~ \ ~-!:: ';"',~,.: ~.;.:... ~';"1'"~::~"".~,,,~:s i~", .... h:.t. -:~ ~~._ '.!": . 

suggested that the inorGaain& number8 or i%"Q'lins in L~ 'loBid 
~,,~ I~,!. r~(:ir; ~I,,:'~.~ .,;-,:.-, ..., .. ~X' ~\~~L~ ~~,~;o. ,- ... ~ "" -; 

may have arisen trom the d1tticn1t7 or domatremll move:I.nt 
tv ':,f,,..". ",'f ... ~ ,r.""-, '".::,.!;~{.<~ -",,~,.,,~. Lr~·~ '( .. ",,,,~, .... , . ~ 

through tho aluioeD, resulting in fish bdllB "trapped" in the 
""",,<,. ¥~'_ • .: .. " .... : -.la.)~ -!:.I~C.l""'':'':\ .r~~,tl- Mft"'~; ~',r ' 

1ake.- The tll86!!1&UPm_=mt,~ I lava carried out, howev.r, 
~~~".' .. ' .. L"!.~f.~ 4;.",,:' /.:~1 t":"<l.t~,~ 9;'" ":.f"~~: ~"'·~v·?·,.. ~.' ~ ~ \' 1~ ~ .! 

su:pst that movemant throuah the &luice. mq be ealier 1n the .. ~ ,. . .:; (: 
downstre~ direotion then in the upatre~ direotion. 

(b) Se:1sonal ~vet?Gnto w1thin the River Dee. 
~!. 'r~"l :J WI t ~~ -;;. ":~'40 I.} bt;~.l:.~"'(~l.;.,"'~":- .:"';".., :~ __ , ~,"~ <-~I • 

~ '. ~ B:e~p..t~~s. :..o,t .~!l€~d .srB1~ \~~~ ha~ mo.v~ from tbair. 

~&1~es o~. o:.:.i£F_."Bllo':«~. ~ .. ~o~~~,!~ !~~a&Onal.. ~~~do except for IJ!. !<'. 

'~cr.~as8 ~.!~f! ~~ l~·:'!~~}, ~~ :.t~~, .2~ ~V8lHnts wer! .re~rd.d. 

Thlse movements mq, have-ar1.en aa Cl ,rell1lt of the generAl inoraas. 
- .. - . ~ .. --. ~ ...... ~--." ~,.("-.. -- ' ....... , ' ............ , 

,in activity: ,associated ,with Irla1n& :water .temperatures, but rtJrJ:3. 
• '\ -.. ~. • ....., ,'. ...." ""o.;.'~ -..... ,!,.. - ....... ' ~ ... . :... .... " , • "'':. 'Ii 

:a1~ hav.~!c~a8D.~b~.~~(~~~~. b7.<o:th~ .~l.~ of &rn1ling trom .' .. , 

·~11ll Te~~ ..... :~~h~.~~a.t~~.i~at.~9~ ~~o,r.:us .. ~ .a.rId.n&~_. (1953) 

~t~~.~B~.~t~~~ .. t.h!.,->1.I1~~~uat~~!l_P.~. ~to~~" fish into a wol1-

estab11shed population will not on17 £iva rise to txlvoments or tho 
'j'l:~t ,,~~ .. ~.:.:& .... ~ ~.~.,f.(;;:~:~:~! 0: l;~-::.~.J :;~.')<~ !./.!;;" ' .. ~ '"\,__ ·t "> ~' .. 1 .:." "', ~ 

"toreign" fish, but will also result in increased. IDOVGenta or the 
!'·~~:';)"1:-~r~;·'·"~ ~!..r1lt:! \.)?~~;"!.;'lJ,~b' t.c't!~ ... tt1.J';" !~~- ~::'~.: .. -;" ~ ft .f,',~, .... l, ~ ·t •• 

wel1-eatab11ahed individ.uals. 
-', r··1'~·:. \0, .;.:. ,":, rM)-·~)~'·~-*,';<: l t!:J t,.., ... ~.J.. J ;: t ~~, 1~; .~··!<i :.~:... :.~ ~ ~ :; .t.*,-~~. ~ .~, c_';'~" : ',.~.. .~ ~,~ ,~ 

~1:\,; ... i 1.~~~!D~,~,~~,~gr.~~.~,~",~~~n __ .. ~i~n~ ft~~";'d..80Qe B,a~n~ . 

. trends trolll detj;l~to,ahallo ..... at.r,and .v1oevarsa. During the w1nt.r 
, .... - ... '" ... "iII'I' ... ~ ........ ., ... ""''''' ...... # ..... ".- ..... ~- ....... , ..... ~',- ~t. _... ~. .. ~ 1\ .,.. ~ 

\1!0.~~ :~81.~1.,no I.!,~~ .• ~~~t.~d.:il! -."~1~.1: l.~~, .mod.erate d.epth (1-2 metres), 
. . 

.. 
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j' 
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'Fiab tended to oo~te dUring 'the w1nter 1n plncet 

.hich gave them &:llne'abelter tro:D the 'curront, web CD 11 

depression in the river b8d.! In tho 'BUtl::J8r tho cn711nct boo:lme 

mora .oatiered: as was c.pparent troQ "riae" patterna end rod CAtoh ••• 

rind'tiab oocupied all·<arecui 'ot 'theriv'r',' '8apec1all1 the tdd-atroaa 

positions. - ' ".' l- , ,~ 

V'~' • .. ;t", ... , J " '&' t i·:'_~" ,:'"~ , 

~ angling wr1ters have reprded the £1'~11ns aD a ablaling 
il. ~ T';< • ~~ T'· t,--;' :" :~ Co ," ~ ~ 1-: 4: .... 
tiSh but tbis tn. ot behaviour waD not general17 record'din 

~ ,,' !: ..... : . \' i~ ~" '1 ; ';; -t~, ~>;;: _, ~. ~ ... ~ '. ; ~ '" 

tended to con81"ego.te in certain place •• but not necoaaari17 to aboal. 

'rbe occurrence otterritor1allt1"-· demonstrated in 'r:rj' Btuc!,y, and tbl 
.. t ~ t f ~ 

~els1ve behaviour ot this specles 'recorded b)" Fabric1uD &. 

Gustatson (1955), suggests ttiat riverine sn.1ling do not n.,rCOJ.11 

torm shoals. Observatlon. 'on th~i -dlutributlon ot srql1nS "rlain&" 

to take surtace.rood 1rid1oated: thnt, indiv1dual neb were well 

s.parl1ted~ 'at· least .. during the au.::ner montlla. 

'rbe . spring movement' ot 'large ~lino lnto '. the' shallows waD 

a8Soc1i.~ed'''ltb~ spamlng '.citlv1t1:.e~ '10 m1gn.tlon<"ot mature'tish out ot be 

nreae-.aa ·r.oord.d~~ th. ,:v&iiabl.':Wor.atlon 8UQ)O'atlng' that~· tt'6h 

moved 0'n11 to nlarb1 shallows', to': 8~a1m,(.:; re1li;;;;;u.ng' .ere 'tcsSod, 

bowever,;and eCdgntlon to', eU1table':epi,1riUne: are'o:a mq' o·oeur.t tree 

~," -~"!"') J"",",- 4',. .. ~ "'-~p~'1 ~ ~.C' •• \~ .. (, ,f, . .,i't.,,« " ~~ .• ~.'.L~ ",:t,.I'~),l~~ ~-<-1:i""~ 
• .' .. 1... .. _ ~ w .. ~ ... l' ...... ",.. , "I - ';. .. \.....-" ;:.. ~, " ,""",,-, - ....- ~ 

In additlon to the above movements, lIO::e cigratlon ot era)'11ns 
~~j'- '''~'' ... - .. ~~:.l~~~~<1 !~": .Yt;.::'~·; __ "r,~~~t· l.i}'~'~;r :'-"~ ~~ c~.'~- ... ~:~~ ,"" ,<JY ;'~:"~:~~t':': 1,~1 

into' a numb,er ot small tr1but8l7 .treda wae reoordld- during the 
~~"':~' ~ (.:.! t~:-:·,;;;~" {~':-~' ~~ ... ~:--r~ t.~} -·'1': .. )',~r~t;. :::,~ ~.~"'''r ~:.1~7,.! ~ ~ .. :r~ ... ,,<) <.1 

winter montbs. 'Tbe ti~s~ indioatlons ot such moveconta occurred 
:>~-;(\<i' 

, . 

" 



_ .. --• ...,.p ...... ~."'.~ ,-' . . 

during'routine aampl1ng ot the Aton Hatbe.p b7·p.n., Lets on 

4th l1arch lS69. 'l'wenty. tour 0+ ~11ns w.re oQ.~ht on "hia 

ocoaaion,···and. a further 21: 0+ nab .era cauaht and te&Itd cn 

12th Jlarch."Hoile·ot theDS' t1~'were Z'toaptured in tbo' Atcn 

lIathesp' and. IllUbstquent visit. 011 17th' April and 22n4 Uat 

produoed. catohe. ot 3 and 2 0+ £1'81l1ns reSptotl Vtl1 ~. 'It I 

appeared . "nat . tho grqlill8 had. mov~ out· or: the 8treru:a, but 

'direot 'evldenoe ot thi8\1'ri. not obtfdnecl until the tollowins 

,~~:: when: two ot :h~S:l.~~~.;.l18~ in th. Mon llatb.ap •• re 

recaptured. in the River Deo 0108e to tho streAm lnlot ( ••• tlaure 86). 
* : ~ .. ", .. ft."- ... \. \ )-

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

f:mall oatoheo ot grqUng were Bloo made durina the early 
, .... , .:; .. ". ;"~ij'~ ·t'-": ~:' : t .~"."":'t ~ ~'1 ;.."'.~ "t". _' ~ , 

months at 1969 b1 Loes in the 10w.r roaobes ot the Aton ~orw.rnlon, 
* ~ .. ' ~. = ,,{ _. \" . : ~: _" ~ ,~"'I f"~' 'j:' ". ~ ,,':. :''=; ~ 7" '" ~ • ... • ' • 

Llanderte1 bmok end Druid bmok (a m:14l1 trlbutl.17 ot the Mon 
~ -,: <. .-.r i~~.. 1 : -.r r- . ~ .. ~ ~ : . "-~, 

Al~'an). Tho oatch ot ~11n8 from the Mon l!onqn1on ooCJpriao4 
,i .-.. 0·""'1 .::~ t:'·.t~~" U,:':' ~' ',,«.- r..:~' i"I,' • 

l 0+ fish and. 3 1+ tish, and on. 0+ nab waa cautht in ecoh ot 
• , .' .~ • ~ I. ~ >"-: t ~~, ~.t ~ *,:>:,~. , J ,""3 ,,"~ ,~ ." ~>~, l' ~ , , ' . 

tha other t \'JO streams. 
, . ..!' ~ ;..~ :. ".,....,: _, ,. ~~ 1:' ," ~ . l l' • I ... 

Grtql1ng were. caught in _ the Man Cuddw durlni the w1ntor • .,... elf' ..... ' , ....-.' ,. AI "', I ......... .......... , .... ~~ '- ..... " • "'i" _ ... _, ~ 

ot ,1969/10 bl~~!~.~ ~!.~,~~t ~~~,lt:.!lmDP;tns, tor eala •. ~hea. 0':. 

grfl111ng .. Ira tirst recorded on 25th Februar.T and. turther catohes 
, r. ~" ,;l~~-.~ ~,,~, '.!'.~-:'\_~ :: -.,.' '<l; !..;";; ,~."'!"; ~~ ~,,!- ~ ~ -!.~ "', . , .. ~: , 

were made in April. lIo £1"8111ng were C&U8ht in the atrasm attar 
~." ,~~~,,; ~.o.-.\ ". (:'~:-=~c!-~ ~.,.lr;~"_:;):: ,,/_r·~\..~ ...... ':" ~:~~; ~,' ". ~ 

19th April. The total catch ot srqlins troa the ArOD Cmddwr 
.~ ... "'::; r~:'>,J:. t,-< ·~;~7:1.~L~' !*::.,.}l~.;~ ~t~ <.,,\~.~:':.::' -,. ~ :~",' ~. t ',- ~ .• 

comprised 17 O:t'. 5 1+. one 2+ an~ one 3+ ~1~. One 1+ grqling. 
~ ;~:( _ "·-"tl'~ t!J,\ tJ ", f.J;'<} :: ;'t:-.;') t .. r ... -:,-. ~~. ~~.- :'~- ~ .. ; ',: ,}'~ _. ~ " .... ' t., ,;~ ;. \. 

was r.~rded in the Emral Brook (a tributar;y ot the c1ddle Doe) 
~.~ ::f~;'~, rl):.'jJ.'tCt~ i .:;20 ~ .... ~;~~:)~ ,l', i~.t! ~~,,: .. ~. ~V.i:~ '~ • ."'~~ ~ '. ft' •• 

by lI.R. Wll1dnson in Januar,r 1~70. ~4 I caUBht 2 0+ sral1inG in 
....... ("1 .... - ,-" .... 1-1' .~ ... , ".. i-' \~ ... -, "'~<r "'1. ;~,." > ~ -' 

,~:~~~", ' ~I_". t' ..,.~~ "".~ ............... ~<,.~ '.,.j_ii>I:'''' ~ f '\o .... .:,A''i.~'"'' ~.:....._t ... ~ .. ~ ~ _ ..... ~ -0/, 

the Aton Llj'nor, and ODe 0+ srql1.ng in the Mon C.ld1og. b7 



sw t .. ·.! r re-
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The raaso~B tor the c1cration ot srql.ins into c:1s11 

tributa1'1 atreacs c1ur1nc the ,,,inter montha, end tho oprins 

movement or fish bllck to the CDJ.n river, nro not knot.n. 

196. 

Since no spawning fich TJON over Goen in the trlbutc.rleo aru1 

no fr:/ were ~UBht thera, it 'Was conoludod. that thooa \1ore not 

-m:u"BClr,y atream8. I think th:1t l)rQ1inS enter thoDa otnc:uJ to 

avoid strong ldntar f10w8 in the cdn river, &:.nd. that wch 

movcents are most cnrkad in 70U1l5 fish. 

c. Uovanents or 5!&U.ng in Llyn Teed 

. (i) Looation ot nah 
-' , 

,Orql1nc in Ll;rn 'l'egid were pr1nc1pol~ found in the 

littora~ zone (0-3 m.) and small numbers ot fish were oorAeticeB 

caught-in the BUb11tto~a1 region (3-150.). n.tr1ns C'f otud,y onl7 

one grilling 11as oaught in the latter region, at a depth ot 

7 metres, but other Tlorkers have reoorded a tow B1"tQ'ling in £ill 
~ ,. " 

nets at depths ot about 10 metreD. Orql1ng theretore OCCUpt 
:.::. ,;.. .< . , c' 

less thtm 30; of the total lake area (see chapter 3), and moat 

fish ~ ~~centr~ted'in abo~t l~ ot'the lUI nrea (Uttora1 zone). 
-) 

Tho sites at which sr:qllns were moot OJcconlr found lloro 
-' - ~ " ...... - .- '" ~.. . ~ . 

thoso, which had a gcntlr eloping bottom or tine sravol or, 811t. 
_ " -:... ; .... - ~ "' _ .. oJ" • ,_.r!' • • J '" # • - ~ 

'l'hO"rYiere cost.coc::lOn~.cs.U(;ht in ebe1tered posi'ticno BUoh as alton 
J, " ' ~ , 

, ." 

D and F, bu't this m~ have been beoause ot dltt1cultiea in anmpl1ng 
, ::,,;:' '" .... : ';;- ~~' ~ "'-.. , ,_ '"_ c~'"", ." ~_ 'e;') ., -" 

windward. shores (aee chapter 4), and tinh were otten caU&ht on 

e~'Be~"~~~~~ ~~~'a~'a1te ~~ ~~~ suitable conditions. ~~-
, . 

- f ". 
f".Qa:a exp1orato17' netting was ,carried out in the ahora:onca ot 

~~:' .. J:.:- ; ......... , J.,.;, ..... ',' • • ~ ~-

, , 



" 

...... 

the central part ot the lake, but vo-q te .. £T01l1.ns .are 

caught thare. The bAt~etric wrve1 ot L11n Tes1d (Jonll, 1951) 

showed. that the lake bottom tell ateep17 troCl th. abore in t.he 

central region, Glld this area .a. con.idem ceneral11 unwl t.able 

as a habitat tor srall1na. The cain Art.a oon~a1n1.n6 cult.,bll 

sra)'ling habitats ooaurred at each md ot the 16ke. 

Deonuae or ita neameaa to the la'borato-q, tho GQubl,at ond 

. ot the lake was netted. QOst trequentl1, but a1 te J (at t.he north

eaat end) val SllmplGd. 1n IIlOst montha troa UO¥ 1969 onward.. Freca 

t.he largo catches ot grql1ng obtained at th1a rd.t. 1t 111 

evident that tutur •• tudie. would be ... 11 direoted toward4 gore 

thorough 8&Cpllng at the northe4st end at th. lakca. ~ch 
" 

samplins would,also give more d~a11ed intorcation at ~vemCJntl 

ot srqling between Ll;yu teg1.d and the ll1vor DaD. 

(ii) General mov~ent, 

, ~ 

" J40vaent'a ot grql.ins .ere tound to oocur more frequentl)" 

in LlJtn 'regid ,than in the River De.. Sixt7 six (61. TI') ot the 

rocaptures \Ya~. at or nlar the point ot releaal, and 41 ()8.TJ,) 

were recOrded ::~ll"'h.re. This distribution ot recaptures wal , 

s1gn1t100nt11 ditterent ~ID randolD at the l~ probD.bil1V level 

(?C2 • 7.958 with 1 d.t.). 

AlthOUeh EOOst-'srqU.rigct-erid.ed'to remain within the "blme" 

araa- cM.1-nsh mov.d:awny,,,the distanols moved. are ehown1n 
• • ~ ;: t.) , \ 

... , . '" ' .. 

ncure 88. These ~~~,~C::I~,:.Ili'e «??cp~l" trom ce:lwred ahare 
- '. 

distanoes between the various .i~e8, but trom tbe distribution 
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ot recapturos between alte H on ona aid. ot tho lake, end aitea 
.,~ '., ~ ~ .,'''l,l~''~' '..\~~ ... .:,~)~.:",~,1·r :~JL:~ ".~~., <, 

E Md F on the' other (eeo tisure 86), it oe,ceJ. pola1ble thAt 
'i- > ,.t...·;:,;.!.;k;:.~ ./,' ;~cl1.,':"J ~~~." ' .. ~".:~ ., "', ~ i<~ 

fish tla1 have moved direotl1 aeroBs 'the lake, not around 'tho 

shore l1ne~'" 'l'hi"d18tinos'mOTod b,.'tiali reoaptllreJ. on the 
4 " ,,,~. -<!", - ~ ~. ~ , 

'oppo's1 t. alde ot the 10k. to 'ths't "at"h1ch thQl were releaDO\! 

was therefore'taken as :tiie sbirlest '41atnno'. bat.eea roloa •• 

~8.nd reoapturo po1nt'8~·!. :The "'41st&inces:ahom 'in figure sa are 
, , .. • ., • ' ,~~"'!' .. ... - t" .. 

'therefore arb1tr3r,y,";Illld.'1t 'waD QOnolud.~ that crql1ns move 
, ./' ., .. - ,'" '" """,,.. .. "'t.. " , 

tl'andocl1 trom cne position to' BnTiother £U1tabl., arol1. ' 'necapturea 

otgnyl1ng wlthin tha f"bom.:aria" r.ro .100 includod. in fiBure 88. 

(111) '.Sea90nal :mOvemmt'n ~ ~ ..... ,'. "'),' 

. '(il) 'Uovement'.\dthln 'Ll)'ri 'reBid';' ., " ..... 

, •• -:-' ~. '\,<..1 .... ,~!:_" ... ~ ... ~, 1t",.t! ·t.f·:..~~+".:~t'~,.:~G-r", t-~~ ".,.. ... ~;. f'" ,t .-4 t,.:; 
" The'distribution of "boI:1'" (61.7'.') and "a"l1" (38.1~) recaptureD 

~<'".. 't. '.-?, ·,,'f t ..; It ':~ '.,.'.. ~"L:'~( ,t,~ ~ .. ~ 'a;;~1l'>;~' ~'''''"'""1: ~.,.t 'a: ~', '.~ --;.. .• ~ -" .. " :~> .. 
f;iven in the preoeding .totion ran,cttd the melD occurrlnoe of CIOve:1fJnta 

• ~, .. 6' J!, ~ 1"' ... tf ~...... ,~ .. ..f _ .. '" ..... .. ~ 1 ';>- ,,~ t ~ -, ~ "",,... 

-during ths yonr.'..'f'l'he treqU8nC3' ot movetllenta changed extenaively,'%" 

however, at cUtterent ~iQe.B ,ot year. DLlrins the .winter. virtually, •• """ 
.,. .., .. ,' '('.ti (,I 't ""1I-(1'",~ +i~,~1o-.'\.~ eJy ~"< .•. : dt!r <1$) ... >., ..... wI • ' ... ,,! 

~ ........ ' ... .,.' .... ~~, "l.~ ... ~t '''~'.' ,·"1'~ •• ' .'r"""" ~J""t .. ;~l 

:all: reoapturt ... ere made 111 thin the boa' &rem. From J' onua1'1 to" ~ , 

April 1969 all reoa~tUl'8a were made a't' the pointo ot relto.ao,'d end , 

tram December 1.9~9 to late April 1970 .0nlT one recapture "as !ti""'1,.: 1,;. it 

r8~rd8d elsliJhere. • , ~1t 

\. ' . 

~ ~ 

soale moveme~tB occurred within the like and at theaa t10ls "a"21" 
'" ..... ( r,' r: 

reoaptures often exoeedtd "home" ~oaptur.a. In J\m8 1969 •. 5 tor 

exampl," '\4:,~·.bom~~Lr.oapt\lt'e. and 6" ".w87" reoaptun.~w.re. reOlrded. 
".. -

.' 

• ~ I- ~ .. , 

. J. 



~ ,~, ..... J '. :". l'" 1( '"';. '" ~,.-,;, , ~ .,.. ~ ~ ~. 

86 end 88 thus OOcUrred bet.een 1187 'and' October, and at ouch 

The o.bove rosulta indioate that Bl'Ql1n8 in Ll1ll 'l'ocid, 

unl1ket~8G in tho River D~e, '~v~ no'd.finite bO=e area. 
_ • 1" •• • ~t< I >.".... - , -,. . (- .. j' " ' '." 4'- _ < 

Tbe lack or Cx,vccent dUr1n8~the Winter 1. prO'ba'bly a roault ot 
" ~ j' ", ~ ? .,.A: if ~ ~"', • 1',.# .. - l ~ ... 

the low level or activity'at' that' titlo, which io luulOcht.d toith 
~ ". "., .... l-~ '. .j'~, • ~ ,10 - ., ! , h > v 

low winter water tooparature's. It was apparGnt that aD tho 
• • > -", • ,." \, • t '\ " .... _ .. '} 1-'1- ~ 

water temperature 'rose' in the ap'r1ns Md' ear17'aumor, the' 
'. 'r } " .. ~ -, "'" '. '.' ,""~,.. ..... 

gr:J1l1ris becan to move .XterlEdve17~ ,{. 

,;.;'!.: ' . ,~; ... ,"" ... ~_ .... .,..;--.r~....:-:".,.f .... ..... ~:::'~~t.t.. ... ~ , 

erayllng in L'11n 'l'ecld, in the same wt1'l aa with Rivor Doo er:ql1n8 
~ . " -:: ~'. f~ .. ~ ,'"~,, -I. b "... \.: t.;:;',; 't .4. "-; ... .l'l:' :.. ,,( /' " ~ , 

in an attempt to asSess the oocurrenoe, or lack ot torritorla1it1 
~ r.... ~ ·"'t..::' i;.. ... ~. : • ~--:-.~ tf'.! ,,~>c .1 # ,,-'" ... 'f" 

and home rnng.. The reGUl.to ot BUell tranatera are £bow in ta'ble 62. 
i.:.>~: '_ ~i""': -:. - Co ;,.~ .. ~~~ .• =~: ~-'~" ~ ~ "'."'~ e,.! ~. ~} , ~ ~~. l 

Tsble 62. ,Results ot trsnater e%l)erimenta with Ll;yn Tet:1d grqling. 
".~A. .. ~ ,,",./,:'J-

Site or ::,,: ,'",!:·t.1te.towh1ch !{llumber,ot 
origin ~ranaf.rred fish ClOyed 

~,'. - ". -""l' :' -,,~_ .. ~:. ~ f.:._~:\#:~}. -"'T<;,~"" _::'-: :. _ y ~ 

E '",', " 

H 

J 

I 

G 

8 

2 

(lhIDber) at TeC:lptur.a 
and a1 ta or reo3pture 

(2) H ,t. 
",(2) I!1Ylr D •• 

• _. (1) lJ 
":. 't- ~ • J 

(1) A, (1) » 

-
(1) G 



, ' 

Q, • '\ ,"''' 

, • , 1 

" 

,,' 200. 

and 3 "ero reoaptured~~l ... here •. ·~lo ,,'evidence cr· ~hoc1llB" w ... 

theDlselves,randoDal.7. atter:relea.e ... . .... 

.yr-,' 
", 

•• ,..."',~' .,..... p :; ."" ~-t """, • ... .., •• •• ' ~ ~" 

Show ~a decreQ.so'or 1083 ot 'agcreaaive territoriAl. behAviour in 
,S ,.. "", <. ~~ 1, ~. , • t "' ~ #' ~ .I ~ ~.. '" -_. ~ ¥ \. ~ .: 

lakes, in tho same'\I:q"aa did'tho'juvenilo aa1mcn And trout 

stUdiGdi bl ICollaberg"(i958) '''hin"water'''flo ... 0.a8od~' Orql1ng 
... __ ,.A" . . ~ ' • ....., ,t ~ • l-' -" \..' '! '" "'eo.. "t - ". _ ' ~ , in lakas ri.l3Y'·theretore adopt'a aboal-Uk, behaviour pat.tem, end 

miij ~.mb8equenti1 l'OllID around in search ot tood. llall &: JoneD 

(1962) ~found,that~trout lin,Ll1n ~'e1d 110m tne17;about the 1ak. 

and did not form:hOme areAS tor perioda longer than one week, 

al thousb .:.trout.in: aiire.it were :oona1d.rttd.:~ oocupt d.finit. home 

areas : (Allen,"1951) • -;:. 'i:.:' ~.': f . . <c:. .:z,zc. ~~_;', '.i"j •• , '. " "" :: c" 

_ _. r"" ""'-,, .,; , ...... "'. ~t-.~."I~ >~,'~'~, ... ', 'C._ '~.':' $-.. ,'\.. ,." " ,1); ~- ..... 

8.n·'apparont11'random~taah1on,~· .. a8 'providecl'bT 'agrq11ns which 'was 

capturea/tt"e cicca3.ic~I!'':·1·Th1~~t1~Bh~,;aa orl.8ina,i:r ·c's.\ioht '-~t' .dt~ n 
." ... ~.,' <~ .. + t ..... ~ ... '" "!l ~" ........ ~ .. '_.... ...-' " ... 6' ~ on 22nd-cAprll and was'aubs8quCitl:rroaugh't' at ~tl n on 3rd June, 

at a1te'J~,on; lQth.'Junll 'at ;ait.·S on 12th Ausuat,:, mclin'the ~ ::,. 

Mon DytrdW1~(a1".;6).on 25th,Augul't. t.~::~ ',!1,.~ ,.,; .... :', " ... s /:.) Ii,: ~~ 

1~"'''' ' ,.. :, .. ~ -t'- -, ),'" --,0. ~4!'/~ ... ~w .tr~~"ft "~t- ___ .... \'" ."',_'\>,0 ..... ~.,t~ .t" .. 1""'~ f t '.). "i< 
th8·1ake,. 'the 'te2 fish tha't "ere cauaht 'bein5'located nt or ne:u-

.. ~.... ... '" ~, ~ .. " t ,_ .,.".. ~_. .... "-,'. I...... 'l!!,~..... • ~s "".1........ ~ ,>" ~ ''''\.' ~ f'.f J ?..,.... : : f • i ........ ~ ,', ;. '"-, ~".; }.~ 
1'1ver inlets." ThGIWIIDlrdiatribut10nwaa rela.te~: to th3 seneral ' d 

d1eapp~aftoa ot grql1ng f'roa the,Ll)'n Tegld' ahora :on. at ,'that ,,2.-:. 
", . 

tice (aeation ~11,b). 

, , ' 

, , 

I , ' 

, " J -...... : ~ 



"v. ij'. , 

• < , 

201. 

. 1J)mo ot tbe e31"17 sumner moveacte ot srzqling mqo hAve 

bean oorralated with tbe aearch for an outlet tro:l Ll1n 'recid, 

but thl distribution ot recapturaA ot Llm 'regid gnql1ns out aid. 

ot tbs Itka S\l889ated that this waa not tho OA8a. 'l'bua, DOCiO 

fiab tagged. at tho nortbet1st end. or the lake (81te J) wore 

reoaptured above the lake in .tbe !ton DJrtrdW7, and 80me tlab 
" ,,! , , 

tagsed at the BOuthwest er1d ,ot thl lake were reoaptured below 

tbe laka in ths River Dee (a •• tiBU1"e 86). JJo.t ot the 

mOvements recorded during the autUQt1 ocear:rod at a. ticI .. han . ~ 

grqi1ng were retuminc t~\ tbe Ll3n ~ecid abo" cona (aeo 

seatien O1i1,0) • 

. ' . (b) The au.cDtr d1eappe,arano8 or grqlino troQ thl Llrn TaBid. 

shore .::one. 

Dall &, Jonea (1%2) found that the catches or trout in the 
\ . l 

; . ; \ 

11 ttoral Eone or L11J1 Tesid decreased I:lal'kedl,y ~1ns the BWlDor 
, . I . 

'.' \ ./ ' 

'r (Jul7_~~tember). ~m cUl n~t catchea in deep WAter end. 
. . . . \ 

-obaef"lnt1ena in the t,eeder atreeml,.,thq concluded. that moat trout 

:: latt the shore ~ono and. vent into de.per wllter, but that a r •• l.n 
: . ,~' 

tho. lake e.nd "ent into the te.aer atrea::18 • 

. '. 1)ur1ngJn:f. stud1_it_waa_~ound that the catche. ot crql1ng 
( ~ • ~ 't' • -E' ~ • .,. "" - .. " ~ • • ~ M""~ -.. f - - f. ~ __ '" 

,j ~. ~ ~ ~~ \ 

also tell aha:Pl1 during the sumer, and a1c1lo.r tlndinp .are 
- :"'",: 

reponed b7 Siddiqui (1969). The Haaonal. dana1t;r index 01' 

I erallin8 in the L11l1 ~1g1d abore zone 1. ahown 1n t1sure 89. The 

4enaitlindax raters to tho catch ·per 100 net haul, (Mland, 1955).' 

Figure 89 ahows, that catches ot crql1n8 ware greaten in the 

\ . 
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Seasonal Densi ty Indox of Grayl ing In tho Llyn Tog id 
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'~re zone·during'the winter monthu and t.ll to a mn1cum 

trom Juno to Saptllllb.r.~ In tact ,thet', lars- doorana. in June 

oocurred during the 8eoond.'halt<ot the month, relativo11 larce 

numbers ot grayling baing caught, 1D 'thet' tirst halt or thQ QOnth, 

partiCl11nrli at aite J. ''l'he emallr1a. in catch •• dur1ns Ju1,. 

resulted troai the infiux or fr7 froQ nuro.r.1 .tr.~ •• 

Extensivo,s!ll'·n.ttlng was carried out thro\J.8hout tbe 

SWIJD.r ot 1959 ( ••• ch8pter 4)" in 'an attempt to' 41soovor whethor 

or' not"£royliiis went into"deep .ater.~': '1hef3. netting operlltiono 

l>roduotd. only, on.' grayU.ng at a"': depth' ot 7 metres at iii to' lJ, 

and one ~l1na at'a 'depth or rmetre'at,tb. Afon01,-n in1,t. The 

graylir15 CD.Ught' at"'Bite :B "a8 captured' on 11th Jul7 and mrq have 

been on tho ~in~ ... 5»! ,!~yina th,t, 1an"na the Mon ~TI1. Crql1na 

werG no:t l'eoorded in d,eptr."ater~ .the 8U:Der, nor nt UJ¥, ,..i' •. " .... t,I.A .. ~·" .~""':;. -,~. ~ ... ~ ........... , . 

other,time or,tha l oar, and,ltwaa ocllo1uded that the GU:J:ler 
.~ ... ~ ~ A" .~ "".... " •• ~.... ,,, .~ • r ~. , 

41sappearan,c.o ot ~~~, troaa., the, ~ho:re _ ~one could not be 

attributod,to-a mgratlon)to' dooper ortabore water. 
-' ,~~. ( ..... -- ... ,. ~ "'''''' ,- ~ 

~' 
1 .' 

\' Near1,. a11;'ot;~he grQUng"o&u8ht- in Ll)'li,'l'esid:duli.n8' the

aumm·er'wer"·'Caush~~a'~or near the reeder stre~ ln1oto in V8r'J 

shal1ow~~n~e~._'.;-.~¥!I.'~e,~~ t~~:~~~;~~ ~ havo/_l~t:.t, 

,th~" ~ak.e.! end" ~ne. ~~~ t~ •• r1 ver~. j ~~~~. t~~~~oh' DD, emigration 

was obtained b1 the capture or 14, tagged laP grlJ"l1ng in thl \ 
" • _. _ ~"", __ .~. ~...... ' '~" ,;'. -c*,,' ~.J ~ '-" _,.. " 

I 

fish b;r. anil~l'.~ ,~t~ ~he :u.~n. D1f'~~~on. ~ch' ~uno~ion. j:.~.8 •. :; 

captU1'8s,lIhioh were all ,recorded between Jul,. end .nr~ October, 
" , 

, I 
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.... '\ • I -'.,~ .. ~: ~,~,: ~ ; \ " .. 1' ,~ 

,can be seen in tiaura 86. In addition, Goino not~1nB operatlono , 
,. " \ t .... ~ ..".~t 4 " ~ '~~.r ~i . , ~. •. 

in tho Afon DttrdW:;"hBiie X (siteD 6-8,~ no\u-8 8) on11' cCU8ht 
~ ~'·.,,~~,i~/i;·:',,~,~. ,~~J;'~ ~ ~ 

grql1Zl8' during July, A~at r.nd Septocbor, and nlt.bousb 
. . 'i' (,,,. .. ~ It"' :,' ,,- • 

r~lativQ'ly ta;. i1~ 'wore c~Uo~i' (2) At thiD tlmo, 1t waD 

apparent that tlWi1' more weN present, both below and abovo tha 

web'; at site 5 (t1sure'8). ,; ", ",-' 

-... -'". '. ;.: '*' ,!l'\'~-<l'''~~ _~, "+" 1~ ,..., 'r'" , ..... 
Grayling ware also observld, but not captUl'GJ, in the fOOle 

_ _.~ ";-'..,-0 '.' ~<:~.~.~!-:s.: i~' -"'~"t> ... 4';~ -I ~". • , ,.\ 

in the lower reaches ot the Mon Llatar (aal chApter 5) during 
....... " .. , t ~ ~ # {J ~ J ~ .',.:. -, -; J..~' .... -i'" '(: ... ..... " 

the summer. 110 grql1ng were ever alta or captured in the Aton 

Glyn ~dur1~ ihe' ~~r '~;"ptC l~"th. ~r.a\el0. aite 1 hi~" 4) 
.i'~"'~: ; ";~'.j. __ ~~'# 1. .~_ ,\>, "If ;; ... _~, , _' 

at the outlet to Llyn -resid. ~o ~iing weN cl.uob' ·01' sean in 
_ -r .... '" ~ .. ":: .. <. ",!yt"~,""':~;,.{:.'~r~· *' t,,~" 

aJl1 of the taeder streams c1uring the winter. 

It was o:moludad trom thesa results that moat 81"n1lino lett 
. :~l.::." t: ' ~ .. t (, ;... .. '\ ,:'" ~ . ~.: . . , .. "':: 

Llyn 'regid during the BUI%Zner, m1grat~ out ot the laka into the 
..... :i". ' .... ' .~ ('.,...-. ~ .. r~ ::'~~01~~ ~. -"_ ~'" ~ ... ~ 

feeder Gtre~s end also into the River Dee. Populatlo~ ~atlcoatea 
• a,.~'" ~.,._~~.::- ~,r ";-"~~~~ .. ~:!.<'.~"'~ '"'~ "~ ,)O~-"" ~... ~ .... 

of grQ11ng in the River ])ee were not generall;r roUa~le (Gao seation 
. _": ... ~;~ ! ~;:,,)~ :: ~ l t. ~ ~ :1 ~ " ~ '!" ~: t:,. ." _' . ..~:. ..' t ~ -, _I.t <JJ~ • 0 : '. j • * 

Bii) but some indicntlon was found of inoraae.1ng nucboro ot tlab 
,;.8. .. '(il .;'<#' ;_~ .. :, ::: "~~:" (l :7~ ~ ~ 'rbt:.i i'~" ,~ ;," ~.r~'" ~ ~ t{! ~ 11<~ ~# .... '. 

during tha summer which oouid poaslbl;r be Attributed to the influx 
"~;_ .~, . ..'" .. -1. ~_~, "; r~ (:: ~~~"'J ! ',; ...... J ~ ~'j ~"'~ t!7: 

of L1;rn Tesid grql1ng. 
." '" .,. .... 

, The reaoons. for the, 8WIDer misration ot grqUng t1'O:1 Ll1D 
i' • '!' f",,! ~c ~-l~.::.·~~..!..t: '1~:~:~' ~ ".-l :..,! .. :~\j, 'i:r'!. ~,~; d, , ~",~a {'~'.~ .-:-'''~ ~. ~ 

~eg1~, ~G :~.ot~c ... ~~.,,~)14;}; ~o.~~! i(~~~2)~~Dt~~a~~~, thatthCl .. 
• --t- 4w-' -,<-.-'\-iJ ~ ..... 6.-~.,,~; l;ft~""\? __ ~~.;.J"-~' ....... ~qf ;<I<,~"",J~. ,_ "i..;"',"'-J", ~~ '~ :.fI. 

su:xmer deparluro ot '\rout.troa the ,ohore zona Cq' ba." resulted. 
t~ *,,' •• -;;=:....~J,. <,. ;,. t'f.!,;;':.J;~'J..,'~r ... -;, ''''L':'' ";/"':1 ~" .. ,--.. e~:; .. ~~ :~,u-.:, is;,..1.~l(''' .. ~"'; .... ~"~::~ lf~1:."t 

trol:l the increased aotivit)? or trout I\Bsoc1ated. with ria1ne 
'.~:_~ ... , , :;'Z::t1t'J- ";..,.... 1'''': ,~.;,-- •. :::~"" \t:.....:-::.~·~~. ~10$ .,..,. ... .; !.:~ J. w!, ~ ~~}\ ~":;.,,i,.~ "'::··_-'t""».~~ .. 1 ~ ~ ~ 

~emperatur<!B"'~l.~1?-!, ... er~e~~~ ?,t,..~Cl?e.~~~~~n w1~p 8P~ns ¢erante 
.... ,.~ ;....' ..... r..". :.-\-.. ~ ct.- ....... t!J',. tiI.:-,;\,..' ... _*~ _ l>~~J"J- .. ~,-...-_~ '_""'V,.>< ,.-, . ..,..'t'.; . .r-' ~~ i;'f. '>;? " .. 
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frea the teeder streams.. Tbis I:lCY havo 104 to a. aonora1 

extension of the distribution ot trout awq trees tho Ghar. cono 

with tl'sh (xul5l"egating, rmd becoCl1ns "trupp.d.", in tho optiwm 

te~ei'ature gradient ot the ther.noc1ine raGlon. 

Sinoe the Sl'a1l1ng is oaslmtially an !ratio, oold-wntor 

apeolea (Bellawell,' 19690.), the etteot. ot above opt1.r:u.c 

temperatures on the behaviour are llke17 to bo moat marked. 

AlthoUc)h water tempernturea, as recorded. in oha.pter ), "ere not 

ver:/ ditterent 1n 'the 1ako and. tho wrround1.n8 rivora, the 

temperature in the shallow littorDl. zone .. a.D otten conaiderab11 

higher tllnn thnt shown in table 11 (chapter 3), end tbiD gq 

have baen an iC1'Qrtant contributor;?' taotor to ccigt'3tion trom tho . 
lake. 

The cdgration out ot the lake car also hAv" been correlatod. 

with the lower succer oxycen ~nc.ntrQ.tion ot the ralat1v.11 
l /-

statio lake \'later in .oomparieon with the turbulent rivera, and 
" 

the enreCle BUfJoeptib1l1ty ot grtqlin{; to low ox;ygen CX)noentntiona 
., • ",i*" ' ~ ... '. • '- '~ ~ 

wao not,ed. by Dr03'shall (1971). Tho auc::ler location ot snql1ng in 
~.. r ,._ 

Ll1n 'rogid, in olooe Pl'O:x1m1ty to rolativel1 0001, well o~genated 
" ' 

inflows, provided. further evidence in alpport ot these theories. 
. . 

It is aloe)' possible that the large influx ot perch end. roach into 
.~ ! .' . -. . . '. " , . . . '" 

the ahore zone during the 8WlJQer mB¥ have h:.d IlOmo etteot on the 

behaVioUr ot grB1i1llg,~" tli,extmt ot cOmpetition b.tween theoe . 

thre~" speoies' 1s ao 7et·'~Ul.' OrqlJ.nu which did remd.n in the" 

lake durl.ng·~·the·'~ar beOamo"be~v117 1nt~sted with Uce (Art)Ulu'~·icp.), 

/ 



(0) The autumn return of &rQllns to ~ha Ll1ll ':oaid. abore eone. 

QrSlling oatches in ~he Ll1ll Tec;1d Gharo eono 1'080 charplr 

from earlr October onwards (figure 89), tiah tirat beinc oaptured 

near rivar inlets (sites B,H and. J) and. then quickl, IIPreadincl 

throughout the lake. 'rho Initial C:lpture or fish nonr river 

inlet8 auggeetod a return ot gr~l1ng tro::a tho rivorG to tho 

lake, IUld f\1rtherCNidence ot thill .AI obtained. from ~h. reoapturo 

In the lake ot fiah taeged. in the rivera. 'rhus, ot 8 grtl11ins 

tcgged in the Mon 'Iqtrdrq in Sopteaber 1969. 4 1I0re oubaequentl:r 

recaptured in Ll)'n 'regid at site B during Octob.r 1969 (a.e tisuro 

86). In addition, 3 «1eh tooged. in thl River Deo in the AUtucm 

of 1969 Tlere reoaptured in L11n 'reu1d. during the ldnter end earl)' 

sprillB' of 1910. 

captures ~.re also endo durin£) Octobor 1969 ot 2 £trO.11ina at 

the River Doe outlet, 2 srrql1nc at tho Aron Llo.to.r inlet And 4 

groyl1nc at the Mon "J);ftrdwy inlet, allot which ht1d been ta&,.-.ood. 

at other sites during tho previous ",inter. It GG£CS like11 thrlt 

these 'fish had fQent the aumer in the res~ctiva rivers, and. wera 

captur9d 8S the1 were retuminc to the loke. 

It i8 CXlre dit:f'1cul t to aocount tor the rot urn ot gro.yl1n8 

. to Llyn 'l'ozid dur1nS the autucn th:m their au:::cor dopmure, 

particularl)' tor fiah which underso the cocparativoll nrduouo 

return troc tho River Dee over thll gnuc1nc ctntion weir C:1d throUlth 

the Baln uluices. ~hs motivating torce which 1n1tia.toa tho ratum 

is not known, no larae increase in river flowo oocurred. at th10 
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t1co and temperaturoa (see chnpter 3) vert vort ulc11ar in 

both tho 1aka nnd tho rivora. ~ho ntcr te::pornturoa At tho tlco 

ot the retum to thQ 1nka (12_14°C) 1I0re vert Dici1AI' to thosa 

at tho tice of depnrturo (1)-150 C). 

It seema po.uble th\t Ll1tl 'l'egid. gr83lina have becomo' 

adapted to 11 lacustrine ax1atonee, and on111aavi tho lake whco 

con1itiona beooCla un:;u1tablo, tor one reason or anothor, and. tor 

a:paming purposes. ~he inteatina.l traete ot naarl1 all Ll1n 

1'ogid. grq11ng "era 1ntea-ted. during tho winter aontho with tho 

encysted. pleroeercoid larvae ot pir&llobothrlur.1 (\ltr.-,r.ru.":I, or 

Dipbyllobothriu::J den<1riticnr.1, but neither ot thea. par.nitea wso 

ever recorded in River Dee cro1l1nC. It 'BooeD 11ko1)" th.orotore, 

that undetected r:1Oveaenta ot grql1nt; tro!:l L11n 'reBid to the 

niver Doe did not occur d.ur1na the winter, CAl that cnqlins onlr 

lett the lakt.) in the BlCtler. 

2. Population struotures Md dencitiee 

A. Intro du cU. on 

1'ho ta.gging experll:lsnta carried out to asseao tho covG:1Qnts 

of grayling in Llyn Tegid and the River Dee aloo ennblod DOeQ 

astiaatea of population a1.z. to be mada. Beonuse ot tho large 

area covered in the aurve18, and tha prel1cdna:q natura ot 'tha 

studieo, thea infOrJlstion available tor saoh asti~t.a VQG 

necesoaril;y 11m! ted. The nu:nbora ot tiab cauaht w taa:od at 

(UlY one site on en~ Binal~ oco:udon werG n:all, and tho rawlt1na 

population eot1t:ltltes were not considered vert rollabla. Flab "ora 
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baing continuous11 removed tree the populAtiona darins tho 

aamplinB period tor dietary anal),oGu, thuD roduo1na tho numbor 

or fish available tor ta~, and ot thoso t~d 134 wore 

usod in tranater experim.nto. In aMi tion tho t~ _xplmento 

wore oarried out over long periods ot titlO, a preoedure whioh 

introduoes nUllllroUIJ COQp11cationa into tho eotic:atea (ae. alation 

2:8,i1). 

Despite the IEIaIl1' drawback. 1t waa 4eo1dod to atteapt a 
1\ 

number ot populat10n demut;r estimateD sinoe, 88 ~1nted out bl 

La Cren (1969), approximato data are cUat.1not17 botter thm no 

data at all, and. 1t 1s only by ca1d.n8 web 8sticnte. that ono 

can see where the major inaccuracies lie end than tAke at.ps to 

eliminate them. 

E~iclates TleH ma.do ua1.n() the cethodu ot Gchnabol (1938), 

as moditied b1 CbapClall (1952), end. Schu:nacher lA Ecch:le;ror (1943). 

These methods £Zld. their Bpplioa.t.ion have been naequately 

deacribed by Ricker (1958) end. recent rovinG on the cathode ot 

ostimating population oizes h&ve be~ made b1 Jon~a (1964), 

Re18er &. nobson (1967), and. I);Jbaon & Reiger (1968). The latenal 

available was not 6U1tn\)le tor uae with the more sophilticated 

esticate method,s such aa that ot JoU1 (1965). In aMition to 

the densit1 estimate. dua1lu ot tho populAtion ut.ruoturos "tr. 

recorded, and. attacpts uen C1:ldo to aDaCDS the rolative proportions 

of Gl"oylina, trout and j~en11e wean in dlttorent ~art 8 or the 

River Dee. 

Xo estima.tes of poP~ll.tion denaitiea or Europoan grqlins 
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!rom Clark recapture ~r1cent8 h4vo been tOWld in the 

literatUre, but tolowa.'d. (1963) gnve an a.pproximat. denalt1 

ot 0.041 cra1lins per square cItro in th. RoCO=n1k atrelUD. 

llacka1 (1970) save the dll1a1t7 ot srql1ng in the ~U61aD 

Water and the River Grrte, Dcotland, as 125 per tr.1. &nil' 23 

per Y.m. respeotivoly. Ue did not indiont. the width ot thlCI 

rivers but judaing trom the mean tlowa given in hiD pCQor, tbeto 

strecca wero nearer 1n siza to the L17n '1'0&14 teodor atret.::lo 

tban to tho River Dee. AssumillcS A verr I1pproxiC4te width ot 

10 metreD, then the dencit1' ot 81"lq1inc: in the two rivera 

would be 0.0125/Cletro2 end O.OO23/cotre2• ~beoo relativel1 

low deno1tios mq have oocurred bees-use arc11lnG are not 

indigenous to theae rivers. Tho River Ortio population hnd aloo 

befiln subjected to trequent pollutions, end. the denG1t1 oDticmteo 

ware both mado follo~11ut1on8 in which llrlckny (1970) l1nau:1od. 

that all fish had. bean 1d.lled.. Kruse (1959) Wl3cl Schnabel 

oatimates to asseas the population denai't7 ot T&m1l11un nrotleun in 

Grebe laka f'ro::.1 mo.rk-recapture experiC2tnta. He gave th. densit7 ot 

grD1l1ng in the laka a8 appronl:atelT 4500 par hectare. 

B. The fT)11ir;~ pol2\!lntion ot the River De. 

(1) Population ![ttucture 

• 
The catches ct grq11~ cad. at each a1~8 in the River Doo 

aro mhown in table 63. The. results obtained abow that the 0+ nco 

group was not caueht efticiently bl the CGthld1l uaac1, and. that the 

C3.tchss of thesl f1sh wera not reprosentative ot their proport1on 
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in the population. ~he porcent~ ropresontD.tion ot each' ase 

group sbotm in table 63 WAD theretore calculD.tod with tho 0+ 

group omiUed. It thaBe t1auroo CU'a token o.D beino ro~roGOntativ. 

ot the survival rqteD ot each aucoGoG1ve17 oldor ceo croup 

(Ricker, 1958). then it can be seen thnt aurvival rateD arl 

lowest at Dala and generillrinorlale downstroam, reaoh1ns 11 

cax1mum at Corwan. 

It 1s considered that the dittermaoa in aurviYlll ratoD cay 

have rewlted tro:n difterenaes in populatlon deno1tl1a (alatlon 2], 

11 and 111). It should be noted. that aurv1val "lUI loweat in the 

Ba1a area where the larseot numbera ot grayl1nc occurred, ~d 

where the etteotas ot present rosulation are likol)' to be mOlt 

marked. The high proportion ot ;young tish in tho upper reaohos 1s 

1ndiOlltlve ot ovarcrowUng. 'labla 6) o.lco SUtlGflsta tb:1t tho 

greatest period. ot cortail1t7 atter tho ass ot 1 ,.ear occurred. 

between 2+ L"ld. 3± ,.ears, coineid1.ncl wlth the onsot ot caturlt1. 

The a{;9 end length coClpoa1Uon ot tho River Deo ~1in8 stocke 

can also be S8G1l in figure 18 (chnpter 5), and. the BOX rnt10B were 

given 1R chapter 9. 

(il) Population densities 

(a) lIethoda. 

Population eatlestes were cad, using tho cul.tlp1e Cor1SUB 

methods ot Schnabel (19)8, as modlfied bt Chapaan, 1952) and. 

Scbumacher & EsOhm~lr (1943). 

; 
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The Ch3rman mocUtication ot the Schnabol .ati~t.e io tivon 

bl the equation I 

" II • 

.. here " 

z, (at Ct) 

(z,m) .1 
(1) 

tt • estimated population a1~ • 

Ct • catch at time t 

Ltt • number ot marked tiah a.t larso at tim, t 

Itt • Recaptures or clLrked. fieb at tieo t. 

Schumacher & Eacb:l81er' a tormula tor eatiClD.t1ns pop\ll.Qtion 

size is I 

1 • -l-
N 

E ~(llt Rt) 

~(CUlt2) 
,. 

where N, lIt, ct rmd m are the 8:l:l1 III in torcula (1). 

The tormulae tor eat1.mo.t1n8 the variance ot tho Schnabel 

method are more appropriate to large an::Q1aa end hD.ve not beca 

calCl1lated.. The variance ot the Sohu:nD.ahor oDtiCUlta i& given 

b1 the equation I 

SJ- • ~(Rt21 at) - (z-nt!lt2) I Z:.Ct JJt2 (3) 

m-l 

"here Q is the number ot samploD included in tho w:::cationa. 

Confidenco limits are beot ooc~ed tor lIS (ru.ckor, 1958). 'rho 

stcndard onor tor 1/ N io I 

~ 
Contldmce limits ot 95'£ are obtained b1 cultlpl1inc bl a t vulue for 

f\ 

mo.l degrees ot freedom. The limits at confidenoe tor 11 are round. bl 

inverting those found tor 1/ u. 
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The uso ot thoBe and other methoda has been "011 

discucsed by1U.oker (1958), but 8OQO ot tho drawbacks ot tho 

method.s re1ev&nt to tbia study should b. mGntioneJ.. 'rho 

methods ot eotimatlng populo.tion a1z8 uced here ro'}ulre I 

(1) that marked tish surtor the anml natural lIlortalltl 

as unmarked. fish. 

(2) that carkod. and unmarked fish nro oqual17 as wlntrnb10 

to th;oamp11ns cetbod being used, 

(3) that the marked tish do not looe their anti" 

(4) that marked. tioh beooc8 randoml1 mind witb un::uked. fiBhJ 

(5) that all marka are reco&n!oed and reported on reoove171 

(6) that tbere 111 only a neglIgible t:nOWlt ot recru1tcent 

to the catchable populatIon during the period in which 

recoveries are be1ns mado. 

It vaa shown in chapter 5 that tagg1na oauaed a aiE,1litiCMt 

decrease in the conditIon (Ie) ot erl.1lin~, lUld it i1l possible 

that tagged fish mq bave suttered a higher mortnlIt,. than 

unmarked onos,altbough no diroat evidence vt this wao tound. 

Hisher cortality ot tagged fish .ill produce ovorestitlateo. 

Since Olst ot the mark-recapturo prosra:::tloa included. tlsh 

C3USbt br angling, it is l1k:e17 that the avnilabilitl ot tG.&$Od. 

fish tor recapturo decresoed as a rel.Jllt ot tho crqlin8 becoming 

1eBs catchable. Boukeca (1970a, 1910b) deconatntod the Qb111t1 

of pike (Esox lucius L.) and carp (Cyprlnut:I cnrpio L.) to lel1rn 

to avoid balts on books, and this phenomenon ClC7 also occur 8CX)ZlCst 

': ' ... -
, ~ 'r '. 

" , 

". j. \ - :. '. t .. ~. : < ~ - J! I 
:'"' ";0 

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

.' 'I'~ _ .\ ' Ui. 



Retortnco -to ths methoda b7 which wltiplo recapturoD 

wero mnde 6Ug8'Osted thn.t this aCllU:ption WilD Olrroct. Twa 

onl), one tish wall rocapturod core than once on ~tD, 11 nob 

were recaptured once on ~""OtB end BubaGquaotl1 br fiT tlahins, 

and. 6 multiple recaptures oocw-red on fir Alone. 

lJagsots are not a noroal tood ot ~11n8 in this part or 
the river nnd the greateat decrease in catchabilitr ,"'Quld bo 

expected with tbiu bait. Flies (surtacQ tood.), be.over, torm 

a Cl3jor part or the diet ot Br07l1n8 (chapter 7) and. txlre 

multiple recapturea would be expected. on D.ri1tic1al fiieD thrul 

on caggots. One particular sre1l1n8 waD ~ht on two suoQeosivo 

days in the ~e pool on the snmo firl 'rho much h1chor proportion 

or multiple reoaptures ot gI'a1ling on two difterent typeo ot bait 

~gests that IIOme Avoidanoe ot artiticial fiiea occurred as wall 

as that ot magsots. Beukema (l970a) round thnt pika leamt to 

avoid arl1tic1al spinn1ns lures, but not live tiab balta. 

Decreases in ca:tchabiUtr reduce the DU:lber ot marked fish 

.." " -
available tor rec:atprua and, like mortality, reault in population 

estimates that Are too high. 

In addition to the reC:lpturea sham in figure 86, a total 

ot 13 tilili wore c:lught which bore tD8 Y«)und DClAI'B. It was 

theretoro aSSUQod that about 8.~ or tll8l:Od. fish lost their t~Eh 

The highest rate or t&8 loas oCC'.UTed in sitea Do end. Q end. waa 

associatod. with the saine nett~ operntiono which were c~od. 

out in those a1tas. ar~l1ns cauoht bl thin cubed wera to::lotimos 
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tound. to have becomo ent&1l18led in tho net tloGhotJ b1 'tho taco, 

and. tass were ripped out ot the fiah a. thq .tN8c1od to tree 

tbecso1ves. Nine at the recorded tas 10 •••• ooourrod in the 

above Ditta atter the onaet ot netting procedures. '1'ag 10a.e. 

were even biahor in Ll1n Tosid (1~. 8eo aectlon 2C,11) wbare 

all fish lIere caueht bl aeine net.t.lns. '1'ag 10DaeD ~ reBUlt 

in overestimates ot population alza, al doas the td.1ure ot 

anglers t.o report. t.he recovul at t,8£SOd tiash (chapter 4). 

110 evidencQ wlla tound t.0 IlU.Q;8st that. ~D~ fish dld not 

become rando:n17 mixed nth unt.agS'Od t1ab, or that. t.h., behnved 

ditferent11 to ot.her fiah 8p~ from abo.inc a decreasing 

cat.chabil1t.1. ns ment.loned above. 

Large swe recl'Uitmtnt. ot fish into t.he ontchab10 populat.ion 

cUd oocur dur1n5 t.he at~ poriod, in the tom ot tho 1969 10ar 

class Q1ld t.he increAsing catch:lblllt,r ot 1968 0+ srq11nC. It. 

was decided t.o el1c1nato t.h1. flOurce at error by excluding all 

such tlsh trom t.ho eat1cflt.e cocput.at.iona. ~ho ontlCD.t.oa ot 

population sizes given later t.hun reter on1f t.o tlah older t.han 

1 year ot age. 

Schnabel & Schumacher enimnt.es aloo aBllu:ne t.hat. no 

morln1it1 or cClicrat10n occurs during the st.ud1 period. 'rb ••• 

condit.ions were not 8a~ist1ed in m:1 tage;1ng uper1cont.o "hich 

extended over 1cns periods at tice. The ettact. at morta11tt 

equal11 ~tecting marked Qlld unmarked fich dur1ns tho experimental 

period result.s in Schna.bel V"pe estlcnt.es baing ln1tla1l7 t.oo low 

"",,' ,' . 
. !\. .... 
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and finally too 1arg~ (Ricker, 1958). This trend c:m bt 

sam in a number ot tho eatiCltltoa given In the ro1lo.ins 

214. 

It was conaidfn'ed that, in the absODoe ot coce corrootlon, 

the BOu:'oes 01' error diacuased abovo ti'Ould ro:.u1t in population 

egtimato8 thll:t were too hiGh, and probab17 coan1ns1eso. Tho 

main lnaocuraq' whioh oocurred. waD in tho ovorecU.ca:tion ot tho 

number at markod fiah at larco (U) which 1101'0 available tor 

rooapture. stott (1967) red.uoQd the value at U in his population 

oBtlmateo aOalrding to tho observed extmlt ot o::1igrl4tion. ThIJ 

etrlgration 01' tB8bGd 1'ish lIAI onl1 one ot =:l%l7 iaotoro which 

reduced the true value ot ll1n r;r; studt, and it WAC doc1ded 

that a more cotDprebensi va corroction was requirod. 

Theorotlcal17 the decreasing avd1abi1lt1 01' tngaod. 

nob tor recnpture, trom whatevor OallS., should be retlectod in 

the d~oreas11l8 proportlon 01' .,uch 1'lab in successivt cntchea. 

This aSCumptlon 1Ias tested b7 aaoeasi.n8 tho extent to which tho 

proportion 01' recaptures (n) to CAtch (e) chD.nged bat"oan 30 

day intervals. 01'117 "boca" recaptureD •• 1'0 used whilst asoosc1ng 

RIc, and data tram all si'tea .. ere cocbinetl by conaidorlng each 

releaso date no cloy O. Since the numerical value ot n;o depends 

on the number ot marked fish at large (Il) it was nocecsary to 

woight each proportion b1 a tactor or 1/U. This proceduro Clay 

negatively blAB tho njc value, because eaisration reduced the 

value 01' U. 

The mean values obtained for RIc decreasod on17 al1Cht17' 
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between the tirst end lJocxmd 30 dq penodo, but '1'011 allarp17 

thereafter. Tho rat. at which n/C doclinod durins the tirst 'ho 

perioda waa 8sau:lod to be conctant and tb1a rBte extrapolated to 

~ 0 save a hnothoticD.l valul tor R/c at da,y O. Thi. value 

was taken to reproaont a lOO~ avdlabilit1 01' tG&:od. tiah tor 

recapture on dIq 0, and the coan It/c valuea tor eAch ot tho 

following 30 dAr poriods wIre exproa.ed .a percontageD with 

reference to this. ~he reU11tins Itavailablllt," curvl ill Dhow 

in figure 90. The rewltD.obtainod indicato, tor lumpl8, that 

leso than 30~ ot· tho tDQ)8d tlsh reloaSOd on d03' 0 wore atill 

available for recapture atter 180 dl\1o. 

The vAlue ot 11t in tho 5clmabol '" Eohu::l.chor eotic.deD wna 

reduced with time (figure 90). 'l'hecreticall1 'thiD CXlrrection 

should allow tor diUerential conallt)' ot tD£G'8d on;l untaesed 

fish, decreaoes in catchn'b1l1tl ot tagCOd. tich, tll8 10B08a, 1Uld, 

since onl1 ttboco l
' recaptureo wore u.ad in tha calculntions, the 

ec1gration of tasSOd fish. Tho corroction ia probQ.bl1 on over

slmpl1fbation and tha aasuczption ot Do caall end. conotDJlt rata of 

deoline in RIc during the tiret two 30 dq perlods cq bo inoorrect. 

Observations did indicate that the re~pture rato roo:dned. high 

during this period and the error tram this llOurOG WAG therefore 

unl1kol1 to have been verr great. Altbouoh tho corroctlon was 

based on a relativ.17 mall e.mcn,mt ot data It was conc1derod to 

show at least the- Eonerlll trend. Tho Decessit,. tor the correction, 

howevor, demonstro.tos tho seneral unsuitabIlIty ot such data tor 

population estimates. 



FIGURE 90 

Changes in the Availability of Tagged Grayling in the Rivor 000 
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It 10 apparGnt t'roCl tho nbovo dioouDa.ion ~h:lt CD.n1 ot 

the problemo enOluntered in tho eatiCl4tion ot populat1on ai.l. 

oould be overcomo it such estimate. "ere mad. in a abort period 

of not ClOra thUl a tlW "eeks. 

(b) R~aultl. 

Uon ot tho data av:dlable from ~.gs1na experiment. wort 

unsuitable tor use in population eB'tim3toD and attccpto at suoh 

eoticates ... re only mnde on data trom siteD a,o,h and m. On17 

"homa" reoaptures Tiore used in tha eatimateD. 

Sito a provided the ben data tor web ooU.mates and the 

results obtained n1'e aboloU in table 64. Somabtl & Schumaohtr 

estimntea were both vert a1c:dlar, the latter b.1n~ sllght17 

larger. Confidenoe limits were initial17 high, but decreacod 

with BUoolssive estimate.. The bern single ostimate "aD oona1.derod 

to be that from the 13th Auaust tample, tor two mann reaoona. 

Firat 1" the anmple was taken Ilss then one mnth after the 

largest release ot taeged, fish in slotion Do (on 20th Jul.7) nnd 

ra~ptures in the asple were h1£h. Seeondl;y tha produot CUtt 

WAS greater than ~,. £ltd the necative billD on the esticato tlc.o 

theretore less ~han ~ (neiger & Robecn, 1961). 1'hs volue ot 

CtUt altO exceeded. 4l on 20th JulJ but confidenoes 11c1 tD tor 

this eotiQo:te were much wider thnn tor the Auoust 13th est1cato. 

Using the AUBU'st 13th Sohucacber estiClato an4 reterrino to 

the area of Bite a given in table 14 (chapter 3), a dens1tl of 

0.024 gre.yl1ne/Q 2 (9~ confidence lied ts O.021-O.028/a2) \'lIlD 

obtained. UsinG the proportions ot 8.l:8 6l'Oupa cbom in table 63, 

, 
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Table 64. PoilUlation estimntos ot grql1ng in the River Dee site a. 
1\ 
111 • Schnabel (Chapnlln modification) eot1t:late. 

1\ 
12 • S~aOher & Eschceyer estimate. 

I. (ctllt) (Int) +1 1\ 
!(l1t Rt) I,(cutt2) 

1\ 
95~ conf- No. ot fish ~l1ng Ut Ct Nl 112 

date ldencfiI removed 
l1r::dts 

15 Oct. '69 0 7 0 0 - 0 0 - - 0 
27 Jan.'70 4.3 5 21.5 0 0 92.5 - 5 
19 llar. 2.8 4 32.7 0 - 0 123.7 - - 0 

2 Apr. 3.4 4 46.3 0 0 170.1 - 0 
18 l1ay 5.8 3 6).7 0 - 0 270.9 - - 0 
2 JUD." 7.7 4 94.5 2 47 7.7 508.1 66 )2_co 2 
11 Jun. 7.1 5 130.0 5 26 29.0 760.1 26 14 - 30) 0 

8 Jul. 7.9 3 153.7 5 31 29.0 947.3 33 16 - aJ 1 
13 Jul. 7.6 4 184.1 6 31 36.6 1178.3 32 18 - 175 0 
20 Jul. 10.) 30 493.1 9 55 67.5 4361.5 65 51 - 833 0 
13 Au&. 34.5 29 1493.6 23 65 550.5 )8880.2 71 63 - 81 5 
14 Sep. )6.1 6 1710.2 24 71 ~6.6 46699.4 80 61 - 115 4 
16 Sep. 35.6 6 1923.8 25 77 622.2 54303.8 87 6) - 141 0 
23 Sep. 34.1 6 2126.4 26 8~ 656.3 61280.6 93 63 - 180 0 

7 Oat. 35.5 4 2270.4 26 81 691.8 66)21.8 96 68 - 161 ) 
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nnd the mean weights ot these fiab durino Auc:ust (rieur' Z1, 

chapter 5), the .atimatad bioClaSS or grqoU·ll8 older tbnn 1 yoar 

ot 88e 1n sit. a at this time was 2.586 e./m2 (95,t O)ntldonce 

limits 2.263 - 3.011 g/m2). 

The estimated density 01' grq1ins in o1t, a, WBS 1eaa 

than that found. by Sol.weld. (1~63) in tho l1.o£O:n1k otro=, 

and more thtm that found b1' UacICa7 (1970) ln Sootti6h rivora. 

Appro:dmate17 on. third. 01' the area ot site a was vert ahallow, 

relatively stBtio water on a bond ot thl rlvor. QrG1linS did 

not general17 ooouW this region, but 1'Ier. concontr4t~ in tho 

remaining area ot site A. 

'l'be reEAllia 01' both tnea 01' estimAtls abow a SQ1Gral. 

upward. trend in suoceas1vl samples. ~his cay hD.ve reE1l1ted 

troe the ef'tacts of morta11t7 on wah estlmntoo (aeotlon 2D,1in). 

or trom innccurate assessment 01' the reduo1ns availabiU t1 or tn<reOd 

fish (figure 90). It would bet temptlng to nttrlbuto tho suMan 

increAse in populntion size botween eull and late Jul7 to tho 

influx ot grqling from Ll1n 'regid (section 113,111) but the 

accuraC7 ot the results does not juatlf.T such a oonoluaion. 

Evidence troiil site h Gstl:nates, whiob were carried out berore this 

timo, and which showed no ge.'ltral upward trend., suet:rested, however, 

thnt this mar have been the cause. 

It was apparent f'rolOl rod-C3.tchea toot donaitioa ot sraylina 

were otten much higher at other a1tes thm at site a. Q~l1ng 

appeared to b9 particulllrly numerous at o1t. 0 but tho dc.ta trom 
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thil s1te "ere untortunatalr complicatod al a result or the transter 

experiments described earlier (Boctlon ID,ti). "lloal" reoaptur •• 

were in themselves too lim! ted. tor UBe with the eot1mnt. methods, 

-but it was evident that muoh more data would b. available lt 

reoaptures ot fish "homill8" trom alto b to oit. a could be 

inoluded. From the resultD ot the transfer exper1ctnta it wa. 

estiaated. that 68.~ or the displaced fish "homed. If ln tM. manner. 

It was theretore as:umed that this proportion or displaoed tll8504 

fiuh was available tor recapture at s1 t. 0 At UJ.7 one t1me, 

subjeot to the same general decnns. in avallablllty co other 

tiab (figure 90). It 18 thousht that this figure waD probab17 

an overestimate, Gince SOol blas towarda the capturo or "home" 

fiah occurred a8 a reBUl.t or lntensive aacpllns in aite 0, rnd 

the populatlon estimates tor section c Biven ln table 65 tl:17 

be too high. 

The confidence 11m1ts tor alte c estimateo were much wid.r 

tbnn tor s1 te a animate., but the %'esu1 t8 do indicate that B'l"eyl1ng 

were much more nUClei'ou8 at aite o. Uaing the 13th Augult eltim3te 

to obtun a direct comparison with the alta a rewlts, showo that 

1lle density ot grayling at site c was O.143/m2 (9~ confidence limit! 

O.087..o.499/m2), which 170.8 equiva1.nt to a biooaaB ot 15.421 C/m2 

(9~ confidence 1itd.tB 9.)82-53.811 g/m2). This estimate i8 

probably too high, as a result or thlt overe&t1cation ot tthoming " 

fish, but nng1ing and netting oatchos did susgeat toot thero woro 

more grqllng at site c thnn at site a. 

Sito 0 estimates alao abcwed an increac1nl) sizo in successive 



T:>.ble 65. Po~lation eatimate of grayling in the River Dee eite c, I 
" I(Ct l1t2j 

1\ 

Sac~ling date Mt Ct !(Ctlllt) ~Rt) + 1 N1 ~(LttRt) N2 9'jf. conf- lio. of fish 
idence removed 
limits 

29 Aug.1969 0 0 0 0 0 0 

11 Sep. 2.0 8 16.0 0 0 32.0 0 

10 Nov. 8.3 2 32.6 0 0 169.8 2 

21 Jan.1970 4.6 33 184.4 0 0 869.4 3 

3 ~ar. 23.2 37 1042.8 2 521 23.2 2078.3 90 11 

19 LIar. 37·4 9 1379.4 4 345 98.0 33372.0 34.1 154 - co 0 

2 Apr. 37.7 20 2133·4 5' 427 135.7 61798.0 455 216 - co 0 

7 Apr. 48.8 5 2377 .4 1 340 233.3 73705.0 316 143 - co 0 

5 l.!ay 45.7 3 2514.5 8 314 279.0 79970.5 287 144 - co 2 

15 l.~ay 41.8 8 2843.9 9 317 320.8 93948.1 293 159 - co 4 

2 JIl1I. 40.3 3 2969.8 9 330 320.8 98820.4 303 164 - 2500 3 

B .Jun. 39.9 24 3903·4 11 355 398.6 135137.2 339 229 - 1333 0 

23 Jun. 56.7 13 4640.5 12 387 455.3 116930.9 339 219 - 1754 1 

7 Jul. 53.1 5 4906.0 12 409 455.3 191028.9 419 225 - 1563 0 

13 Jul. 51.1 17 5784.9 12 432 455.3 236469.2 519 305 - 1724 14 

13 Aug. 41.6 32 7116.1 14 508 538.5 291847.4 5'? 327 - 1563 1 .. -
14 S9p. 57.7 ? 7635.4 14 545 533.5 321911.1 598 261 - It95 9 

16 ~p. 57.2 24 9003.2 15 600 . 595.7 400334.3 672 415 - 1754 1 

23 s". 53.9 32 10733.0 11 631 103.5 493300.7 701 433 - 1736 0 

7 Oct. 74.9 15 11956.5 19 624 853.3 577450.1 671 429 - 1639 5 

5 Feb.1971 23.4 20 12324.5 21 581 900.1 538402.1 654 411 - 1515 0 



samples, the lar~st inoroaae again oocurring durill8 Jul1. 

The last two oat1cD.toB shoved. evidenoe ot deoreaa!.n8 alee in 

spite ot the general upward. trend, but .. bether thi. daorea.e 

repreaontod. a real deore:use in the population, AS a rewlt, tor 

instance, ot £l"0111ng return1ns to Ll~ To6id, w,. unknown. 

Data available tor population estimateD tro~ aitoa h and m 

ware even more limiteci, and. onl1 the tinal two estimate. tor 

each site are shown in Table 66. The oontidencIJ lim! ts tor both 

sato ot eaticateB were widt, end the 41tterenoe bet".on Schnabel 

and Schumacher estimates tor alta m sum:osted that the figures 

were not vert reliable. The density eaticatoo at each aUe wort, 

however, remarkablr similar, end this WilD generally- borne out b1 

&ngling catches. 

The estimated densities, using tho final Schu:nacher estimates, 

were 0.057 gr81llne/g2 at site h (9~ l1citB 0.032-O.252/m2) and 

0.050 crS31inrUm2 at site t1 (95~ Q)ntidonce l1t11ts 0.030 - O.019/m2). 

These densities rapremeted biomasoea ot 5.760 a/g2 (9~ Olntidonct 

limits 3.233 - 25.467 g/Q2) at site h, and 7.764 8/m2 (9~ Q)ntidenoe 

limits 4.658 - 12.267 B/m2) at Bite c. The higher bioC8SS at site t1 

resulted trom th$ larger pl'Oportion ot older tish at th:lt aite 

(Beo table 63). FrO::1 observations made whilst s=pling', it appeared 

that the densities ot grVlinS at oites h and Q werG more t7Pical 

ot the upper Dee as a whole than were those or either sdte a or 

site c. 

It is interostl118 to note thD.t despite the verr wide oontidence 



Table 66. Population estima'\ea or crEl111ns in tho 

River Dee Bites h and m. 

Site h 

Sample number 12 13 

Date 1.G.70 9.7.70 

Ut 35.4 31.4 

Ct 11 5 

I: (CtUt) 394G.2 4103.2 

(l:Rt) + 1 10 11 ,. 
395 373 N1 

}:'(!1tRt) 370.9 402.3 

!(CtUt2) 148914.2 153844.2 
1\ 401 382 112 

95'fo e.L. 219-2381 213-1G95 

llo. ot tish removed 2 1 

10 

21.9.70 

33.9 

39 

2413.2 

9 

215 

177.1 

69996.3 

395 

212-2860 

28 

" 111 - Schnabel (Chapman modification) euticate 
1\ 
li2 - Schumacher & Eschceyer estim:l'\e 

11 

14.10.70 

35.2 

10 

2825.2 

11 

251 

243.1 

80886.3 

333 

191-521 

10 



limits, tho estlmates at populatIon oizo =dl At alte h on provioua 

occasions "ere all similar to those ahom in tabla 66. Echucachtr 

estimates tor &ite h 8%'CY11ns were 432 (FebNR17 12th), 280 (larch 

2nd), 304 (}Juch lrd), 439 (Uarch 16th), 374 (Uarch 23rd), 363 

(April 9th) and 403 (Uq 5th). Theae eatimate8 dlowod no cenaral 

upward trend and. 8 i nco ther were made betore tho mnin infiux ot 

Llyn TeSicl Bl'Q11ng, the ~.r riae in eatil:4tt. tor Dlte. a and a 

rtJJr1 have represented. actual incrGslles in tho populAtion, in torme 

ot L1JD Tegid imm1grnntB, rather than ~ero17 G~pllnB error. 

A sumart or tht pop,11atlon densities and bIom3Dsea 

discussed in the previous pagea ls allow in tabla 67. 

Table 61. Estleated population dlrlsities and biomnooaB ot 6TQllns 

site 

a 

c 

h 

m 

in the River Dee. 

Densitf 
(no./m2 

9~ e.L. :Biocnao 9S! e.L. 
( g/Q2) 

0.024 0.021-0.028 2.586 2.263-3.017 

0.143 0.007-0.499 15.421 9.)82-53.811 

0.057 0.032-0.252 5.760 3.233-25.461 

0.050 0.0)0-0.019 7.764 4. 6,a-12. 26'1 

(111) The relative numbers ot 5!&l1n{!! trout 11M jllvmil. 

salmon in the River Dee. 

Attempts were made to assess the approximato dent1tleo at t1£h 

and the proportions ot different species in the upper reachts ot the 

PJ.ver Dee (aites a and c) and at Corwen, b7 means of de:udt1 1ndiclIs 

(oulland, 1955) baaad on aeine net catchea. 
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Netting Wt\o carried out in sites a m1d. 0 b7 ~lSo1t (ae. 

Chapter 4), and at Corwen on two oocaaiono (floptlCbor 1969, 

Uq 1971) by the Deo anll C1w:rd River Authority, uGing a nit 

very similar to the one I u81l1l. AoSUQins thAt t.he nett.1ns 

efficiency' wao approx1cately the GaQO in the two Banca ot 

nottings, and that the fish oo.USbt .. oro approxicate17 repricantativi 

of the aotual proportions ot the ditterent apoole" prollent, then 

considorable d1fferenoes oon be sten betwecu tho populations at tiah 

at Corwen and at Bala. These ditteretnoeB are depiotell in table 68. 

TAble 68. The speci.s compoa1tion ot catohes of tish lroQ 

dltterent parts ot the River Dee. 

Site No. at No. ot tish C4usht Donaitl indlx 
net 
hauls Balmon trout ~lin8' sa1C1On trout aTG1li nu 

parr parr 

Corwen 11 188 54 44 1709 491 400 

Bal& 8 9 50 165 113 625 206l 

TheBe reE>U1ts sucgested that grayling "ero much 108B abundtmt 

at Carwen t.han at Bale, that trout were present in uic1lar numbers 

at both sites, snd that salmon parr were more numerous at Conan 

than at Bala. It WBS oonsiderell that the density index obtained for cnlmon 

parr &t Bala waa too lOTI, since these fish tlOotly oOOlpied the shallow 

riffle arel1s which were not netted. The denaity indioes obtained 

for trout and. grayling at Dalo. were cansidereil repreocntntive and 

indioated that crn1l1ng outnUI:lbered trout by more than 311. 

The hab1tat notted at Corwen consiated mostly of fiata ot 
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more or lls8 unitorm dlpth, and the nlttings at this d.to mq 

have BivIn a better repreaentatlon ot all thra. apeoila. 

Salmon parr grea.tl;r outnumbered both trout and grqlinB at 

Conen, end trout .. are equaUr aa abundant .a ~linB. Some 

ot the main apamiD8 grounds ot salmon are looatod on thl flata 

at Conren, nnd large numbers ot salmon parr would therGtore be 

expeoted. in this area. 

Whilst g1"aylina- denaitieo I:Ul7 have al.83's been woh hlghor 

at Dala than at Corwen, evidenoe troa anglers and River Autborit1 

roports '(chal'ter 2) indicates that the nucbera ot tiah have 

increased considerably throughout the are:l, and. moat es~ecial17 

in the up:per reaches. Some lncreaoea in the llUI:Jbaro ot grqUns 

have been recorded in other Bt'itiah rivers in recent ;rears (Hella'loll, 

1969a, Fiahal'ila Liaison Croup tleeting, Dlrm1nsham, 1971); pooaiblr 

as a refAllt of natural O1olls at abunde.nce end. scarc1t1. It 111 

considered. unlikel)' that such a nat\lral C7cle would have had 80 

pronounced an ettact on the numbers ot fish and the size ooapoaition 

of the stocks, as baa blan recorded 1n the River Dee. It 1s tbousht 

much more Uke1.7 that the atabiliz1n8 ettecto or reC\\lntion will 

have contributed to the ob.arvld 1noreo.oes. 

Resulation'is likal7 to have more ettect on £l"&1linS than on 

trout end salmon, not ontr becauss at difterences in breeding habits 

(chapter 9) but also because stabilization ot river conditione tavouro 

twse tish which prefer such habitats, rather than thoue which are 

characteristio ot tlaoby mountain streams. From tbis point at view, 

regulation i8 11ksly to have En even more cuked etfect on coarso 
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fish in tho lower nnd middle roachos ot the Doe. 

c. The mzlin5 populntion ot Llyn Tetrld 

(i) POPUlation otrueture. 

'the total catches ot bl"071ins in Llyn 'roc1d c.ro c1vm in 

table 69. 

Table 62. catches ot grq-linJ in Llyn TeE;1d, Oa\ober 1968 to 
October 1970. 

Site 11umbe~ of finh tru:ube~ ot sncplon -
A 40 15 

13 149 13 

c 94 9 

D 122 15 
r; 53 16 

F 167 15 
G 7~ 9 

H ''''·'183.:' 22 

I 0 0 

J 138 10 

Total 1014 124 

The ago composition ot tho C:ltchos ia Ithom 1n table 70, 

Ta'b1e 70. ASO coml'Ositlon ot the Llyn 'l'esid Br£l111n& catchos. -
Age 

ITo. ot fish 
in each age 
group 

Percentege or 
fish in each 
age group 
(excluding 0+ 
group) 

0+ 1+ 

155 510 

66.) 

2+ 3+ 4+ 5+ 

219 55 14 1 

1.6 0.1 



224. 

The 0+ group waw represented to B oroater extent in Llm 

Togid catches than in Rivor Dee catches, toredns 15.~ aM 7.Z; 

of the total catches respeCJt1vel¥. ~h1s d1ttoronce waD chien.,. 

accountod tor bY' the capture ot ,.oune tq 1n Llm 'l'oaid dur1!14' 

Jul1. This group of tiBh wa& ~ught leon err1cientl;y thnn 

older fish md has thererore bean exoluded troCl the peroentage 

figurOD given in table 70, and &leo trom the populat1cn ,atieaton 

Given in Boction 20,11. The age and lensth CX)mpo.lt1on ot tho 

L1)'n 'l'egid srD111n8 stocks can nlso be Beon in Fieure 18 (c:h:lpter 5) 

end the sex ratios were Biven in chapter 9. 

The age oomposit1on ot grq11t1(I in Llyn 'regid W3.& a1c11nr 

to that ot graylins in tho L1andr1Uo area cr th9 River DOG and 

lower survival ratea were iruUcated than those at Conron. The 

percent ago compoaition ot the age groups in the oatchos of' 

grD11ing Clade in Llyn Teg1d b: Jones (1953) was 1+ I 66.~, 

2+ I 18.9P, 3+ I ll.~, 4+ I 3.~, and S+ I 0.7/.. Tho mnin 

difference betweon the two groups ot data boina the higher 

GUI'V'ivnlB in older ase sroupa durina the 1950-53 period, llhich tlq 

be a refleotion of' the lower population denBit1eo at that tiee 

(aee seotion 20,i1i). 

(11) Prosent population densitiaR or tm;11in5 in Llyn 'l'e\)1d. 

Seasonal cheJ'18Ss in tho d~udtl ot grB111ng in the Llyn 

'regid aOOre zone were diocunsed. in section 10,111 and are aholoU 

in tisuro 89. In viow ot these changoa it was decided thnt 

population eatlcat eo would beat be carriea out at the time 'fihcn 
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maximum numbers of tiah were in the aboro zone, 1.e. during 

the winter months. AlthoUGh larsa nu.cbera ot fiab 1ftra &1ao Otlusht 

during 1Iq and eerty June (oee table 2), chapter 5), 1 t WAa 

considered. that the many movs:entB "hich oocurred at thAt. tim. 

(see seation 1 C,U) would Wlclu17 complioate attempts at .aU.lIlati·ns 

the numbers ot fish present. 

The loao of' tacsed fish by ecdcration waD .1lDOst entirel,. 

eliminated bl uning data. from t.hoao monthD in which tow or no movementa 

wore recorded. Aawming sein. net tine to be a. ra:ldom umplins 

method. for fluh older than 1 loar of ace, then the oatchabilit1 

of grayling in Llyn TeL;id, unl1k(l tha~t graylins in the River 

Dee, should rernun constant. This WAn refieoteJ. in the much 

higher rate of multiple reoaptures in Llyn Tesid, 2 Individua1 fiab 

being reonptur9d on 5 separate oooaaiona. In addItIon, all tish 

which had lost their tags were identitiablo aD "belne'· or "away" 

recaptures owing to additional marb plaood on the fiah in the 

manner described in chapter 4. 'rhe •• flsh could thorofore be 

included in the eatiJ:Ultes, and increased. the amount of data available. 

'rho number of tag 108s8s reex>rded was 14, which amounted to 11.~ 

of' tho total reoaptures. 

Sinoe the 0+ a.ge group 1158 not efficiently captured, and to 

rule out the poIIBibi1itl ot error being introducod throush 

rocru1tPlent to the c:ltcbable stock, all such tiuh were exoluded 

from the estimate procedures. The population density estimates 

given in the following 1'8geo thus reter ont,. to fish older than 

1 lear ot age. 



The estimateo were made ovor relatively abort periods 01' 

time, when the populations 01' grql1ng were more or leca atatio. 

Iieoause at this , and becl.ua. 01' the 811m1natlon ot mont at 

the errors inherent in the River Dee data, it 11as oonaidtrod. .. 
unneoeesl1l7 to apply my oorreotiono to the mnterial ucsd in the 

estimates. It Inter appeared that a fJlI131l correction ehoulc1 have 

been applied to the rerulto for sito H, whero the rising population 

estimate mq' have reflected BOme cove:nont out 01' the are. b1 

tagged. fish towards the end. of' the atully perioa. In addition, 

some d1ffeNntial mortality ot marked and unmarked tioh mq have 

ocourred, but no direct evidenoe at this was found. 

Tagging data suitable tor uae in population ostiaates was 

obtained. f'roCJ site U between Jcnunr,y 21st, 1969 and U01 5th, 1969, 

from Bite D between lloveober 19th. 1969 and Februar:f 16th, 1970, 

and me site r betwoen Deoe.-::ber 15th, 1969 and. Januar:( 12th, 1970. 

Schnabel (Chapc1Dll1llOcl1f1cw.tion) esticstes and SchUQacher & Esob:leyu 

est1m:ltes wero used on the data troe sites 11 and D, and the results 

are Boom in table 71. No tiBh wore rElQoved tree the population 

durlnS the otud1 period. 

Site H ostimates 1'Ose slight17 betwoen April 24th and l1ay 5th, 

probably as a result of the emigrat10n 01' tagged fish. Th. 

proport1on ot recaptures at fish t8€eed on Februar-J 4\h tell by 

6.3'% betweon the AprU and. Uq s:.mplea. The firnt recorded. ItOveaenta 

ot site B grq11ng occurred. on June 3rd. Tho deno1t1 or fish at 

site B was calculated trom the April 24th Schu=acher eat1=ate, sinoe 

this estimate was probnblr unaffected. b1 eCl1gr3tion of tassel fiab, 



Site 

H 

o 

Table 11. Po~ation estimates ot gr&yl.ing in L1111 Tegid. 

Sampling Ut 
date 

21st Jen.'69 -

4th Feb-. 1 

24th Apr. 25 

5thUq 33 

19th llov.'69 0 

15th Dec. 7 

12th J'6D. '70 14 

16th Feb. 27 

1\ 

Ct 

1 

24 

22 

10 

7 

8 

19 

3 

~ (CtUt) 

24 

550 

880 

o 

56 

322 

403 

(~)+1 

0 

10 

14 

o 

2 

8 

10 

lrl • Schnnbe1 (Chap:;on codification) ostwte. 

" Nl 

-
-
55 

63 

-
28 

40 

40 

1\ 

~(l1tRt) 

-
0 

225 

351 

o 

7 

91 

145 

L(Ctl1t2) 

-
24 

13174 

24664 

o 

392 

4116 

6303 

" 112 

61 

69 

-
56 

45 

43 

112 • &:bu:acher b. Eschce7er estic::te. 

9~ confidenoe 
11c1ts 

-
54 - 71 

55 - 96 

-

40 - 53 

39 - 49 



and because ot the small contidence llmito cnd high CWt produot 

at that time. 'l'he moaaured. lcnsth ot the .bore line at cite n 

whioh 'lao sampled by seine netting was approrlmate11 250 metrea, 

indicating a dens! ty ot 0.244 gr~llng/metre ot ohore line (9~ 

confidence limits O.2l6-0.284/metre), and a biomn8s ot 4.731 «/metre 

(9~ confidence limits 4.188-5.507). 

'l'he Deoember 15th estimate tor Dite D waG considerod 

unreliable Bince no cOntidence llcdts could. be attnohed to it. 

'l'he estimates on Jamlary 12th 1910 nnd. FebI'\.1al7 16th 1970 \'lore 

reliable, the confidenoe liClits being small, and the vnluGSobto.1ned 

being almost identical. No detectable change occurred in the R/c value 

in successive samples, and no movements ot fish were recorded. during 

the study period. 'l'he lerll)th ot shoreline netted at Bite D waD 

measured as approximately 120 metres, giving a population densitl 

on 16th Februar;y, froCl the ScbUIllacher estimate, ot 0.358 grayling/ 

metre ot shoreline (9~ confidence I1m1:ts 0.325-0.408 /matre), and 

a biomass ot 7.853 g/metre (9~ oonfidenoe limits 7.129-8.950 e/m). 

'l'hese values are somewhat higher than at site H, and ~ refiect a 

preference ot grayling for sheltered. habitats. 

Th4 population densit1 ot grayling at site F was estimated trom 

the results of a single census. Qrqling were tD.€G'8d and. releaaed 

on December 15th 1969, and recaptures were made 23 days later on 

Janua17' 12th 1910. Since little or no emigration ot tB8god tish 

occurred at this time, end since the time between release and 

recapture vas short, errors involving the nu:D.bera ot marked. tish nt 

large were small. The estitll:lte cethod used was the l3dlel (1951) 

modification ot the Peterson formula which is given by I 



" N • 

,. 

11 (0 + 1) 

R+l 

where N • estimated population size 

U • number ot marked tish at larso 

o • total catch 

R • number ot reoaptures ot marlcod tiab. 

This formula gives an almost unbiased eeticate ot N Q~ ita 

use was discussed b1 nicker (1958). ApPl!pximate confidonoe limits 

were obtained trom the charts ot Clopper & Pearmn (1934) utlins n 

as the entering variable in the manner desoribod bl Ricker (1958) 

and Cuinat (1970). The results obtained tor site F are shown in 

tabla 12. 

Table 72. Population estimate ot grayling in Ll;yn 'l'egid at sit .. F. 

Census 
date 

c + 1 

17 

R + 1 

28 11 

It 
N 

43 

9:J~ e.L. 

32-80 

The measured length ot shoreline netted at o1te F 'Was 

160 metres. giving a densitl at 0.269 grayling/metre ot shoreline 

(95% confidence limits O.200-0.500/metre) and a biotlaas ot 4.988 g/ 

metre (9~~ confidence limits 3.709-9.271 gfm). Thona romlts were 

vert similar to those obtained at site Ht and the general aiIrllnri tl 

of the results from all sites suggests that the 8stitl3tes wero fairly 

reliable. A summary of the results are shown in table 73. 
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'fable ll. Esticated population densities and biomaa •• a ot 
Br03'ling in Llyn'1oc1d. 

Site Denait)" C;~ C.L. Diomac. 9!l: C.L. 
(no/m) (&fa) 

D 0.358 0.325-0.408 7.653 7.129-8.950 

F 0.269 0.200-0.500 4.968 3.709-9.211 

n 0.244 0.216-0.284 4.731 4.108-5.507 

It is rather ditf'icult to aaolss the totGl nUQbor ot 

grayling in Llyn ~eg1d from thoDe figuroD, but cultip171n8 the 

mean IlUClber per matre from tabla 73 b1 the totc.l leZl(Ith ot the 

L11Il 'regid shore line ( tllkan aa 14,000 metres) g1 vos a roUl.)h 

estimate or 4060. ~he distribution around. the lilioroline, 

however, is un11ke~ to be uniform, and the scneral lack ot 

grayling in the shore Eones ot the oentral re&ion haa alread)" 

been mentioned (section 1C,i). In addition, there are lare

areas or shallow .nter at each end or the laka whioh undoubtedl.1 

contain grayl1nS, but which c:mnot ba ~pled b1 stine nattins. 

As an alteml1tivI the 81"C.Yl ing CAU8ht I1t 11111 ono D1te 

could be anS'ltlled to oocup,y a oertain uen, in this C~Qe the 

littornl Eene (O-3c1etrea). a.nd the Ilpproximnte u1:e or thiB 

area CU13" be calculated. This procedure wu ClOat ead1)" carried 

out at site B, where, with reterenco to tigure 11 (chapter 3) the 

littoral zone extended a mean distance ot 27 m.tres tro:::a tho ahor •• 

The area occupied by the eat1.rJ:lted site H popullltion \tD.S therofore 

6150 r}, end. free the total arO!l or the littoral Eono in the lake 



(0.649 sq.ll::l, ohapter 3) the eat1lil.1tod. nU::lbor ot £l'qllnS in 

the lake was 5865. 

The tw eatimateq given tor the total nU::lber ot £l'R11ina 

in Llyn Tegld are only verr approncnta, but the,. 11181 provil1a 

a usetul value tor oomparioon with tuture atuUa.. ot the two 

estimates, that employing the totnl 1ancth or the L1Jn 'lagic1 

sboreline ilS considered to be the easiest to duplioate. It 

should be re;:nembered that the e.timate. ot po~lat1on ai'e 

represent the mmCi.1Q population, i.a. that pHuont during the 

nnter months, and duri.n8 the su::lQor the pl11l1ation alz. i. verT 

muoh reduotd. 

(ili) (h~nJteA in the nte:lberR ot mylin) in Llyn Te.)ic1 nino. 

refiUlntion. 

Incrensing oatohes ot £rO¥ling per unit ettert have baen r.~rtod. 

in Llyn Tegid bY' workers trot:! the Un1vernity or Llverpool dur1n5 the 

last 10 years, and a comparison or not catohes, expressed. lUI 

density indicts (Calland, 1955), sinoe 1950 ue Ghom in table 74. 

Tabla 14. Changes in the dens! t1 ot L17n 'l'e,lid grq11~ since 

ret;Ulatlon. 

Year 

1950 - 51 

1951 - 59 

1968 - 70 

Den.1tl index 

8) 

92 

296 

The dnts tor the 1950-51 period .. ere provided bl Dr. J .t.V. Jonoo, 

and tha data tor the 1951-59 period by Dr. J .C. Chubb. 0017 data 
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from seine net captures bet'l'8on October and June .er. ullol to 

compile this tabl., co th:lt compnrimn8 betweon ditt.rent 18:ara 

would be unatteated b7 CWICer oc1erntiona. 

The rewlts obtained sbow thAt there baa beon II verT lU6e 

increase in the grqlirl8 population since 1959, end thAt very 

little chanca oocurred betweon 1951 and 1959. It abould be 

noted that the mothods used b1 Dr. Jonoo and Dr. Chubb .oret 

almost identical to those I uaed BS wore the Inke atntiona tho,}" 

sampled. 

SVardson (1962, quoted in Jankovio, 19(4) atateJ that 

whilst the nUttbers ot trout cq dlc1n1Bh in lakes which arc 

converted to reaervoirD, the abundanoe or ohar and crqlin! 

reodns relativel~ unchan6ed or oven inoreaDao. Thore appenro 

to have been little or no increase'in the ~11ns poNlation in 

the tirst tew 7 ear8 atter Ll1n Tag1.d .0.8 converted to a &tonse 

reservoir, poaslbl~ beoause ot the laroo laval tluotuntiona which 

oocurred at that time (Bunt, 1970). In core rooant yearo, he"ovor, 

the population has apparently trebled in aize! 

No indication or the nuttber ot S%'ayling pear haul was given 

b7 addiqui (1969), but his catch 01' 422 aro.rlins troca woGkl1 

Deine net satlPles over a 13 CDnth period. was not VOr"J different 

frotol mine. He considered tlmt biB oot:1~tivo17 largo Q:ltches ot 

grayling may h:J.V8 been a recult ot the Da.la reGUlation cchoeo, 

and. cave tour possible reasons tor the ap~arent inorcnoe in the 

stocks. These were I 



(1) The lowerod. lake level in tbe wint.r enabled. 

netting ot the previously unnettable 8ub-littorAl 

zone to be carried out. 

(2) Resradation or the River De. ~ bave cad. 1t eaaier 

for grqling to movo into the laka. 

() Grayling mar swim upctrecm throul)h tho !a1n alule'" 

but not· 4bwnatren.c throush tho a1ulc.D, and. aro thUD 

trapped in the lake. 

(4) The Da1a schEllle mq bnve incrlD-Ged tho grqlins 

territories in the lake. 

The first ot Siddiqui's Cop.cit.) SUS&Qctlons icplloD thnt 

graylill8 are noroal17 rosid.enta ot the oub-littoral zono, but 

this is not generally bome cut bl obaarvatlona on the lake. lIla 

second and third. suegestiona do not tit in with tho oboorved 1'0&111t. 

ot rtr1 tagging progra%lGGO, in which largor nw:.bero or Ll)'n 'l'es1d 

grqling lIere ~ht in the River De. than vice veraa. Onl,. the 

last or his suggestions 808ms to abow Il17 OJrralatlon with the 

results I have obtained. It WAS suggested in chnpt.r 9 that ourv1val 

in the early staat8 or lite might b. enhanaed b7 the GU:Cer lake 

level riae provid1na increased territories and rood suPP17 tor t~ 

try when they tirst enter the lako. Tho overall gra)'linJ tarrlto17 

however, ... ill bave been reduced as a reGUlt or the lo,erill8 or tho 

mean lake levol (see chaptor ), alation 020). 

It i8 coua1dered unlikely that the increaal Tihich baa occurred. 

in the numbers ot Ll7l1 'l'ogid crayllng is coral,. tbe reGUlt ot a 

nattlttilt population fiuotuatlon because or the cl1Dlitudo ot tbe 
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increase. 'l'he onl1 Clajor chanao lIhich hAa arr.atoll tho lake 

dur1n8 the last 20 years bas been roculatlon, end it DO~D 

reasonable to conclude that tho inoreaeo in £%'G111nc atooka 18 

a rGDUlt ot reoulBt10n. In 'the abaence or G.n7 .ltomAt1vo 

theo1'7 which tits the dAta colleotod, 1t 18 GUECIGDted that tho 

increase baa been broUGht about b1 icproved. wrrlval rat.D in 

the ea.r11 stages ot l1ro. 

3. !:bmnnrz 

(1) Approximate11 8~ ot River Dee grql1ng ".re round to 

oocupy restrioted home oreas, und lS'P ot the population txlvtd, 

both upstrerun and dowstrer.m, QOat4' "ithin ltg. of" the reloalto 

point. Displaoed tiGh showed a strong tendmQ3' to "boelo" and a 

high degree or temtoria11t7 was £Uggested. 

(2) Jloveoents or River Dee sr~line increased ol1.cht17 in th. 

sumer, posolbl1 as a result or the 1n!lux of" Llm 'l'at;1d GrD1lillB. 

!:looe movement or flah into s::mll trlbutar,y atroa:ns oocurred durina 

tho winter. no long distlmOG apawnina migrationo or River Dee 

grayling were recorded. 

(3) Llyn 'regid grayling were mootl1 round in the I1ttonl 

R:ono (0-3 metros) but a tew ware aleo causbt in the sub-U ttonl 

region. The main conoentrations ot grql1ng oocurred I1t each 

end or the lake where nlat1ve17 large areas ot 8hallow "ater were 

present. 

(4) Llrn l'eE;id £1"81l in8 moved vert llttle durins the winter 



probab17 blcause ot low Bctiv1t~ at that time. tnenaive 

movementa of srqling occurred, in an apPl'lront.17 rcndoa 

manner, during spring and ear17 au=mlr. Di.placld tiah ubowed 

no tondency to "heCla", and it WBe IlU8geatoJ. thnt ~11nti in 

lakes 10a8 thelr awesslvo territorial habits end adopt. Ii 

more sboa1-11ke behnviour pattern. 

(5) Nearly all Llyn Teg1d. £1"Qling d1aappe:Lr.d from the 

shore ~on8 during the 8WiX:ler, and the tew recudnins tlab w.re 

located at. river in1et.s. No grG11ing •• re causht in daop watlr 

at this time, but tagged lake flsh ware caught in the teod.er 

Dtraams and in ths River Dee. It waD therefore concluded thnt 

gr8111n& left tho 1aka during tho SUQ:ller. Tho D:Ua alulc.s c.nd 

small weirs did. not appear to binder these tl1arnt.iooo in IUl1 "Q1. 

(6) Possible reAsons tor tho WlOlQer de~art.uro ot sray11ns tree 

Llyn Tegid. mq be high tcperat.uree, 10\1 oxy~ o:lncent.rnt,ion cm1 

tho influx of ot.her species into the ahara cone. Qrqlinc returned 

to the 1aka troel the teeder &treacle nnd the River Dee during t.he 

f.utumn, but the motivating forca tor this roturn waD unknown. 

(7) The 1+ age group ot bl'Ql1ns doQinat.ed all eatchle, but 

the proportions of older age groupo, ani consequent.ly aurv1val 

rates, varied in difterent. parts ot the River Dla tmd bet ... en th. 

R1ve~ Dee and LIm TeBid. Uurvlval ratea general17 increaoed io a 

downstream direction ln the River Dee, and the dot:dnnnc8 of fOuns 

fish in tho upper reaoh,s suggested overoro'Cd.!.n«. 

(8) Esticated densities ot grql1n& in the upper Dee, uaina thct 

methods of Schnabel £nd Schu!:lacher &: EsohmtY8r, n.naecl tl"O:%l 0.024 to 

O.143/m2, which represented biOCl3SIlSS ot 2.556 - 15.421 81m2• 1!OBt. 

of the estimateD were conBidllred unreliable. 
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(9) DenaitT 1nd.1~" (OUlland, 1955) auCClot.d that erql1ns 

ereatly outnumber trout in the upper reaoheo of the River D.CI, 

but that trout and grqllna were equall,. oa abundant at Canon. 

Zalmon po.rr were VGr'J numorous At Conen •• hero they outnucbered 

both trout and grG111ns. 

(10) EstimQted denaitle. of £Tq111ng In Llm To~d, uo1ns the 

methods at Scbnabel. Schumacher & Eacbme1er &nd nelle,.. ranael 

from 0.244 to 0.358/gatra of abortllne. r'preaentlng bloQaDDaO of 

4.731 - 7.853/m. The approximate .number of gr:t111ns ln Ll1n Tet;1d 

was g1 v~ as 4060 or 5865. 

(1l) The gr:ql1ng population in LlJn Tecld wao found to 

have greatly increased in a1ze ainca the 1950-51 and 1951-59 

periode, and. it waD o:maidlrctd that this incroaDo rawltod troca 

resu1ation, posslblT beoausa ot increased curvivnl in the ecrl1 

s't'agoa of lite. 



CHAPrER XI 

ffi'UDIES aIr TItF; FOPUI.ATIONS OF SAwen r.-.nR AND TROUT TN 

THE Ll.nl TEOID Fi::r:D:~R mRr~US 

A. Introduotion 

Aspeot. or the population dynnmloa or brom trout end 

juvenile Atlantio saleem such as CQvOQento, ro~at1on danD1tlla 

and produot1on, have reoeived QUcb attent10n troQ t1aher,y 

soientists, partioularl1 in reoent yenro (Zohuok, 19431 Allin, 

1951, ztefanich. 1952, ~J 1957. tall,bars, 19581 La Cren. 

1958. 1969. norton, 19611 Dall & Jones, 1962. raenloywide & Yamo80to, 
--::,..----

1962. Cnodera, 19621 UcFadden & Cooper, 1962. Ullln, 1964, 1969. 

$sunders & Goo, 19641 EggliGhaw, 1967. 19701 Ibrton at al., 1968, 

Shetter, 1968, Vickers, 1969. Jonas, 1970). 

Detailed studtes on the populations at trout and juvenile 

salClOn are being made in small strea:a in the Welsh 1>410 area by 

other \'IIOrkers trom the Univerc1t 1 ot Liverpool, as part or tho 

tiater Resouroea l30ard research prosrGt::Ie, and 1nvoatigatione are 

also being carried out in the Adjao'!nt C'qt1eM River Authorlt7 

area for comparlltive purposes. 

The data ~reeentod in this chapter o.re princiP3117 intonded 

to eive additional intomaticn on the lIenera1 conditions in wch 

streams, end to give soce indication at the densities ot tlch 

present. Those aspeots or po~lat1on otudieo baing doalt with 

in detail elsowbere, GUch 8a moveQenta or fish, haVt cnl~ been 
I 

considered in goneral teres. 



231. 

Sacl,ling in the Llyn Testd feeder atreama wna carried 

out mninlY' in order to obtDin &oce intorcntion on tho Il6'O and 

growth of oalClOnide in the atrooco (000 ohapt.er 6), and. Cll4n1 

fiah were recoved tor dletnr.r studie. and asoeoa:llonta or 

reeains relnt.ionships (ll.A. Rahim). tomo material wnD available 

tor use in tllggi.ng progrD.Cllllea, nnd both trout and. o3lmon were 

tagged in a number ot the atrel1Cs. The main t agGins experiment, 

were conducted in the Alon Olyn, where tho largest numbers ot 

fish were caught. 

D. Populntion structures 

Detn11s of the catches of lUllmon ~arr anl trout from the 

Llyn Telfid feeder etreams are shown in table. 75 and 76, t06Gther 

wi th the numbers ot tiah t~d at eDch Git. IUld the nu::barl 

subsequentl)" recaptured. The total numb~rs or tinh chom in theaa 

tables are higber than those in tables 32 and 33 (chapter 6) 

because not all of the fish used in ta5Cing exporiaonta wero 

used in the ego studieD. Not included. in tabla 75 are tho 

'tssg1nas ot s3.1con GCOlta c~ht in t.h" earl)" ClOnthD ot the 

1969 stl:ilpling period. These were aD tollowo. Mon Llatar (cite 2) 

13J Af'on rqtrd'1l1 (Edte 2) 3. Mon LU. (altes 1-4) 19. !ton 

Olyn (site 1) 100. Some of those ECOlta were racnptured in lJ)"n 

Tegid aiter their descent fro~ the feeder atronos (oae chnpter 12). 

Tables 75 and 76 t'l1O-:ahow tha nU:::1bera and proportiona ot 

the different age groups in tho aa.cples trom each r1 vcr. The 

data on which these figures were baaed excluded that troCl aznplao 

nrrected bY' ecdgrations. The large sprine eci£l'ationa ot both 



'~able 15. Catch shUstics fQr Eoaltnon pa.rl' in Ioha Llyn T~o.a fealer at:- ~':.J&. 

S~rlpl1ng Total liu:nber ~uUlber N'uJlber of (IIu~lbor) of salL:1on C&u..;:~t < nl t~e yercont::l.':;i:l :-;l:':,~s~ta::i:ln 
River site catcn. of of fish reC:llltures of £",c!l age g:r:oU? 

samples ' t:..'\f:ged. Date 0+ - 1 1+ - 2 2+ - 3 3+ - 4 

1 S3 5 26 2 
2 19 2 11 0 (21) (221) (40) (2) 

) •• Twrch 3 43 5 16 1 Uay-r.rarch 
4 44 4 22 1 84.0 15.2 0.8 
5 7 1 0 0 

Total 201 11 15 4 
1 94 8 0 0 

A.Llafar 2 20 3 0 0 t:a;r-:1arch (23) 02;) (11) 
3 65 4 0 0 
4 21 2 0 0 ~1.9 8.1 

Total 200 16 0 0 

A.;r,;frdl1:J 1 34 J 11 2 :.!ay-t:arch (33) (134) (18) (I) 
2 61 7 25 8 

'u,~,ur) J!:4 16·t 9 «14 14 87.6 11.7 0.7 

~otrJ. 25; 19 120 24 
(6) (. , 

A. ;);/~rd. :r.t 5 4) 4 0 0 ',."" 
(lo'I')r) 6 14 2 0 0 l!a,1-O c'!o b or 

1':':.0 

':'ot rJ. 63 6 0 0 

1 11; ') .32 11 (40) (In) (23) (1) 2 26 J 5 0 1 ulj-:':;U-ch J..Llhl 3 125 6 43 13 35.~ 1).9 C·5 
4 8,3 6 31 5 

':'<Jh1 ' .-.,:';J 24 121 29 
1 376 1) 151 51 
2 ." 9 85 71 (62) (6.2G) (21) () 

A.. Clj.l 3 ;C3 12 140 104 11.1.~Q~:cl1 
4 10 9 7 2 55.3 3.2 0.5 5 53 10 .31 .; 

:o~:l 931 • 53 421 232 

':'0t~ !'o::, 0:'1 ri'/era 2Xl3 135 737 29) l!~ - l=arcl1 
(195) (llJC) (113) f'?) 

~. 

91.-! 8.1 0.5 
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T~.ble 76. Catch statistics for trout in the Llyn Tegid feeder streams. 

River Sampling Total Number Number llumber of (llumber)of salmon caught and the percentage representation 
site catch of of fish recaptures of each age group. 

samples taeGcd 
Date 0+ - 1 1+ - 2 2+ - 3 3+ - 4 4+ - 5 5+ - 6 

1&2 57 7 9 2 (7) (25) (34) (8) (1) 
A.Twrch 3 28 5 0 0 

J:a1~arch 4 10 4 0 0 36.8 50.0 11.8 1.4 
5 3 1 0 0 

Total 93 17 9 2 
1 37 7 0 0 (11) (35) ()o) (5) 2 19 3 0 0 A.Llatar 3 45 4 10 1 J.:s1-trarch 50.0 42.9 7.1 
4 20 2 0 0 

"'otal 121 16 10 1 

A.Tr,trdq 1 & 2 211 10 63 18 Irq-Ul1rch (18) (90) (32) (21) (2) 
CUI-per) 3 & 4 173 9 25 7 62.0 22.1 14.5 1.4 

Total 389 19 8t3 25 
A.JltrdllY 5 22 4 0 0 Lra.7-October (10) (8) (5) (1) 

(lo'.er) 6 9 2 0 0 31.0 29.6 29.6 3.8 
Total 31 6 0 0 

1 133 9 25 6 (14) (69) «(6) (5) (3) (1) 
.l.L11. 2 30 3 0 0 Jul,.-:':uch 55.6 c.B 3 ~1 6 45 4 37.1 4.1 2.4 

4 37 6 3 0 

Total 297 24 73 10 
1 153 13 29 9 (62) 2 237 9 45 32 (2.19) (10.1) (16) (·d 
3 141 12 53 52 Jun,-:.rarch 
4 1:"6 9 40 23 £6.7 21.9 4·3 1.1 
5 216 10 54 ~ 

Total 915 53 221 ISO 
Tot~l tor all rivers 1851 135 401 188 J,Iq~arch 

(112) (.fr.) (254) (63! tIl (1) 
59.2 31.5 7.5 1.4 0.1 



trout (Ball & Jones, 1962) and aalmon Deolt. obvlouo17 had a 

larse offect on the ago composition ot the atocka At tho tic. 

cf cigration, end on17 data obtained otter the lI1igrntion porielll 

were considered reproscntctive ot resident populationa. The 

tables o.leo indicate that the 0+ 8.811 group ot both aalc:un and 

trout was less efficiently CDU8ht b7 eleatrotlahins tlum were 

the older age groups. Catches ot 0+ tiah were theretore 

considered WlrepresentativD and were excluded trom the age 

group peroentage calculations ahown in the tables. 

The proportions of eaoh age group ahem in tables 75 and 76 

reflect ages at emieration, rather thnn sarvival rates. The 

figures thus indicate that most salmon pnrr lenve the utrec.::Jo AD 

Gmolts at 2 years ot ago, and Illost trout descend to Llm T'Gid at 

2 or 3 years ot age. Ball l: Jones (1962) eut1r:lated that 20~ 

of the trout migrating to Llyn Te&1d tre1:2 the reeder otreD.CD werG 

1 year olda, 60; were 2 year olda and 2O..t were ) year olda. 

Variations in the proportions ot the 8t:8 groupo in the Ll7n 

Tetiid feeder strenQG probab17 refleoted d1tterences in B3~~l1ng 

s1 te characteristios rather thml in the popllationo ot the atrer;.co. 

The younger fish, in both tho trout snd aalcon parr populntiona, 

tended to inhabit shallow rifflo areas, whereas older fiah ~ere 

more QOClClOnly found in poola, deeper riffles and in the vicinity 

of s..'101ter suoh I1S boulders and tree roota. The latter tYPOD ot 

habitat were particularly extensive in the Man 'lvrcb samplinC 

sites, an:! th9 relatively high proportion ot older rich in tho 

Twrcb stmpleo may have resulted tro::1 this factor. 



The age nnd 1engtb compoo1tlon or the stOckD are al80 

sho\'cTl ln figuro 45 (ohnpter 6) and sex ratioD woro given in 

chapter 9. 

c. lJove.llente or fish 

1. General mov~ent9 

239. 

The raw recnpture data for salmon p:lrr nnd t.rout in the 

Llyn Tegid feeder otreaas are shown ln tnblo 77. 'rhODe dnta 

were further analysed. in those streama where deno1t7 eatimatea 

ware made (sea sectlon C2). Tagging explriccnta wIre carried 

out after the spring c1gratlon periods. 

Table 11. Uovements ot tasged. WClOn parr and trout in the 

Llyn Tegid. feeder streo.cs. 

Percentage and (number) ot recapturos 
Fish Distanco moved DiDt~CB moved up~tr.~ 
species downstreQI:l (el) lIome (aetreB) 

150- 100- 50-0 Sect- 0-50 50- laO- 150- 200- 250-
100 50 ion 100 150 200 250 300 

Salmon - 2.1 5.2 82.3 6.9 2.
5 - - 0.7 0.3 

parr (6) (15) (2)3) (20) (7 (2) (1) 

Trout 1.1 2.1 3.7 87.8 3.2 1.6 0.5 -(2) (4) (7) (165) (6) (3) (1 

All trout were batch carked according to thoir Bite or origin, 

iii-the ciinh:~i"-d~sOr1bed in ~ter 4 (siction A2b). $algon parr in 

the Mon Glyn sites 1 to 3 were ELleo batch-marA:ed bl tin clippin8, 

but at all other sites parr over 90::1. fork: leng\h were individually 

tagged. 'i'ria1u with pan-jet innoculation tOc.hni~U8B (Hut &. Pitcher, 

1969) using indian ink were carned out in conjunotion wi tb tin olipping 

Qotbods. Uarks were ditficult to detect after 2 conthB in the GU:Illler 

rapid growth poriod, but lasted well during t.he winter pariod. The 

.. 
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uae ot suoh techniques in long teN erporicentl WilD conoid.rOc! 

unsntiotaotor.1, and trials .oro d1Doontlnue~. 

AsCUcins marked tinh behaved 1n tho nC!.Qo CltlMtr aa un:1ukOll 

fish, then tablo 77 nbc.s 'th4t the larp majori t: at ulam parr 

Mel trout re:llll1nod within tho nite in whioh the: .. ere onuebt end 

roleased. tome CQveQents oocurred. both in upatNQa ~d domntracm 

direotions, anJ. noarly allot theaa movectnto WGra wit.hin 150 metr •• 

at the re1eass 61to. 

The ditterenoes bat.een tb. proportlono at fiab covinS 

upstream and. downstream, end bet".on the pl'Oportlono ot oalQOn 

parr and trout remnlnins in the "hoca" 81ta, varo not algnlflClUtt 

('X. 2 test, p) 0.05). 

Evidenoe at restrioted. mov~:nentG CIiiOneat. lUIlcon lUll "trout 

populations are nuwerous 1n the literature. Saurul.ra &1 ~e 

• (1964) reoapturod cost at the sallOOn parr the)" ta~--od in a 328 cot" 

stretoh 01' the Waweig River olose to the alt'a at whioh thq •• ra 

released, nnd. in addition thq observod. 60:0 "hocd.ng" 01' dioplaood 

fish trom distsnoao of up to 213 cot res. L. Cron (1958) tound th3t 

most trout remained in 30 cotro oootionn In tho a::a11 Gt.ror:o:::a he 

studied. Schuck (1945) roeapturod 42 ot the 46 trout he tt1&-ed. in 

Cl7sta1 Creek in their original seotlona, which wera 214 n (65 t:etreo) 

long. Shetter (1968) \rork1n8 on 'brown trou\ over 7 Inoh.D long in 

the Au Sable River s:stEe, found that 56-85~ re::udnod. within 1 edl. 

ot the release paint, altbout;h OOQS of tho laroer finh caved CI1n7 

miles. stefanich (1952) recordad little coveaent of trout in 

)00 teet (91 cetro) or 600 feet (lS3 cItra) oeotion~ at PriCkl7 



Pear Creek, but those that did mve cenernl17 41d DO in a 

downstree= direction. 

Uany' other axnmples exist in the Iltertlturl, but ~h. 

apparent lack at published wrk on abort diatMoo QOvOQonto 

has lod to the detailed otudies balns c~dG bl othar .~rkDr8 
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free the Unlversitl ot Liverpool (.aa DIction A). FurnlDo (para. 

co:tm.), for oXDJilple, tindl thnt cost or thQ rGOlr..1.~ IilOVGQenta ot 

trout and salmon ~arr in a amnlI tributa%7 of' the ru.ver Dovel. 

occur within a rnnso or 10 Qetras or laluJ of' tho roleaoo aUe. 

SUch short distsnce movements may be more lndicatlve or the 

general behavioural relaticnships ot .ucanla. than the lons 

distance movements prevlous11 studied. UCZ\1 or thoco eblrt 

distance ClOVe::lents will not have bean reoorded in atui1ol1 whoro 

relatively long rivor seotlonD were uued. 

ALthough the deClonstratlcn ot rost.rioted. boCle nronD doeD 

not in itself mean that territoriality oca~rs (Corkins, 195)), 

this phonoClenon has been observed a::lOnSGt trout nnd TOUl16 oo1con 

both in the field. (I:eenlelr.dde & Tanc.mto, 1962) and in the 

aquarium (Ka11eberg, 1958). Thesa IlUtboro o:molderod. the 

territories of' aaltxmids to be pricnrlly raod1nl: terrltorioa, r.nd 

stressed the importnnce ot territcrla11t1 to optiCJ:l ()I"Owth end 

currlval, und to the efficient utilizaticn of tho tood w~l1. 

Ka110berg (1958) found that the a1za of' tbe territorl depended on 

both the size ot the tish ~ the tOPOb%'ap~ ot the river bod. 

Territories wero cost abundant where 11 hieh decree or viaun1 

isolation occurred. SoCle eviaenoe ot high po~latlon donsi ties ot 

,'~ '\f .~ .. ;::::-- 1" ;: .. , .. 
. .. ~ ~ .: ( " .. 
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trout Gn~ salmon in river Beotlonm OJnta1nina Gll abundAnoe ot 

boulders, rocks and other abelter 111 o1vcm in .tation D. 

2. !,tovemento of fiah in ereoifio atreamn 

(a) Introduction 

In order to make use ot the tG&-1.ns dnta tor outlcntlng 

population donnities it was neoacanr,r to npply corrootiona to tho 

valuo Biven tor the nu::aber ot ItArke-l tloh at larG'G (t1~) in relAtion to 

the observed movements of t10b (cta Gootion D). It W&10 thoroforo 

conolderod dea1rnble to snal100 tho raw reoapture dntn ahow In 

table 71 ln more detail tor thoso rivera "here eot1cate. were 

m:u1e. 

Wl11lnms (1965) anel stott (1961) pointed. out thnt raw 

reC:lpture data cay not reflect the tr ... 1 tendenC1 or mnrked fish 

to migrate. The nUQber ot "OO:e" and "atrq" reoaptures depend 

on the nu:nbor of flsh marked in 11 partIcular seotlon, the number 

of tirJeo the section ls sampled end the dOJTeQ ot inten.it1' ot 

sampllng ln tho sectlon. The first tactor 0::%1 be partly allowed 

for by dividing the recaptures by the nUl:lber of mnrkod fi.h releaat.1 

previously (U), but this will cause soce blas ai)Uinat fiah boinC 

roc3ptured in theIr hoce section as a result ot cm1.8rntlon reducing 

the true value of U. Coca nlloTlDneQ ann ba cado tor the numbor ot 

nacples ttken by further divid1no the rocaptureo by tho number ot 

times the Bection, in Vih1ch the recapture was cnde, WIla B:lQplod (n) 

up to and inc1udlns the one in which the recapturo WIlB cade (Stott, 

op.eit.). 
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Tbe recapture data tor trout end aalam parr in tho 

I~ron 0l1Il, trout in the Mon D7trdq and Galtxm parr in tho 

Mon Lliw, wore weighted b1 0. tactor ot l/Us in tbo ClAnner 

proposed by mott (1967). Each ooction va., aD tar •• po.Gible, 

fished to an equal intono1ty and tiah1nc; ertioien01 "r&8 

conoidered. to be appronCl3tely tbe BAme at all Gitoo, exoept 

at siteo land 3 in the Aton Olyn. At the.e Gitoa ctunnod nab 

were orten trapped in tbe crncka bet.oen tho 8abion blocks onil 

could not be extraoted. In nM1t1on, alt. 1 ••• ditficult to 

sa::lple during low su:;Der flown (ooa chapter 4, Bootion .Ala). 

(b) Afcn Gim 

The percentage recapture figurel, wolCbtaa by 0. faotor 

ot 1 f.lS, tor salmon parr and trout in each cectlon or t.be Mon 

Glyn are shown in ta.ble 78. Tbe combined reGUlto tor all cite. 

are given in table 79. From this materinl it waD n;parlnt th:lt 

some migration ot fish out ot tbe atud7 area. could. bave oocurred, 

thereby giving some negative bias in the <into. towards 'ero 

movement. Permission tor saapl1ng the area ot river nbovI r:q 

sampling seotions could not be obta1ne~J emd the 1008 ot riab 

upstream out ot the study area CQuld. not bo directl1 asnaaoed. An 

aPAlronC3te figura tor such mVc::1ento waD eaticatod., however, tram 

the tnaterio.l shown in tabla 79. 

Vary tew salmon parr wara caUSht ana. tAggoJ. in stotions 4 ZUld 5 

(see tablo 75) end. covements ot fish out ot thoae areaB did not 

affect dens! tl estimates which were only Clade tor BalCX)n parr in 

sections 1-3. It W3n considered, trom the available data, th&t no 

loes of salcon parr trom oiteo 1-3 occurred. in En up~ream direction 

out of tho study area. The 1088 ot fish in 0. do1.'nGtrenm direotion 

. '. ;:.- -' 



Table 18. 1!cvlments or tag~d nab in tbe Aran 01111. alt.a 1 to ,. 

Site Fish Percentage or rec:1pturoo in lach a1 to 

speoies 1 2 ) 4 5 

1 Trout 19.3 8.9 8.9 2.8 

Salmon 70.6 17.6 11.6 - -
2 Trout - 91.2 4.4 4.4 -

Salmon 4.2 81.9 1).9 -
3 Trout 6.) 1.9 82.9 0.7 1.4 

Saloon 2.8 12.2 64.0 - 1.0 

4 Trout 1.5 6.) 87.7 4.5 
Solmon - 100.0 -

5 Trout - - - 5.5 94.5 
Salmon - - - 100.0 

Table 79. Combined movements of tagged rich in the Man 01yn. 

Peraentage ot recaptures in oooh aita 

Fish Downstream sites Upotrea:.:2 GUes 
spec- IIcee 
1es 4 3 2 1 site 1 2 3 4 

Trout 0.2 1.8 4.4 87.5 ).1 2.6 0.4 

totals 6.4 61.5 6.1 

Salmon - 2.6 6.0 81.0 7.2 ).2 - -
totals 8.6 81.0 10.4 
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into Llyn Tegid was considered negligiblo alnae onlt 1 tasood. 

salmon parr from tha Man Glyn was caUSht in the lake at the 

river inlet, and. ver:/ tew salmon parr .trt ever rtOJNed in 

the lake (see ohaptor 3). 

Some movement of trout upstreac out ot the ctud,y area 

tram sites 4 and 5 could be e%;leoto.! troc the reoulta ahown in 

table 79, but suoh 10ss9s trom sites 1-3 ware oonsidered 

negligible. Some loso ot tagJOd trout cay have ooourred. downatroam 

into Llyn Tegid but no such tiah were cnuSht in tho lake outaid. or 

the spring migration period. Dall & Jonea (1962) found. that 18',' of 

the feeder stream migrants descended. into Llyn Tegid between 

September nnd March, and 8z' between April and. J.:a,y. The latt~r 

group of fish did not nfteot r:DY resul. to boolluse the exporimentn were 

carried out atter l!p.y, .'but/"autu::n End winter misrationo cq hnve 

reduood tho nUI:lber of tagged trout available in the Aton Gl.,yn. Dloh 

lossas could not be assessed troCl the data OlUaoted, and the 

densitY' estimates given in seotion D mq therefore be clichtlJr too 

high. The amended values tor the ptlroentaoe movementa or trout 

ta.gged. a.t sites 4 and 5, 1n aOOJrdanoe with esticated upatrea:a 10a08s 

(from table 79) are shown in tabla 80. 

Table 80. 

Site 

4 

5 

1 

Amended values tor the movements or trout tllE;8od. 

in the Aton Glyn sites 4 &nd 5. 

Peroentage of recaptures in each slta Estimated 
peroentage lost 

2 3 4 5 upatrec.c 

1.5 6.1 85.2 4.4 2.8 

,.) 89.8 4.9 
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'rable 78 SUSC8oto that GQCle diftereno,s oocurrod in tb) 

movements ot tiab from ditterent ntla. The C"at.tct decroe 

ot movement apparently occurred amonaot tiah t1"O::2 81 te 1. 'rh. 

difference between the rnove::Ient ot trout from ait. 1 c.nd the 

movement ot trout from other aitea was not alcnitlcant, howevor 

(x,2 • 5.65 with 4 d.t. p>O.05). The t)OVGQont ot aito 1 

salmon was signiticantly difterent trees thAt ot other calQOn 

parr at the ~ leval (~ • 9.01, with 2 d.t. p<:;:O.Os). no 
a1sniticant d1tterence existed between the ClOvementa ot trout 

from OIlY ot the Alan Glyn citeD,and. no ditterenoe axiated 

between site 2 and site 3 sal=on parr. Tha nucbera ot sucon 

parr recaptured in s1 teB 4 and 5 waH too tow on .Mob t.o bla, 

eny assumptIons. 

Thera was no aiBl1It'lcont d1ftarsnol between upstrenm end 

downstream r:aovements, nor betweon t.he move::nmts ot saloon ;l1rr 

end trout (table 79). 'l'be actual numbers and distributions ot 

recapturos wer~ot VIr:! ditterent trom tho Tlolehted retUlta sham 

in table 79, end. this renected the relntively evan application 

" 

of tishine etfort throUSb:lut tbe fl3t2pling area. The raw recnpture 

data tor trout in the Aron Ol1n waa 132 (88.0~' ho:::UI, 10 (G.7~) 

downstream and 8 (5.1t ) upatreaa recqptureo. and for ween parr, 

191 (82.lt) homl, 18 (7.a", dolClstrGaa an.! 23 (9.9'" UPGtND.::1 

recaptures. A greater decree ot coveQont m1Sht be oxpeoted. tor 

salmon parr than tor trout, as a result ot the trout' 8 superiority 

with regard to aggressive territoriallt;y (lCallebere. 1958), but the 

differenoes in movements founa in the Mon Ol7n utudy wtrt net 
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significant (l:2 teat, p)O.05). 

The relatively high a8ureo ot CIOvemant or aalcon parr 

from site 1 noeda further oolII:1ent. Durins low cuccor tlo'lo tl~. 

area of site 1 was veq web d1r:dniahod, tho river bococ1nc 

reduced to trickles between tho gubion blocko (000 c~ptar 4, 

oootion Ala). fllch a reduotion in lr.'aoG Cl:l7 haVG 10d to 

increased cocpetltion &QOrJ.t:ot the fiab and n Cl'oo.tar decro. ot 

movewont tlwl usual. In ndd1tion tho w.::csr lovel ot Llyn 'rogid 

wqs socotimoo raised. so b1sh that ~oh of a1 to 1 beonme "floodod" 

by the lake water, and flows dooraaood nocordlns'17. Saltx)n parr 

ma1 have migratod upstro~ out of thODG clack-water conditions. 

Eome evidenoe for suoh QOvo::llnta WQG obtainod trotl tho Doaconu 

trends that were apparent BCOnsst "boco" CId "awn1" reoatpurea. 

'l'huo, between July and Sept~8r, 14 s1 tea 1 salam parr were 

recnptured in oite 1, and 13 were reoaptured e1cnhere. 'rhoa. 13 

Dalmen parr aocounted for 31. tt ot the total coveconts recordod 

for all Bites combined. Some evidenoe waa found at a return to 

sito 1 in the autu:::n and winter by fiah whioh had £One upatro4Q 

d.urinS the aur:Jmer. Thus 3 ot the 13 ait e 1 saloon purr onUOht 

elsewhere in the summer were recapturod baCk at alta 1 betwe.n 

Ootober and MarCh. 

~he cocbined datn on those salmon p:1rr whioh moved abowad 

that or 13 subsequent rec:1pturss, 8 were in the siteQ to which 

they had first cooved, 4 had returned to tteir sit. ot origin, and 

1 went elsewhore. Three at those aaaon parr which retum.~ to 

. _ :r-,,:. 



their -.ite or ori5in wer. the aite 1 rich 418"-111104 abov., 

and the results obto.1ne4 suggest that DOml) Cllleon parr mq 

temporarily adopt a B800MIlI'1 home ar.a when mndi tiona b.ooM 

untavourable in the tlrct. Ho evideno. t~r the .xiotm1cO ot Cl 

omall continuousll mobil. portion ot tho population (Ctott, 1967) 

was round. 

tome migratlon.ot saleen parr aDsoc1nt.~ with opawninc 

activitIes (Jones (. ICiIlB', 1949) wore reoordec1. Calmon arnming 

appeared to have taken place in the Aton Ol)'lin ol1rly Doccuber 

(aee chapter 9) IUld roMs were firat lIetn on DeceClbtr 12th at 

a1 te 5. The December om:zple ot oalmon parr inclwloa 5 fish which 

hIld moved up froe site 2 to uite 3. end 1 which had covol up trom 

site 3 to site 5. ThoDe pur were all r.mn1nc-ripe 1::118a. In 

additIcn a lari>e intlux ot untaggel salwn pur occurred into 

8ite 5 dur1ns DeoeQber, mstly compriu1na ripe a:aleo. Catchaa 

during other contha nevor exoeedOl1 5 salClCn ~rr in cite 5, but 24 

were cQ.U8ht thero on Deoocber 12th in the vicini'll ot tho 

spa\\omng gravels. Fifteen ot thoae tlab wero t~ but nonG 

were subsequently reoaptured. It Appearell that theT had ClOVed 

out of site 5 after December, but where theT went to was unknown. 

They were not reoaptured in ~ or the 101101' .ections ana it sooma 

possible that they ClOved. upstreac out ot tho Bn::1pllnc area. 

110 seaoonal trends were found in the covecentD ot trout and 

no spa'mina' cigrationo of river fish were recorded. 'ho .pent 

lake trout (aD identifIed troQ their Bca1e structures, Datl & JonoD, 

1960) were o<l~bt in sita 5 on DeC8Qbar 12th, IUld one was 03U8ht at 

,,., '." 
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site 1 on Janua17 20th. 

It ahould bo Doted that asooo&Qonto ot tlub movOClon'ta 

aro attectod. by 'tho arbitrol'1 allcQ3tion ot cit. bouMnri •• 

which probably have little correlation with tho Ilotulll 

territories ot the tiab (Oerldnc. 195), end. thl o~ rl=1to 

aro no o:tception to this 11C11totlcn. T1. • .u1 DCnlO experiaont. 

baing carried. out elsewhere in the area I:l::q' partly ov.ro:u:~o thia 

probleQ. In addition the Olyn re~ltQ ~ be attected b1 the 

artificial restrioticno to moveQents lQpooed br the subion •• 1ra, 

and the enent ot thio restriction is unlalom. 

(c) Arcn p,rtrdWl ancl Aton 1.11" 

Estimates ot the movOQento ot ta,&;ed tloh .'1'0 alao cado 

for Afon Dyf'rdwy trout end Mon Lllv woon po.rr, for Usl aD 

correction factcrs in danaitl eot1=t80 (oection D). Ua1ns 

Stott' B (1967) weightings an.! allowing tor poanibl, o:ligrntion 

out ot the study nrea, thet perconto£re of flBh ro::a1n1ng ot each 

site was estimated at 80.~ tor trout in tt:.e I~on Dytrdw;r, and 

86.zi, for salmon parr in the Aton Lli". 

'l'he higher percent&80 ot "boca" recaptures in the Aton L1i. 

cay have been & recul t or thet long distanceD botweal tho olltl,1lng 

sites (Geo figure 9, chapter 3). Tho Aton D:rtrwd¥ Ditta, like 

those in the Aton Olyn. W8m contiguous. The areas bet ... on the 

sampling altes in the Aton Lliw coQ~rlBed relative17 doop, alow 

fiowing water whioh salmon parr did not gonlr111l1 inhnbit. The 

errors introduced into the covecont &S&8GCConta by not 8a=lpl1..nc 



thesa areas wara therefore 11ka17 to have been 0:11111. 

lIo ll1&n1flcnnt difference (x,2 toot, p> 0.05) WAD found 

between the pl'Oportlona ot trout covine upotrocm end domGtroccs 

in tho Mon ~wy (10.~ end. 9.t» rODpoctlvo11, but on11 

upstream mOYElC1enta "ere rocorded. tor a:almon parr in the l..ton 

L1i... Tho latter ClOVGIlOnta occurred. during tha winter month. 

and Clay' have beon associntod with apalmins actlv1tlelh 

D. Population densities 

1. Methoels 

The data obtained trom tagc1ns exporlctn'to on salcon parr 

EUld trout provided en opportunity tor estloatlng the dft'udt1 ot 

these flsh in soma ot the Llyn Tegid f'ee~er stns::s. rho 

csteria1 moat suitable tor auch eeticatoQ waG thnt troQ the 

Af'on Qlyn, but DOme estimatos were a11lO cade tor trout in tho 

!fon Dytrdw,y and salmon parr in the Aton L1l. tor cocparAtlve 

purposeD. 

Since the flsh in the Alon Olyn wero nearl,. all batch carlcc:d 

according to thoir s1 te ot or161n, and not lnd.1vldu:ll1y tllCSC'd, 

population estimate cathods requirina into1"Cntlon on lndividual 

fish, or on batches of tlah trom ono cnrldng sOMion (e.G. rlobar 

& Ford, 1941, Jolly. 1965), were not suitable. Tho on:a cotbod.ll 

wera thorefore used as tor g:'n111ng, that 10 tho 5chnab!J1 (ChniC&n 

modifioation) eutlasts and the Sohumaobar& tac~ol.r ootlC3te 

(aee chapter 10, section 2B,11). 

The main errors whioh occurred ro~lt8d troc corta11t18. 



during the stud3 period, and the ec1crnt10n ot tt1&..~d tlch 

from their "home" Ditta. The fi.rot taotor rewlta in 

Sobnabel-typ8 esticates which Are initioll)' too low and 

tinally too high (PJ.cker, 19531 Ge. chapter 10, aeotion 2B,ii). 

To r educe such emra the cecm values tor thooe eot1mnteoa ~d. 

dUring the stud3 period, to which contidenoe lWto could. bo 

attached, were UQGd tor density cnlculationD. 

The errors cauaed b7 tho eaigration ot ttlSu'"Od tich .. ere 

allowed tor by reduc1uc the value ot the cukod tich nt lIberty 

(11t) accordinc to the observeod covecento doocrlbed. in .. .tot1on (:2. 

etott (1967) used this correction on his data tor River 1!ole 

fish, and. pointed out thnt ouch. oorrectionc wero only oatlof"noto%'1 

where no immigration 01' cn.rked tlsh oocu.rred. Thio objection '1"8 

ovorcoma in r:r:/ studies, where iuc1crntlon did ooeur, 'by 

excluding the reoapture ot such nah trot:! eGtloate c,lculationa, 

only "homo" recaptures beine used tor this purpose. 

Large errors O)uld have ariSE'll in the eatitl.lteG troca the 

recmi tment ot young' riah into tho ca.tchable w~ation. ~he 

0+ ago group of fish was less ef'tlc1ently cdU&ht by electroN.nhlna 

then were the older age sroupe (8<9' section B), ana errors 

resulting from recruitment vora eliminated by oxoluding all 0+ 

fish from the estimate procedures. 

Sooe errors moy hnvo been introduoed into individual 

estimates as 8 result or 8scum1ns a constant ~lcratlon rute 

when correoting Ut vnlues, but wob errors .ere probab17 reduoed 



when using the moen valUG ot the populd1on ailO eaticat.ol 

tor densitY' oalculations. Errore in the voluo ot U~ lila)' alro 

have arisen from possible micrations ot tIlSCO~ tl'OU~ into Ll)'n 

Tecld (see section C2b). 

Asmu:li~ eleotrof'1sh1t13 to be a rnnd.l= ccc:p11ns cathed tor 

all tish over 1 fOU of' aeo in tboae atren:::a, then no t'Urthor 

so rio us errors should bnvo occurred. Little or no r..nc11nc 1D 

carried out on the sections of' tho rivero atulletl. nntl ne3rl)" 

all of the trout present arG balow tho Meier' 0 tnkaable aice 

limit of 8 inches. 

In addition to the ~Qh.nabel rmd SCW::ulchar .otiQate., on. 

DeLurt estico.ta wa~ cnmed out in seotion 1 of t .0 lfon Gl,yn 

for co:nparo.tIve purposes. 'l'hio cothod has boan deoorlbod by 

DeLur.1 (1947), Seber & La Cren (1967), CUinat (1970) and manr 
others. In the DeLUI7 astiLlate a aeries of Bacplins runa are CUlde 

at one partIcular site and the fish c.n.tl8ht on oach run are l'CIQOvocl 

and counted. Each aampl1ns run 1s considored sa a unit ot .ttor~, 

snd catch per unit etfort is plottod on tho 7-D.Xia a¢nat cu::ulative 

cateh on the x-ana. Tho regresa10n lina for-od.. br the dearoas!ns 

~tch per unit effort no the popula"ion beoocolJ rGducod. in 

suocessive ~pleD, io enra}X)lated to the x-n.x:1o end the intorcopt 

gives nn estimAte ot the oriE;1nal population sito. i'hen two 

sampling runs only are carried. out ("bleh 1s perc1os1ble .. hen 

cntehes are large vdth respect to the population), thtJ CQII~ 

probable population oan be esticsted.. by the torwulll 

m2 
p - m _ n (Cu1no.t, 1970) 

where C1 and n fl1'$ the numbera of tlsh caught durlnc the tirat 



and oecond sa:1pling rune. Tbo c:dn dn1llulck or tho cothed 11 

that it aOWCl3D oonstent .~Una .tt1clen~, which io otton 

not so. 

2. Resultn 

(a) Aro" Olyn 

Tbe reBUltu ot tbo Schnabel end. Sohu:::1:lcbar .Dtima'e., 

end relevcnt deta110 ucell in thea c:Uculo.tiona, aro ~m in 

tables 81 to 85. llo estimateD were obtAinod tor aa.lClOn parr 

in oites 4 end 5, or tcr trout in cito 1, beon.uao at the a::W.l 

numbers at tish oaught and tQ&)Gd in tbo •• altos. 

DifterenoeD in tbe conthl7 oat,iC1l1toa C1~ t'G.rt11 ntloa\ 

seasonal ohanges in movoaento •• hieh vere D8w:::K1d to be oonotcnt 

for purposes at computation. It was noteJ. in Bootion C2b tbn.t 

soce seasonal changea in IDOvG'lenta did. oocur a:xlr1Cat the aslfOlOll 

parr population, but not awarent11 amng&t the trout. 'the 
/ 

larger fluctuations in tho 8alt:X)n parr ostim:atea tb.1n in tbo 

trout est1catoa tltJ.'3 raoult troo tba.e chD.naoa. 

'1he general upward trend in the eati::1I1toa in auooowvo 

s~ples towardB the end ot tho 8 tuq 1>81"i04, io contrs1'1 to whAt 

one would. expect. 'rbe nucbers ot t1ah sbouldhave bam reduo1n8 

aa to result ot natural morlalltieo. Duell diacrepancies are 

inherent in Schnabel-tJpe eotil:1:ltoo (Ricker, 1958) und 'Were 

disCUDsed in section Dl. 

'1he D4Lur7 ostimate carried out nt alto 1 on 12tb April 1969 

gan values ot a • 38 and n • 11 tor salcon parr, with tho ClOst 



'l'nbla 81. Population estimates of ss1con parr in the Uon 01111 site 1. 

Ao 
2:(Ctllt2) " ~pUng ltt Ct ~(Utct) (Dlt) + 1 Nl }:(l1t!1t) 112 9~J1> e.L. !ro. ot fish 

date re::lOved 

8.).69 0 Z1 - - 8 

12.4.69 13.4 21 281.4 5 56 53.6 3771.6 70 53 - 88 2 

12.5.69 18.6 16 532.2 8 63 110.0, 9426.0 86 56 - :.89 3 
12.6.69 13.4 31 997.6 11 91 150.2 14993.6 100 61 - 200 12 
7.7.69 20.1 16 1)23.8 16 8) 253.7 21849.6 86 62 - 141 2 

11.8.69 18.1 a 1413.6 22 67 362.3 24470.4 63 33 - 345 0 

10.9.69 12.1 G 1549.8 25 62 400.4 25433.2 64 26 - 200 2 

8.10.69 10.4 - 14 16~5.4 28 61 431.6 26953.0 62 39 - 141 0 

18.11.69 15.2 3 1741.0 28 62 431.6 27646.0 64 41 - 143 0 

9.12.69 13.3 0 11-+1.0 28 62 431.6 21646.0 64 42 - 132 0 
20.1.70 9.4 37 2008.8 ,30 10 450.4 )0916.8 69 46 - 139 c 
24.2.70 42.5 6 2343.8 32 13 535.4 4115.;.6 18 51 - 169 0 

10.3.10 29.9 37 3450.1 38 91 714.8 1433Z.6 105 67 - 24; 0 

1\ 1\ 

:&'1 - Schnnbc1 (Cha~tn moJ1tlc::ltlon) ecti.J"tos. n2 - :~~cher & ~8c~eyer estl~t8s. 



Table 82. Population estimates of salmon parr in the Afon Glyn site 2. 

J\ 
~(CtMt2) 

A 

Sampling Kt at ~(MtCt) nat) +1 Nl I:{ntMt) N2 9% e.L. no. ot tish 
date removed 

7.7.69 0 44 - 7 

11.8.69 30.3 33 999.9 14 71 393.9 30297 .3 77 0 

10.9.69 36.3 37 2343.0 33 71 1083.6 79052.2 73 65 - 83 3 

8.10.69 37.0 15 2896.0 45 64 1521.6 99587.2 65 47 - 107 0 

18.11.69 31.1 1 2929.1 46 64 1558.7 100554.4 65 49 - 95 0 

9.12.69 24.8 16 3375.5 50 67 1651.9 111624.4 67 51 - 97 0 

20.1.70 30.1 13 3166.8 54 70 1776.3 123402.4 69 55 - 95 0 

24.2.70 32.0 4 3894.8 55 71 1810.3 121498.4 10 60 - 85 0 

10.3.70 Z7 .1 13 4241.1 60 71 1945.8 1)7045.6 10 51 - 91 0 

1\ 1\ 

HI - Schnabel (Chapcan modific~tion) eGtl~te. U2 • Sc~acher & ~schoe.1er estioate. 



Table 83. Population estimatea 01' salmon parr in the Mon Glyn site 3. 

A 
1:( CtMt 2} 

A 

Sampling l.1t Ct E(Mtet) (Dtt) + 1 111 I: (RtMt) N2 9~ e.L. No. ot fish 
date removed 

12.5.69 0 8 - - - 0 

12.6.69 6.7 15 100.5 2 50 6.1 613.5 101 0 

7.7.69 5.6 42 335.7 3 112 12.3 1992.3 152 69 - DO 0 

11.8.69 39.1 41 1938.8 20 97 677.0 64613.1 95 82 - 114 7 

10.9.69 47.2 39 3779.6 46 82 1904.2 151551.3 79 65 - 99 3 

8.10.69 ~,., l' 4507.6 57 79 240417 184682.1 77 65 - 93 0 

18.11.69 39.9 11 4946.5 60 82 2524.4 202194.1 80 66 - 101 0 

9.12.69 35.2 46 6565.7 10 94 2816.4 259188.1 90 74 - 125 a 
20.1.70 54.8 23 1826.1 80 93 3424.4 ,}28251.1 96 76 - 130 S 

24.2.7° 46.1 9 8241.0 83 99 3562.7 347333.9 97 78 - 128 0 

10.3.70 41.0 18 8979.0 90 100 3849.7 311641.9 98 60 - 127 0 

1\ 1\ 
III - Schnabel (Chapntm codifiCation) estimate. tt2 - S~acher & Eschc1tr est1cata. 
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Table 84. Population estimates of trout in the Afon Glyn. 

A 
E(CtLit2) 

A 

Sit. Sampling l!t at r. (l1tCt) (at) + 1 111 l:(RtJ.1t) N2 9rffi e.L. 110. of fish 
data removed 

10.9.69 0 49 6 

8.10.69 31.4 31 1159.4 17 68 598.4 43362.8 12 68 -16 0 
18.11.69 34.1 1 1193.5 18 66 6)2.5 44525.6 10 46 - 141 0 

2 9.12.69 31.1 23 1908.8 29 66 974.6 66171.2 69 54 - 94 0 
20.1.70 2ll.~ .~:.:. 5 2050.8 30 68 1003,0 70804.2 11 56 - 96 0 

10.3.70 26.1 4 2155.2 31 69 1029.1 13529.0 71 59 - 92 0 

--~'f... 

7.7.69 0 29 - - - - 2 
11.8.69 24.1 21 506.1 10 51 216.9 12196.8 56 - 1 

10.9.69 29.1 11 100.8 26 39 682.5 26592.4 39 21 - 278 0 

3 
8.10.69 25.2 20 1504.8 33 46 858.9 39292.4 46 t1 - 149 0 
18.11.69 31.8 2 1568 .4 34 46 890.7 41314.8 46 31 - 93 0 
9.12.69 27.5 14 1953.4 39 50 1028.2 51903.0 50 35 - 91 0 

20.1.10 23.8 4 2048.6 40 51 1052.0 54168.6 51 35 - 86 0 
10.3.10 19.2 11 2259.8 46 49 1161.2 58223.2 50 37 - 11 0 

,.. '" 1f1 - Schnabel (Chllpcum modification) estimate. U2 - Sch~acher & Zscbceyer esti~at •• 
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Table 85. Population estimates of trout in the !fan Glyn. 

A 
E(Ctllt2) 

A 

Site Sampling lIt Ct r(utCt) (~Rt) + 1 NI ~(RtMt) 112 9~ C.L. No. of fish 
date removed 

10.9.69 0 28 - 0 

8.10.69 23.8 16 ,380.8 7 54 142.8 9062.4 63 0 

18.11.69 21.2 9 571.6 10 51 206.4 13101.0 63 a 
4 9.12.69 23.2 19 1012.4 16 63 345.6 23332.8 61 60 - 76 a 

20.1.70 20.6 10 1218.4 19 64 407.4 27516.8 68 63 - 74 a 
10.3.70 21.7 7 1370.3 21 65 450.8 30813.1 68 63 - 73 0 

11.8.69 0 32 - - - - 2 
10.9.69 26.9 29 180.1 11 71 269.0 20984.4 78 0 

8.10.69 24.0 32 1548.1 20 77 485.0 39416.4 81 79 - 83 1 
5 18.11.69 35.8 8 1834.5 22 83 556.6 49669.2 89 80 - 101 a 

9.12.69 36.6 9 2163.9 26 83 703.0 61725.6 sa 81 - 96 1 
20.1.70 35.4 12 2588.7 31 83 880.0 76764.~ 81 81 - 93 0 

10.3.70 28.3 12 2928.3 36 81 964.9 86374.8 89 83.- 96 0 

A A 
111 • Schnabel (Chap:lall modification) est1cate. U2 • Sc~cher & £sch:ejer egticate 



probable number of fiah praaont, p • 69. Thio •• tied. 

compares tavourab11 with the tcbncbol mil nohw:laohor totl::doD 

for salmon p:u-r cbo-m in table 81. 

253. 

No Sohnabol or Sohu:naoh~r estimAteo woro obtnlnoJ. for t41roon 

parr at Bitos 4 and 5, or for tl'\')ut at oite 1. During tho DeLur;y 

esticate at site 1, 13 tl'\')ut 'Woro caught on tho firut a=pl1ns 

run, and. 4 on tho second run, Giving a probable population, p • 19 • 

This ficure ro~reDents a denrdt1 ot about 0.1 tl'\')ut/lllotro2• 

The numbers ot salcon pe.rr wore verr low in citos 4 and 5, pGrl101lnrly 

in site 4 (seo table 75), and tho densltioD of wc:xln parr wen 

probabl:r about 0.05/c2, and oertninl;y lOBO th:Ul O.1/m2• 

The eean valuea tor tho 8utimataa shom in tables 81 to 85 .. en 

calculated as daocribed in seotion Dl, anl the dansit1 of fiah 

at enoh site waD eoticated with referenoe to tho Bit' arGCD Given 

in table 5 (chapter 3). Th, c1d-1ear bioC8SDoS ropresented by 

these densities ot fish ware calculated tram tho COM c1d-yenr 

weights tor enah ase group (sie chaptar 6). Tho proportions ot 

enob age group were given in tables 75 and. 76. Tho roou1to obtn1necl 

are shown in table 86. 

Table 86. Densi t1 6llel b10~SB of aalconid fiohea over 1 yoar 

of SgiJ in tha Afon Gl)'tl. 

Fish ~te eGm no. clan 9~ C.L. ce:.n 95" C.L. 
spooies ot fish denait7 bio~naB 

present no/r:.2 &Ie 

1 76 0.386 0.249-0.883 4.964 3.202-11.355 
Saleon 2 68 0.412 0.327-0.564 5.302 4.208-7.259 

3 89 0.382 0.313-0.493 4.915 4.028-6.345 

2 71 0.430 0.345-0.612 9.819 7.925-14.064 

Trout 3 47 0.202 0.13)-0.554 4.641 3.056-12,731 

4 68 0.329 0.300-0.352 7.560 6.8~·ill 
5 81 0.259 0.241-0.230 5.933 5.5 -6. 



254. 

{b) ,.ron D"lf'rtlw:r nnt\ "fon t,l1. 

The population Bile eatim:.tea tor Alon DTtrdq ~rout MIl 

Aton Lll" trout, c3lculntod. in the aace wq AD tor Alon 0111\ 

fiah, are shown in tabla 87. 

Table 87. Estimatol nUI:lbera at Baltxmlc1a ln the A. D,ytrdwr end. 

A. Lll •• 

FiBh speciea 

River 

f)lte 

Ut 

~(l1tCt) 

~(Rt) + 1 
/I. 

IiI 

~ ( RtUt) 

~ (Ctut2) 

" N2 

95,!, confidence l1mits 

/I. 

'l'l'Out 

Drtrdvq 

3+4 

33.4 

2129.6 

20 

113 

545.3 

600)8.2 

110 

94-132 

&olean 

Lllw 

3 

)3.4 

1941.4 

12 

162 

368.6 

65105.4 

161 

120-)30 

~ • Schnabel (Chapccn codification) loU.reate 

" 12 • SchlJ!'llsoher &. EocbQe18r estimate 

Lliw 

4 

22.0 

693.5 

6 

87 

156.5 

15199.7 

97 

70-156 

Only- the tinnl eGticateo are shown in tnb1e 87, ccnfldenco 

lit:l1ts on earlier eatltl:ltea boing unacceptable. ~ho finnl eat1cateo 

c,re for fish present in Uarch 1970 nttor 4 CUlpl1nc eeoaiono at 

each Bite. lio fish older than 1+ were killed. during the ocnuua 

period, end younger fish were excluded from the a oti::l3t 8a. 

Emigration rates Viere Ilssu::ltld to bo ooDattnt, ao cUb the Ol,yn 

estimates, end. the possibility- of' pr",oprins cQvtcanto of trout 
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to Llyn TaGid was neglected. Taegins data at othor olteat and 

in other etreamSt was unsuitable tor ua. wlth population 'Itim~t. 

l)l'Oeed.ures. 

DcnD1tles end blocauea ot the 16ti=tod popula~long wore 

cnl~lated in the snce canner ao describod tor Aron Olm tiah, 

and the res.llts are shown in '\abl. 88. 

Table 88. Deneitl and. biocaaa or G:llmonlda over 110ar ot 

age in ,\he Aton D;;trd'll1 and Aron Lll •• 

Fish River ~te Dena2t,. 9% C.L. Dlo::1110 ~~ 
speelea no/c c/c2 

C.L. 

Trout DytrdW'l 3+4 0.2)0 0.197-0.276 6.046 5.179-7.256 

Salmon Lll. 3 0.373 0.268-0.843 5.358 3.850-12.131 

Salmon LUw 4 0.144 0.104-0.232 2.0G8 1.493-3.331 

(0) Variations in the denni ties of R~l::C)n parr nnc\ trout 

Variations in the densities ot salmon parr nnd trou~t 

ditferent sites in the Ll1U ~rec1d teeder otrea:lS app03.%'ed to ba 

ch1efil o:lrrelated with the tnas ot habitd prenent at theca oites. 

Calcon parr vere coot ab\1ll4Qnt in turbu10nt 'linter, in deep 

riftle aresa, and at Bites containina o%tandv' oover such ao 

boulders and rocks. Sites 1-3 in the Mon Glm, end sdt. 3 in 

the !fon Lli. were characteristic ot suoh habitato. The 

import an 0' ot a broken river bed topogral)~ in incroasing the 

number ot vioually isolated. terr1toriea wao mentionod in section 

Cl, and Gl1son (1961) stnted that nthe capacitr ot a r1vGr to 

produce trout depends not ont,. on tho tood suppl¥, but otten to a 



greater extent on the tlUQber ot nooka end erwmioo .. her. tleb 

can lie." 

Salmon parr were least abundant 1n poole, weh aD thoae 

in the Af'on G11l1 aite 4. and wero searoe in ahnllow. expo8ed 

riffle areas, ouoh as in the Aron Qlyn alto 5. except durin~ the 

spawning season (eee elation C2b). Site 4 in the Mon Lll. 

contained both pools end rifneo, The rlff108 'Woro ot aodero.ta 

depth, but tar laos cover was available tor flsh thAn W3B present 

at oite 3. The cover at Mon Lllw Bite l cainly QOcpri80'l 

blocks uoed to strengthen the river ban..'ts tor flood pravontion 

purposes, 

Trout, 11ke a::U.con parr, were moat denae 1n a1tUB oontalnlns 

large nur:4bers ot vi£Ua1ly isolatod terrltoriGo, but, unlike 

salmon parr, the)" were core nbund&nt 10 poole than 1n rltfie areaa, 

TheY' were Clost nu;neroua 10 the Afon Olyn in tho pool at the 101ler 

end of site 2, and in the poola in site 4. The pool in oite 2 tlaG 

shallower than those in site 4, and contained nu:nsrouB rocko, ~rout 

were aloo numerouo in the pools 10 tho Mon D-Jtrd\11. nnl1 1n tho 
" 

vicinity ot ovcrhcngin(r bnnks. 

Trout \'fsre leaet numerous in the ahnllo'll riffle areas of tho 

Aron 01yn site 5, although theY' were nbundAnt 1n poo10 at that 

slte. They ~ere leos ooacon thnn saltJon parr in the turbulent 

rif'fie areaa of sites 1 t.nd 3 in the !ton Clyn. 

These results indioate thut whilst a considerable dot;roe ot 

overlapping oocurs between tho habltats ot cnlmn parr ond trout, 

certain differences exist, partlculnrl1' with regurd. to tho 



occupation of pools or rifflo arenD, which Qt11 docr.l1.oo tbll 

etfeats of competition between tho two D~oo1oo. 

The Aron Twrcb siteD 1 Uld. 2 (Doe plat. 8, oh.:1p~er J) 

contained ~fU'lY deop wdar uena, lUl~ on abundance or oovur 

in the tom or boulders, undercut b&nko nnJ. tr.e rooto. Tho ... 

site3 appeared. to be well cult.d A8 a b:lbltnt for t.rout, but 

were vert difficult to sa=ple bec~uQ. or tho uneven naturo or 

the river bed. l1any trou' wore S8f.:n "hilat .ltotroflahina, rmd 

a vsr;- dense population of trout wao 1ndicnted. Tho hiGh 

density of trout Clay hnva llCCOunted. tor tho Glow GTOwth ntoD 

recorded in this river (BOG chnptor 6). 

l'he fr'3 or trout c.nd salmon, not inoluded in tho denait l 

estimates Given in thiD Bection, 'Gore oora coccon in shnllow, 

oxPOsed arena thsn were older flsh. 

3. Discussion 

Some cocparative tiauroa for the donsities r:.nd bioctlsaoa 

ot salmonids over 1 ,"01U' ot aoe in a nu.:;)ber or Dr1 t1Bh rivera 

are show in table 89. A nucber ot the authors Q.uoted in thlo 

table nlS) elve figures tor the dena1tl c.."1d biomaoo 01" 0+ fish, 

as does Le Cren (1958). 

The results obtained tor calconldB 1n the Llyn To8id feeder 

stre:!ms were w1thin the ranees rouna by coat workor" in dt;.1lar 

types of rivera in other pms ot the 13rlt1ah Ides. The figures 

given by Il1lls (1964) wen lower, but his t1e;uros were obta1nad 
c 

tram D. river systeril t:h1ch had only recentl,. beBn operA up to 



Tabla 82. Dens1t1' and. biomass ot aalmcnlc1a, 1+ and oldar, 
in Drit1sh rivara. 

r:ouroe Rivor r.almon I,n'M' Trout 

Eggllshaw (1967) SholUgnn Dum 
Scotland 

0.15-0.5J/ID~ 
2.7-6.0 «lID 

0.21-O.42/ m2
2 5.)-11.7 glm 

Egg11shaw (1961) R1 var Alc:ond., 0.37-O.58/Q~ 0.12..o.2G/CI~ 
Scotland ).6-5.5 c/m" 3.5-1.1 81m 

Joneo (1970) River Talfy /.: 0.04 - 0.49/Q~ 0.01-0. 41/m22 
tributaries, 0.6 - 6.6 dm G.5-29.1 «1m 
s. ';laloo. 

Vickers (1969) Lough Erne O.OJ - 0.83/m2 0.02 - 0.23/m2 
feoder atrOaI:18, 
IT. Ireland 

Nott & Beale River Don, up to 0.J5/02 up to 0.48/02 

(1966) Devon 

Nott & Dealo River Exe, up to 0.66/02 up to 0.25/=2 
(1968) Devon 

lIorton at al. i:alh Brook, Dovon - 0.)0 - o.58/m~ 
(1968) River Tan)",. - 0.05 - O.OO/m 

Devon 
0.14 - 0.r:IJ/a2 '.1est lIebburn, 

Devon 

Jalls (1964) River Brnn & 0.05 - 0.18/02 -tributaries, 
Scotland 

;oolland. (1972) Llyn 'l'eg1d 0.144-O.386/m2 2 0.100 - 0.412/1D~ 
feeder streacs 2.068-5.353 g/c 4.641-6.046 c/c 



c:dgratol7' tichls, end in which the e.Uoon tlchory hnd bacn 

started b1 tl7' p1antlnao• 

Vickers (1969) and Jonea (1910) both round conl1derD.bl. 

variations in tho densitIes ct O4lconldD at ditferent 81too 

within the snme rivers, and betwoen c11ttarcnt rivora within 

the Game areaD. Similar variations 1181"0 evident Iven in the ah:>rt 

stretch of the Aron Glyn which I atudled, and auoh vuriations 

indicate that rowl to tro:l ono puticulnr area oro unl1k.a11 tQ 

be representative ot the river a.s U l1ho1e. 

Viclcoro (1969) thouE;ht thnt tbe ooQ;:;aratlve11 low danu1tlta 

ot trout he found in the Lou.sh tma teeder atrec:ilo recultec1 tro:;l 

the mgro.tion of trout out or thQ Ittron:1o into LoUSh eme. Low 

densities of trout were not round. in the Llyn Teg1d te.Jar 

otrealllS deoplta siClilnr adGrationa, but th. bioClaao or trout wno 

relatively low as a reault or theae migrntiona. JonGS (1970) 

generally found web hiGher bioCUlosoa ot trout 1n tho Rlv.r To1t:1 

oysteo , where no suoh migrntlona took pIno •• 

lIorton at 0.1. (1968) found. highsr ~pulation donnitios 01' 

trout in noid streams (\lalla Drool: lUld \lest Uebburn) tht.n in 

the alkaline strellC (River Tart,.) which th81 atulled. They 

correlated hieh densities of flsh and poor tood cuppl:r with tho 

low growth rates or trout in the acid atre:'::lCJ. In Cldd.1tlon tho;( 

recorded that the acid atr6ll,;:18 oontdnod. 0. web grallter "wmtity 

ot suitable ops.wnin~ sravel thm did the River Yuty, end. toot 

thero was ooell evidence ot ovorcro.z1ng ot tho available tood 

supply by the very lar&e ~ population vhioh roculted trom tho 



favourable braedins condi tiona. 

'.rhe relatively alow growth rate., or GUClOn1dG in the 

Llyn Tegid feader atraaco (Dee chapter 6) probably roault rroc 

much the Ss.t!le factors as tboso de.onbed by norton at nl. (1968), 

the feed.er streacs bein(; typical Boid mountrdn II tro&CD contadn1ns 

nbunde.nt spawning 81"ll.vel amd high population donDit1eD or rich. 

Data on the benthic fauna of tho atreLmD end rOGains rolntionahipo 

(U.A. Rahim) are not 1et availllblo, but it aeO::lB likely that. 

food is a litlliti1l8 faotor for the growth of nah in thoSG utro:::o. 

E. atrnmnrz 

(1) The results obtainod on population atr..1oturoB 1ncl1oatod. 

that most sahlon parr c1grataJ. ao soolts nt 2 ,.Ia.ro of 1ll)Q, end 

that most trout desoended into Llyn Teeid froCl tho roeder otrea:na 

at 2 or 3 years of age. '.rh~ 0+ aee croup at nah \188 le80 eft10iCltly 

oaught by eleotrotlshing than were older fish. 

(2) lIoot sumn parr (82.l£) end cost trout (81.~) reC3.1.nod 

within a restricted. "heClO" aren. The ro:1:l1nder cavod, equally 

upstretJll and downstralltl, over diatanoes not gocerally oxcaed.1nt; 

150 cetres. no significant difference ex1st~l between upatroAQ 

and donnatreao CX)ve:nento, or b otweon the COV8::lents ot C3lcon parr 

and trout. 

(3) Adjusted valuos (stott. 1961) tor "hocg" roo3pturoa ot 

fish 1n the Llyn T~d foeder strer:.ca rnnaod between 70.6; nnd 

86.~ for salmon parr, c.nd betlleen 79.~ and 89.0~ tor t:Out. 

S;)Cl8 soasonal trends in movecents correlated with o.dvorso cur:cer 



conditions and B~t1Wns nativit1es, .era r.(X)l'\l.~ for lualc=n 

parr, but not tor trout. 

(4) Uean dms1t1aa or £nlQon parr (over 1 yenr or Ago) 

in the Aton Olyn and the Man Lli. rlll1Bed betweon O.lM/r:P 

ana 0.412/02, O)rrQ~ond1ng to m1d-ycnr bloQ4BDau ot 2.068 6/m2 

to 5.302 gfm2• A roueh est1Cl:lta ot t.ho deno1tl or c:UClOn 

parr In Bites 4 and 5 or the Aton Olm uno O.05/m2• 

(5) Uean dens1t~es ot trout in tho Aton Ol1n r..nd Aton 

rr"trdwy ranged between 0.202/m2 and 0.430/ri, Olrroo~na.1ng to 

mid-year biomasses ot 4.641 to 9.819 ~/Q2. An cpproxicQte 

density of 0.1 trout/g2 was obtnined 1n tho Aton Qlyn sito 1 troCl 

a DeLury 0 stimat o. 

(6) Variations in population dens1tioD reflocted dltterenoea 

in the typea of habitat at each Bite, the densest populo.tiona ot 

salmonids being found where visual 1solation (raUeborc, 1958) 

was moot enenG1ve. 'rrout generally proferred. pool o.roaD, in 

contrast to saltlOn parr which mre trequently oocupied deop, 

turbulent ritnes, end such differenceo t1a.1 MVO reduced tho 

effects of competition between the two speoleD. 

(7) 'rho results of densit;v lUld biocasa osticnt.ea tor 

salmonldo in the Llyn 'regid reeder streIWs OlClpo.red tnvoU%'l1bly 

with thone tou.'ld in other, Bimller ~ritish rivors. 1310tnansea ot 

trout 1n the Llyn Tegid feeder strec.:na were reduoed 8S a rtwl t 

of emigrations to Llyn 'regid. 

(8) Bigh population densities ot both anlcon pur end trout, 

together with poor food supplies and ~boundant Dpn~lD5 gravel, 

probab11 contribute to the relatlvol1 poor srolTth ot tish in Iloid, 

mountain streams. 
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CHAPl'ER XII 

SALMON SJOLTS m LLrn TEam 

A. Introduotion 

Snall numbers ot salmon Dolta have bem caught in 

L11Z1 Tegid in previous lears bl other workers troel th, 

Universit, ot Liverpool (Dr. J.W. Jon,s, p,rl.ooQel.) but 

details or these cdches were not recorded. Following the 

capture ct 586 sma1ts in the spring ot 1969 wh11at Gacp1ill8 

tor grayling, it was decided to CUT7 out some observation. 

on these tish. 

During the spring ot 1970 a turther 753 cmclt. wara 

oau.ght in Llyn 'regid. These amol t a were cauaht b1 abore 

seina netting, as .. ere the 1969 amolta. Some taotors which 

mq have influenoed the time ct &mOlt descent into Ll11l Tegid 

.ere investigated, and predation on amolta bl pike in the lake 

and in the upper Dee, was ass.ssed. 

Recaptures ot smolts tagged as parr in the teeder atretl.Cls 

were recorded in both the 1969 and 1970 catohes, and data tram 

these recaptures were used to estimate the nucbers ot BIlolts 

which had descended into LlJn Tegid. In addition, most ot the 

smolts caught during 1970 were marked and released ba~ into 

the lake, providing further caterial tor use in population 

estimate procedures. 

Although many studies have been Clade on the descent or salmon 

smelts in rivers and troel lakes, intomation on smelts in 1akeB is 
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Bcant1. Allen (1944) and mlla (1964) tound that the misrAtion 

of smolts throuah lakes was slower 'than in rivero, posd.blr 

because smolts tollowed indireot rou\u along tht abartline. ot 

lakes (Allen, op.c1t.). Investigations have been made in\o 

preclation on amolts in lakes, and lalla (op.cit.) round thnt 

pike fea extensive11 on smolts in three Soottiah lo~ • 
• 

..". 
" 

Studies ha.ve been made on the acolimatiaation to aalt 

water and the age, growth and aex ratios at River Dee Sl101ta 

b1 Jones (1947, 1949) ,and Jones (1939, 1950a, 1950b, 1951, 1953b) 

also assessed the proportions ot the ditterent solt age groupo 

in the River Dee tram the saales ot inoom1ng adult Balmon. 

Further detailed investigations into the River Dee smolt runa are 

being carried out as part ot the Water Resouroea l30ard researoh 

programme. 

B. Material 

The numbers ot BIllOlts caU8ht in L1)'n Tegid, togother with 

details on the date and place ot oapture, are shown in 'table 90. 

JJost ot the smo1ts were captured near to river inlets (aitta 

B, E and H) during a period ot about 3 weeks, troCl lat e April to 

Mid-J.{ar. The main omolt run oocurred about one .. eek earlier in 

1970 than in 1969. Smo1ts were stl11 present in tho !ton G1yn on 

Mar 12th 1969, but large numbers of these fish were caught in Llyn 

Tegid on Mar 13th. 

c 
• Population etruoture 

(1) Age composition 

The age composition ot the 1969 end 1970 8QOlt runs 1U'8 



Table 90. Catches ot salmon SDclta in Llm 'r.gid. 

Date Site no. ct ame1t. caught 

lli2. 

April 22nd A,n 2, 9 
April 29th B,C 6, 70 
Uay 5th H 72 
Uq- 13th D,E 53, 371 
Key 20th J 0 
May 27th B 2 
June3rd E 1 

Total tor 1969 506 

!212 
April 14th n 1 
April 20th D 14 
April 27th & 101 
April 28th E,B 11, 40 
April 29th E,O,3' 4, 1, 2 
May 5th E 258 
11ay 6th B,E, 18, 179 
Mq ll~h E,F,n 16, 12, 7 
Uq 12th E,B 6, 45 
Hay 13th E,E,H 21, 3, 5 
liar 14th E 2 
Mat 18th E 1 
llat19th Il,E,B 0 

Total tor 1970 753 



shom in table 91. 

Table 91. 

Date 

1969 

1970 

Age compoaitlon ot Llm 'regid DOlt oatch •• 

(llumber) and percentage ot 8QOl t. in each ASe sroup. 

1 lear 

(9) 1.5 

(8) 1.1 

2 liar 

(555) 94.7 

(702) 93.2 

3 liar 4 yaIr 

-

The age composition ot River Dee 8QOlt. found in previoua 

investigations is given in table 92. 

Table 92. Age O)mposition ot River Dee smolts. 

Percentage or smolts in eaoh age sroup 

Source !Laterial 1 year 2 year 3 lear 

Jones (1949) 1938 smolts 7.0J, 89.8~ 3.Z. 
1939 SI:lOlts 3.5~ 89.5" 7.0;, 

Jones (1939. Adult scales 4.5% 93.3~ 
,., 

2.2~' 
1950a)b. 1951, 1937 - 1951 (1.6-7.8) (88.5-97.0) (0.8-6.3) 
1953b 

The main ditterence found between rq results (table 91) and 

those ot Jones (table 92) was the lower proportion ot one year 

smolts in the Llyn Tegid catches. Thi. C81' be a retlection or the 

slow growth rates ot young salmon in the Llm 'regid teeder 

streams (see chapter 6), the age at which aalQOn migrate as 

smolts being correlated with aize (see section El). Onlyear 

old smolts may be generally scarce in the headwaters ot the ])e., 
but may be more common in lowland areaa. 'rwo YGar old nab cl.ar17 

docdnato the SIlolt runs ot the Riv.r Dee. 
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Osterdahl (1969) and Uilla (1964) round that oldlr emolt. 

migrated earlier in the run than rounger fiah, and DOmt 

evidence at a similar migration pattem w.a tound in the L111l 

Tegid catches. Thus all three rear old smolta .ert caught 

before and during the main run. (UIlY 13th, 19691 Uay 5th & 6th, 

1970), whereaa all on. ,..ar old omolta were causht durins and 

after the main runs. 

(2) Size oomposition 

The main lengths (and S.D. or lenatha) ot each amolt age 

group at the time ot capture are shown in table 93. 

Table 93. 

Date 

1969 

1970 

Size composition ot Llyn Tegid amolt •• 

Uean length (! S.D.) in em •• ot aaell age group 

1 rear 

ll.9(!1.7) 

ll.O(!o.6) 

2 rear 

13.8(:1.2) 

13.7 (!o.8) 

3 rear 

l5.9(!o.9) 

15.1(!1.9) 

4 ,.ear 

-

A comparison with figure 47 (chapter 6) shows that the 

mean length ot each age group had inoreased since the end ot the 

previous year' a growth in the Ll)'D Tegid teeder streams. 

(3) Sex ratios 

The sex ratios ot 35 smolts removed tram L1m Tegid during 

1969 and 1970 were determined and are shown in table 94, together 

with the results recorded b,. Jones (1949) for River Dee smolts. 

The results I obtained were verr Bim11ar to those ot Jones (1949), 

who correlated the variation in the sex ratios at difterent 8.8G 

groups with the spawning activities ot cale parr (see chapter 9, seotion! 



Os-terdabl (1969) also associated thl predominanoe ot tanula 

in his smelt oatohes with Bemal maturation in mall parr. 

Table 94. Sex ratios ot Llyn 'regid GQolta. 

Age 110. ot No. of Proportion ot mal •• to t«l1&le. 

group males temales 1969-70 Jonel (1949) 

1 yea.r 1 0 110 1.0411 

2 rear 10 21 0.48 1 1 0.6511 

3 year 2 1 211 2.0711 

D. Population size 

The reoapture ot smolts in Ll)'n 'regid, whioh had been 

tagged as parr in the teeder strea.Qs, presented an opportunitl 

of estimating the total produotion ot smolts in the reodor Btreacs. 

In 1969 13 such recaptures wer. Clade in the total oatch ot 586 

smolts. The nUlllber ot pre-amolta t&«>ged in tho teeder streams in 

the early months ot 1969 was given in ohap-ter 11 (seotion E) ss 

135. Twenty -two of these were tQ8ged in Janu817, 5 in Februal7, 

51 in March and 57 in April. The numbers ot at:lOlta which 

descended into Ll1Q Tegid tram the feeder streams during 1969 

was es-timated trom -these data using Eailer's moditication ot the 

Peterson metbod'ta8scribed in chapter 10 (seotion 2C,ii). The 
" 

results ot this estimate are Bhow in table 95. 

Table 95. 

135 

Estimated number ot e:nolts in Ll1ll 'regid during 1969. 

c + 1 R+1 

587 14 

A
N 

5660 

9~ confidenoe limits 

4820 - 6750 
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'l'his mq be on overestimate &inae mortalitie. ot taBced 

pre-smolts in the streams, betweon Janu&r,1 and April, wore not 

taken into account. Such mortalities .. ere probablT not a .ericul 

source at error, however, since most taeeing waa carried out durins 

March and April, and the time elapsing betwoen then end rlC4pture 

as smolts in Llyn Tegid was relativelT short. 

Larger numbers ot smolts wera available tor recapture in Llyn 

Tegid during 1970, sinoe 737 parr hnd been tagged 1n the feeder 

streams (table 75, chapter 11) between the 1969 and 1910 [COlt 

runs. Exoluding losses tram natural mortalit)', the number. or tl86Gd 

llarr 'Which would have migrated to Llyn Te81d as BQOlts in 1970 wera 

reduoed by two main faotors. First 1)" a 8:1all parcentaae ot salclC)o 

would not have migrated as amalts at 2 Tears ot age (table 91, section 

C), and seconal)" a total ot 49 tagged fish were ldlled. whilst 

saIIlllling in 1969-70. An estimated 30 fish .. are lost as a result 

ot the tirst factor, and the marlmu:n number at tasged amolts avo.11able 

tor recapture in Llyn Teg1d during 1970 was theretore taken as 658. 

Recaptures ot these fish in the lake totalled 41 in a catch ot 753 

smolts. 

A Bailey's estimate carried out on theae dnta, 1n the same 

" way as tor the 1969 data, guve an estimated population N • 11,813 

(9~ confidence licits 10,976-12,889). This 1s obviousl)" on 

overestimate, because natural mortalities would hage removed man)' 

at the tagged fish trom the population between 1969 and. 1970, and 

the value of 11 used 1n the Ea11ey esticate was theretore too high. 

survival rates in the Llyn Te81d feeder streama may have been even 

less than the 34.7-59.oP quoted by Horton at al. (1968) for 1-2 year 



old salmon parr at relatively low population don,ltl, •• 

Losses ot this Iil30Ilitude would hnve greatly reduo.d the 

'" value of N obtained from tho 1970 elata, it tho1 had been 

taken into aocount. 

Sinoe suoh loaaes could not eaally be a800880d, a 

turther experiment was carried out whereby all ~olts 

captures in Llyn Teg1.d froQ 27th April 1970 onwarda .. ere 

marked (aee Chapter 4, seotion A2,b) and releaaed. SUbsequent 

recaptures ot theae fish were used tor estimating the totnl 

number ot salta preB~t in the lake. Estimates "ere made 

uaing the methods ot Sobnabal (Chapman modifioation) and 

Schumacher & Esobmeyer (see chapter 10, section 2D,ii). 

Reoapture data were obtained on seven oooaaiona from April 28th 

to Hay 13th, and the tinal multiple census esticateB are shown 

in table 96. No turlher recaptures were made attar 13th Ua,y. 

T8ble 26. Estimated number ot BOOlts in Llyn Tegid during 1970. 

llt t.(Cttlt) (nt)+l 
A 

Nl t,(RUlt) " I'.( CtlIt2) 112 

700 208475 29 7189 13058 93286721 7144 

A 
Nl - Schnabel (chapman moditioation) estimate 

" N2 • Schumacher & Esch.'neyer estimate. 

The results obtained compared tavourably wlth the 1969 

:Bailey estimate (table 95), but were considered. to be an 

overestimate because of handling morta1itieo. SaCUt effolta .. ere 

made to reduce these mortalities (see chapter 4, section Ib), 

but mml1 smolts 1fere seen to nim erratically across the lake 

9~~ e.L 

4545-16 
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surface atter release. &lch fish mar have boon VOrt expoled to 

predation, especia117 b7 £Ul1. (aee .ection a). 

A sumal&r3' of c:nolt recaptures in L1111 'regid 10 ahow in 

table 97. Tha table inoludes those ~lta taga-Ii in the loke. 

Tabla 91. Recaptures of tagged salmon lIClOIto in L1m 'r.gid. 

Lake site at Number caught Plac.ot 
Year which ca.uaht origin 

1969 D I A. LU. 

B 12 A. alyn 

1970 B I A. Dytrd.W1 

D 1 A. Lli. 

E 28 A. 01111 

E 4 A. L11. 

E 3 A. D1trd"1 

H 2 A. Lli. 

H 2 A. Dytrd"7 

1970 B 5 L11ll Tegid 

E 15 Ll1ll Tegid 

F 1 Ll1l1 'regid 

H 1 Ll1ll Tegid 

E. Growth ot smol ts 

(1) Growth in length 

The calculated growth rates (see chapter 6, seotion 3b) ot 

each smcl t age group caught in Llyn TeBid during 1969 end 1970 

are shewn in figure 91. Figure 91 claarly illustrateD the goneral 

tendency tor more rapidly growing fish to Cligrate at an earlier 880 
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than slower growing fish (Allen, 1944). Jones (1939, 1949) 

considered that the rate ot growth was probabl1 the moat 

importent factor governing the age at whioh BIlolta migrate • 
• 

Other workers (e.g. Went, 1938, Frost & Went, 1940, Pletinoh & 

Mills, 19631 w'lls, 19641 Went, 1964) have reoord.ed similar 

variations in the growth ratea ot ditterent &:l01 t ap groUpl. 

(2) Soale growth 

Went (1940, 1942) and Went & Barker (1943) separated. the 

smolts ot the Shannon , Eme and Waterville Rivera into "'l'lpe A" 

and ''Tne Bit smolts, acoording to their pattern ot soale 61'Owth. 

Type A smelts showed no + growth (BUIIIller growth) at the swe 

margin, but Type B smolts did show + urowth at the scale marGin_ 

Similar growth patterns have been recorded by other workers 

(Pentelow at al., 19331 Jones, 1939, 1949. Uall, 1939. Allen, 1944. 

Vibert, 1950) and attempts have been made to relate this growth 

to the time_ of smolt migration. 

~entelow et ale (1933), Went (1940, 1942) and Vent & Barker 

(1943) considered that it was neceasarr for smelts to attoin a 

physiological condition associated with size. 'rhel suggested. that 

the growth made by Type :a sllX)lts (Went, op.oit.) enabled such 

fish to achieve a minimum necessar,y size for migration. Allen 

(1944) and Jones (1939, 1949) agreed with this view but found that 

it did. not apply to all cases, and Allen (op.cit.) thought that, 

although there was a close relationship betwlen size and time ot 

migration, there was no critical size at which all smolts migra.ted. 

Nall (1939) and. Vibert (1950) rejected the view that attainment or 

a minimum size was a critical faotor because the parr population 
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was 60 heterogenous in that respect. 

The catches in L11tl 'regid comprised 40. Tt' Tne l amol tl, 

and 59.~ T;rpe ]3 smo1ts. Went (1964) stated. that Tn. B K3olt. 

formed 7fJ1, or more ot the emo1t population. in co.i Irish river •• 

Harris (1910) round a higher proportion ot 'l'TP' A ses trout amolt. 

than Type ]3, and suggested that thi. 'IiaD beoause his s:lolt 04teho. 

were made at a long distanoe from the sea. Be thoU8ht tb4t more 

+ growth mar have oocurred during the descant froca the upper 

reaches to the sea, and the OQllle cny be true tor Llm 'l'osid lIalClOn 

smolts. Jones (1939, 1949) found 2+ Galtoon c:lOlts in the lower 

reaches of the River Dee which had. apparent17 grown aD fast or 

faster than some of the 2 ;year old migrants which had. no third. 

summer rings on their seales. He considered thai thoSG tlsh m01 

have been migrants from the upper reaches of the river which 

became 2+ fish b;y the addition of third. summer rings on their 

scales following intensive feeding during their long downstream 

migration. 

(3) Cond.1tion~ 

The weights 01' amalts were not measured in tho field beeau.e 

ot the large inaocuracies which oOC'.l1Ted (aee chapter 4), and to 

reduce handling morta1itien. The data available tor Asseso.ins the 

condition (K) ot smolts were therefore limited to the te. fish that 
14 

were killed and b~ht back to the laborato17. The caan "elghts tor each 

age group ot these fish aro shown in table 98. 

Condition factors were calculated tor these floh in the manner 
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described in chapter 5 (seotion 3a,1v). The 1970 cmoltD Dhom 

in table 98 were oaught between April 14th rmd April 27th, and 

the mean condition faotor remained at 0.98 throuabout thi. 

period. The 1969 smelts shown in tabla 98 wore Oo.USht over 

a longer period ot timo and changes whioh oocurred in the 

moan condition taotor are givon in table 99l 

Table ~. 

Date 

1969 

no. examinod 

1970 

no. examined 

Table 99. 

Uean weights of Ll1U 'regid smolts. 

1Iean weight (! S.D.) in gela. ot each &8G sroup). 

1 rear 2 rear 3 fear 4 roar 

16.0 24.0(!.t.2) 36.8 . -
1 18 1 -
- 22.1(!3.4) 33.8(!5.8) 43.0 

13 3 1 
t 

The condition of Ll)'n Tegid &molta during 1969. 

Date 

April 22nd 

May 13th 

May 27th 

June 3rd 

Uean condition factor (K) 

0.91 

0.91 

0.80 

0.80 

The condition of amo1ts decreased as the migration poriod 

progressed" a.t the same time a.s the C'lndi tion ot salmon parr in 

the teeder streams was rising. The X values tor 2 rear old salmon 

parr in the teeder streams 1IertO.96 in April, 1.07 in l1a1 and 1.21 

in June (see chapter 6, section 3a,iv). 
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~bis decline in the condition ot salmon SIlolta haa been 

recorded br a number ot workers (Hoar, 19391 Allen, 1944), IUld 

haa been related to the ph1siolosical changea which oocur durins 

the amolt transformation prooess. 

F. The desoent of smolts into and through Llm Teldd 

(1) Time of desoent 

The time of descent ot smolts into Llm TeBid waa shown 

in table 90, and was noted in section llt 

Sampling was continued at weekll' intervals arter the 

dates shown in table 9(>, bl Cl1selt in 1969, Ill'ld by other workara 

from the University of Liverpool in 1970. No turther c3tohea 

of smolts were recorded. An electrofishing survey in the Alon 

GIlD on Mq 19th 1970 indicated that all the soolta had lett that 

stream. No evidenoe of summer, autumn or winter runs ot emelts 

(Calderwood, 1906, P,yetinch, 1955) was found. 

(2) Factors affeotins the time ot descent 

14eJl1 suggestions have been put forward. conceming the faotors 

which control the time of smolt trmlEiJrmation and cigration, and 

the influence of size on these phenomena was centioned in earlier 

sections. '.i'he smolt transformation 1s undoubtedll controlled by 

neuro-endocrinological response (Hoar at ale 19511 IIoar, 1953, 

Fontaine, 1954), possibly initiated by pbotoperiodisc (~te, 19401 

Boar, 1953), but Osterda)l (1969) considered that it s:xllt c1gration 

was only attributable to such tactors then a dome shaped c1gration 



curve would be expeated. In f'aat he f'ou.t'ld Clo.rk-.1 abor\-tIN 

f'luotuations superimposed on a aeneral daru shaped curvo, 

and considered that at lenat one phaae in ~ltif'ioation, the 

change in territcri,lit:r and rheotaxis (talleberg, 1953), ••• 

influenced by some environmental f'actor .. hich could f'1uoluato 

trom dar to dat. 

Environmental f'aotors .hich have been ~nalderld br 

workers in this f'ield include rainfall c.nd water fio •• (Bull, 

1931a, 1931ba Eerrr. 1932, 1933. Allen, 19441 P,r.rinoh & utll., 

1963), changes in water temperature (nerr,y, OP.c1tl Allen, OPe 

oit, White, 1940, Ullls, 1964), •• ather conditions (Derr,y, op.olt.) 

and solar radiation (Osterd.ahl, 1969). Allen (op.cit.) thouaht 

that the passage of aativel:r migrating £colta cq influono. other 

smlts to start migrating, and oonsidered it likel;r that 

susoeptibility to migration produc1.ng stimuli and smolt 11v817 

commence to develop together. SUaoeptibilit:r to mieration 

producing stimuli increases with time, &:nOlts .hioh have del~ed 

their departure react to smaller stimuli than G:JOlto .hich c1grate 

early in the run (Jones, 1959). 

Water temperatures (taken tlt m1dd.rq on each sa:lpllns 

occasion), weather conditions and river tlowa were reOJNed 

during the 1969 and 1910 Ll)"n 'regid. lColt tuns, and the relation 

between some of' theBe faotors and. the nw:1bera ot =01 t. cau&ht 

are shom in figures 92 and 93. River f'low details wore not 

available for spring 1969 (see chapter ), aeotion ell, but thoae 

in the 1910 smolt migration period clo.e11 toll0 •• d fGinfall 

nuctuations. Weather conditiono durlns the main lColt run •• ere 



FIGURE 92 

Environmental Conditions During the 1969 Llyn Tegld Salmon Smolt Run 
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FIGURE 93 

Environmental Conditions During the 1970 llyn Togld Salmon Smoll nun 
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similar in both 7earo. lald o:Ulditiona poralcatol, w1ndo 

were light (south, GoulDeat or .e.t) An! raintall waa low. 

There appeared to be little oorrelation b.tlllcn raintall, 

river flows and. the size ot the 8QOlt run (tlsurl. 92 end 93), 

although SOCle ot the .arl~ runs tla1 haY' b.en infiuenoel bl thll' 

factoro. Bull (1931a) considered that a 10021 raintall or ant1 

0.1 inches could initiate the migration or =olt8, anll iihit, " 

Huntsman (1938) also considered rainfall to be en important 

migration producing at1mulua. Eer17 (1932) c.nd Whitt (1940), 

however, found that major runs ot ocol t. pa.aaed ob.erTation pointa 

during 'times ot low water tlow! 

The timing o;the main &:lolt runs durins 1969 end 1970 

appeared to be mora olose17 oorrelated with water t8Clperaturl' 

than with rainfall or river flow.. In both 7tara the larGOst 

numbers at smolts ware caught in Llyn Tegld at a til:' when 

wdar tempera'turea were approximately 100 0. lIllla (19G4) and 

Osterdahl (1969) also round that the C1DJ..n s:nolt runs occurred .hen 

the water tec1perature rose to 100e or above, but thl latter author 

considered that this mq have been a coinCidence, not a direct 

causal connection. 

Allen (1944) thought temperature was an 1J:Jporh..nt tactor 

in determining the time ot BIOlOlt migration, but round thAt the 

large stimulus der1yed, from a rapid riat in water 11.,81 could 

more than ottset the ettect ot 10. temperature. Several large 

increases in river flows occurred in the Ll)'D 'l'agid fe.der 

streams between 15th Allri1 and 25th April 1910, whon water t8QperatureD 

~."",,,; 

>. " • ".!fo to ~1t;...J. __ l' 



were 7.0 to 8.Soc, but thea, did not giT' riae to large 

smolt runs. 

27'. 

Ostardahl (1969) recorded that during the .&r11 stast. 

o! the run moat smolts migrated at night, but later on dA7tlme 

migrants predominated. DurinB th. 1910 Lllll'reGid DQOlt run 

a seine net was lett ovemight around the Aton Olm inle' in 

water less than li metres detp (aoe chapter 4, Blotion Alb). 

The net was drawn in just betore dam and the reooried catchaa 

are shown in table 100. 

Table 100. Ovemight catches ot smolts in Llyn 'rogid durins 1970. 

D3te Nw:1ber ot lJ:lolte oaught 

20th April 11 

29th April 2 

5th ltar 258 

12th }.{q 3 

13th Uar 3 

Total 277 

The Olyn seine net "trap" acoounted for 36.8~ ot the total 

catch in 1970, and it aeams probable from the.e rasul ta that coat 

smolts descended into LlJn 'regid at night. 

(3) Movements through Llyn 'regid 

Uovecents of smolts throuah Ll1U 'l'eGid took place in 

shallow water cloBe to the ahore. Snolt. were never aeen in 

mid-lake areas, but thel were trequent11 observed near to the 

lake surfaoe in the littoral Eone during penoda ot oalm weather. 

Gulls were otten seen pre1ing on the shoals ot amolts (seotion 0) 

in the littoral zone, 

From the location ot recaptured fish (Bee table 97) it was 
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apparent that &mOlts trom the Aton D1trdwr anll Aton Lll. 

migrated along both tha norlh and lIOuth abore. ot thl lake, 

although most at the recaptureu occurred on tho lIIOuth abort. 

Man Glyn saIOlts were on11 recaptured on the 80uth chore, and 

never 1n a fOOre BOutlmlatarl1 poaition than tho Ol1n inlet. 

This suggests that SClolta orientate thlela.lvol toWardD tho 

River Dee outlet inrnediate11 on entering the lake. 'rho ceanD 

br which thel do this 1s not knom. No !Golts troll tho Aton LlarlX" 

or Moo· 'l'wrch were recaptured in Ll7n Tegid. 

(4) Movements out ot Llyn Teed 

l!ovements ot Slloltu out ot Ll7D 'regid .ere not inveatigated, 

but some observations were made br the utatt ot the D., an:! Cl1Q'd 

River Authority at the ~la aluices. 

La.rge numbers ot smolts ware oeen in alack water above the 

13ala sluices on l1a1 11th, 1970. The flow in tho n1ver Doo at 

that time was low (2.5 cumecs). At 6.00 P-w- un ~ 11th thl 

Rive~ Authorit1 at Chester ordered an artiticial tlood ot 11 QUmaca 

to be released. from the laka tor a 48 hour parlod, to dilute the 

ettects or a pollution in the 10ller reaches ot the De.. The amolts 

which were above the alulces were seen to pass throut;h thl aluic •• 

on this tlood. The river tlow had returned to ita prevloua 

level by11ay 14th. 

tills (1964) quoted a newsletter troll the Atlantic Sta 

Run Salmon Commission whioh mentioned that some BQOlts took aa 

long as 14 dqs to negotiate the 2.5 millS (4 rm) trec the inlet 



to the outlet ot Bedd1nston Lake, lla1ne, and IJ'UOStGtod thnt 

the lake may have slowea miorntlon. Tb1, cq aloo be truo ot 

Llyn Tegid where in 1970, for instano., amolt. en\or.d the 

lake trom April 14th onwarda, but .era not ob.ervld 11avins 

the lake in large numbers until l!q 11th. In thia inatcnce, 

however, some ot th. dalar m07 have bien attributable to • 

reluotanoe to pass through the Dala olulcell durlns perloc!.a or 

low river fio •• 
t 

On 1Iay 20th, 1970, a 8QOlt was oaptur.d at Conon lIhicb 
\ 

bad been tagged as a parr in the Mon 'l'1ITCh. Aasu:d115 thiD 

fish left Llyn 'regid on, or about llay 11th, then lta up .. d of 

migratlon was approximatel,. 2.4 [m. per dq. Allen (1944) 

reoorded smolt migration rate. or 0.14 - 5.94 l::l/dl¥ ln thl 

Thurso River system, and nlls (1964) Hoorded rate. or 0.86 -

2.04 Xm/day in the River Dran. 

G. Predation on smolta 

Pike ware oaught in Ll1l1 T.g1d whi1at B3.Cpling tor SlOlt. 

and the stomaohs ot these flsh, together with tho.8 from pike 

caught at the same tlce in the upper Dee (se. ch:lptlr 4, alotlon 

Ale), were examined. In add1:tlon, small numbers or pike C&uDlt 

in Llyn 'regid and the upper Dee at other tlela ot the ,.ear worl 

examined. The results ot theae analyses are given in tAbles 101 

and 102. 

The results obtained indioated that verT little predation 



Table 101. The tood ot pike in LIJn T.gfd 

1969 1970 Total tor 1968-1970 
April 22nd ~ , April 14th 1969-1970 Junt-
t9 JJq 21th to Jlq 13th amolt l!ar~h 

mention 
ptr10da 

No. ot stomachs 15 25 40 14 examned 

Percentage ot 53.3 84.0 72.5 41.2 stomachs empt7 

Percentage ot 
stomachs 
containing a 

Salmo salar 6,.7 - 2.5 -(juv.) 
Salmo tNtta 20.0 8.0 15.0 8.8 
Perea tluviat- 6.7 8.0 7.5 17.6 

ilis 
. Rutilus rutilu8 - - - 2.9 

Coregonus 6.7 2.5 32.4 
clupeoides 

Phorlnus phorlnus- 8.0 5.0 -
Gobio gobio - - 2.9 
Anguilla anguilla 6.7 - 2.5 -

Lampetra planer! 6.7 2.5 5.8 
Invertebrates - - - -

(range ot rue ot pike • 30 - 92 ca.) 



Table 102. ~h. tood ot pike in tho n1.,.r D, •• 

No. or sto~achs 
examined 

Peroentage ot 
stomachs GIDPtT 

Peroenta&e ot 
stomachs 
cont nin1Il81 

Sa.1mo war 
(juv.) 

So.lmo trutta 

Phoxinus 
phoxinus 

Esox lucius 

Invertebrates 

1969 
April 14th 
to 1{q 1Uh 

28 

75.0 

7.1 

10.7 
7.1 

7.1 
7.1 

1910 ~0'.1 tor 
April 28\h 1969-10 
to April 30th &col' 

15 

93.3 

6.7 

--
--

mi&rdlon 
perlo4a 

43 

81.4 

4.6 

9.2 
4.6 

4.6 
4.6 

(range or ai:e ot pik •• 13 - 8S c:n.) 

1969-1910 
JUd' \0 
UArch 

58.3 

2.8 

13.9 
19.4 

2.8 
2.6 
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on smolts bl pike in Ll)'tl 'regid and tho upper D •• ooourrt! 

during 1969 or 1970. Allot the pike Olusht durins the 

emol t runs were rwming ripe, spending or nt.1,. oper.t, and tht 

very high inoidenoe of emptl stomaohs waD probab11 .Iaoold.a 

with a preoocupation with spawning aotivitiel. 'rho pike onusht 

in the upper Dee at this time were captured as tho1 enterod 

backwaters to spawn, but mall1 ot these in Llm Te~d w.rt 

caught runongst the smolt ahoals. Frost (1954) recorded the 

lowest percentage of feeding pike during the apawning period, 

and the highest aner thia time. 

1'1ke preled to a greater extent on Q:lall trout in Llm 

'regid than on smol ta. The reasons tor thla \lere not kno'm, ainoo 

both speoies were of similar ai:o and similar abundance in the 

littoral zone during April and lbq. Trout .are also alightly 

more common in the stomachs of River Dee pike than wart c::lOlta. 

Other workers have recorded extensive predation bl pike on 

smelts (e.g. Uills, 1964), end the reclta round in the Ll1D Tectd 

study may be attributable to the late apaming of pike tollo1dns 

the severe winters of 1969 and. 1970. Spaming cq oocur ,ulier 

in milder years, Uld pike mq be reeding intensivel, at the 

time when smelts begin to desoend. Predation by pilte could be 

a serious faotor if smolts were allowed to pa8S through the lake 

formed by the estuart barrage scheme (sle chapt4r 1), a1.noe pike 

may spawn earlier in the milder oond! tions which peraint at lower 

altitudes, and m81 thus recommenoe feeding batore those in 

the upper reaohes. 



At other times ot the yaar (a80 tabl •• 101 and 102) pike 

in Llyn Tegid ted mostly in deep water, and the f1ah mJat 

commonly found in the stomachs were p1t1iad. and peroh. lUnnow. 

and trout formed tha main tood ot River Dea pUce, Gnd pike 

under 25 cm. ate some invertebrate rood (moatly Ab811un ~8r1~1~nuD). 

No predation on amolts b7 other tich in Ll)'n flegid WII 

recorded. Only small trout (10-20 em.) were cauaht durins the 

smelt runs, end peroh caught at this time were QOlt11 1 ••• than 

15 cm. in length. No smolta wore found in & sample of 20 perch 

stomachs which were eX8l:1ined, but the stomaoh of one vert largo 

porch (41 cm.) contained. a 12 em. trout. Ball (1961) and Grahnm 

&1 Jones (1962) found no lalmon SlIX)lta in the atocacha of the 

Llyn Tegid trout whioh thoy examined, but 1.11l1a (1964) found that 

large trout in the River Conon at. ma.ny SlIOlta. Piggins (1958) 

recorded extensive predation on aaleon Par;!md soolts by 9-13 Inoh 

trout In the Burri abo ole River B1atem. 

Predation on smelts by birds was not investigate! but gulla 

(Larinae) were frequently aeen prePl16 on the abolaa ot BOOlts in 

Llyn Tegid, and indeed the shoals were onen looated by obaerviD(; 

the behaviour or such birds. Corcorants (Phal8cooornx carbo), 

which occur in scall n~bars in Llyn Teg1d, cay alED teed. on &':1olts. 

Predation on smolts b7 biria has been dealt with by other 'I'orkDra 

and the chier l'redators Lin the Eritish Is1ea apperu- to ba £Co.wars 

(Uergus merganser) and red-breasted marganaera (UorM18 aerrntor). 

Mills (1962) investigated the predation ot thoae speoies on salmon 

in Sootland, and review4d the British, European and North-J.cer1cnn 

.,CO 1,; H"l._ ..... '" .~"'" ,I'. 

,~ e.~. )- -:L. :'~ :' ~ :" ~ :,,- " "I T. 
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literature on this subjeot. 11111a (1965) &leo 1nv.Dtlgate4 

the feeding habits at cormornnta in Scottish in1end wattr. and 

considered that they wara not serious predators at 70uns aUQOn. 

Other birds recorded as baing predators at l.ll:X)n a:olta in tho 

British Isles inolude common and black-beaded culla (ntrr.1. 1936. 

Hardy, 1951), herons (B err,y , op.oit, Pioginl, 1958) and tema 

(Berry, op.o1t). Berry (op.cit.) gava an extensive liet or birdl 

whioh oooasionally eat ;young salmon. 

H, atmmsrz 

(1) Investigations of tbe salmon s;.ol t rune or the Llyn 

'regid feeder stre&llls ware made follo.inS' the capture at 586 DQolts in 

Llyn 'regid during the spring 1969. A further 753 a;:;;olts wtre 

caught in the lake in spring 1970. 

(2) Smo1 ts were caU8ht in L1)'n Tagid batween April 22nd and 

June 3rd 1969, and between April 14th and 1131' 18th in 1970. 'lhe 

main smc1t runs oocurred about l1a7 13th in 1969, Ind 1[83' 5th and 6th 

in 1970. 

(3) Two year old smelts dominated 1111 catchso, toming 

94. rfo of the 1969 oatoh and 93.~ of' the 1970 C3.tch. &Jel 

evidenoe 01' older smelts cigrating batore 1'Ounser EQOlta waD 

recorded. 

(4) Female smolts were mora comon in the 2 7ear ~ group 

than males. This differenoe m81 be correlated with the a.mal 

maturation 01' the male parr. 

(5) The numbers ot smolts in Ll)'n Tegid "era oatimntod trom 
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recaptures or fish tagged. as parr in the r •• d.er stream., and 

as smolts in the lake. 'rhe eat1tl4tea wen 5560 in 19t19. c.nd 7144 1n 

1970. Thele cay have been overestimatla (particular1,. in 1970) 

beca.use ot mortalities or tagged fiah. 

(6) Calculated.:growth rates of amo1tu ol.arl,. illuatrat.d 

the connection between size and age at misration. "Tn. J.." 

and"'l'ypa B" &molte ('lent. 19)3) comprised 40.~ and 59.3.' or 
the catohes respectivel,.. 

(7) The condition (K) ot smolta fell aa the c1grat1on period 

progressed. This decline is related to phra1010gioal chances 

which occur during the sClOlt trana!'orcation proctsa. 

(8) The time ot dasoent ~ scolts into Ll1D 'l'oc;id appeared. 

to be mora closely correlated with water temperature than with 

rainrall or river !lows. u.oat molta probably desoend.ed. into 

the lake at night. 

(9) Ilove:nenta or smelts through L11D 'regid took place in 

shallow water cloae to the abore. On entering the lake. IiQOlta 

apparently orientated themselves towards the outrlow and did not 

wanter about the leke searching tor an outlet. 

(10) Sma 1 ta were Baan passing out or Ll;yn Te&id through the 

Bals sluioes on May 11th 1910 during &n artiricial tlood of 

11 cumecs. The sluices may delay the s=o1t run when river tlows 

are low. 

(11) Little predation on s:nolts by pike was recorded. the 

pike being preoccupied with spawning at the tlm. of IQOlt descent. 
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Some predation on smolts b1 £'1lla wag cballrv.a. n.t".ln JWlt 

and. Uaroh pike ate ClOstl:r SW)'niad and perch in Ll7ll -r'Gid. and 

minnows and. trout in ~he Rivor Dlo. 
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'll10 ntud1o!J proscntod in this thonis \loro enrr1cd 

out \:ndor tho suporvld.on or Dr. J.1J. Jonc~, o. F~ t~. nt 

tho tn.1 vcrd ty of L1 vorpool, tlS part of n lone-tom 

1n\*cst! r,1' tlon into tho ottoct:J ot 1"1 vor l"osulnt1on on / 

nc;unt1c orcnnist:ls in Uta \·clsb Doc. 'lho ctudicn, 

:pon::ored by tho "-ater Rotourccs lbard, \lore do~1cnod 

to obtoln Infon:atlon on tho ecology, populntlon 

dynr::d.c!t t:nll 1ntor3poclt.l.c relnt1onehil"o or oclt:onid 

t1shus in tho upper Dco aran. 

1110 rC30nreh \mdortrJrcn Vt'lS princlpnlly conecrnod 

\d.th etud1cs on cr~yUnc (lby~rJ1Ju~ th''r'Inll'~"" t.) in tho 

Upper rO!lcho!l or tho ru. vcr Dco r.n~ in Llrn 1tor:id. '1110 

aca, C1'O'Wth, population r:tructuro, read1nC hnh1ta, soxual 

~~turnt1on r~d fecundity of ~rnyl1nc voro dot~~ncu, ,~d 

cn~t·rocnpturo expor.1conts vera conducted to ancons 

po?ulnt!cn covcocnt: nnd den31ties. Tho tocdinc rolnt1ooCh!ps 

of Cl'nylinC. brol.'l1 trout (,rnl!""o trut~r L.) t.nd juvenilo 

nnl-An (F:'llr'o nr1ct L.) in the R1 vor Ceo "toro ~nod, 

elld ob~orv:lt1ons \leN t:lldo on tho sps\.ninS bnbi to at crny11ne. 
~o dictr1bution or t;r:lyl1nc \In!: coo:l1dorod ntld recant 

cht.neos in ntocl: n11:os vora tJ.$50sncd froe fd vor .l\uthori ty 



rocords nnd proVious resonrch in tho aroo. 

Difforoncos in tho £routh rata:; or eroylin~ 1n 

Ll:¥1l Toc1d nnd tho R1 vor Dco voro corl"olntod v1 tb populnt1on 

dc..'lsltlos wd rood sUpp110S>. Intorspoa1t'.to ond intrnspeclf.1c 

co:::peti t10n tor feod occurred v1th1n tho populct1onn 01.' 

anlt:on1d t'ishea 1n tho River Doo Md this co!!petit.1cn \lOS 

rofloctod in tho crovth ratoD ot fish. 

Il1Ch population don$ltlo:; or grnyl1n{; '\:oro found in 

tho ui'por Dco r.:nd 1ncroanotl 1n Llyn Toc1d c:r:1yllns cntches 

c1nee rogulat1on ~erQ dc.:onstrntod. It WQS cugC~~tod that 

stt\bll1:ntlon ot rival" flOllS and alterat10ns 1n ·lake lovels 

c~ hnvo contributed to tho proso:lt (lb\.~dt.nco or &%"tlyl1nCe 

A high docroo of tcrrltorinl1ty va' dc~onctratcd in 

f"J. VOl" 000 Cr~y'11ne, but Llyn l'cc1d crc.yl1nn did not occupy 

dofinito hooo nrons. Extcno1vo aoascnnl ccvc:ento ot 

sr:lyl1nc occurred batvoo.."l Ll)'Il Tog1d end tho P.1 vcr 1»0, 

~~d such covecenta vora Dp~nrcntly untcpodod by ~10 Daln 

roZUJ,aticn flchctlQ 1nGtnllo.t1ons. 

studios \lero elso codo on the growth rate!:, population 



structuro3, populntion d~~~t1o:, b1ccc~so~ t~a ~~v~¢nts 

or trout and juvcnll0 !Jn1t:on 1n tho t .. nroeul~tou Llyn Toc;1d 

tco:.1cr ntrQ(I..::l!J for cot::pa.r1con .. 1,th rc~onrchon in progress 

elsCl.'lloro in tlltl Dao vntorc..ltcd. Dond ty ~d b:!.o:l:.ltls 

C~t1D3tCS co!::pnrod fnvo1.ll'tlbly '0."1 th thoso in othor alt::11nr 

Bn Usb 11. VOl'S, nltlloubh trout b10!ltlssc!l \lara rolo.t1 vely 

low bccnu::;o or d.grotion:J or older fish to Llyn 'Ior;1d. 

Var1nt1on3 in tho population dens! tlca of trout e.nd 

ncl.t:on \:0%'0 associated ~lth dlrrorancoa in tho typos or 

bt.'b1ta.t pro:cnt, end cUttorcncQs in tho niChC3 occupied 

by the t\l.'O tpccl0G cay have rodt;ccd tho oftcotn of' 

lntcr~pcci1"1c cor:pot1 t1on. Fov f'"..ovc:cnta occurred in tho 

pop\u.o.tlons c.xcopt durine tho r;pnnc end during tho spn\r:n1nG 

Grouth rntQ3 of trout end cnll':on 1n tho :;tro~3 tioro 

lou, probably boor,u:so or hich populat1on dcn:l1t103 wd poor 
\ 

feed nUppllos. Tho crouth ot trout nnd sn1t:on in tho I'.1 vor 

Dco \ins also ns:03scd tllld \las foUld to bo :l1en1f'ic::.ntly 

rooter thtn in tho Llj'n TeC1d toador strco::z .. 

~c n£() l'J,:ld :;lzo cot:po~1 tion or tho 19UJ end lS70 

J 

I 



Llyn Zcaid solt:on scolt runs \IOra invost1cated toCothor 

ll1 th tactors 1ntl'U0llcJ.ng tho U:to of £t'lOlt dc~ctnt, tho 

pa.::a~eo of c::olta throuCh tho lnlto end prcdnt10n on 

c::olt!l by p1ke (r!;o~ l\lclutj L.). 7:110 onin :::.olt runs, 

\.Inch conG1stod costly or 2 yOOI' old tt1crnntnt occurred 

in o:.r11l{o.,. end tho tit:o or tlicrnt10n npj)onrcd. to bo 

chiofly correlated ~th v~tor t~~ornturc~. Littlo 

prcd:lt1cn on s:olts by p1ltQ occurro:l, tho 1'11;0 bc1n;: 

occ\.1l1c:d \.1.th tipn\.'tl1ng nctiv1t1o!l nt tho titlo of =olt 

do~cent. Tho nt::lbors ot m=.olts produced in tho Ll)'O 

70&1d feador ntrer..ns vera c:;Ut:atc(l treo ~lll!:-l\1eepturo 

expcrit:cnt:J. 

. , 
, 
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