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Sur-lHARY 

The studies presented in this thedis are divided into three sections, 

which are a part of a long-term investigation sponsored by the W.R.B. 

Section I! T~e ecology of bottom fauna with reference to food 

and feeding habits of trout and salmon parr in five 

unregulated Llyn Tegid feeder streams. 

Section II: The ecology of bottom invertebrates of regulated 

river Dee (upper Dee) and its cnmparison with 

unregulated Llyn Tegid feeder streams. 

Section lIU The ecology of the bottom fauna and biology of 

trout in polluted river Alyn. 

The research undertiken in the five unregulated Llyn Tegid feeder 

streams was principally con~erned with the ecologj of benthic coruaunities 

with particular reference to their seasonal variations and distribution 

according to different types of substrata. It.was found that there is 

a gradual increase in number of Hirudinea, Lammellibranchiata, Amphipoda, 

Plecoptera, Ephemeroptera, Megaloptera, Trir.hoptera ~nd Coleoptera from 

muddy and sandy bottom to the gravel and finally to the stony substrata 

with scattered vegetation. On the other hand the Oligochaeta, Gastropoda, 

Isopoda, Hydracarina, Hemiptera and Diptera were recorded more in the 

muddy and sandy bottom and less in gravel and stony bottom with scattered 

vegetation. Food and feeding habits which include composition of the 

diet, seasonal variation in food intake, seasonal changes in the food, 

food in relation to agd, food availability, interspecific. competition 
, 

and utili~ation of the fauna were assessed in trout and saL~on parr 

separately in each of the unregulated L1JD Tegid feeder streams. Very 

few trout and salmon parr were found to be infected by the tape worm 

(Cyathoce~halus truncRtus) in the anterior of intestine. 
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The bottom fauna of the regulated river Dee was examined and a 

comparison made between the benthic fauna of upp~r Dee and unregulated 

Bala feeder streams. It was noticed that Turbellaria, Hirudinea, 

Oligochaeta, Lamellibranchiata, Amphipoda, Isopoda, Hydracarina, 

Megalopter~ and Coleoptera were apparently favoured by the regulation 

of the river Dee; whereas Gastropoda, Plecoptera, Hemiptera and 

Diptera were fourid relatively more in unregulated Bala feeder stream~. 

There seeffiS to be no effect =f regulated or unregulated conditions or 

the rtver on Ephemeroptera. 

Observations were rn,lde on the ecology of bottom invertebrates 

with ?!'ticular reference to their distribution a(:cording to organiC 

and industrial pollution in the l·iver Alyn. I found the %:.umbers of 

Oligochaeta, Hydracarina, Plecoptera, Ephemeroptera and Dipte~a 

(Dixidae, Ceratipogonidae, Tipulidae, Chironomidae and Simulidae) to 

be drastically r~duced and the organisms belonged to Gastropoda, 

~ellibranchiata, Amphipoda, Isopoda and Coleopte~a showing dramatic 

increases immediately below the sources of pollution. 

Amongst the oth~r f~rms like Turbellaria, Hirudinea, Meg~loptera, 

Hemiptera, and Trichoptera were relatively unaffected. 

The age,growth, food and feeding habits, sexual maturation and 

movement of trout were studied. The changes in the fauna are reflected 

in the diet of the trout. There was a greater tendency to move upstream 

rather than down. Growth conditions for trout in the upper Alyn may 

be poorer than Llyn Tegid :eeder streams and the upper Dee. The trout 

haJ consumed more food during summer and les3 in winter. ~he seasonal 

condition cycle increases to a maximum in July and declines thereafter. 

Gammarus seem to have become more popular items of the trout diet. 

The endoparantes, Cystidicola ferionis from air bladder, 

Echinorhvnchus truttae from intestine, Cyathocephalus truncatus from 

the region of blind cae cae and Cucullanus trutt'!e frum stomach were 

recorded. 22.6% of the total trout were infected by EchinOl'bynchus 
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truttae, 7.4% by C. farionis, 7.4% ?Y C. trucatus, 5.3% by P. ne~lectus, 

0.5% by Cucullanus truttae and 0.3% by M. truttae. The incidence and 

intensity of inIestation gradually rises Irom 0+ to 4+ age groups in 

both sexes. 

One species of helminth parasite C. truncatus was recorded from 

the trout and salmon parr of Afon Dyfrdwy and Afon Glyn, the unregulated 

Llyn Tegid feeder streams. Their frequency, numLer per host, percentage 

of trout infection, monthly and seasonal variation in the degree of 

infection and possible co-rela~ion between percontage infection and 

age of the host and between parasite number and sex and Qtate of maturity 

were also assessed • 

. -. 
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CHAfTER I 

lNTRO Dt:"CTI QN 

S1nee 1939 several investigators have \.'Orked on the 

biology or the fishes of Llyn Teg1d (Lake Bala); notable 

among these are t\1.llians (1939), Jones (1951, 19~3, 19~b) t 

J)unn (19;~), Ball (1957, 19(1), Grah81!l (1960), lIynes (1961) t 

Chubb (1961), pugh-Thorr:ss (1959) t l1aram (1968), Siddiqui 

(1969) and Hunt (1970). Morris (1967) described the 

biology of Hinnow, Loach end Bullhead 1n the Afon Llafar, 

a tr1butary to the lake, there 1s no well-documented 

intomation concerning the dynamics of bottom fauna and 

food bab1 ts ot salrnonids 1n any of the unregulated 

tributaries nal!!e1y Af'onydd, Llafar, L1iw, nyfrdwy, Twrch, 

end Glyn of Llyn Tegid. 

The effect of regulation on all aspects of the biology 

or 'Water is the main purpose of the Dee Proj ect nnd my work 

is a part of the work of a team of scientists. The R1 ver Dee, 

one of the finest saltlon r1 vers in mgland and Wales was 

f1rst regulated 1n 1956. 

Before 1956, ~~en the River Dee was not regulated, 

"."rk was published by Carpenter (l9lt<) about the feeding 

of saloon parr in the Cheshire Dee, and Badcock (1949) on 

the stream life of the Welsh Dee. There is no published 

work since regulation end my work is an attempt to find out 

some of the biology or regulated parts or the Dee catchment. 



A knowledge of the major factors affectIng the bottom 

fauna and fish is essentinl if we are to protect and 

enhance, if possible, the f1 shing resources of' the r1 ver. 

The 1nvestigation described in part II of the present ~rk 

arose out of the practical need tor finding the possIble 

effects ot regulation on bottom invertebrates end food 

habits of salmonlds and other fish. 

The pollution ofri Vers and streams both by 

industrial ernuents and by doItestic nod fam sewage is 

the greatest fector inimical to fish and other aquatic 

11fe. The first sc1entific ex~~nation "of a river polluted 

by metallic salts and tho etfects of the pollution on 

invertebrates and fish 'Was carried out by Carpenter (l9~4) 

in Aberystwyth district. Jones (1937, 1938) described the 

effects of zinc salts and other toxiC substances on 

different aquatic invertebrates and fishes. Hynes (1965) 

showed the effeets on biological communities of conditions 

in polluted strea~s. 

I have looked at t~1e possible etreets ot pollution 

on the biology of the bro~ trout (S31mo truttC), and on 

the distributIon"of bottom invertebrates, in the River Al)~, 

a polluted lowland main tributary of the Dee. 

The purpose of this biological investIgation or three 

different enVironments 1s to add to our understanding: or 
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the ~actors affecting the gross chsn3es in the ecology 

of bottom invertebrates and food habits of salnonlds in 

unregulated, regulated and polluted streams of the Dee 

tlatershed ",hlch provide some notably good salmon, brow 

t rout and coarse f1 shing. 
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SAHfLIN G M sme DS 

Several methods have been developed tor taking 

quanti tati ve samples or the bottom tauna ot strea.'!ls; 

ror example the Petersen grap, the ECkman grab, Allan 

grab and SUber square-root sampler. The errectiv~ess 

ot the sampler varies especiall,. .1. th the nature of the 

bottom, the velocity or the water current and the 

depth or the water. Sampling 1 s dlrficul t especially 

in those streams where rocks can prevent the closing or 
the jaws of most trabs especiall,. those used by Mac:an 

(1949), surber (1937), Allan (19;,), Kellen (1954), 

Mann (196,), and Larimore (1970). 

In the present study Petersen and Allan grabs ha~a 

been used to sample the benthic fauna quantitatively. 

None of these devices gave realistic estimates ot benthic 

tauna in the substrate encountered. The need arose tor 

a simple and light device to min1m1%e the erros, so I 

designed a sampler Which was round to be successful. 

This device is best suited to areas were the bottom is 

primarily stony and the 'tt.'ater depth ranges up to 1 oeter. 

A. %he SamPJ.,r 

Xbe sa.mpler consists or six aluminium trames, tour ot 

Which have a phosphor-bronze mesh ot 30 meshes per inch 



PLATE?. 1 (1) SQUAf-E FOOT BOX SM;PLER. 
(b) STIIlRSR 
( c) F'BA FOND NET . 



PLATE 2 .3 FIXING THE SAHPLER ON THE STONY 
BED OF THE STREAN. 
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PLATE 2 . 5 ' vJASHING LIFTING ' PROCESS USED I N 
GETTING ALL THE H.<\T~RIAL FROM THE 
NET INTO THE BOTTLE . 



screwed on securely. Three of these frames arc hinged 

and a tapering net of 30 meshes to an inch bolting silk, 

is attached to the fourth trame. At the narrow end of 

the net is a 70 mm screw to ~nich is screwed a plastic 

bottle. The fifth Side hinges over the top to act as a 

lid. Around the bottom ot the box are a series or teeth 

70 r.un wide and about 8; rom deep. These are pushed into 

.the river bed and anchor the sampler. No drifting 

organisms can enter the sampler. (Plate 2.1 nnd 2.2). 

A plastIc Jar was screwed to the net. The apparatus 

was lowered gently on to the river bottom Without disturbing 

the silt and pushed into the river bed so that the net opens 

against the now of the stream. The lid was opened and 

each large stone \l:ashed so that the fauna drifted into 

the net and then the stream bottom was gently stirred by 

hand so that the remaining fauna were dislodged and 

carried by the water current into the net. Tho tinger 

raking \:as repeated t",1.ce more. (See Plate 2.3, 2.lt and 2.;). 

B. sorting pnd fresemng 

Various methods have been tried to remove the benthic 

fauna completely from the debris by different l!Orkers, 

notablY amoni:them are Danials (1933), !-ioon (193;), 

Lede11 (1936), Beak (1938) and Birkett (19;7). Dunn (1961) 

modified Beak's (op cit) method by applying saturated 
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Magnesium sUlphate solution repeatedly. 

During this investigation I used Dunn's (op cit) 

technique for sorting the bottom fauna. The debris was 

emptied into a ~~te enamel tray. Conspicuous forms 

were picked out and the mixture was stirred up and 

saturated solution was run in. The small forms floated 

at the surface together with a good deal of plant debris. 

The nosting orcanlsms could qUickly and accurately be 

sorted out into main groups. The debris was repeatedly 

stirred and retreated ~th the solution until no more 

an1m&ls were obtained. Close inspection ot the residue 

shows that this technique 'When carefUlly used. leads to the 

collection of almost all the animals. 

All organ! sms thus sorted out were preseved in 5% 

formalIn 'N1 th a small quantity of Borax to neutralize the 

formic acid Which deco1orizes the organisms (Wagstafre, 

personal communication). 
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CHAPTER III 

Jr. n~TRODtTCTlqN 

A number of investigators have been 1r.'Ork1ng on the 

invertebrate 11fe of the stream 1n different parts of 

the Dee watershed, for example Edmonds (1939), 

Carpenter (1940), Badcock (1949), Dunn (1952), llynes 

(1961) and Hunt (1970). None of these had studied 

unregulated Llyn Teg1d feeder streams, so part of my ~rk 

waS undertaken 1n the lower and middle reaches of these 

streams, a zone w1ch extends roughly two miles fron the 

1ake~ 

. 2. THE ENYIRO~'MENT 

(a) ~neral topographY 

Mon Llafar rises trom the eastern slopes of Arenig 

Fawr 933m b1gh and 1s fed by rew tr1butal'Y' streams. It 

1s one of the main tributaries 01' the lake. It enters 

the lake at its south eastern border atter fioWing 

through sandstones, mUdstones 'With calcareous ashes and 

thin l1mestones ~nich constitute collectively ~at used 

to be called 'Bala limestones' (Fig. 3;1). In parts 

the r1 ver drops steeply and fast J near the lake 1 t nows 

more slowly. On e1 ther s1de or the river are famlends 

devoted to the rearing of sheep and cattle. 
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PLA'l'E 3 .3 SAMPLIrlG STJ~T ION L3 

.... .~ . . . . .. .. - . ... 
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TABLE 3.1 f.::EAN MONTHLY ESTII1ATES OF PHYSICAL FACTORS AT L1 SAMPLING STATION IN AFON LLAFAR. 

Months M A M J J A S 0 N D J F 'M A 

0 
4.8 14.4 14.6 8.4 5.4 4.2 4.4 4.5 7.8 Water Temp. C 7.2 7.5 15.5 7.5 7.2 

pH 7.5 7.2 6.8 6.9 7.0 7.2 7.4 7.2 7.8 7.8 7."6 7.5 7.5 7.2 

Specific conductance 0 183 216 210 198 119 288 309 285 460 415 440 310 212 201 'l 
(micromhos / cm3at 25 C) 

Dissolved 02, % Sat. 98 101 112 118 105 98 102 95 93 98 97 110 107 101 

Velocity of water current 
( m / sec ) 0.26 0.19 0.23 0.13 0.11 0.14 0.23 0.29 0.75 0.71 0.66' 0.60 0.53 0.41 

Turbidity 
(as Fuller's Earth) 21 •. 20 24. 19 18 .. 28. 30 .. 27· . 53. 97. 92. 80. 71. 41 
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TABLE 3.2 MEAN MONTHLY ESTIMATES O}' PHYSICAL FACTORS AT 12 SAl1PLING STATION IN AFON LLAFAR. 

(\Q6Q-70) 

MonthB M A M J J A S 0 N D J F M A 

0 
Water Temp. e 4.8 7.2 7.5 14.4 14.6 15.5 8.4 7.5 5.4 4.2 4.4 4.5 7.2 7.8 

pH 7.4 7.2 6.9 6.9 7.0 7.2 7.2 7.2 7.4 7.8 7.6 7.1 
\ 

7.4 7.1 

CO 
Specific conductance 0 62 101 88 73 75 83 

( micromhos / cm3at 25.(;; ) 
112 120 285 301 298 321 120 82 

Dissolved 02, % Sat. 111 103 98 95 94 103 97 98 105 102 105 101 97 98 

Velocity of water current 0.21 0.16 0.13 0.17 0.13 0.26 0.35 0.57 0.64 0.81 0.76 0.46 0.23 0.19 
( m / sec.) 

T"..!rbidity 21.' 20.· 23·,~ 18 '. 18. 2E. 30 25· - 61. 87 .. 82. 90 .. 43. 20. 
(as FUller's Earth. 

, 



TABLE 3.3 J.1EAN MONTHLY ESTIMATES OF PHYSICAL FACTORS AT L3 SAI1PLING STATION IN AFON LLAFAR. 

( \Q6Q-VO) 

Honths M A M J J A S 0 N D J F M A 

0 
Water Temp. C 4.5 5.0 6.5 11.5 13.0 14.2 8.8 7.8 5.0 3.8 . 4.0 3.8 6.7 7.8 

Specific conductance 0 

(micromhos / cm at 25 C) 65 68 72 77 81 87 101 121 240 308 278 301 '. 132 87 .:0 

Dissolved 02, % Sat. 95 101 94 98 97 103 96 93 101 111 104 106 84 99 

Velocity of water current 0.29 0.24 0.21 0.20 0.13 0.12 0.14 0.21 0.27 0.89 0.85 0.68 0.35 0.23 ( m / sec.) 

pH 7.1 7.0 6.8 6.9 7.0 7.2 7.4 6.8 7.2 7.4 7.4 7.3 7.2 7.1 

Turbidity 
( as Fuller's Earth) 20 19. : 22 17.·; 17. 18. ; 28. 22,· 53· : 84 ... 78. 80. , 40. 18. 



Site Ll (Plate 3.1, Fig. 3.2) is located 16 metres 

before the stream Joins the lake, at an altitude of 7, metres 

above mean sea level. Here the stream is 10 metres mde and 

0.7 to 1m in depth wen the river is not in ncod. The 

stream bed is sand end gravel, and the water is normally 

clear. ,Aquat1cplants, namely C~ll1tr1che aguat1ca and 

Ranunculus flu.tmns were found near the banks. 

51 te L2 (plate 3.2, Fig. 3.~) is O.804km upstream 

from the lake at an altitude of 177m O.D. Here the stream 

1s 8m *~de and O.;m to 1.0m deep. The substratum 1s stony 

and there is no emergent vegetation near the ban..1{s. 

Site L3 (Fig. 3.2 and Plate 3.3) is 2.4l~tm upstream 

from the lake at an altitude of 200m O.D. lIere the stream 

1s 12m 'Wide and 0.3 to O.;m deep. The bottom 1s stony end 

covered with moss F2nt1nal*~ Slnt1PIrltlca. 

(c) Phys.eal and Chemical con\U tions 

The mountains of Merionethshire race! va well OVer 

2070mm of rain annually. The lake and 1 ts surroundings 

reee1 ved a total of 1659mm of rain 'With an average of 

IlO.6mm per month during the period ot' study (F1g.3.3). 

Mean monthlT estimates of physical factors at Ll' L2 and L3 

are shown in Tables 3.1, 3.2, 3.3. The whter temperature 

showed a steady rise dur1ng the summer and a fall in ~~nter. 



TABLE 3.~ CHENICAL ANALYSIS OF WATER. 
Samples were taken at the depth of one meter in June 1969. 

UNREGULATED STREAMS. REGULATED STREAM. 

Name of the I Afon Llafar Afon Lliw Afon Dyfrdwy Afon Twrch Afon Glyn River Dee 
streams. 

Temp. CO 12.3 ·12.2 12.3 12.1 12.3 12.6 

pH 7.1 7.0 . 7.1 7.2 7.3 7.3 
Time 09.55 10.15 10.30 10.43 11.13 11.48 

Cations. 
Calcium ( Ca) 3.80 3.6 5.6 6.7 15.12 4.20 .~ 
Hagnesium (Mg) 5.59 0.48 1.58 1.33 3.02 1.21 
Sodium (Na) ·4.37 4.36 4.14 2.76 2.14 3.12 
Fotassium (K) 3.90 4.2) 4.29 4.29 3.01 4.06 
Iron,total as Fe 0.11t 0.13 0.14 0.12 0.12 0.21 

Anions 

Alkalinity (RG03) 6.71 6.71 6.71 6.81 7.31 6.71 
Carbonate (C03) 5.6 5.78 6.23 6.84 8.21 5.21 
Chloride ( Cl) 6.72 4.95 4.95 4.60 5.31 4.95 
Sulphate (s04) 6.72 6.72 7.20 7.68 7.68 6.72 
Nitrate (N03) 1.24 1.86 1.86 1.68 1.67 2.84 

~. ~ - .. 

TOTAL IONS 4~.31 ~9.39 ~3 .. 1? 43~1~ 5~.CJ6 I I 39.89 
t. 

Results, except where stated othcrwisw, as mg. per litre. 
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Table 3.5 The density of the bottom fauna at three s!l.L~:Jling sites, 

based on 14 monthly samples (+ = <:O.~) 

Sampling sites ~ 

Bottom fauna t. Av.N~ 
1m 

Av.No 
1m2 % I Av.No 

1m2 

I , 

(-) (-) (0.3)1 (5.3) (-): (-) 

0.3 5.3; - I 
(0.3) (10.7) (0.6)1 (10.7), (0.6), (13.8) 

Turbe11aria 

Po1ycelis nigra 

Hirudinea 

I
ii 

8.5 0.5 9.6: 0.6 I 12.8 

Glossiphonia complanata I + 2.1 + I 0.7 1 - I 
Erpobdella octoculata 

1.0 Helobdella stagnalis - - - I + I 
Oligochaeta 1(14.0) I (435.8) (8.7): (156• 2? (1.6) ,. (37.4) 

Eiseniella tetrahedra + I' 1.0 0.6 11.7 0.2 5.3 
I I 

Haplotaxis gordioides i I + 0.7 - I 
Limnodrilus hoffmeisteri 0.2! 5.3 + 0.7 , 

I I 
Lumbriculus variegatus ! 1.4 I 44.94 0.6 10.7 I 0.2 'I' 5.3,' 

Pe1oscolex ferox , 0.2 I " 7. . - I 

Stylodrilus heringianus ; 12.2 I 376.6 I 7.3 1130.5 J.1 I 18.1 1 

Gastropoda ~ (0.2) 1\, (6:4) 1 (0.2)' (2.1)' (0.3) I (6.4) I 
I I! I 

Ancylastr~~ fluviatile + 1.0 0.2 2.1 0.2; 5.3 
I ! ' 

Potaltopyrgus j enkinsi + I' 4.2 - l I 
Limnaea pereger 0.1 0.7 I - i - ! + 0.7 

I ' , 
Lamellibranchiata (+) I (1.0): (0.7) (12.8) (2.5) I (58.8) 

Pisidium 1illjeborgii I - 1\ 0.3! ;.3 -!, 
Pisidium milium + I 1 0 a 4, 7 4 a 2 4 2 

Pisidium subtruncatum • I : ; : 2:3 53:5 

Arophipoda (_) (_) ,(0.4) I (7.4) (0.1) (2.1) 

Gammarus pulex I \ I 0.4 , 7.4 0.1 2.1 

Isopoda i (2.1) : (62.2) j(1.2) (21.4) (-) (-) 

Asel1us meridianus : 2.1 I 62.2 I 1.2 21.4 

Hydracarina (3.2) ~ (98.4) I (-) (-) (0.3)· (7.4) 

Hygrobates nisromaculatus 3.0 I 94.1 - 0.2 4.2 

Lebertia porosa 0.1 \ 4.2 ! - 0.1 2.1 
, I ~ . 

Plecoptera ,(0.3) ! (9.6)(20.8)(372.3) (8.2) (182.9) 
, I I 

A"'phinemura standfussi : - I 0.1 1.0 

71.6 

1.7 

Amphinemura sulcicollis '0.1 : 3.2 I 4.0 
I 
10.1 1.0 

! 1.0 18.1 : 0.6 

Brachyptera risi 

Chloroperla torrentium 
i _ 

Chloroperla tripunctata + '0.7 1 0.1 1.0 :1.4 

\ 
, . 

\ 

\ 

'7 

39.5 

62.0 

12.8 

33.1 

Total 

0.1 

8.2 

0.2 

1.1 

0.2 

1.1 

1.1 

9.8 



Table J. 5 (contd) 

Sampling sites 

Bottom fauna 1 
i 

! 
• j 

I 
,I 

0.1 

+ 

Av.N~ 
1m 

2.1 

1.0 

0.4-

0.1 

14.21 

0.11 

0.1 1 

Av.No % 
1m2 

7.4 I 1.0 

1.0 

252.5 

+ 

0.2 

1.0 I ' + 
I 

2.1 I -
0.1 2.1, + 

Av.No 
1m2 

21.4 

0.7 

5.3 

0.7 

1.0 

I60perla grammatica' 

Leuctra fusca 

Leuctra hippopus 

Leuctra inermis 

Leuctra mose1yi 

Leuctra nigra 

Nemoura er~atica 

N~rnure11a picteti 

Protonemura meyeri 

Ephemeroptera 

Ba~tis pumilus 

Ba~tis rhodani 

j 

I 

I 
0.7 I - -! - -
- ! - - f + 0.7 

+ 

- I 0.5i 8.5 i 0.5 11.7 , , 

I
I (0.1, (3.2) : (11.2) (202.2) : (8.1)' (189.3) 

- f 1.5! 26.7 : 2.0 42.8 - I 

n 
- - t 2.31 40.6 ! 1.6 37.4 

l : 
Baetl.s sca'llbus 

Caenis horaria 

Caenis moesta 

Centropti1~'ll luteolum 

Ecdyonurus venosus 

Ephemerella ignita 

Heptagenia lateralis 

Heptagenia sulphurea 

Leptophlebia marginata ; 

+ 
+ 

+ I 

- I 
- I 

I 

- I 
I - , 
I 

- I 

1.0 

0.7 

o.? 

0.3 ! 
I 

- ! _ i 

I 
3.3; 59.9 

! 

0.1 I 2.1 
I 

1.8 i 32.1 
I 

0.1 t 
i 

0.2 I 
0.5 ! 

i 
Leptophlebia vespertina 0.4 i 7.4-

, para1eptoPhlebia' . ; II 

sUbmarginata + i 0.7 + 0.7 

1.0 ! 

I 
+ 

0.1 

0.1 

+ 

Paraleptophlebia tumida - \ + II' 0.7 , ! 
Rhithroeena semico1orata f I 0.5: 7.4 0.1 I 
Hem\ptera ! (32.0)(988.6) : (8.1) ~144.5)(0.1) I 
Corixa panzeri - I - ! 0.1 I 
Hicronecta poweri 31.4 ~ 969.2 8.0 '142.3 

i i 
Sigara distincta ; + I 0.7 

I I 
Siear~ dorsalis I + l 2.1 

0.2 \ 
+ i 

0.1 

21.4 

1.0 

3.2 

64.2 

3.2 

1.0 

7.4 

2.1 

(2.1) 

2.1 

Sigara falleni 

,sieara venusta 

Sig8ra nymphS 

Valia spp. 

Mep;a1optera 

Sialis lutaria 

0.2 I 
+ I 

(+) I 
2.1 

(9.6) 
9.6 

2.1 I 
! - I -

, (0.2): (3.2) ,(0.5) I (12.8)' 

+ I I i I 0.2 I 3.2 ; 0.5 i 12.8 

Total 

0.2 



Table :3.5 (contd) 

Sampling sites ---:> 

Bottom fauna J 
Trichoptera 

.. 

% 

I 
AVoNo

l
1 

1m2 
i 

Agapetus fuscipus - i 
5.3 I + 1.0 

4.2 

4.2 

Anabolia nervosa 0.1 - I 0.2 
Glossoma boltoni - - ! 0.2 

; 

Glyphotaelius pellucidus 2.5 79.1 95.9: 1.0 21.4 

JIalesus digitalus 

Hydropsych:e: fulvipes 

Hydropsychre1 instabilis 

Hydroptila tineoides 

LimnephiluR rliombicus 

Mystacides.nigra 

Plectrocnemia conspersa 

Po1ycentropus 
i'lavomaculatus 

Potamophylax latipe~is 

Rhyacophila dorsalis 

Sericostoma personatum 

Silo pallipes 

Tinodes waeneri 

Coleoptera 

Deronectes depressus 

Gyrinus aeratus 

Ha1ip1us'lineatocollis 

Helmis maugei 

Helodes marginata 

He1ophorus f1avipes 

Hydroporus pubescens 

Hyrlraena r;paria 

Laccobius oiguttatus 

Latelmis vo1krnari 

Platambus maculatus 

Or~odytes rivalis 

Tipulidae 

Tipula 1atcralis 

Tipula montium 

+ J 
I 

- I 
0.4 1 

0.4 i 
+ I 

- I 
- I 
+ 

.0.7 

16.0 

0.7 

1.2 21.4 

1.6 

+ 

0.4 

0.2 

0.1 

+ 

28.8 i 1.0 

0.7 0.2 
! 

- I 0.1 

7.4 ; - : 

9:6 i : 

21.4 I 
4.2 i 

I 2.1 

I 
1.0 

I 
I 

5.3 I 0.1! 3.2 

2.1' -' -I : j 

+ 

1.0 I 0.1 2.1 I 
1~0 = = I 0:1: 3:

2 I 
! I 

(1.6) '(55.6) I «(..7)(121.9)~10.7) (251.4) 

':0 i 2~:~ I' : I 0:7 =, = II 

0.3 I 10.7 - I - -' -

+ I 1.0 I 1.2 I 21.4 I 3.5' 81.3 I 
- I - - I - 0.1; 2.1 - I - + I 0.7 - -

0.1 3.2 - -. 0.1 j 2.1 

- I - - - + I 0.7 

I 0.2 i 7.4 

I 
1 
I 

KO.l) ; (2.1) 

0.1 ' 2.1 

0.2 2.1 

5.1 85.6 6.7 

0.2 

0.1 2.1 0.1 

\
(0.3)! (5.3) !(0.4) 

I I 
I 0.2 I 3.2 i + 

I 0.1 2.1 0.3 
i 

156.2 

5.3 

2.1 

(9.6) I 

1.0 i 
7.4 . i 

I 

Total 



Table 3.5 (contd) 

Sampling sites -) 

Bottom fauna J Av.No 
/m2 

Av.No.; 
/m2 i 

~poeonidae 

Bezzia spp 

Chironomidlle 

Brillia modest.1. 

; (1. 3)1! (40.6) (1.4)1 (26.7) 1(0.4), (9. 6),' 
1.3 40.6 1.4 i 26.7 : 0.4 9.6 

1<39.0) (1166.8)'(23. 6)!( 424. 7) <32.4) (1309.6) I' I 0.2' 4.2 + I 0.7 

I 2.4 43.8 1.7 i 39 • .5 I Criptochironomus spp. 

Dicrotendipes pulsus 

Endochironomus spp. 

Microtendipes chlories 

Metriocnemus 'atratulus ',16.8 522.1 

Pentaneura monilis 11.0 25.6 
Procladius choreus 0.4 14.9 

Prodiamesa olivacea j 0.4! 16.0 
I ' 

Polypedilum nubeculosus i 17.5: 540.3 , 
Sergentia coracinus 0.1 i 4.2 

stictochirono~us spp. + : 
i 

Tanytarsus signatus 0.11 

1.0 

.5.3 

37.4 
(1.0) 

Trichoc1adius rUfiventris 1.2 ' 
i 

Simulidae 

Simuliulil aureum 

Simulium brevicaule 

Simulium monticola 

Simulium morrsitans 

Simulium naturale 

Simulium ornatum 

Prosimulium arvernense 

other dipteran larvae 

Dicranota robusta , 
i 

Hermerodromia unilineata, 

Limnophora spp. 

Limnophila verralli 

Pericoma pseudoexquisita 

Taphrophila vitripennis 

Dipteran punae 

Total no. of animals 
in sample 

Av. no. animals/month 

Av. no. animals/m2 

(+) ; 
. j - ) 

I 
~ 

+ i 
i - ~ 

1.0 

(+)! (2.1) 

+; 2.1 

- : 

1.4 44.9 

4024 

3075.1 

0.5! 10.7 I 
I f 2.6 i 60.9 - I 

0.2 4.2 I 
- - I 

3.3\ .59.9 I 
0.7 I 12.8 I 

I ' 
11.6 i 205.4 

4.0 j 71.6 

- I 
- I 

1.0 I 19.2 
I 

- 1 
I (1.2)i (21.4) 

6.8 i 
I 

1.0 , 
I 

6.0 J 

i 
6.6 : 

I 
- I 

- I 
26.7 I 
4.7 ! 

(1.8) 

- Ii + ; 
i 

0.21 3.2 0.2' 

0.8 I 16.0 I 1.5' 

+ I 0.7 j - I 

+ I 0.7 1 -

+ 1 0.7 I + i 

1 - I + 
(1.8) (34.2), (l.6) 

I 1.0 : 
I 

0.4 : 

- I 
+ ! 

! 
0.41 - , 

• 

I 19.2, 1.0 

6.41 0.4' 
I 

- J 0.1' 
I 

0.7 ; 
i 

6.4 j 
- ! 0.1 

1.7; 29.9; 1.7 

1.57.2 

19.2 

136.9 

1.54.0 

I 
I 
I 

616.3 

109.1 i 
I 

(42.8) : , 
0.7 ' 

.5.3 I 
• 

34.2 I 

0.7 t 

1.0 ! 
(37.4) i 

i 
21.4 I 

i 
9.6 ; 

2.1 

2327 3019 

166.2 215.6 

1778.3 ' 

, , 

Total 

% 

1.0 

40.2 

1.0 

1.1 

1.6 



pH values, taken by means ot a portable pH meter, varied 

trom 6.8 at low water to 7.8 at high. Dissolved oxygen 

taken by a D.O. Meter at the depth ot 0.4 - 0.7m ranged 

from 9~.o1- to l18f; saturat1on. A flow meter was used to 

record the velocity ot the 'Water (m/see) at each site. 

A conductIvity meter \ras used to obtain the specific 

conductance (micromhos/cm3 at 2;<>C) ot water each month 

at each samplIng station. TurbId1 ty was measured bY' 

compar1ng the sample ~th standard solutions ot various 

gradod values of silica (Fuller's Earth) in distilled water. 

A water sample taken trom stat10n L2 in June 1909 

Was stored in a pol,thene bottle and analysed ,11 thin a 

short time after being taken. The results are SUIl1r.larized 

1n Xable 3.4. 

As the rocks in the valley are hard and non-ealcareous 

1t 1s not surprising that the water 1s exceedingly poor 1n 

dissolved salts. 

3. CQMf9SITIOlf OF THE FAUNA 

Table 3., shows the const1tuents at the fauna in each 

of the three sampling sites examined. It is apparent from 

this, that at the taxonomic level at \ih!ch it Was identIfied, 

the small invertebrate fauna was similar at every station, 

and charaeteristic of small fa.st fiowing stony hill stream 

of liorth Wales. A fall in the total number ·of anir.lals 
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during ~nter months and rise during spring and SUtl1iler 

was fO~1ld at each of the three stations (Fig. 3.4, 3.5). 
Hunphries and Frost (1937), Frost (1942) showed a steady 

downward trend during late winter and early spring. 

Badcock (1949) and Hynes (1961) said that the minimum 

numbers dUring winter and autumn were due to the ~ergence 

or most of the mayflies and stonefiies and their young 

were too small to be retained by the net. 

The str"am harbours a rich and varied fauna. The 

total number of species recorded at Ll Where the bottom 

is sandy, was 137, 163 at L2 where the substrate 1s or 

stones and finally 1;9 at L3 Where the substrate 1s stony 

and covered with moss. There was a significant difference 

1n the density of oligochaetes at Llt L2 and L3 (1'<0.0;). 

The common animals were chironomid larvae, nytr.phs of 

stonefl1es and mayflies, e2ddis larvae, o11gochaetes, 

Coleoptera and Hemiptera. The folloWing groups or the 

benthic animals were collected during the study (Table 3.5). 

A. Platyhelm~nthf!1 

(1) IPrbell,ria 

This group const1tuted 0.1% or the total fauna and 

was represented by one specIes Polycel1. nlgre • 

. B. Annelida 

( 1) lUI IJld!n em 
This group formed 0.;'1 of the total benthic fauna and 

was represented by three species, Erpobdilla octQcul@ta 
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Was found 1n all the sampling sites and Helobdel1a stMma11§ 

at L2 and L3• 

( 2) 911 gochaeta 

Specles of this group formed 8.4- of the total fauna, 

and were very com~on at all the sampling sites. 

Hl\pJ,otws trordioldes and Pe1oscolex ferox were rare. 

C. l,to11usea 

(1) Y§stroDodD 

Only four specles were recorded ot ~nich Ancylastrum 

. nuv1atlle was COm!I!on and J.:imn,ea pereler and fgtmpop:rrgus 

Jenkins! were rare. 

(2) ~Eelll breJlChlata 

This group formed 1.1'; of the total animals. 

fls1dium subtrnncatum and risldlum milium were common in 

the upper reaches and pisid1tm 11111ebprg11 was rare. 

D. Arthropoda 

(1) Crustacea 

( a) jmphipgda 

Gammarus ~ulex was rare and formed O.2f, of the total 

benthos. 

(b) 1J2.Poda 

Aaellus merid1anus const1 tuted 1.1% ot the total fauna. 

They were CQnu:lon at L1 and L2 and rare at L3 sites. They 

did not seem to occur on or under the stones covered with 
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moss. Their absence accordIng to Hynes (1961) may be 

related to the scarcity of their food. 

(2) ,Arochn:!. d, 

(a) Hydrncarlna 

These formed 1.1% of the total fauna. Hyg:robates 

n1gromaculatu, and tenartt, 'OQrosa were rare at Lr and L2 

stations. 

(3) Inseell 

(a) flegoptlra 

The species listed in the Table 3.; were widely 

distributed in the stream and formed 9.81 of the total 

benthic rauna. ~phlnemura sulelcQllls, ChlOEQ;erla 

torrent1l:m1 and Lauett' hlppopu,l were common at L2 and 

Amph~ngurl standf'Ussl, :Mtpblnem.urg sulcicollls, 

Ch19ro~erla tripunctata nnd Isoperla cramm,tlca vere common 

at L3• 

(b) EPbemeroptera 

The ecological factors affecting the nymphal enVironment 

have the greates etfect on the distribution of mayflies. 

The e~rly lnstars 1n the stream were found in vegetation 

or detritus. As the nymphs grew they moved trom the 

vegetation to the stones to avoid entanglement. Tho 

species listed in the Table 3., tormed b.;fo of the total 

benthic fauna. 

Baetis spp. C§ntropt11um luteqlum and Eghemere11a !enltA 



were comcon at L2 and Baetis spp. ~he!T;erella 1m! ta \rere 

common at L3• 

(c) H9}P1pterm 

These formed 13.4% or the total bot tom fauna in 

which Hlcronecta power! was common at Ll and L2 and the 

rest or the ~peeies mentioned in Table 3., were rare. 

(d) l1egaloptlra 

This group was represented by SlAlls lutarin and formed 

o. ~ of the total bottom fauna. 

(e) Trichoptera 

This group constItuted ;.8f. of the total organisms. 

JllrphotaellUS pellucidu$ was common at Ll , L2 and L3 and 

and Hzdropsyche Instabl11s Was common at L2 and L3• I 

found predator,r species like pplIcenttQPus flavQmaculatul 

In the stony beds as did Slack (1936). 

(t) Cglwpterl 

.. ,ccobius biguttatus 1s a lake dwellIng species but it 

was found at L2, probably as a result or the water level 

nuctuation of the lake; 6.;% of the benthic fauna was 

composed of coleopterans. Helmis mauce1 and Idat§lmis volkmar1 

were commori at all the stations (Table 3.;). 

(g) I2*ptera 

Chironomid larvae formed 40.2% or the total fauna and 

were identified as tar as possible (Table 3.;). 

other diptersnlarvae that belon,ed to family T1pu11dae, 
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Dixidae, Psychodidae, Llmnobiidae, Ptychopteridae, 

stratlomyidae, Dolichopodidae and Empididae were identifIed 

to species; . this has not been done by previous workers 

and my identifications were confirmed by Mr. Allan Brindle 

of the ll:anchester MUseum. 

Similarly the simu1IId larvae vera not identified to 

species by others working 1n the Dee watershed. I have done 

this in the present study and the 1dentit1cations were 

confirmed by Dr. Lewis Davies or Durham Um versity (see 

Table 3.5). 

4, THE FEWNG OF SALMONIP.§ 

(a) Intrpductl2B 

Food fJi' the trout and salmon parr have been studied 

by a number of previous InvestIgators notably Frost (1939, 

1945, 1950); Neil (1938), Allen (1938, 1941)f Frost and 

went (1940); Ball (1961), Graham and Jones (1962); Thomas 

(1962) and vloo1and (1972). The food consists chlenl' of 

aquatic insect larvae, Crustacea, Mollusca and ~~e11da. 

Until recently no study bas been made of the food and 

feeding behaviour of salmonids 1n Llyn Tegid feeder strea~s, 

although general biology other than feed1ng has been 

investigated by Wool and (1972). The results presented in 

the present work are intended to g1 Va add! tiona! 1nformation 



II, 

.. 

Table.3.6 Number of brown trout examined for food in all Llyn Tegi.:! 

feeder streams. 

SWF = Stomach with Food; ES = Empty Stomach 

Streams --+ L LW LD T 

Total No. Fish~ 81 113 120 p3 

Total Nonths {- No. No. No. No. No. No. No. No. 
SI'IF ES SltiF RS S\"F ES SI:IF ES 

I 

27 November 1968 - - 13 - 14 - - -
25 December - - 23 2 - - - -
16 January 1969 3 3 

21 February 3 1 - - 3 1 9 4 

43 M3.rch - - 18 1 13 - - -
23 April 10 1 - - - - - -

I 
38 May 5 - 11 1 15 - 5 -
16 J1.llle 4 - - - - - - -
49 July 9 - 6 - I 

12 17 - -
12 August 2 - - - - - - -
74 September 17 - 21 1 16 3 5 -
19 October 9 - - - 5 - - -
49 November 8 - 8 1 13 2 11 -
4 December - - - - - - - -
27 January 1970 2 - - - 12 1 2 -
6 February 3 - - - - - - -
31 March 9 - 1 - 10 - 8 2 

Total 79 2 104 9 113 7 57 6 

Total No. of trout in all Llyn Tegid feeder streams = 465 
Total with empty stomachs 

Total examined for food 

G 

101 

No. No. 
SWF ES 

- -
- -
10 -
- -
10 -1 

12 -
1 -

12 -
5 -
0 1 .-

10 1 

5 -
5 1 

4 -
10 -
3 -
- 1 

i 

96 5 
-

L = Llafar, Lw = Lliw, LD = Dyfrdwy, T = Twrch, G ': Glyn. 
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Table 3.7 Number of salmon parr examined for food in all Llyn 

Total 
No. 

12 

24 

13 

38 

31 

14 

50 

22 

65 

19 

64. 

16-

59 
25 

.51 

15 

39 

Tegid feeder streams. 

SWF = Stomach with food : ES = Empty stomach 

Streams -~ L Lw LD T G 

Total No. Fish- 136 93 1?2 77 123 

Months t No. No. No. No. No. No. No. No. No. 
SWF FS S\\'F ES SWF ES SWF ES SWF 

November 1968 - - 1 - 11 - - - -
December - - 21 3 - - - - -
January 1969 - - - - - - - - 8 

February 15 2 - .. 4 4 9 - -
March - - 10 - 10 - - - 11 

April 8 - - - - - - - 6 

May 3 - 10 - 26 - 7 - 3 

June 10 - - - - - - - 12 -
July 10 - 12 - 16 - 16 - 10 

August 9 - - - - - - - 10 

September 9 - 9 3 27 - 10 - 6 

October 11 - - - 1 - - - 4 

November 14 1 9 2 5 4 12 3 9 

December 11 2 - - - - - - 10 

January 1970 13 1 ? - 8 
I 

1 11 1 8 

February 9 - - - - - . - - 6 

March 10 - 3 3 5 - 7 1 6 

Total 130 
, 82 11 113 9 72 5 109 0 

Total No. of salmon parr in all Llyn Tegid feeder streams = 537 
Total with empty stomachs = ...!±2 
Total examined for food I: 492 

No. 
ES 

-
-
.5 

-
-
-
1 

-
1 

-
-
-
-
2 

1 

-
4 

I 
14 
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on the feeding habits or salmonlds. 

The feed1ng of salmonlds from Afon Llatar 'Was studied 

at monthly 1ntervals tor a. period of lit months bec1r..n1ng 

1n February 1969 and ending 1n March 1970. A total of 81 

trout and 136 salmon parr stomachs were collected for tood 

analy!;isJ or these 2 trout and b salmon parr stoIllE:.chs 

were found to be empt;r (Table 3.6,3.7). 

(b) l~ater1el and l'ethQd§ 

The pharynx leads by a short gullet into a 'U'-shaped 

stomach consisting of a lade Cardiae and a narrow pylonc 

d1 vision. A sphincter separate! the pyloric d! Vision trom 

the pyloriC caecae. The contents of the sto~ach up to the 

sphincter were examined. 

The wall of each stomach was slit open and the amount of 

tood, or nthe degree of fullness" was recorded 1n the 

following terms I "distended It, "full", u~ full It, ,~ full It, 
'i full", tIT (traoes),t, and ffE (empty)", then the polnts 

"Tere allotted in the following manner. 

vasuil estimation of fullness fo1nt§ 

Distended I The stomach ext ended 'N1 th 5 
food 

Full 1 Food fllllng the stomach 

~ rull I Food filling three quarters 
of the stomach 3 

.; full I Food filling ebout half of 
the total volume of the 
stomach 2 



37··· 

...... 
. ::1'1 - .. :, .. 

"f 

Table 3.8 The fullness index and the percentage of stomach of 

trout and salmon parr containing food as shown by 

two-monthly samples. 

Period 
Trcut Salmon parr 

Percentage Fullness Percentage Fullness 
of stomach index of stomach index 
containing containing 
food food 

Feb/Mar 66.6 0.4 89.4 I 1.0 

ApJ./May 93.3 3.5 100 3.2 

June/July 100 3.8 100 3.5 

Aug/Sept 100 3.4 100 3.0 

Oct/Nov 100 2.5 96.0 1.6 

Dec/Jan 100 1.5 87.5 1.0 

Feb/Har 100 2.8 100 2.4 

.. 



visual estimltipn of fUllness Points 

-:t fUll • Food occupying about one 
quarter of the total volume 1 

T I Traces ot rood 1 tams in the 
:.tomcch 0., 

E I Stomach collapsed, no 
f"ood present 0 

l'he visual est1mat1on or fUllness 'tvBS cD-de 1n 

accordance \'1. th the widely used classification established 

by Bnll (1961). 

'Points· were allocated to each sample and the nem} 

number or points per stomach per sample Was calculated. 

The resultIng figure was termed the "FUllness Inda'1C" 

(Table 3.8). The degree ot 1\111ness of the stomach was 

est1nated by a points system similar to that used by 

Graham and Jones (196~), Morris (1966), Sinha (196,), 

Siddiqui (1969), I1unt (1970) and Vool1and (l(72). 

Eaeh stomach WaS first studied as a un! t. The 

contents were removed a."1d sorted under a low power 

binocular micrcscope into various taxonomic c~tegor1es 

(Tables 3.9, 3.12). In addition to the fullness ~ethod, 

three standard JIiethods or rood analysis, namely occurrence, 

volume and number, as reviewed by Hynes (1950) were used. 

The food items 'Wel'e recorded in the following manner. 

The total number ot stomachs in which each food item 

occurred Was listed as a pereentage ot the number ot 



Fig.3.6The volume scale used to estimate the 
volume of. food i tem ;; in each stomach 
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occurrences of all items to show the percentnge corrposition 

of the diet (occurrence method). 

The totel numbers of indiVidUal! of each tood itE!l 

were counted inM v.1dllally and expressed as percentages of 

the total number of organisms found 1n all stomachs 

exanined (number method). 

The volume In cubic milllmetres was then round uslng 

a method devised by Chubb (196l);e Each particular groUp 

of organisms 'Was separately plled into a grid tlarked oft 

in square milllmetres and pushed against a step \bich was 

one millimetre In height. The food Was then levelled by 

means of a glass slide and the volume In cubic rlUlimetres 

waS then recorded (Fig. 3.6). For blgger food itetls llke 

t1pulid l~~~~, caddis cases or larvao &~d fish voluoe Was 

determined by water displacement. 

The percentage representation by occurrence, ntnnber and 

volume of all the food items was cslculated. The occurrence 

method shows the percentage ot occurrence of each food 

categoryln all the stomaehs examined. The number B-"ld 

< volume methods express the percentage composition of each 

tood by number/volume 1n the total number/volume of food 

eaten. 

For convenience, var10us stomach contents 'Were div1ded 

into four categoriesl terrestrial and aerial food, midwater 

food, benthic food and miscellaneous food. Terrestrial and 
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Table J.9 The total annual composition of the diet of 81 trout 

assessed by Occur~ence, Volume and Number methods. 

Food ore;anisms 

Benthic food 

Lumbriculus spp. 
Ancylastrum fluviatile 
Limnaea rereger 
Amphinemura sulci collis 
Leuctra spp. 
Chloroperla snp. 
Baetis vhodctni 
Ephemerella spp. 
Leptophlebia marginata 
Caenis spp. 
Other Ephemeroptera nymphs 
Glypbotaelius spp. 
Plectrocnemia conspersa 
Hydropsycr.e' spp. 
Other Tr5.chopteran larvae 
Chironomid larvae 
Simuli'ld larvae 
Simuliid. pupae 
Other dipteran larvae 
Helmis maugei 

Hygrc.hates spp. 
Nicronecta spp. 
Helmis maueei adults 
Latelmis voikmari adults 
Fish 

Aerlai and-Terrestrial food 

Aerial and Terrestrial insects . --- -- --.-- --- ._- -r---

Miscellaneous food 

Plant materials 
Stones 

Total 

Average percentage repr(,F;ented in 
total sample by: 

Occurrence 

0.6 
1.4 
1.0, 
1.3 
0.3 
0.7 

10.3 
6.4 
4.1 
1.7 
2.3 

10.1 
4.2 
2.0 
2.1 
6.0 
1.9 
1.7 
1.7 
1.4 

0.1 
0.5 
1.1 
0.7 
2.0 

4.1 
6.1 

Volume 

., . 

0.6 
0.8 
0.2 
0.5 
+ 

0.1 
6.2 
6.1 
2.1 
0.3 
1.9 

11.1 
8.5 
4.1 
2.0 
2.1 
0.7 
0.7 
0.3 
O.lt 

+ 
+ 

0.5 
0.4 

15.8 

31.8 

2.2 
3.0 

99.4 

Number 

1.4 
1.1 
0.7 
1.5 
0.1 
0.4 

11.4 
8.2 
4.6 
1.0 
2.1 
7.3 
7.4 
3.2 
1.1 
7.5 
1.9 
1.6 
0.9 
1.3 

+ 
0.1 
0.5 
0.4 
1.8 

99.6 



aerial food included any food i tern originating outside 

the r1 ver. l'.1dwat er t"ood, n less well-defined category, 

included the adult forms of 'Water bugs, beetles e.nd mites 

and fish. ~'he bent..~le cooponent included those orgnnisr.s 

that spend the oa.jor1ty of' their title on the bottom of the 

streao. This included the pemen.ant bottom dwellers (snails, 

clar;1s end ol1gochnetes) and the trnnsient populat1on or 

juvenile aqu;;ltic insects. Flnally tt.e miscellaneous food 

ineluded the stones or the caddis Cases and plDJlt oaterials. 

(c) 13esuJ, t s 

(a) BIoW trout 

(i) CQmpositlon or the diet 

Table 3.9 shows the compos1tion of the diet of trout 

from February 1969-1·iarch 1970. The most important cU.etary 

ItGmls from the benthic food 'Jere Ephemeroptera nymphs, 

Tr1choptora and chironom1d larvae. The olicochaetes, 

gastropods, Plecoptera n)~pbs, Hemiptera, Coleopter~ adults 

Dnd ISMao nod dipteran larvae are not major food 1 te.fjs. 

Terrestrial and aerial insects, which included Aphld1dae, 

Cbloropidae, Nabidae, 1'.1r1dae, nnpidae and their larvae, 

were important tood 1 tams subJ ect to availabill ty. ltldwat er 

food 1 tems like HYdracarins, Hemiptera, Coleoptera and fish 

are less important and occurred in 0.1%, 0.5%, 1.8% and ~.O% 

of the total stomachs respect! vely. The c!scellanaous 

food, 'WhIch includes stones of the Caddis C3ses and plant 
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TablE3. 10 The Food of Trout i!l A!on Ll::tfar 

lr.-ood organisms 
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materials, \-las found 1n 10.2% of the total stomachs 

examined. In plant material is Incltlded moss, algae, 

leaves and, rarely, fruit and seed. The stones present 

probably included the ret'lains o"f the Cases of stony-cased 

caddis larvae together with stones ingested aec1dantnlly 

with the food. 

(i1) .§easonal··yarlatlon in food intake 

Fig. 3.7 shows the sessonal variation in the food 

intake of trout in Afon Llsfar. The curves are based on 

the mean fUllness index of the stomachs. It seems that 

nax1m~m food intake Was from Apr1l~!ay to August/Ceptember 

and 1 t gradually decreased to a mlni1'!lllm 1n the ~nter 

months. F~ch of the various seasons, ~nter, spring, 

s~er and aut~mn, designated 1n the follow1ng discussion 

of seasonal variation in salmonid food and feeding encompasses 

three months. t .. 'inter includes December, January and 

Febru~ry, spring includes March, April and l1ay; sumner 

includes June, July and August and finally the t;!utuM 

1ncludes Septel'!lber, October and. Novemb·~r. 

(111) SlisoDIl Chan C" In th e food or trout 

Table 3.10 and Fig. 3.8 show the seasonal food or trout 

in Afon Llafar. Ephemeroptera, Trichoptera, Dlptera, 

,> Coleoptera and aer1al and terrestrial food were eaten 

throughout the year but their frequency or occurrence 

varied. Dur1ng Autust to November gastropods were common 

in the diet. Plecoptera nymphs occurred in the food during 
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Table 3.11 The avera~fJ percentage composition of the food assesoSfJd 

by Occurrence, Volume and Number methods of brown trout 

of each age group for the total period of observation (+ =<0.1%) 

Species of I 
Fish 

Total No. 
Fish 

Salmo trutta 

81 

~A~ge~ ____ ~ ______ 0_+ __________ ~1~+ __________ ~2~+ __________ ~3~+ ________ __ 

No. Fish in 
each a~e group 

i 
Method of 'I 0 
Assessment 

Food items I 
i 

Lumbriculus, 
spp r 

Ancylastrum: 7-. 
spp \ 

Hygrobates I 
spp i 

Flecoptera ' 
nymphs i 

Ephemeroptera 
nymph 35.6 

6 31 26 18 

V N o i V N o V N o I V I N 

4.0 I 2.7 1.1 3.5 

, 0.5 ; 0.1 I + II I I 1.7: 0.7 I 2.8 2.2 0.3 I 1.8 I 5.5 1.4 5.5 

! I Ir ! I, . 
30.5 42.026.8 ~1.126.6 17.6, 5.5 :17.8 19.4 7.7 ,23.8 

Micronecta 
spp 

Trichoptera 
larvae 

Coleoptera 
adults 

Coleoptera 
larvae 

Chironomid 
larvae 

Chironomid 
pupae 

Simuliid 
larvae 

Simu111d 

, I I I : I i I I I 2.0; 0.31 0.4 I I ii, 
I I" I I . 

7.1 22.5
i 

6.0 15.1120.8 '11.2 ~9.6 ,40.9,29.9 r1.4 ~8.8 '29.2 

I 6.7 2.0 3.0 1,0.7 I 1.8, 0.7 ; , I I 

i 3.1 1.1 2.6 I i 12•7 0.5 2.7 
I " I 14.2' 4.8,20.0 2.9 1.4 3.1 1 5•5 2.2,5.5 1.5 0.2 1.7 

I I 
l I 1.1 ; ! 7.1 2.4 6.6 0.8 I 0.5 

I I 
7.1 2.8' 6.6 

pupae 
Other dipteran 

larvae 
6.8 1.2 3.8 

I 
I 

Aerial and ! 
terrestrial 21.3 35.4 14.2 24.1 134.542.136.441.333.5,10.4 

forms !! I I 
St:nes' 3.6 1 2.8 0.9: 9.4!3.8 4.0.11.4 

Flants 4.1 2.6 I 1.0i 8.3 3.8 7.2 4.1 

Fish 0.8 10.9 I 
0.1 I 7.5 

8.3 12.4 

2.5 2.0 

52.3 7.2 
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lato winter and sprlnS. lIeclptera were found during 

sunnr.er and autumn. Fish formed a small percentago of 

tho food during OctoberAlovember to February/l-Ierch. 

Thouth aerial and terrestrial food occurred thoughout 

-----, 

the yetr, most of this was eAten In Apr.11lMay to Ootober/ 

November. Plcnt material 'wa,s eaten very frecuently during 

June/July to Qctober!Uovetrber. The stones vere found In 

the stomDchs round the year in varied numbers. Oligochaetes 

did not seem to be preferred. 

I tried to determine Whether plants were ingested 

purposely Bnd not accidentally. As some stomachs contained 

only plant material, I deduced that the reeding on plants 

was intentional. It Is Interesting to note that all the 

leaves eaten were approximately the sam~ length, and theT 

thus appear.to have been cropped. (Plate 3.4). 

(i v) Fos;'d in relatlon to pge 

Table 3.11 shows the percentage composItion of the 

food of trout of each age group. There Is no signific~t 

change In the diet in relation to age for food items like 

P1ecoptera, Trichoptera, Coleoptera, aerial and trrestrIa1 

insects, plant materials, and chironomid larvae. I found 

a significEnt difference in the occurrence of 

ephen:eropteran food Items in the different age groups of 

trout (X23 :: 9.0;; P<O.05). 
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Table .3.1,. The total annual composition of the diet of 136 salmon 

parr assessed by Occurrence Volume and Number methods. 

(+ = :< 0.1%) 

Average percentage represented in total sample 

Food organisms Occurrence Volume Number 

Benthic food 

Lumbriculus spp 0.9 1.2 0.5 
Ancylnstrum fluvi~tile 2.;1. 0.5 0.7 
Limnaea pereger 0.2 1.0 0.2 
Amphinemura spp~ 1.1 0.3 0.9 
Leuctra spp. 1.1 0.1 0.7 
Nemoura spp. 0.3 0.6 1.0 
PrRtonemura meyeri 1.~ 0.7 0.9 
Baetis rhodani 12.4 4.2 9.7 
Caenis spp. 3.7 1.1 2.8 
Ecdyonurus spp. 0.9 0.6 0.5 
Ephemerella spp. 2.6 1.3 3.2 
Other Ephemeroptera nymphs 6.<7 9.4 10.4 
Anabolia spp. 4.1 3.3 3.7 
Plectrocnemia conspersa 9.8 9.2 5.6 
Rhyacophila dorsalis 1.2 3.6 1.0 
Hydroptila spp. 3.0 2.3 1.6 
Other trichopteran larvae 13.3 20.5 16.7 
Helmis mauee1 larvae 0.6 0.3 0.2 
Latelmis vokmari 0.3 + 0.1 
Chironomid larvae 13.4 10.6 18.3 
Chironomid pupae + + + 
Simuljjd, larvae 4.8 3.0 8.1 
Tipulid larvae 1.5 3.8 1.0 
Other dipteran larvae 0.6 0.5 0.6 
Other dipteran pupae 0.3 0.6 0.1 

Midwater food 

Helmis mau~ adults 2.2 2.2 1.0 
Micronecta spp. 2.2 2.0· 1.6 

Jt 
Aeri~l and Tcrres~ial 

n 
food 

Aerial and Te~res{ial arthropods2.1 8.1 1.9 

Miscellaneous food 

Plant materials 6.0 7.8 6.7 
Stones 0.7 0.4 0.2 

-
Total 100.0 99.2 99.5 



(b) Sal%!!211 12nrr 

(i) Comp2§i t10n 2t the d1 ~t 

Trichoptera larvae 'Were the predom1nmt it~ in-the 

diet of salmon parr (Table 3.12). Among them larvce o~ 

;nabgllR sE2, fleetrocnem:1.a conspers€;, Bhl;aco?)h11!Z dorsalis, 

lIydp;rp t 11s, spr. and other trichoptera...'1 larvae were wel1-

represented. !he ephemeropt~ran nymphs occurred in 

,b. 51 of the total sto!!'flchs, were the next important dietnry 

1 tam ond represented by BI,t'.' !'P'Q' Caen1 S §PM' It1YODuruS 

spp, ~hemerella spp, and other eph~neropteran nynphs. 

The dipteran larvaa WhIch included chironomids, slmul11ds, 

tlpulids and others occurred 1n 13.~, 4.~$~ 1.51 and 0.61 

of the total stomachs respectively. Aerial and terrestrial 

organisms were consurLed by ~.l~~ of the total fish. 

A~wll1nemurl spp, Leuctra lpn, and frotonem~ra mexeri were 

the 1mportant Plecoptera 1n the diet. Oligochaetes, 

gastropods and Coleoptera were or 1nsignificant importance 

as compared '\1.1. th other food orga...~sms. 6.71 of the total 

stomachs COll'tained the miscellaneous food. 1. e. plant 

materials and stones, of these 6.01 had pla..'1t matericl. 

c.nd O. ?;:, had stones. 

(11) §!JAI9nal,Iariat1op in food !ntak, 

Fig. 3.7 shows the seasonal variation in the tood 

intake of salmon parr •. It 1s apparent that most food was 

takel'l from April/May to August/September and it decreased 

to a minU:Utn in "Tinter. 



Table .3.13 The food of salmon r,arr in Mon Llafar. (+ =<:::'.156) 

Feb/I-:.:;.r Apl/Nay June/July Aug/Sept Oct/Nov Doc/Jan Feb/hilr 

Org"nism .10 • .Hsh 
proGcnt containinr 

bcod ort;ar.il3!".1.; ir. be ~ach item 
total 

I Is~m1e .e- Ii B A e, 'A e, A B A j>, A e .1 
No. % % ~ 5~ c., % No. % % 0" c' c' a". 0' e' Ho. No. i-lo. 110. tv No. No. No. I> No 10 lio. I. ,0 I~o. 1- ::0 •. ~j 

0l::.:!ocC::.ch 3 0.2 1 4.0 1 0.1' 1 "j .c, 5 2.2 2 3.5 
r:-?s tr~pcd·3. 2 0.4 1 2.3 6 0.9 1 3 5·C 35 1 6.6 7 12.21 11 I 4.0 " 9.0 1 0.4 1 1.7 -' 

J:":lecortcr'l !lYwrhs 1 0.2 1 2.3 4 0.3 21 8.C) 2' 0.3 1 1.6 1 0.3 1 1.8 1;>5 32.6 J_ 23.( 7' 3.1 3 I 5·3 , 
728.01201 31.8 13130.0 ~- ·r'· , !;:: -::""!'r.e TO rt e~n (,c, 13.1 14 33.3 23 2.0 209 39.6 12 21.0 58 21.2 14 25.1; 26 31,.2 1} 3~.2 ~o 3j.5 13 32., 

i!1~ 1:;' ~~3 . 

4.5 4 6.1 18.3 6 63.3 18 32.7116 23.6 41 13.3f2121.4 ;'T.: j c!!Crtera 1~rvae 23 9.5 17 1.5 5 20.0 39 11 11 2.0 10·5 173 21.0 9 
;~h' •• 1 45 9.C 11 26.1 1076 95.7 9136.0 291 1+6.1 1~ 21.6 99 1~.7 15 26.3 14 5·1 7 '12.7 2 2.6 2 5.2 47121 .(' 8 14.2 t .. ·~ronc'"l.;. ,rvae Of .-
12i:::~J] iid. !arV3.e 354 70.6 4 9.5 78 12.3 7 11.6 116 ,:2.0 7 12.2 4 1.3 1 1.8 1 1.} 1 2.6 23 !10.3 6 n.7 
I--

91 4.c 
pi).:ter-n l,,-rvaE: 
!ar.d "f.'cr~c 2 0.3 1 1.6 2 3.5 
:ColtJcphar::t a.dults 
lor.d ;~.rYa~ 1 0.2 1 2.3 2 0.3 1 1.6 6 1.1 4 7.0 1 0.3 1 1.8 3 3·9 2 5.2 
I . 1 ~ r. 
r.t:.:r~:' It.!lQ .,,:erres-
..... '.: ....... s 1 0.2 1 2.3 49 9 ., I. 7.0 2 0.6 1 1.8 L.:.",rCLt ... r&set,.;... . .c 

!., tcr.cs I 3 0.6 1 2.3 1 + 1 4.0 7 1.1 2 3·3 6 2.1 4 7.2 2 0.6 2 3.5 
/l'lants 5 1.0 4 9., 2 0.3 2 3.3 2 0.3 2 3·, 3 0.9 3 ,.4 3 3.9 2 5.2 2' 0.0 2 3.5 .~L __ .~ 

~ ~ . -

...... " 

• 



Table 3.1* The average percentage composition of the food assessed by occurrence, volume and number 

methods of salmon parr of each age group. 

Species of fish Salmo salar ' 

Total No. Fish 136 

Age 0+ 1+ 2+ 3+ 

No. fish in each age group 9 74 43 10 • 

Method of Assessment 0 V N 0 V N 0 V N 0' V N 

Food items: 

Lumbriculus spp. 0.2 0.7 0.1 1.2 2.5 0.8 2.3 1.7 1.4 
Ancylastrum spp. 4.5 3.0 2.2 5.0 3.0 1.5 

"'", 
~ 

Hygrobates spp. 
Plecoptera nymphs 5.7 4.6 6.1 2.3 2.5 1.7 
Ephemeroptera nymphs 16.6 12.4 13.3 27.5 20.7 26.8 31.6 25.9 41.3 30.5 7.5 25.3 
Micronecta spp. 8.8 8.1 6.4 
Trichoptera larvae 83.3 87.6 86.6 15.5 25.5 14.6 13.1 18.5 7.1 13.8 24.2 9.7 
Coleoptera adults 3.4 4.5 2.0 5.5 4.5 2.2 
Coleoptera larvae 0.3 0.1 + 5.5 1.2 1.0 
Chironomid larvae 25.0 17.3 36.3 18.5 4.9 20.7 10.2 20.3 62.9 
Chironornid pupae 

. 
0.2 0.4 0.1 I 

3imuliid larvae 3.7 4.5 6.6 9.1 5.4 17.5 6.7 2.3 8.4 
Tipulid larvae 6.2 15.2 4.1 
Other dipteran larvae 0.2 0.6 0.1 2.3 1.7 2.6 
Other dipteran pupae 1.5 2.6 0.3 
Aerial & terrestrial forms 1.3 8.9 1.9 5.1 18.2 7.2 2.3 5.5 0.8 
Stones 3.1 1.8 1.1 
Plants 2.9 1.4 0.6 3.5 1.8 0.9 17.8 28.3 25.3 
---- .. _--- -~ " ---- --~-~-

.. 
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(111) SeQsonal ('henges in th~. f'oo1 of s~).T:1on parr 

Table 3.13 and Fig. 3.8 show the seasonal food of" 

sal~on parr in A!on Llafar. Trlehoptera and D1ptera ( 

Chirono~dae and Sirnullidae) larvae, EPhemeroptera nnd 

l'lecoptera nymphs were found in the stomachs throughout 

the year. Trichoptera larvae were more frequent 1n the 

diet 1n Cctober/November to February-/March thm 1n 

Aprll/May to August/September as most of them emerge 

eluring stln'lrner., Chironomid snd slmull1d larvae were V€ry 

comon food 1 tams 1n Aprl1/H~.y to Augu~t/Septe:nbcr, because 

of their attBining a l!lax1mum size and consequently bccomng 

nore prominent at this time. Oligochaetes, gastropods, 

Coleoptera were insign1ficant food it~s in any season. 

Aerial and terrestrial insects were found from early 

spring to late autumn. 

(iv) fgod in relation to age 

Table 3.14 shows the food of salmon parr assessed by 

three differe..'1t methods 1n each age group. ~ test showed 

a. highly s1en1ficent dif'f'ercnce in the occurrenCQ of 

ch1ronomid larvae <x2., == 1~.41, I'< 0.05,< O.02<O.Ol)1n 
oJ 

the foou of different aga groups of salmon parr. 

(0) ut1l1sAttgg 9f fauna 

F1g.3.9 shows the percentage compOSition by n~ber 

or the fauna and food items of trout and SalmOll pnrr. 

Oligochaetes were common (8.b~) in the river, but 



ltumbripulns §Y\P. eocprised onl,. 0.;% and l.4~ of the total 

food of salmon parr and trout respectively. This could be 

due to s\t.ift digestion by the fi she Castropods and 

IIydra.car1na were rare in the fauna and food". 7 .1~ of 

Pleeoptera were recorded in the bottom fauna survey; but 

only 2.)1 of the trout and 3.51 or the salmon parr food 

belonged to this group. " EPheMeroptera ~re found in 9.7% 

of the total benth1c fauna. The members of this group 

formed a s1gnificant part of the benthic food of salmonids 

i.e. 27.3% for trout snd 26.6% tor salmon parr. Tho aquatic 

HC:1iptera for.ned a srm11 proportion ( O.l~) of the saltnonid 

food,.a1though this group made up a substantiel (9.2%) part 

of the total. fa.una. 27 .0% of the d1et of sD.lmon parr and 

19.0j of tho diet of trout ~ere trichoptcr~~ larvae, ~8reas 

only 5.C~ of the botten invertebrates belonged to this 

group. Coleoptera larvae and adults were recorded 1n l.~ 

of snlr:on p:lrr tlIld 2.21 ot' the trout food, though tho 

number (6. 7t) in the botton fauna was hieh. Chironornid 

larvaa tTere abundant in the ri vcr and fomed 42. 5~ of th.e 

total benthic tauna. 30.0% and 7.5% or the chironoJl1d larvae 

w-ere recorded 1n the total diet of salmon parr end trout 

respectively. There 1s a signIf1cant dirference bet~~en 

tro~t and satmon pnrr as tar as the consumption of chironomid 

l&rvae is concerned (F=14.4; df=1/l1 J F<O.05). Pl,."ulium 

Inr\"tla const1tuted 8.0% of the salmon pa.rr end 1.9% of 

the trout diet, thoueh only 1.e1 was found in the bottom. 



OVerall, 70t of the trout diet co~prlsed bottom 

invertebrates whereas the sa1Inon parr diet cot!lprised 

91.81. The rest, 1.e. 30.0% and 8.~ of the diet ls 

made up of aerial and terrestrial insects, pl~t 

natcrials and stones. 

(1) l:1th the exception of oligochaetes there are no 

signlficant differences in the bottom fauna at LIt L2 

and L3 (P 0.0;). 

(2) Thero 1s a steady dOlw'tlward trend in the number ot 

animals from summer to ""'inter. During surnmer, populations 

fluctuate owing to insect emergence (ch1ronon-J.d, Mayflies 

and caddis files) and hatching of eggs and development of 

larvae of .succeeding insect generation. In winter many 

foms are more or less dormant and inaetl va ~'1d not 

Gasily available to fish. 

(3) Ephemeroptera nymphs, Tr1choptera fnd Diptera larvae 

are the znain benthic food ot sal1!lon1d~ 1n the strc::n. 

(4) Aerial and terrestr1n1 insE:;cts occur in 19.1r nnd 1.41-

of the totnl t rout and salmon parr stor-wehs r~sl'ectl vely. 

(,) Plent ma.terial appeC1x to have been eaten deliberately 

£~nd not accidentally. Algae, moss and leaves of other 

aquatic plants were found 1n 6.0% or salmon pe~r and 4.1~ ot 

the trout stomachs. 

(6) There 1s no seasonal relationship between the consumption 

or invertebrate rood or aquatic origin and aerial nnd 

terrestrial forms. 



(7) 70~ of the food of trout and 91.8% of the :food 

of sslmon parr is den ved from the benthic fauna. 



CHAPTER IV. 

AFON LLHr 

1. THE ENVIRONl1ENT 

(a) General topography 
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(c) Physical and Chemical conditions 
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3. THE FEEOING OF SAllIONIDS 

(i) BrO'ofn trout 

(a) Composition of the diet 

(b) Seasonal variation in food inta~e 

(c) Seasonal changes in the food 

(d) Food in relation to age 

(ii) Salmon parr 

(a) Composition of the diet 

(b) Seasonal variation in food intake 

(c) Seasonal changes in the food 
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CHArTER IV 

1. THE !i1~y:rRQN1~E!'lT 

( a) Genlral topograph:y 

Aton Ll1w is sitUated on the south western part 

at the Llyn Tegid, l-~er10nethsh1re, North Wales. It 

flows from the southern slopes ot !-1oel L1ytnant, 745m 

high. The source of the stream is lt84m above mean sea 

level. It 1s the main tributary stream ot Afon Dyfrdwy 

(Little Dee), and joins the latter about 300m trom the 

lake atter fiowing through the so-called "Bals Bods" 

(Ashgill and Caradoc). The stream descends through 

the mountains 1nto the hilly farm lands. Defore joining 

the Little Dee 1 t 1s joined by many tributary strea.r.!s. 

Upon Its approach to the junction the river gradually 

\d.dens into a broad waterway. The united waters of the 

Aron Ll1 w and Aton Dytrdwy rind their way to\,rards the 

southemend ot the lake. 

(b) Dessr1ptlgD gt the lanmling Gte 

one samplIng stat10n (LW) was selected on this strean 

(Plate 4.1). The stat10n 1s located 3.2km away trom the 

lake at rtn altitude of C:.'OOm O.D. Here the stream 1s nbout 

bm wide and O.3m deep. The substratum 1s composed of' 

loose rocks of varying sizes as vell as solid rock. There 

is scattered vegetation (patches of Fontlnalls pnt1pyretlcg 

and £nlr:Lltrich, mystica) on the bottom and a few beech 

trees on the banks (Figs. 3.2 and Plate 4.1). 
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TA3LE 4.1 l..:EAN MONTHLY ... ESTIMATES OF 

Months 

0 
Water Temp. C 

pH 

Specific conductance 
(:nicromhos/ cm3at 25°C) 

Dissolved 02 , % sat. '. 

~rbidity(as Fuller's 
Earth) 

M 

5.5 

7.0 

183 

98 

21 

A M 

5.0 8.5 

7.1 6.8 

~16 210 

101 112 

23 24 

" ..... 

PHYSICAL CONDI'1.."ION!i IN AFON LLIW. 

CtQ6q- ~O) 

J J A S 0 N D J F M A 

13.3 15.5 16.1 9.7 9.0 5.0 4.3 4.0 4.0 4.5 5.8 

6.8 6.7 7.1 7.2 7.2 '1.0 7.4 7.4 7.1 7.2 7.5 

198 119 288 309 285 460 415 440 310 212 201 

118 105 98 102 96 95 98 96 110 107 101 

19 18 28 30 27 54 77 89 80 68 32 

Velocity of water 
current ( m/sec.) 

0.26 0.19 0.23 0.13 0.11 0.14 0.23 0.29 0.75 0.71 0.66 0.60 0.53 0.41 

0"\ 



Table 4.2 The density (Av. No./m2) of the faulla at one sampling 

site, baned on 14 monthly samples. (+ = < 0.1%). 

Sampler 

Name of Species No. % 
app. 

Hirudinea C IQ]:r{L~ (11) (0.3) 
lH~cbdella staEJlFllis 7 0.2 
l:!:rpobdella octoculata 1+ 0.1 
tOli r:ochllp.ta (437) (15.3) 
HOinochaeta naidlna 5 0.1 
f.;iseniclla tetrRedra 5 0.1 
Lumbriculufl varic .,,~< tUB 61 2.1 
.3tylodrilu.", her ... nr;ianus 356 12.5 
Pelosco].ex ·fcrox 6 0.2 
\1l1odrilus nluriscta 4 0.1 
liastrCl'no<la ( 5) (0.1 ) 
IAncylastrum fluviatile 5 0.1 
Lamellibranchiata (6) ( 0.2) .... 
[Plsldium cinerium 1 + 
Disidium suletruncatum 5 0.1 
'mnhj nor1q (3) (+) 

parnmaruQ pulex 3 + 
~racarina (2L (+) 
ppercnon -den tlcul,;l tUB 1 + 
Hyr-robates fluviatilis 1 ... 
Plecoj'lter9. (80) (2.8) 
lemourB Rvic~laris 1 + 
"-'" Leuctra hiEI)()lJUS 5 0.1 
Protonf·r.mra m~eri 1'1 0.5 
Chlo'c·:;,pp.rla trinunctata 2 + 
il.mr:hinerillra sulcicollis 20 0.7 
leonerl'.). :crammatica ~ 0.2 
~mphinemura'Btandfussi 11 0.3 
Leuctra nir-ra 2 + 
[Chlorojlerla torrentium 11 0.3 
Leuctra fusca 'j 0.1 
~phcmero...,terc. (7CC) (24.6) 
Baet:i 9 rumiJus 12 0.4 

Lentophlebia v~s"ertina 20 0.7 
Baetis rhodani 7 0.1 
E-cdyonuruE; ven!?~~~_ 11) 0.2 
~_trCr!!}um luteolum 629 22.1 
ParRlel'1tciplilebia I"ulem:lrp;inata 2 + 
Hhi tlg:~cena' semicolor'1. tA. :2 0.1 
~~<?eeta 1 + 
~phemerclla ic~ita 3 0.1 
Leptorhlcbia mar.~inata 10 0.3 
~~onurus disY"1.r 2 + 
Ec,.,bc;e~ia }<1tf'rali.:J 1 + 
H"mint, 0 rn. (266) (9.8) 
·iicrOlwct.'J. ·no,/7t.~ri 264 q.K 
Gorb:n. p:mzeri 1 + 
;:;ir;:;ra n,Ymph 1 + 

Av.No~ 
m 

(7.4) 
5.3 
2.1 

<333.8) 
3.2 
3.2 
~6.0 

271.7 
4.2 
2.1 

(3.2) 
}.2 

(4.2) 
0.7 
3.2 

(2.1 ) I 

2.1 
(1.0) 
0.7 
0.7 

(lSo.9) 
0.7 
3.2 

10.7 
1.0 

14.q 
5.3 
7.4 
1.0 
7 i~ 

3.2 
(~3~.O) 

d.5 
1/t .9 
5., 
7.4 

480.4 
1.0 
2.1 
C.L-
2.1 
7.4 _ 
1.0 
0.2 __ 

(?O2.5) 
201.1 

0.7 
0.7 



Table 4.2 (contd.) 

Sampler 

Name of Species 
No. % Av.No2 spp. m 

lli.l"~ loptf'r3. (6) (0.2) (4.2) 
"ialis lutaria 3 0.1 2.1 
Sialis fuliginosa 2 0.1 2 1 
Tri cho",t(;r3 (166) (5.8) (126.2) 
Sericostoma persona tum 5 0.1 3.2 
~E~_~_e_~.ia c_o-,!_~p~!:.~a 93 3.2 70.6 
Potnrnophylnx lnhijenn1S 1 + 0.7 
l'otamol;hylax cinr:ulatus 1 + 0.7 
hnabolia nervosa 21 0.7 16.L~_ 
GlY:rhobclit18 nellucidul'l 34 1.1 25.6 
Hydronsvche instabilif' 6 0.2 4.2 
Hydrontila tineoides 2 + 1.0 -... Polycentronus f la vom.1.cula tus 1 + 0.7 
~.ctroniJ felix 2 + 1.0 
Go 1 eo ntera (51) ( 1.7) (,8.5) -Hali ulus 'linea tocollis 2 + 

~-
1 10 

Platp.mbu8 maculntus 12 0.4 8,5 
Helmis f:1:>:llgei 16 0.5 11.7 
lielophorus flavit)e;:; 1 + O.? 
~telmi.5 vol:~!!lR.ri 14 0.5 10.7 I 
HelodE's InqrdnR. ta 6 0.2 4.2 
~i'(\ter'l 

(1) Ce'!'a toro ""on idM.' (12) (0.4) (8.5) 
~ia S-;lP •. 12 0.4 d.S 
(2) Simuliidae ( 4) (0.1) (2.1 ) 
SimulltHTi ~onticol;: 3 0.1 2.1 
5imulillr.1 brevic8ule 1 + 0.7 
(3) 'I'i ou1iclp.p. (6) (0.1 ) (4.2]_ 
il)u]~ mnnt:ium 5 0.1 .... 3.2 

1'i T'ula c:tuc)<ci 1 + 0,7 
[(4) Ch';rON'Mid"'p. (1007) <35.4) (769"~) 
~)olYT'Cd i~~t1m rlUccculo:ou 5 592 20.~ 451.<; 
r,J'anvt",rnls Si"1'l'ltllS 160 'j,g 1?8 4 
~rodiome,,3. olivOlcea 110 3.1j 83.4 
~l!eurl'! r~o!"ilis . 98 '5.4 74.Q 
[proclacitll'5 chnreus 3d 1.3 28.8 
~ichocl"'1ditls· rufiventris 
(6) Oth('t' diptera~ Inrvile ( 19) (0.6) (13.9) 
.--~~ 

13 0.4 9.6 lJicrnnota robusta 
Lir.mol,nOrct ern, 1 + 0.,7 
Lianea lus vi rens I ::; 0.1 2.1 
~1'It'h'i--o-;'hil:l vi tri ne.nnis ,. + 1 0 
i)ipter<:tn pupae 5? 2.0 42.8 

-
Total nu~ber of animals 2842 

Av. no. anim.'l.ls/month 202.9 

Av. no. nnimals/m
2 

2171.0 
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( c) Fhysj cal and Chemic a1 eondi t 10ns 

Table 4.1 indieates the ,mean ~onth1y estimates or 

physical factors at LW. Water temperature, recorded at 

monthly intervals, varied between .. an~16.,loC. The pH 

was generally constant (6.7-7.;), reflecting the 

chemical stability of the stream. The velocity of water 

current ranged tro:n 0.11-0.7; m/sec.' The lowest values 

of conductiVity and turbid1ty of \,tater were recorded 

during sumner, and highest values in "inter. An inerease 

in oxygen snturation during summer and a decrease in 

winter was observed. 

llater samples for chemical analysis were taken as 

before and the results are g1 ven in Table 3.4. There was 

little difference between Llafar and LUw water. 

~. CQ}:jPOSITIQN OF THE lA1mA 

Table 4.2 lists the an1m81. tauna found 1n the strean 

durinz routine samplIng. and also the total number or 

specimens of eaeh category taken by the sampl ere As far 

as po.sible the material was 1dentIt1ed to species. The 

almost complete absence of Gem;arns pulg and tAmaee 
pereger (O.l~ and 0.1~ by number of the total fauna) 1r.'aS 

similar to the findings of Jmes (1948&.) ltlo noted their 

absence tram several sort water streams in south Wales, 

although they were present in large numbers in a nearby 

hard vater stream. 
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.. 
I found a steady increase 1n the total number of' 

individuals fron ~~ter to summer as did Frost (19~2)t 

Badcock (1949) and HYnes (1961). 

Seasons 

.Tot~l Uo. 
animalS 

Spring Summer 

3118 

Autum l'!inter 

989 91, 

A1 together 8, species 'Were recorded from this 

stretch. The species belonged mainly to groups 

ol1gochaeta, Plecoptera, Ephemeroptera, Tr1choptera, 

Coleoptera nnd Chironomidae, Fig. 4.1 illustrates the 

seasonal fluctuations in numericnl abundance of' six 

groups, as n percentage or the yearly c~tch for each 

group. These six groups together account for over 8~ 

of' the total catch. The tall 1n numbers in " .. inter for 

these six groups parallels the fall in overall numbers. 

(A) AMel~da 

(1) &rndin" 
o. ~ ot the benthic tauna was composed of' HelpbdtLt1p 

J!ama13 s and EngWell. o£~99111at. 

(2) gl,gpchaetl 

This. group formed 14.l!t ot the total tauna. in which 

.Lwnbr19Ulps TarleiUu, and Stylodtllu, hering1pnus were 

very common. I collected more oligochaetes dUring summer 

(Fig. 4.1). 



(B) MollUSCt; 

(1) Qastropods. 

67 

~lmnaQa perpser was very r~re compared to 

ABcylastrgm fluy1atl1~. 

(2) l..mDell1brsnchla~1t 

c. ~ of the fauna \ias corr,posed of p1.1d1Ym h1b"'lWeum 

and Ptst<Uwn subtrunc~tum. 

(c) Arthro'Opda 

(1) Cnlstacea 

(a) Amphlpsnlfl 

, . 

This group was repre:aented by Ggarus Bulel \<1h1ch 

formed O.l~ of the total fauna. 

( 2) ~raehn1 dl 

(a) 11ydrac arina 

The members of this group were almost absent being 

O.l~ of the total aquatic Invertebrates. 

(3) lDlect~ 

(a) p1esoptera 

11 spec le5 of stonentes were represented in this 

groUp \t'h1ch formed i!..6't of the total macrobenthos. 

Pn>tgpfJRYra mezeIi, }~r£?h1n§llllarD suleleoll1s, ISQU~rla. 

gERAtlca and Chlgroperla torrmt1um were common and 

the rest OCCasional. I found that the number increased 

during summer (P'1g.4.1). 

(b) ~hemgropt,rA 

14 speeies occurred in this group and constltuted 



18.4~ of the total animals. Centroptl1um lutecIum ":as cot!mlon. 

An 1ncrease 1n number or mayfly nymphs during stlI!'lmer vas 

nticed Which may be due to their spring emergence (Fig.4.l), 

though according to Macan (1957) the t1mings of their Ufe 

histories vary, and are affected by high summer temperatures 

and oxygen deficiency. 

(c) Hemirtera. 

ll.~ of the fauna Was represented by three species 

of this iroup l.hlch were not the usual 1nhabi tants of the 

stream. They were usually found ".i1en the current Was slow 

and there was more vegetation near the bank during summer 

and autl.ll!ln. Maybe they have been washed away from back 

waters by the nood and colonized again in sheltered 

places; but according to Popham (19"'3) they are 

stimulated to migrate by high temperature, over-crowding 

and unsuitable background. 

(d) J1eg.~gpterl 

O.~ of the fauna was composed of .§1aJ.1s lutaria 

and mallis rulig1DPs~. 

(e) Tlj.shgptera 

14 speeies vere IdentIfied and listed in Table 4.2 

~lch constituted ;.9% of the total benthos. P1es t rpcngre1A 

pon'p,rIA was very common. I noticed more trichopteran 

larvae dUring summer (Fig. 4.1). 

(f) Col pont erl 

F! ve spee!es listed in Table 4.2 were rare and mtJke 
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'l'able 4.3 The total annual composition of the diet of 113 trout 

and 93 salmon parr assessed by Occurrence, Volume and 

Number method. (+ =( 0.1~) 

Food organisms Trout Salmon parr 

Benthic food ~ 

0 V N 0 V 
(%) (%) (96) (%) (?6) 

Lumbricu1us spp 1.0 I 
0.2 0.8 - -

Ancylastrum fluviatile 0.6 + + 0.2 0.1 

Leuctra spp 0.1 + 0.1 .6 0.1 

Amphinemura spp 0.6 0.1 0.4 1.8 0.4 

Protonemura spp 0.4 0.1 0.6 1.6 0.2 

Caenis spp 2.3 1.0 4.8 4.2 2.1 

" 4.8 9.4 I 3.6 Baetis BPP 2.2 3.1 

Other Ephemeroptera nymphs 7.3 5.0 7.4 19.3 22.4 

Plectrocnemia conspersa 7.8 12.9 10.9 14.3 7.9 

Other Trichoptera larvae 12.0 7.0 8.2 19.3 30.1 

Helm1s maugei larvae 2.8 0 • .:; 1.7 0.2 0.1 

Latelmis volkmari larvae 2.0 0.8 1.6 0.2 + 
Chironomid larvae 2.7 1.0 3.1 4.7 .5.5 
Chironomid pupae - - - 0.6 0.1 

imulUd larvae 0.7 0.3 2.0 5.6 2.9 

TipuUd larvae 0.2 0.1 + - -
Other dipteran larvae 4~8 3.4 9.0 6.6 1.6 

Midwater food 

Helmis adults 0.8 0.3 1.1 - -
Other coleoptera adlllts 1.1 0.4 1.0 - -
Fish 24,9 33.7 22.2 - -
Aerial and terrestrial food 

Aerial and terrestrial insects 12.4 19.4 13.6 9.7 16.0 

Miscellaneous food 

r1ant mat .. rial 8.3 10.0 6.4 8.5 3.6 

Fish eggs 0.4 3.3 1.2 2 • .5 2.6 

Stones 1.0 0.5 0.5 - -

N 
(%) 

-
+ 

0.4 

0.9 

0.6 

9.1 

.5.2 

14.8 

11.5 

17.1 

0.3 

+ 
8.9 

0.4 

8.3 

-
4.3 

-
-
-

13.7 

2.9 

1.6 

-
Total 99.0 99.5 99.7 99·4 ~.3 ~oo.o 
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1.~ or the total organisms. .leatelmls volkmari Was 

pres ant in every season. 

(g) P1pteI'.l 

(i) Chlronom1dg 

A large component (39.6~) of' the benthic fauna ~as 

formed by this ramily 1n \\b1ch sevG'l species were 

identifiable. I observed that their numbers were I!1Uch 

greater in summer than in any other season (Fig.4.1). 

gtber dipterap 1.Iryae 

Dleranota robustl. Limngphora §t~t Taphr2ph~la 

v1trlpennls and Llanealus vireos constituted 0.81 or the 

total bottom invertebrates. 

3. FEEDING T1AmTS OF SALMONlPS 

A total of 113 trout and 93 saltton parr 'Were taken 

approximately at 2 monthly intervals, November 1968 -

March 1970, ror rood stUdies. or these 104· trout and 8~ 
-' 

salmon parr contained tood 10 varying amounts and the rest 

of' the stomachs were empt,. (Tables 3.b, 3.7), 

Detailed examination of'· stomachs was carried out by 

applying the rour different standard methods ~ent1oned 1n 

Chapter 3.4b. 

(1) 13m. trout 

(a) Composition of the diet 

Table 4.3 shows the composit1on or the diet at trout 

1n Aron L11w, trom November 19b8 to March 1970. 
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Trichoptera larvae, Ephemeroptera n)"cphs and d1pterSJl 

larvaa, l-.hlch formed 19.9%, 8. ~ and 4.8% ot the total 

volume respectively, were import ant benthic food 1 terns. 

33.7~ (by volume) ot the food was composed of the fish 

and 19.41- of aerial and terrestrial insects. The 

miscellaneous food whIch includes plant materials, 

occurred in 10.0'; of the total volume ot food. 

Oligochaetes, 'gastropods, Pleeoptera nymphs and Coleoptera 

adults and larvae were not major tood items. 

(b) ageasonal variation in food 1ntak. 

Fig. 4.2 shows the seasonal variation of food 1ntake 

of trout in Aron Lliv. The curve clearly indicates that 

the feeding actIvities are at their peak from J.1arch to 

september and they gradu,al1y decrease to a minimum 1n 

w'inter months. 

(c) §easonel changes in the 1"02d of ttotlt 

Figs. 4.3, 4.4 show the seasonal variation of the 

, more common food 1 terns 1n the stomachs of trout. 

01Igochaetes,~nly LymhriculYI SPa were round during 

November and Deeember. Gastropods were represented by 

ApgYlastrum spp. 1n the month of August. More Plecoptera 

nymphs were eaten during autumn and spring than in summer. 

Ephemeroptera nymphs and Tr1choptera larvae were consumed 

throughout the period. Coleoptera adults end larvae, 

partIcularly of Helmil spP. and ltatelmis spP. 'Were eatEn 
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Table 4.'r The pe't"::entage composition of the food assessed by occurrence, volume 

and number methods of trout of each age group. 

Name of Species Salmo trutta 

Total No. of Stomachs 113 
Age 0+ 1+ 2+ 
No. sp • in each age group 2 61 24 
No. empty stQm~chs - 4 0 4 

Nethods of assessment , 0 V N 0 V N 0 V N 

Lumbriculus spp. 2.8 1.3 2.7 
Ancylastrum spp. 3.3 0.1 0.2 
Plecoptera 2.1 0.4 1.8 2.0 0.3 1.6 
Ephemeroptera 35.4 23.3 37.2 20.2 10.3 1J.1 
Trichoptera 24.1 38.5 21.3 45.5 50.8 44.9 
Coleoptera adults 9.7 3·7 10.1 
Coleoptera larvae 20.0 6.2 12.5 4.1 0.6 4.2 
Chironomid larvae 6.1 3.0 5.6 lj.7 1.7 5.4 

Sin:u111d larvae 0.7 0.1 0.7 
Tipulid larvae 1.4 0.8 0.4 
Other diptera.'llarvae 20.0 15.5 37.5 1.3 0.6 1.6 1.5 0.4 0.9 
Aerial and terrestrial 
insects 20.0 30.0 12.5 17.9 27.', '21.8 13.1 31.7 22.6 
Fish 
Fish eggR 
Stones 0.8 1.6 0.4 
Plants 40.0 48.3 37.5 1.7 I 2.3 1.4 

.... ' 

0 

2.2 

1.5 
16.7 
29.6 
4.4 

2.8 
2.8 

1.5 

11.1 
18.0 
2.2 
4.4 

t , 
;; 

I 

3+ 
25 
1 

V 

0.1 

0.7 
7.7 

10.4 
+ 

0.7 
1.7 

0.7 

8.0 
68.5 
1.7 
1.1 

, 

5+ 
1 

~ - ~ 
N 0 V N 

-. 

1.5 

1.4 
11.2 
28.7 
0.9 

4.9 
9.5 
I 

5.2 

11.1 
13.6 100 100 100 . 
6.3 
2.4 

-- ~ 



more during summer than in spring and autumn. The trout 

ha.d ted more on chironom1d larvae during sumner than in 

\dnter. Other dipteran larvae """'ere present 1n the food 

during summer only. Aerial and terrestrial insects \I.'ere 

present in greater abundance during spring, summer and 

early auttlmn than in winter. Fish were found 1n the 

stomachs dUring December to March. l/dscellaneous food, 

Which includes fish eggs, stones, and plant materials, 

were found mostly during ,,"inter. 

Cd) Fogd in relation tg 'SO 

Table 4.4 shows the food or trout assessed by three 

ditferent tlethods in each age ,roup. 48.~ and 2.3% ot the t 

total volume of food were composed ot plant materials 1n 

0+ and 1+ age groups ot trout. ,mereas those were absent 

in the food of older flsh. Similarly, fish made up 68.,~ 

and 100.01 ot the food (by volume) 1n the 3+ and ;+ age 

groups,. bUt oone in the fish that belonged to 0+ to 2+. 

I found a significant difference in the occurrence of 
2 

ephem~ropteran (x 3 = 12.1, P< 0.0; ~ 0.02 < 0.01) and 

aerial and terrestrial (~3 e 7.83, 1'<0.0;) tood items 

in the different age groups or trout. 

(11) Sillon PArr 

(8) Cg.PQs!t~QP of tho di.t 

Table 4.3 shows the total compOSition ot the diet 

assessed by three different methods. FOod items or many 
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kinds were found in the stomachs of salmon parr and there 

were considerable dirficulties in the exact ident1fication 

of fragments of rood. 77.8%, 16.of; and 6.3% of" the total 

volume of food items were composed of' benthic, aerial and 

terrestrial, and miscellaneous food. 38.01 by volume of 

the diet was fiectrocpem1a sonspers" and other unidentIfiable 

tricbopternn larvae, ~.81. by volume was Ephemeroptera 

nympbs amonsl~ W'hich Ba,tis' spp. and Centr2ptilum spp. were 

identifiable. '5. '5% b" volUme of the diet was chlronom1d 

larvae. Leuctra §pp, l~ph1nemura spp. snd protoneunlr~ sPP, 

or the group flscoptera; f.ncY~astrum SPP.' of Gastropoda, 

Lotelm1s yolkmari of ColeOptera and finally the other 

d1pter~ larvae were occasionally present. 

(b) ~ISQn~l variatlgn in food 1nt~e 

Fig. 4.2 shows that the maximum food intake occurred 

in the month of Jul,. and It gradually decreased to a 

minimum in J anuar,.. 

(e) bisQnsl cluang,! in the food 

Figs. 4.3 and 4.4 show the seasonal changes 1n the 

tood of salmon parr. P~ecoptera nymphs were eaten l'!tOre 

dur1ne spring, summer md early autumn than in l:1nter. 

Ephemeroptera nymphs and Trichoptera larvae, being major 

food 1 tams, were consumed throughout the period. More 

ehironomid and slmullld larvae were found in the stomachs 

dur1ngsummer than in any other season. Other dipteran 

larvae occurred 1n the food only in ~~nter. Not surprisingly, 



Table'4.5 The percentage composition of the food assessed by occurrence, 

volum~ and number methods of salmon parr o~ each age group. 

- , .:. .::.,; 

Name of Species Salmo salar 

Total No. of Stomachs 93 

Age 0+ 1+ 2+ 

No. Stomachs in each age 
group 13 40 36 

No. empty stomachs 5 - 6 

Methods of assessment 0 V N 0 V N 0 V 

Lumbriculus Rrp. 
Ancylastrum spp. 0.8 0.5 0.1 
Plecoptera nymphs 9.4 2.3 5.1 6.6 0.7 
Ephemeroptera nymphs 33.3 20.0 27.0 29.7 23.9 21.9 29.1 28.5 
Trichoptera larvae 41.6 67.5 63.3 20.7 32.0 20.1 24.8 31.5 
Coleoptera larvae 2.3 0.8 0.7 
Chironomid larvae 10.9 11.6 21.6 8.2 10.6 

I Chironomid pupae 2.7 o.? 1.9 
Simuliid larv:..o.e 4.? 4.0 8.5 11.8 7.1 
Other dipteran larvae 1.? 0.6 1.5 4.0 1.1 
Aerial and terrestrial 
forms 5.3 19.1 13.1 15.0 20.0 
Fish eggs 1.7 2.1 1.5 
Plants 24.S- 12.5 9.1 ?6 2.0 2.6 

- --

• 

N 0 

2.8 
24.2 39.5 
20.0 6.2 

14.0 

21.5 6.2 
2.5 20.8 

14.6 18.7 
8.3 

3+ 

4 

-
V 

41.2 
20.6 

0.8 
4.8 

25.0 
8.6 

N 

39.5 
10.7 

3.5 
13.3 

27.2 
5.0 

'1 
~ 
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salmon parr had fed tlore on aerial and terrestrial 1nsects 

during summer than 1n 'Winter. Aquatic plants occurred 1n 

stomachs dUring late autumn and winter. 

(d) !god in relat10n to S&I_. 

x2 test showed a significant difference in the occurrence 

of ephemeropteran (x23 = 10.07, p(O.O; (0.02) end aerial 

and terrestrial (x23 = 9.28, P<O.O;) food 1tems 1n the 

different age groups. As far as other food items wera 

eoncerned, there were no significant ehenges 1n the diet 1n 

different age groups (Table 4.;). 

(ill) ytl11sation of the fgun, 

Fig. 4.5 shows the percentage composit1on by numbers 

of the fauna and food 1 tams of trout and salmon parr. 

Oligochaetes formed l4.~ of the fauna but they did not 

seem to be eaten.by salmon parr, only 2.1~ were recorded 

from the trout. Gastropods were found in a very small 

quant1 ty 1n the fauna and food. ;2.1% of the benthic fauna 

was composed. of stoneny nymphs, though they too were not 

orten taken by the trout. I found a slgn1fIcElIltly high 

positive correlation (ra: 0.1J;, p ~ <'0.01) between benthic 

Plecopteran numbers and the numbers of plecopter~n food 

found 1n the stomachs of salmon parr from month. to month. 

Mayfly nymphs eonst1tuted 18.4~ or the total bottom fauna; 

29.1% of the food or salmon parr and 1R.51 or the trout 

food belonged to th1s group. The correlatIon between the 
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numbers of E,'phctleroptera, Trichoptera end chirono!i.l1d larvae 

present in the food of salmonlds, and the nuobers in the benth1c 

fauna WRS ins1gnificant. This could be caused by patchy 

c1istr1butlon of the above groups:1n the fauna; or the fish 

might have beet?- feeding at a place rich in mayfly nymphs, 

trichopterans and chironomid larvae. Trichoptera larvae 

8S a food item were found core in the stomachs of trout 

(18.9;:) nnd Salmon parr (~. 51) than the fauna itself 

(5.51). 0.7% and 6.9% ot Coleoptera ~ere eaten by salmon 

parr and trout, wereas in the faun~ only 1.4% ,,-ere 

recorded. There was a significant correlat1on 

(r = 0.1; P < 0.01) between coleopterans present in the 

food of trout and in the benthic fauna. Chironorn1d larvae 

were the largest group ot the benth1c fauna (3').01), sl though 

in the trout stomachs ther were only 3.1f, of·th~ total, 

and 8.9% 1n salmon parr. Sirouli1d larvae together ~~th 

other dipteran larvae compr1sed a small percentage or the 

bottom invertebrates, although they had a high percentage 

representat10n 1n the rood or salmon1ds (Fig. 4.5). 

(1) Ol1gochaeta, Ephemeroptera, Hemiptera, Tr1choptera and 

Ch1rono:midae rom more than 9C% or the bottom fauna. 
"-

(2) The number or Ch1ronomidae, Coleoptera, Tr1choptera 

EPhemeroptera, Plecoptera and Oligochaeta lnereases during 

summer ~d gradually decreases in ~nter. 

(3) ~he members of the Trichoptera, Ephemeroptera, D1ptera 



and P1ecoptera are the main aquatic food of trout and 

salmon parr. 

(4) 53.~ and 81.6% of the bottom fauna (by n'J.lmber) were 

consumed as a food by trout and salmon parr and the 

remin1ng 46.7% and 18. ft were fish, aerial and terrestrial 

and miscellaneous food 1 tern •• 
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PLATE 5 .1 SAMPLING STATION LD1 

PI..ATE 5 .2 SAl'1PLUlG S'TATION LD2 



fRAfTER V 

1. THE ElPIIRONMfN'l' 

(a) .,Q!mercl. tope uaphy 

Afon Dyfrdwy rises as a small stream In the Dduallt 

at an elev!l.tlon of 660m OD; end flows through the 

Pre-Cambrian beds, contemporaneous igneous rocks and 

Ashgill !tl1d Carcdoc bed.s of Bala Serles. The Dyt"rdwy 

as the Dca Is Called In Welsh, before entering the lake 

reesi ves on the right the Twrch· trom Foel Rhudd, and on 

the left the Ll1'W from Moel Lly1"nant. The three streans 

meet at the 11 ttle village or Llanut.~hllyn, and the t1n1 ted 

waters enter Llyn Tegld, the largest natural lake in ~~les. 

TWo sampllng statlons, namely Lll. and LD2 were selected 

and monthly samples taken over fourteen consecutive months 

at both sites. The f"irst station, Which 1s referred as 

tIl. (Plate ,.1) in the text, was located near the lake 

about 40m upstream from the shore, at an at t1 tude of' 

175m O.D. River width here ranged from 10m at low to 

20m at hieh water. Depths in SUmmer water ranged from 

O.15m to lm. The substratum Was land and gravel. There 

\-res no aqltatic vegetation near the banks. 

Site two ",hlch 1s referred as LD2 in the text (Fig.3.2) was 

located on Afon Dytrd~~ near its junction ~~th Arron Twrch at 



TABLE 5.1 MEfu~ MONTHLY ESTIMATES OF PHYSICAL FACTORS AT LD1 SAMPLING STATION IN AFON DYFRD' .. IY. 

Months M A M J J A S 0 N D J F M A 

0 
Water Temp. C 5.1 5.5 8.5 12.5 16.0 15.0 8.4 7.5 5.4 3.6 3.5 4.2 4.9 8.1 

Specific conductance 0 

( ~:cromhos / cm3at 25 C ) 194 226 232 119 132 124 201 276 460 420 453 336 201 112 

oQ 
Dissolved 02, % Sat. 95 96 '0" 97 98 108 94 102 111 116 108 98 102 99 0--.. 

Velocity of water current 0.25 0.18 0.20 0.14 0.11 c.14 0.21 0.34 0.41 . 0.58 0.64 0.68 0.32 0.28 
( m / sec. ) 

pH 7.4 7.1 6.8 6.9 6.8 7.1 7.4 7.0 7.1 7.S 7.2 7.4 7.1 7.1 

Turbidity 18.1 22.1 25.8 19.1 20.1 27.6 36.2 30.7 63.5 84.4 97.5 78.3 67.3 26.6 ( as Fuller' L IMth.) 

<:. 



TABI;E 5.2 MEAN MONTHLY ESTIHATES OF PHYSICAL FACTORS AT LD2 IN AFON DYFRDWY. 

Months M A M J J A S 0 N D J F M A 

0 
5.8 Water Temp. C 5.0 8.6 12.6 16.2 15.0 8.2 7.4 5.6 3.4 3.6 4.1 4.6 7.8 

Specific conductance 0 

( micrcmhos / cm3at 25 C) 68 62 7J 79 80 72 75 131 251 326 268 309 146 89 
cQ 

~ 

Dissolved 02, % Sat. 96 103 95 99 98 104 96 9.3 102 112 108 104 101 98 

Velocity of water current 0.21 0.23 0.18 0.12 0.09 0.13 0.18 0.15 0.29 0.58 0.64 0.70 0.60 0.21 ( m / sec. ) 

pH 7.2 7.1 6.9 6.8 6.7 7.1 7.2 7.0 7.1 7.2 7.4 7.6 7.1 7.0 

Turbidity 21.1 19.2 18.4 19.3 18.2 17.5 26.4 21.8 56.4 88.8 79.5 86.5 41.1 23.7 
( as Fuller's Earth.) 

,j 



an elevatIon of about 183m O.D and 1.6km upstream from 

site LD
1

• The width varied trom about 5m at low water to 

10m at hIgh l<later. The rIver had deep channels in some 

places. 1he substratum waS of stones.!here were trees 

all along the banks (Plate ;.2). 

(c) Ehy§1cel and Chemical conditioDI 

l-1ean monthly te."!peratures of the water were recorded 

and estimates llere !tade of dislol ved oxygen, pH, current 

Velocity, conductiVity end turbIdIty of water each ronth 

at LD} (T~ble ;.1) and LD2 (Table 5.2). 

There Was no significant differences between the mean 

monthly estimates ot pH, water temperature, VelocIty or 
water curre.'1t, and percentage saturation or oxygen (Tables 

,.1, 5.2) recorded each month at the two stations. 

Tho water Was soft and clear except during the flood 

season. !urbldity, wlch Is largely due to 3ilt and detritus, 

OC curred during hIgh water. 

Water samples tor chemiCal analysis \"ere taken ns 

described In Chapter 3.2c and the results are g1 ven in 

Table 3.1~. 

No sIgnIfIcant differences between the chemical 

constituents of th1s stream and Afon Ltlw, were found other 

than a s11 ght elevatIon in the amount or Ca and Ug 10ns 

'\tb1ch could be due to Its geologieal environ.'l1ent (Fig. 3.1). 
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Table 5.3 The percentage composition (by number) of the fauna at 
two sampling sites, based on 14 monthly samples (+ = < 0.~6) 

Sampling stations LD, LD2 % 
total. 

Bottom fauna Av. No. Av. No. 
1m2 /2 m 

Turbellaria (0.7) - + 
Polycelis nigra 0.7 - + 
Hirudinea (2.1) (14.9) (0.3) 
Helobdella stagnalis - 0.7 + 
Erpobdella octoculzlta 2.1 13.9 0.3 
Oligochaeta (272.8) (147.6) (7.5) 
Stylodrilus herineianus 238.6 121.9 6.1 
Lumbriculus variegatus 43.8 18.1 1.0 
Limnodrilus hoffmeisteri 3.2 - ;-

Peloscolex ferox 2.1 - + 
Aulodrilus pluriseta 1.0 - + 
Eiseniel1a tetraedra 0.7 5.3 0.1 
Homochaeta naidina 2.1 1.0 0.1 
Gasi:ropoda (6.4) (23.5) (0.5) 
Limnaea pereger 6.4 1.0 0.1 
Ancylastrum fluviatile - 21.4 0.4 
Lamellibranchiata (3.2) (4.2) (v.1) 
Pisidium milium 2.1 0.7 + 
Pisidium hibernicum 0.7 - + 
Pisidium CRsertanum 0.7 - + 
Pisidium subtruncatum - 3.2 I + 
Amuhiuoda (3.2) (1.0) (0.1) ......... ,~ 
Gammarus pulex 3.2 1.0 0.1 

Isopona (107.0) - (1.8) 
Asellus meridianus 107 - 1.8 

Hydracarin~ (1.0) (2.1) (+) 
Lebertia porosa - 2.1 + 
Hygrobates nigromaculatus 1.0 - + 
Plecoptera (17.1) (315.6) (6.8) 
Amphinemura sulcicol1is 7.4 96.3 2.2 
Amphinemura standfussi 2.1 103.7 2.1 
r:hloroperla torrentium - 16.0 0.3 
:lemoura .:lnerea .- 0.7 + 
Protonemt_"a meyeri 0.7 23.5 0.5 
Isoper1a grammatica 1.0 2..'3.8 0.6 
Chloroperla tripunctata 0.7 7.4 0.2 
Leuctra hi~popus 1.0 12.8 0.3 
Leuctra fusca - 16.0 0.3 
.Leuctra inerrd.s - 3.2 + 
T~eniopteryx nebulosa - 0.7 + 
Nemoura avicu1aris 1.0 0.7 + 
Leuctra nigra 0.7 + 

-



Table 5.3(contd.) 

Sampling stations oLD LD2 % 1 
total 

" 

Bottom fauna Av. No. Av. No. 
/2 /2 m m 

Ephcmeroptera (149.8) (184.0) (6.1) 
Siphlonurus lacustris 3.2 + 
Centroptilum luteolum 93.0 53.5 2.5 
Ephemerella notata 2.1 - + 
Ephemerella ignita 2.1 7.4 0.1 
Ba~tis pumilus 2.1 18.1 0.3 
Le~toph1ebia marginata 2.1 " 1.0 + 
BaeUs rhodani 19.2 46 1.3 
Caenis moesta 2.1 2.1 0.1 
Paraleptophlebia tumida 0.7 2.1 0.1 

... HeRtagenia 6ulphurea 0.7 5.3 0.1 
Baetis scami.us - 16.0 0.3 
Ecdyonurus venosus 0.7 10.7 0.3 
Leptophlebia vespertina 12.8 0.7 0.3 
Para1eptophlebia su1emarginata 1.0 2.1 0.1 
Heptagenia lateralis - 8.5 0.1 
Caenis horraria 1.0 1.0 0.1 
Rhithrogena semicolorata - 2.1 0.1 

HemiEtera (422.6) (401.2) (14.7) 
Micronecta poweri 390.5 388.4 14.2 

,Sigara app. (Nymphs) 3.2 - 0.1 
Sigara distincta 1.0 - + 
Sigara falleni 12.8 - 0.2 
Corixa panzeri 3.2 12.8 0.3 
Sigara dorsalis 8.5 - + 

Me~aloptera (1.0) (7.4) 0.6 
Sialis fuliginosa - 1.0 0.6 

TrichoEter:1 (39.5) (263.7) (4.1) 
Glyphotaelius pellucidus 2.1 65.2, 1.4 
P1cctrocnemia conspersa 3.2 36.3 1.1 
Mystacides nigra o.? 1.0 0.1 
Rhyacophi1a dorsalis I - 2.1 + 
Agapetus fusipus - 1.0 + 
Hydropsyche instabili~ 1.0 18.1 0.3 
Sericostoma personatum - 5.3 0.1 
Polycentropus f1avomacu1atus o.? 2.1 0.1 
Silo pallipM - 2.1 + 
Hydl'opsyche fulvipes - 2.1 + 
Diplectrona felix - I 0.7 + 
Hy~roptila tineoides - 22.4 0.5 
Agray1ea mU1tipunctata - o.? + 
Pota~ophy1~~ 1atipennis 2.1 - + 
Anabolia nervosa 26.7 - 0.4 

Coleo~tera (28.8) (90.9) (2.3) 
Haliplus lineatoco11is 7.4 - 0.1 
Deronectes depressus 5.3 - 0.1 
Latelmis volkmari 3.2 48.1 1.2 
Helmis maueei o.? 32.1 0.7 



Table 5.3 (contd.) 

Sampling statior~ 

Bottom fauna 

Platambus lIlaculatus 
Oreodytes rivalis 
Hydroporus pubescens 
Helophorus f1avipes 
Hyphydrus ovatus 

Diptera 

Ceratopoeonidae 
Bezzia spp. 

Tipulidae 
Tipula rnontium 
Tipula couckei 
Tipula lateralis 
Tipula palludosa 
Tipula maxima 

Simulii~ae 

Simuli~~ naturale 
Simulium monticol" 
Simulium brevicaule 

Chirono!TIidl'l.e 
Pentancura monilis 
Prodiamesa olivacea 
Cryptochirc:.omus calliptolakis 
Proc1adius choreus 
Tanytarsus sienatus 
Polypedilum nebecu10sus 
Endochironomus spp. 

Other dintersn larvae 
~ot~ robusta 
Atherix marginata 
Taphrophila vitripennis 
Hermerodrcmia uni1ineata 

DiEteren EUEae 

Total no. animals 

Av. no. e~~ma1s/month 

Av. no. animals/m2 

LD1 

Av. No. 
/2 m 

0.7 
2.1 
2*1 
1.0 
2.1 

(5.3) 
5.3 

(6.4) 
-

0.7 
3.2 
0.7 
1.0 

----
(2153.9) 

17.1 
10.7 -
3.2 
0.7 

2120.7 
0.7 

(2.1) 
2.1 
---

42.8 

4313 

308.0 

3295.6 

LD2 

Av. No. 
/2 m 

5.3 
0.7 
2.1 
1.0 
0.7 

(6.4) 
6.4 

(7.4) 
2.1 -
3.2 
2.1 -

(9.6) 
3.2 
4.2 
1.0 

(863.4) 
58.8 
7.4 
3.2 
9.6 

48.1 
732.9 

-
(22.4) 

9.6 
1.0 
5.3 
5.3 

127.3 

3144 

224.5 

2l:02.1· 

% 
total 

0.1 
+ 
+ 
+ 
+ 

(0.1) 
0.1 

(0.3) 
+ 
+ 

0.1 
0.1 
+ 

(0.2) 
0.1 
0.1 

(,50.1) 
1.6 
0.3 
0.1 
0.7 
1.0 

47.4 
+ 

(0.4) 
0.2 
+ 

0.1 
(3.3) 

3.3 



,2., CCk}fOSITlQN OF THE FAUNA 

Table ,.3 shows the animals recorded in Afon Dyfrd\l'Y. 

These have been identified as far as possible, The total 

fauna fluctusted greatly ~~th a period of maximum density 

in sumner and a sr:laller peak in winter <. Fig. '.1~ !lbasa 

fIndings are similar to those of Frost (1942) and 

Humphries end Frost (1937). Seasonal var1ations in the 

individual groups are reeroded in Fig. ,,, 2). 

A tota~ of 103 spec1es were rearded from th1s stretch, 

belone1nz to the Ol1gochaeta, Pleeoptera, Ephern.eroptera, 

Heniptera, Trichoptera, Coleoptera and Diptern. The 

total nUl!lber of organisms taken at L~ were 4,313 and at 

LD2 3,144. !bed-ecrease in number at LD2 may be attributed 

to the shading effect or dense stands 01' trees on the 

banks. The significant observations on ir..d1v1dUal species 

are noted below. 

< A) EIR:t:y}-lelJI\1nthes 

(1) ful'bel1aria 

Folycel1s nigra was scarce In the stre~n (Table 5.3). 

(B) Aml9Jlida 

(1) llirudin," 

O. y;! ot the total fauna was formed by this group. 

IIelobdella stamslis was scarce at both the sites and this 

may be due to the leck 01' abundant marginal vegetation 

(l-1ann, 19;;) •. I found Fl>qbdella octoeulntm eOt:mlOn at 

LD2 and scarce at L~. 

" ... 
... . ... , 

\"'0 _ •.• 
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Table 5.4 Statistical significance of the benthic fauna 

at LD1 and LD2 at 5% level. 

t = 't' test P = Probability 

Benthic fauna t P 

Oligo chaeta 1.4 > 0.0,5 

Plecoptera 3.0 <. 0.0,5 

Ephemeroptera 0.6 > 0.0,5 

Hemiptera 0.1 > 0.05 

Trichoptera 1.6 > 0.0,5 

Coleoptera 1.8 > 0.0,5 

Ceratopogonidae 0.4 > 0.0,5 

Chironomidae 7.0 ( 0.0,5 

Other Dipt. larvae 3.4 t.... 0.0,5 

Dipteran pupae 1.0 > 0.05 

, 



(2) Qlieocheeta 

The nembers of this group composed 7. '51 of the total 

bentltc fauna. SXlodr11u§ l~§ring!nnus, LU!!!brictl1tls varlegat'tl§ 

~ere comccn. Lln"nQdr11us horrmei st~r1 was COr.l!nOn nt LD:l. 

\hich may be due to fine sandy botto::n, and scare e ct LD2 

~here the substrate was of Coarse sand. Thera ~as no 

significant dIfference in the number of' oligochaetes at 

LDl and LD2 (Table ).4). 

(e) :Hol1usca 

(1) Gastropoda 

Only two species were found of WhIch 11mnnen parage£ 
, 

was COll1lTon nt L~ end scaree at LD2• 0.61. ot the fa.una 
more 

belonged to this group. They were found to be/numerous 

during summer than 1n eny other season. 

(2) ~amel11brlnch1ata 

O.l~ of the fauna was represented by four species 

of this grou:, listed 1n Table ,.3. All wera SCarce end 

obtained ",hen the current \oras low. 

(D) Arthropoda 

(1) Crustacea 

(a) l~ph1pQdl 

r@ml'larus pul!~ Was scarce and constItuted C.l~ of" the 

total maerobenthie animals. 

(b) 1 SOPOsl3 

As el1us mer1Manu§ lras SCarce end formed 1.81 or the 

total catch. 



( 2) Arachn1 da 

(a) Hydrac anna 

The members ot this group were very searce in the 

stream. 

(3) Insects 

(a) ~smten 

16 species of' this group comprised 6.8% of the total 

bottom fauna. Of these Emph1n~rnura sulclcoll1!, 

Amph!nemura standrus3~, Chloroperla torrjnt1um and 

Et"tppenmra meyer;1 were common~ I found ,Anrph1nrJnura. spp. 

and I soperl n p;~at1cl in Sl1mmer And Chl.otpt'erla torrentium 

1n winter as did Hynes (1961). The above species were 

trequentm all season,s except autmm (Fig. 5.2). There 

was a significant d1frerence (t = 3.0; P < 0.0,) in the 

nU!Jber of p1ecopterRXlS collected in the benthic fauna from 

month to L"!onth at LD;t and LD2 (Table ,.4). 

(b) .EPhem8ropteEI 

6.11 or the bottom fauna was represented by 17 species 

or this group or ldlich ~ent!l?ptilum lutegluT1t a characteristic 

species of the stony stream (Maean 1957), was very eomon 

at both the stations particularly In """inter, spring and 

summer (Fig. ,.2). Baetl' p\llJ.lul, BaQt1s rhodell1, 

Heptagep1a sulpburea and ;mdxonur\l; venosus were also in 

tIle stream. There was no significant difference in 

ephemeropterans at LO]. and LD2 (Table 5.4). 

( c) lIpipt era 

The specIes of this group had a 'Widespread occurrence 
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and made up l4.7t of the total bottom invertebrates. 

M1ctQnecta power~ was common in all seasons (Fig. ,.3). 

According to :KacEn (1962) \:his species 1s w"1despread 1n 

the slow stretches or· stony stre~s. No si~1cant 

difference was observed 1n the number of bem1pter~~s £t 

iDl and LD2 (Table 5.4). 

(d) regalopt era 

Slw.ls fl111".1nosa snd r:1a11s 1utarl" made up 0.61 

of the total organisms and were scarcs. 

(e) Tr1chgptera 

The species listed 1n Table 5.3 amounted to 4.1$ of 

the total bottom invertebrates. 9lxphotAel1uS pelluct~u§, , 
1'1d~tr9cpem1a sonspersa, Eydropsyshe 1nstpb11is and 

fQtamoph%l§x 1~t1penn1J were p;w:esent in considerable numbers 

at station LD2• l'here was no Significant d1.f'f'erence in the 

nunbers of Tr1choptera larvae at LD:J. and LD2 (Table 5.4). 

(f) CRleoptgra 

The adults and larvae of' this group madQ up 2.3% 

of the total benthic f'a\ma. l,ntelmis volkmin, l!elmiS 

mluga1 and Platambus !llICulatus were common. There was 

no significant d.1fterance in the numbers ot coleopterans 

at L~ and LD2 (Table ;.4). 

(g) .Di12t alra 

The members of' the f'wl1es (given below) of this 

group constituted 5'4.0% ot the benthic fauna and were 

conmon in all seasons. 
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(1) Cer atorogonldae 

This fa.~l,. was represented by Bez;;!, spV. which 

waS common at both the stations and made up 0.2% of 

the total fauna. No signif1cant d1fforence "..-as observed 

in the number of ceratopogonld larvae at L~ and LD2 

Crable 5.4). 

(2) ,t'lIluJ.idae 

Six species of this group were found in O.3~ of the 

bottom organisres of Wich 11'Qula I.Qntl:up was co:nmon in tD2 

(3) Sirnu111dae 

Only 0.2% of the bottom invertebrates were represented 

by thi s group. 

(4) Chlr9nom1dae 

The species identified were listed in Table ,.3, lIbich 

" made 50.lf of the total bottom fauna. There was a 

significant dirference (t c 7.01 P < 0.0;) in the numbers 

of chironomid larvae collected in the benthic fauna from 

month to month at LDl and LD2• 

Qtber di;eran l~rII~ 
0.41- ot the animals were represented by this group 

~ID1ch included the families Empid1dae and Rhagicnidae. 

A significant d1fference (t a:: 3.4, P(o.o5') was observed 

in the numbers of other dipteran larvae collected in various 

months at LD:t and LD2• 

j?J.pt ,ran pupae 

They were common in the stream and constituted 3.~ 

or the total organisms. 
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. Table 5.6" The total annual composition of the diet of trout 

and salmon parr assessed by Occurrence, -;olume, 

and Number mett.~d. (+ = < O.l%) 
-

Food or~ni6ms Trout Salmon parr 
Benthic food 0 V N 0 V N 

(%) - (%) (%) (%) (%) (%) 
LlI'llbriculus spp. 4.5 4.5 4.1 0.8 0.6 0.7 
Limnaea pereger 0.8 0.8 0.5 4.1 1.6 0.9 
Gammarus pulex 0.6 1.1 0.3 - - -
Amphinemura standfussi 1.2 0.4 1.1 1.5 1.0 1.6 

Protonemura spp. 1.8 0.7 1.3 2.0 1.8 1.;' 
Ch1oroperla torrentium 1.5 0.3 1.2 2.6 2.4 2.1 
Leuctra spp. 1.0 0.2 1.1 f).7 0.1 0.5 
Other Plecoptera 2.1 0.6 1.2 1.5 1.0 1.1 
Baetis spp. 7.0 5.1 10.2 10.8 7.5 6.4 

Caenis SJlp. 3.4 2.1 2.2 5.2 2.1 3.1 
Ecdyonurus venosus 4.4 3.2 3.3 3.5 2.3 4.2 

Other Ephemeroptera 10.1 7.3 11.4 9.5 6.1 6.3 
Hydropsyche instabilie 4.1 3.2 2.2 3.5 5.2 4.1 
Plectrocnemia consperea 7.1 8.0 7.2 7.1 10.4 6.1 
Potumophylax spp. 2.1 2.2 1.2 3.6 5.3 5.0 
Other Trichopt~ra I 8.2 7.2 6.2 14.3 20.2 13.5 
Latelmis volkmari 0.5 0.2 0.3 1 .. 0 1.1 0.4 
Helmis maugei 0.8 0.4 0.9 0.6 0.5 0.3 
Chironomid larvae 3.1 3.2 7.7 13.4 22.0 36.1 
Simulium monticola - - - 1.4 0.9 0.8 

Tipula JI10ntium - - - 0.4 0.4 0.1 
Other dipteran larvae 0.2 + + 0.5 0.6 0.2 
Dipteran pupae 2.4 1.7 2.7 ;.2 1.7 2.3 
Midwat.er food 

Latelmis vo1kmari adults 2.3 2.1 1.2 .2 0.1 0.1 
Helmis maugei adults 2.4 2.2 1.4 .1 0.1 + 
Fish 3.2- 11.3 1.6 - - -
Aerial & t.errestrial food I 

I 
Insects 18.7 29.2 25.3 2.4 3.1 0.9 

Miscellaneous food 

Plant materials 6.8 2.8 3.8 3.4 0.9 1.3 

Total % 100.0 99.6 99.0 99.6 



103 

3. THE ~FEDING OF SALNONIDS 

(1) Br2WD trouj: 

A totnl or 1;;;0 trout ranging in age from 0+ to 3+ 

from Afron Dyfrdwy were reeeived approXiMately at two 

monthly intervals from Uovember 1968 to March 1970. 

Seven or the stoIt'sehs of these fish Were empty 

(Tables 3.b, 3.1) and the rest were examinee quantltatively 

and qUalitativelY by applYing four different methods 

(Chapter 3.4b). The trout of each aga group Were very 

unequally distributed throughout the per10d (Fig. ,.4). 
(a) Cpmposl tion pr the diet , 

Table ,.5 contains details of the total annual 

compos! t10n or the diet or tro~t trom November 1968 to 

Harch 1970. fjb.7'1 (bY' volume) ot the total diet belonged 

to benthic food, 011goehaeta, -Gastropod~, Plecoptera, 

EPh~eroptera, Trlehoptera, Coleoptera and Dlptera 

constituted 4.5~, 1.9%, 2.~, 17.7%, 20.6~, It.9; and 4.~ 

(by-volume) respectively. Ollgoehaeta was represented by 

Lumbr:lculus sPp. t ~hemeroptera b,. £eot£9pt~lum lut§QlH1j1, 

]3a,etls SDP. and f&dIODPl')lS !enOIUSI Trlchoptera by 

nydrgnsvche inltab~11s, fleptrocnern1a conlperSRt Coleoptera 

by Helm1.s sp~. and l,atelrn1a anp. end D1ptera bY' the tncabers 

of the family Chironom1dae, Tipulidae, and Simu111dae. 

ll.3~ ot the total volume W'lS composed or fish, a rn1dwater 

food 1tc[!!. &.9.'4 or the food (by volume) "'as made Up or 
terrestrial 1nseets, and 2.81 or plant materials, n 

miscellaneous tood item. 
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Table 5.b The percentage composition of the food assessed by occurrence, volume, and number methods of trout 

of each age group. (+ = < 0.1%) 

Name of species SaL'Tlo trutta 

Total No. Stomachs· 120 
Age 0+ 1+ 2+ 3+ - : No. sp • in each a..:e grou~ 9 48 40 23 

No. Empty stomachs - - 6 1 
Methods of assessment 0 V N 0 V N 0 V N 0 V 

Benthic food 

Oligochaeta l2.5 l2.5 l2.5 - - - 1.8 2.7 1.8 3.7 3.1 
Gastropoda - - - 1.5 1.2 1.2 1.8 2.1 0.9 - -
Aruphipoda - - - 0.5 1.7 0.2 2.0 2.8 1.0 - -
Plecoptera nymphs - - - 14.4 5.8 12.0 11.0 4.0 8.3 3.1 2.1 
Ephemeroptera nymphs 27.0 19.5 2~.5 28.2 11.1 22.9 23.9 21.9 31.8 20.9 15.3 
Trichoptera larvae 25.0 22.5 16.2 10.9 10.8 5.9 25.2 30.0 20.6 33.0 20.2 
Coleoptera larvae - - - - - - 2.9 1.0 2.8 2.3 1.5 
Chironomidae - - - 6.4 5.4 18.0 3.8 3.9 8.8 2.2 3.5 
~ther dipteran larvae 0.9 0.2 0.1 
Dipteran pupae 2.6 2.1 1.1 2.7 1.9 3.7 4.4 3.1 
Midwater food 
Coleoptera adults 8.3 2.1 1.8 1.0 0.5 0.1 5.4 l2.1 7.7 4.2 2.7 
Fish - - - 5.1 20.7 2.2 - - - 7.8 25.7 
Aerial & terrestrial food 
Insects 20.8 40.0 40.5 24.8 38.4 31.4 21.5 25.2 19.9 11.3 17.5 
Miscellaneous food 
Plant material 6.2 2.3 4.1 3.1 1.8 1.0 4.4 2.2 341 13.£ 

I 
4.9 

- - ---

(. -= Occurrence V;:. Volume N~Number 

--., 
'" 

-

N 

2.4 
--

3.6 
20.9 
24.5 
1.3 
4.3 

6.5 

4.9 
4.5 

ll.O 

7.9 

o 
""1 



(b) S9Asonnl variatiQn in food lntakl 

Fig. ,., sho~ the seasonal vari~tion in feeding 

act1 v1ty of trout in Afon Dyfrdwy. The curve shows that 

the n:ax:1mal quanti ties of food ""ere talten in the months 

of l-1ay 2nd June snd that food intake was m1n1mal in 

November and Dece..~ber. This curve shows a similar pattern 

to the nuctuatlons 1n total fauna (Fig. ,.1). 

(c) Seasonal chilDges in the r09~ 

Figs. 5.6 and ,.7 show the se3sonal cha."lges 1n the 

food of trout in Afon nytrdwy-. Elpbeneroptera and 

Plecoptera nyophs, and Trichopara larvae were found in the 

stOIll3chs throughout the period. 

The EPhemeropters, Pleeoptera and Trichoptera were 
' .. 

eaten more frequently during winter and spring tha."'l in 

summer and autumn. Large numbers of chironomid larvae and other 

diperan pupae were consumed during s'Ummer lllld autunm. 

Oligochaetes, Colaptera, other dipteran larvae, Amphipoda 

and Gastropoda '~ere insisnlfieant tood 1tems. Aena1 

insects ,,!blch include Aphid1dae, Cercop1dae, IDnpldae, 

Blb10nidae and Chrysomelieae, formed a substantial mnount 

or food dl.1ring summer and autumn. Plant material, fish and 

Coleoptera adults were present in small quantities in cny 

season. 

(d) FOod in relatlpn to al~ 

Table '.b shows the percentage compos! t10n or the 

food assessed by occurrence, volume and number methods in 
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each age grcup of trout. I found e. hiehly significant 

difference 1n the occurrence of' aerial and terrestrial 
2 . 

food items (x 3 c 1t.Ol, P Z 0.0, ( 0.02 <0.01) 1n the 

d1f'f'erent ege groups of trout. There was no sign1ficont 

difference in tbe other food item.s consumed by the different 

age groups (Table ;.6). 

(11) SQlmPg Plrr 

A total ot 122 salmon parr ranging 1n age from 0+ 

to 3+ were captured trom t'his stream at approximately t 'We 

monthly intervalsJ of' these 113 contained food end the 

rest had empty stomachs (Table 3.7) • 
• 

(a) £2imos~J1pn pt the dlft ' 

Table ;.5 shows the total annual composition of the , 

diet or salmon parr in Afon Dytrd1l.7. Trichoptera larvae 

(41.1% of' the total volume) were the predominant dietary 

item. Aoong', them larvae of liISlntltlyshe 11lstab11~s, 

rlectrocnami5 epB!pe£!A' .f2t 1l'!2PbXlH $P12. and other 

trlchopte:on larvse were well represented. 2~.O» of' the 

total volume VB! formed by (chironomid larvae. Fleeol}tera 

reflected by .&!!I2Wnemura steng.tussi. Pll'tRDereura §12~. 

Ql1pl:kl'OCr;l.A t9l:rm1>!-YUh Leuc~1:1 s'Qn_ Md other plectoperan 

nymphs were common, forming 6.3% (by volume) or the diet. 

Qant:x:.opt11uM. J,utJ.QJ,tln, .BAetls !U2I2-, E£dYpnu:rus venom§ and 

other ephEmleropteran nymphs comprised 18.0~ ot the total 

volume. Aerial inseets amounted to 3.1% (by volume). 

Ol1gochaeta represented bY' kYm}trl,.culys sPP., Gastropoda by 
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Table 5.7 The percentage composition of the food assessed by occurrence, volume and 

number methods of saL~on parr of each age group. (+ =< 0.1%) 

Name of species Salmo salar 
Total No. stomachs 122 
.Age 0+ 1+ 2+ I 3+ 
No. sp:. in each age group 11+ .52 I 22 I 4 

No. Empty stomachs 3 3 2 1 

l-lethods of assessment 0 V N 0 V N 0 V N I 0 V N I -
I 

I 
Benthic food I 

I 

Oligo chaeta 1.6 1.1 0.5 - - - 1.7 1.5 2.4 - - -
Gar;tropoda 2.5 2.3 0.6 ~.7 1.6 1.6 - - - 12.5 2.8 1.4 
Plecoptera nymphs 1.6 1.0 0.5 8.2 5.3 7.4 23.4 19.0 19.5 - - -
Ephemeroptera nymphs 14.3 6.4 5.6 27.4 21.5 18.5 36.8 22.6 26.5 37.5 22.2 31.5 
Trichoptera larvae 44.3 60.0 39.6 21.6 29.5 26.2 10.9 22.6 17.8 37.5 52.0 31.5 
Coleoptera larvae 5.1 5.1 2.3 1.4 1.5 0.5 - - - - -. -
Chironomidae larvae 18.5 17.4 44.1 12.4 26.7 31.3 10.2 29.2 30.) 12.5 23.0 30.8 
Simuliid larvae 1.6 2.1 1.5 1.7 1.1 1.2 2.6 0.5 0.8 - - -

Tipulidae larvae - - - 1.0 1.6 + 0.9 0.3 + - - -
Other dl.pteran larvae 1.6 1.8 0.5 0.6 0.7 0.3 - - - - - -
Dipteran pupae 1.6 3.2 1.0 12.4 3.2 6.4 5.5 0.4 0.9 - I - -
o ". Occurrence V -= Volume N : Nu:nber 

-t. 

-



Table 5.7 (contd.) 

NaJr.e of species Salmo salar 

Total No. stomachs 122 -Age 0+ 1+ 2+ 3+ 
~o. ~p • in each age group 14 82 22 4 
No. £ropty sto~achs 

3 3 2 1 
Nethods (..f assessment 0 V N 0 V N 0 V ~ 0 V Ii 

Mid',l8t",r food 

Coleoptera adults - - - 1.3 1.1 0.5 - - - - - - ~ 

Aeris.l and terrestrial food 

Insects 5 9.5 2.5 }.9 3.0 1.2 - - - - - -
¥.iseellaneous feod 

Plant material - - - 6.9 2.3 4.0 6.9 1.5 1.2 - - -

- ___ L ___ 

-



Lbnn~~c ner~&er and Coleoptera by Helmi~ sn~. and tnte1m1S 

spp. were less important dietary items. S1mul11d and 

tipul1dJo.::-vae occurred 1n a small percentage (O.9~~ and 

. 0.41) of the total volU!ne. 

(b) Se~sonal v~r1at1on in f02d 1ntak~ 

Fig. ;., shows the perIod of max1mum feeding activity­

was Hay and J'une. Tbe food intake decreased gradually to 

its mln1nrum 1n Noven:ber and Dece!!!ber. The pattern 1s 

agdn·s11rl.lar to the nuctuations 1n tot a1 fauna (Fig. ;.1). 

(c) Se~sQnal chin&eS 1n the'too~ 

Fig. ,.8 shows the amounts snd kinds or food eaten 

by salmon parr 1n this strealn during the pertod of 

observatIon. Epherr.eropera nymphs, Tr.1choptera and 
~ \ 

chironom1d larvae formed the major ~ood items. Ephe!'l1eroptera 

and Tr1choptera were found 1n larger numbers during winter 
" 

than in any other season. More of the chironomid larvae 

were ccnsumed in stml.'Iler and autumn than 1n w1nter and spring. 

In all months of the year Pleeoptera nymphs, plant materials 

and s1mu111d larvae were present in the stomachs although 

they never formed a large part ot the food. ~all numbers 

of dipteran pupae, Coleoptera larvae, aer1s~ insects ~d 

Gastropoda were eaten during summer and autumn. 

(d) .Food in r Ell ,tlon to age 

Table S.7 shows t~e percentage compos1 t10n of' the food 

assessed by occurrence, volume and number methods of salmon 

parr or each age group. Coleoptera adults and plant tlaterial 

were not eaten by the 0+ fish. x2 test showed a slcn1f'1crult 
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difference in the occu~rence of pleeoptera (x23 = 9.22, 

P <: 0.05) and trichoptera. ( x23 = 8.4, PZ 0.e5) food items 

in different age groups of salmon parr. As far as other 

food itcrr.s ere concerned there ~ere no changes worth 

noting. 

(111) utili sat;on or the fauna 

Fig. ,.9 shows the ralati Va abundance of the bottom 

fauna groups n~o/:;~":'~:.) together with the:'percentage 

composit1on of the diet of the trout and salmon parr by 

nunber. 9.1~ ot t..'lo bottom fauna were found to be 

01igoch3Ctll 'While 4. 7;~ of the trout food end 0.71 or the 

rood of sal~~n parr belonged to this group. Gastropods 

and ~~h1pods yere SCaree and rarely eaten. Flecoptera 

constituted 4.71 of the total benthic fauna. lhis as a 

food 1tCl'l 'Was present in b.8~1' and 5.9% of the total food 

of salmon parr and tro~t respect1 vely_ Epbomeroptera 

comprised only 7.1% or the rn~crobenthos though represented 

2).C~ tJld ~t). 5;~ ot' the total food ot trout a..Y'ld salmon parr •. 

Large percent!i?ges (that is 1".81 and ;;:8.7%) of Trichopera 

were consumed by trout and salmon parr, but only 3.7,'" 'Were 

found in the bottom fauna. A s1gnificant difference vas 

observed between the numbers of tr1chopteran larvae present 

in the bottom fauna and in. the trout food (t :: 3.21 

P < 0.05'), 'but no s1gnif1cant difference was found for 

salnon parr. Coleoptera nade up 4.b% ot trout a~d O.8~ 

(by number) ot salmon parr food1 Whereas in the f3una 

there were only 2.31. The chironom1d larvae were the 
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Table 5.CC>:~ Statistical significance of changes of benthic 

food of the fish with benthic fauna at 5% level. 

t = 't' test 

p = probability 

Fish -7 Tro'U.t Sal.'1l0n parr 

Food i te:ns ~ I t I P 't' P 

Plecoptera 1.3 )0.05 0.6 )0.05 

Ephemeroptera 1.6 )0.05 1.3 )0.05 

Trichoptera 3.2 < 0.05 1.2 )0.05 

Coleoptera 0.6 10.05 0.4 )0.05 

Chironomieae 0.4 )0.05 4.0 <0.05 , 

Sirnuliidae - - 1.1 )0.05 

Other dipte:"an larvae - - - .. 

Dipteran pupae 1.0 )0.05 0.6 )0.05 

-

<r-

, 
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h1~1CSt in the bottom invertebrates (53.1%) by number, but 

as a food 1tc~ they wer~ present in 34.lt and 7.7~ of the 

total food of salmon parr llnd trout. 1'here was a significant 

d1fference in the numbers of chironomid 1a~lae found in the 

b~~th1c fauna and in the food of salmon parr (t = 4.0, 

p~o.c5), but no s1gnif1cllnt difference was fotmd in 

trout (Table 5.8). other dipteran larvae like Tlpulldae 

and S1rroliidae occ'Urred in small a.mounts In the food llD.d 

fl',una • 

... 
(1) the invertebrates or a soft ~3ter trout strean vera 

Invest1gc.ted. 

(2) l:hG g~eral physiography of the strcart 1s described. 

(3) :'he bottom fauna llt the stations LD:J. l»"1d LD2 are 

similar. 

( .... ) Seasonal changes in the food of salr.1onids are related 

to seasonal changes in the tauna. 

(,) ~er 1s the period of nax1.rlum feeding act1,..,1 ty and 

feeding decreases to a minimum in ~nter. . 

(6) 9,.8% (by volume) ot the food of salmon 1s benthic 

in origin compared ~th 56.71 in the trout. 

(7) 30. c1- and 3.1f of the total Volume of food 1s 

composed of aerial insects in t rout and in salmon parr 

respect1 vely. 
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PIJ'I.TE 6 . 1 SA~:PLING STATION T 



\;lo 

CP APTBR VI 

(a) geQerel tonographz 

Afon Twreh comes from the sotlthem dee11 vitie! of 

Foel Rhudd 70Cm o. D. . It nows through the Bals or 

Caradoc beds (ordov1cian) ~b1ch consist of sandstones, 

flags, Shales, and limestones with interbedded volcanic 

rocks. Upon its approach towards A1'on Dytrdwy it 

gradually widens and joins the latter near the village 

01' Llanuwchllyn. The united waters find the1r way 

towards Uyn Tegid. :rhe countrys1de 1s hilly with 

pasture land and ~~ods. 

(b) p!scrl~tlon 21' IsmDlIng s1te 

one sampling station referred to as "fit 1n the text 

was selected near the Uanuwehllyn diSUsed railway 

station. Regular collecting started in May 1969 and 

ended in June 1970. The width of the r1 ver at the smnpllng 

place was about 3m and the greatest depth at low water 

was about 2Oc~. The site Twas s1tunted at about 2640m 

upstream from the junet10n (F1g.3.2) at an elevation of 

am O.D. lhe rl ver bed was of large stones Md gravel. 

SUmerged and semi-submerged boulders were also present 

(Plate 6.1). Almost all the stones, large or small had 

a heavy growth of moss, mostly .lontinil~s §gtlrunoJ/i and 

rarely ERntInAlis 8ntlpYr~t~c~. en one side of the stream 



TABLE 6.1 }:EAN MONTHLY ESTIMATES OF PHYSICAL FACTORS AT 'Y SAMPLING STATION IN AFON TvlRCH. 

Months M J J A S 0 N D J F M A 1-1 J 

0 
8.0 10.4 Water Temp. C 14.0 15.4 8.6 7.4 4.5 3.5 4.8 4.3 5.7 5.2 8.6 12.3 

Sp~cific c::ondu~tance 0 

(M~cro:nhl)s.:/cm at 25 C) 74 77 85 [ :80 101 120 231 301 268 201 140 3c 70 64 

Dissolved 02, % Sat. 96 98 97 101 102 96 111 118 115 106 84 91 92 97 ,..., -
Velocity of water current 

0.33 0.25 0.27 0.23 0.29 0.35 0.60 0.74 0.80 0.60 0.52 0.47 0.40 0.29 (m/sec)') 

pH 6.5 7.0 6.8 7.1 7.1 7.2 7.4 7.4 7.6 7.5 7.1 7.0 6.8 7.1 

+ 
Turbidity 
(as Fuller's Earth) 18.2 17.1 19.6 18.6 21.2 26.1 43.1 63.6 71.6 61.2 20.1 18.8 20.1 1,).4 



there ,,:ere trees and on the other Was a pasture land 

(plate 6.1). 

(c) ,Ehysicel s.nd Chemical conditionS 

Table b.l shows the ext ren; e . temperatures of wnter 

recorded were 3. ~C in December and 1,.40c in August. 
Wdter 

The vo1oci ty or .. \" current Was measured throughout the 

sampling period. Table 6.1 shows the ~n1mum velocity 

recorded in August and the maximum in January. 

Oxygen determinations were made every month; during 

~~nter the water was relatively more saturated ~~th 

oxygen th~ in su~er. 1he pH of water at site'X'varied 

between 6.; - 7.;. Other climatic conditions like rainfall 

and atmospheric temperature ~ere the same as described 1n 

Chapter 3.1. 

t-later samples for analysis of major ions were taken 

from the stream in the month of June 1969. The broad 

ch~~ca1 characteristics of the water are given 1n Table 3.4. 

The water \\'as sort and clean except dUring high nood, 

The chemical condition indicates no pollution. ihere were 

relati vely higher concentrations of ea and C03 10ns. ibis 

may be dUe to the stream's geological enViron.'Oent. 

2. COMPOSITION OF THE FAUNA 

The importance ot aquatic vegetation as a place at 

abode for aquat1c 8ll1mals has long been recogn1 sed. 
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Table 6.2 The percentage composition (by number) of the fauna at 

cne sampling site of Afon Twrch based on 14 monthly 

samples. (+ =< 0.1%) 

Benthic fC' .. ~na 'l'otal % no. spp. 

Hirudinea . , (1) (+) 
Helobdella stagnalis 1 + 
Olieochneta (36) (1.9) 
Lumbriculus variegatus 8 0.4 
Homochaeta naidina 2 0.1 
Stylodrilus heringianus 19 1.0 
Eiseniell.:. tetraedra 7 0.3 
Gastropod:l (8) (0.4) 
Ancylastrum fluviatile 8 0.4 
Wl'Iellibro.nchiata (24) ( 1.2) 
Pisidi:.lIn subtruncatum 24 1.2 
Amphipoda (14) (0.7) 
Gammarus pulex 14 0.7 
Hydracrtrina (3) (0.1 ) 
Hygrobates nigromaculatus 1 + 
Sperchon denticulatus 1 + 
Sperchon se~iger 1 + 
!,lecoptera (594) (31.6) 
Protoneroura meyeri 67 3.5 
Leuctra hirpopus 40 2.1 
Chloroperla torrentium 32 1.7 
Cbloropcrla tripunctat~ 2 0.1 
Ampbine~ura sulci collis 142 7.5 
Isoperla grammatica 188 10.0 
Perla bipunctata 2 0.1 
Leuctra moselyi 4 0.2 
Leuctra fusca 11 0.5 
Frotonelr.ura .praecox 15 0.8 
Leuctra inermis 20 1.0 
Leuctra geniculata 2 0.1 
Amphinemura standfussi 65 3.4 
Leuctra. nigra 3 0.1 
Nemoura avicularis 1 + 
Ep1'cM~roptera (354) (18.8) 
Baet:is pumilus 41 2.1 
Heptaecnia lateralis 4 0.2 
Siphlonurus lacustris 2 0.1 
Ba~tis atreb~tinus 2 0.1 
Ba~tis rhodani 28 1.4 
Ephemerella ibDita 242 12.9 
Batltis scambus 4 0.2 
Ecdyonuru5, venosus 9 0.4 
Centroptilum luteolum I 12 0.6 
Heptar.;enia sulphura 2 0.1 
Rhithrocena scmicolorata 2 0.1 
Ecdyonurus dis Far 1 + 
Leptol'helebia marginata 5 0.2 
Hemiptera (1 ) (+) 
Corixa panzeri 1 + 

Av. No. 
/2 m 

(0.7) 
0.7 

(26.7) 
5.3 
1.0 

13.9 
5.3 

(5.3) 
5.3 

(18.1 ) 
18.1 

(10.7) 
10.7 
(2.1 ) 
0.7 
0.7 
0.7 

(253.6) 
50.2 
29.9 
23.5 

1.2 
108.0 
143.3 

1.2 
2.1 
7.4 

10.7 
14.9 
1.2 

49.2 
2.1 
0.7 

(269.6) 
29.9 
2.1 
1.0 
1.0 

21.4 
184.0 

2.1 
6.4 
8.5 
1.0 
1.0 
0.7 
3.2 

(0.7) 
0.7 
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Table 6.2 (contd.) 

Benthic fauna Total % Av. No. 
no. spp. /2 

m 

Megalortera (3) (0.1 ) (2.1) 
5ialis fuliginosa 3 0.1 2.1 
Trichoptel~ (199) (10.6) (151.9) 
Pl~ctrocne~ia conspersa 63 3.3 48.1 
Rhyacophila dorsalis 27 1.4 20.3 
Hydropsyche instabilis 64 3.4 Lf8.1 
Halesus digitalus 2 0.1 1.0 
Glyphotaelius pellucidus 15 0.8 10.7 
Agraylea ffiultipunctata 2 0.1 1.0 
Potamophylax latipennis 12 0.6 8.5 
Limnephilua rh()mbicus 12 0.6 8.5 
Sericostoma personatum 1 + 0.7 

I Lepidostoma hirtwn 1 + 0.7 
Coleoptera (80) (4.2) (60.9) 
Helmis maugei 45 2.4 34.2 
Helophorus flavipes 3 0.1 2.1 
Oreodytes rivalis 4 0.2 2.1 
Laccobius biguttatus 2 0.1 1.0 
Hydra&l48. riparia 4 0.2 2.1 
Helodcb marginata 1 + 0.7 
Latelmis volkmari 16 0.8 11.7 
Hydroporus ~~bescens 3 0.1 2.1 
Gyrinus spp. 1 + 0.7 
Hyphydrus ovatus 1 + I 0.7 
Diutera 
DE;{da"; (7) (0.3) (5.3) 
Dixa puberula 7 0.3 5.3 I 

SiL·,uliin.ae (5) (0.2) (}.2) 
Simulium monticola 4 0.2 2.1 
Simulium brevicaule 1 + 0.7 
TipuHdr.e (2) (0.1) 0.7 
Tipula lateralis 1 + 0.7 
Tipula montium 1 + 0.7 
Chironomidn.e (451) (24.0) (344.5) 
Cryptochironpmus spp. 176 9.3 133.7 
Pentaneura monilis 62 3.3 47.0 
Tanytarsus signa tus 193 10.2 146.5 
Brillia modesta 6 0.3 4.2 
Procladius chorcus 14 0.7 10.7 
Other ~Eteran 13rvne (34) (1.8) (25.f:) 
Dicl'anota robusta 24 1.2 18.1 
Hermerodromia unilineata 3 0.1 2.1 
Pericoma pseudo-exquisita 4 0.2 2.1 
Limnophora spp. 3 0.1 2.1 
Dipteran pupae 58 3.0 43.8 I 
Total no. animals 1874 

Av. no. animals/month 133.8 
Av. no. animals/m2 1431.6 



Furthermore it is quite generally a ccepted that the 

submerged leaty types of vegetation are more densely 

populat ed than any other type • 

.AI:1ong the studies made on the fauna of submerged 

"mosses" are those of Carpenter (l9e:.7) , Perei val and 

~h1tehe8d (19e:.9, 1930), Moon (1939), Frost (l9~~), 

Hynes (1961) and Egglishaw (1968, 1969). 

As far as I am aware, except on Aton 1I1rna."lt (Hynes 

op.clt), no information on the fauna at submerged t~sses" 

1s available in the Dee watershed. 

During the course of the present invest1gation a 

total of 1874 aquatic maCro invertebrates belonging to 7, different species were colleeted. Seasonal variation 

of the benthic fauna (Figs. 6.1, 6.2) shows that there ~as 

a gradual increase in the total number of animals from nut~n 

to sunrmer, rather similar to that observed by lIynes (1961) 

and Frost (19~2) J both the 'WOrkers believe that the total 

fauna nuctuates greatly, ~11 th a period of maximum density 

in summer end early winter. 

The aquatiC fauna of !fon Twrch consisted Chien,. of 

Plecopters and Ephemeroptera nymphs and Tr1choptera lllld 

chironomid larvae, which together formed 8lt.41 or the total 

bottom fauna (Table b. 2). Other groups WE're represented by 

occasional i~migrants or by scanty populations. 



The species listed in Table 6.2 are those ~n1ch were 

eo11ected frol'1 this habitat during 14 !:lonthly s~ples, 

and although no claim 1s made that the list is a conplete 

record of everything that was present, it is extensive 

enough to indicate common and rare species. 

(A) Anne11 de 

(1) IT1rudlnoSl 

one llelobdella stamal1§ Was recorded during this 

period. 

(2) Q11r:;ochaeta. 

1.91 or the total bottom tauna belonged to this 
- -

group. Lumbrlculus variegatus and S:tylodrl1us herindnnul 

were comon and Hom9ch~eti naldina and ruen1ella tet~~ra 
were rare. 

(B) Mollusca 

(1) Gastropoda 

/4lCylAstrum n U viat1l! were scarce and formed 0.401 

of thE) total rauna.. 

(2) LgmelllbtsQchl;ta 

Els1dl\lm subtruncatum a -rare species constituted l.~ 

or the total benthos. 

(C) Arthropoda 

( 1) Arachni da 

(a) HydriC a riDI 

Three species listed in Table 6.2 were SCarce and 

formed O.l~ or the total organisms. 



(2) .nsecta 

(a) flesoptera 

This gl'OUp formed 31.6% of the total bottom 

invertebrates, of these Prot9nemura meyeri, . .leeuctra 

bippopu§, £bloro~erla torrentium, /tDlphinemura sulicol11 s 

and Ispperla s;ramm§:tlca were con;mon ,~ ..... ' :-,- '-., ~~'} .. 

L·Y'~ .,: and the rest were sCarce (Table 6.2). 

(b) EphemerQptera 

!his group formed 18.8% of the total faunal samples. 

11Ilt,s Pvm1J,u; and l?Setls rhodani were common. I found 

the above species more common 1n summer and less in ,·:inter 

(Fig. 6.2). 

(e) liemiptera 

One Conxi PlQzqr1 was recorded during this investigation •. 

They were not the usual inhabi tents of the strea"':l. 

probably this ind1 vidual had been washed away by the noed 

trom the beckwaters or adjacent pools. 

(d) l:eCa1opt'ra 

Sial!s tul1ginosa were searCe and constituted O.lr of' 

the total macro invertebrates • 

. (e) Triebo$ra , 

Ten species were identifIed from th1s group v.T~ch 

formed 10.61 ot the bottom fauna. Plectrgcnsmia eons;persa, 

Il1yacpph1la dorsalis, HYdtppsyche instab1J,1s, nl:yphot'Nvlu, 

Rl.\lucldus, and EotamonbYlU J,st~J"DNI were common. ibey 

were caught more during spring and sUmmer than in 'Winter 

and autumn (Fig. b.2). 
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(t) Coleopt~rn 

4. t4 ot the total tauna consisted ot thIs group. 

Halm!, mAuge! waS common. Adults of this species \-lere 

round more during s'ummer than in any other season. 

(g) Dipterl 

(1) Dindae 

This rami1y was ~epresented by Dixi{pU1?enlla Ul1ch Was 

scarce 1n the f'auna. 

(2) §1mullld,e 

SimulIum'mpntlS210 and Simulium,breyicAule constituted 

o. ~ of' the total catch and were scaree. 

(3) TlpulI401 

These were rare, torming only 0.1% of' the benthos by 

11pyla laterali! and TIpple montic2la. 

(4) Chlronoi4dae 

1b.se were common, torming 24.o~ of' the tauna. The 

most common rorms lIere CmtochlronOmls §P12. t Pmtanaura 

monil!;, Tpnxtarsus slgnatus and Erocladius ~h9reuS, 

Wh.reas Brilli' mogesta was scarce. 

otber ~pt'rgn larvag 

1.8;! of' the bottom f'auna was comprised of' pieraoota 

,tobusta, HermergdrQroia un11~neatA, PetlcoMa pseudo-exculs1ta 

and 1t1mnoPbo ra spp. which lJere ac arc e. 

Dipteran pURa, 

All the pupae ot aquatic Diptera were grouped together 

and tormed 3.01 of the total benthic fauna. 
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Table 6.3, The average percentage composition of the total annual diet of 

trout and salmon parr assessed by occurrence, volume and number methods. 

(+ =< 0.190) 

Tro'lt Salmon parr 

Food Organisms 0 v N 0 V N 

Benthic food 

Ancylastrum fluviatile 2.8 2.4 3.1 1.9 0.7 0.3 
Limnaea spp. 1.3 0.8 1.0 - - 'W 

Protonemura meyeri 1.4 2.3 1.9 2.2 1.9 1.3 
Leuctra spp. 1.2 1.6 1.0 2.1 1.1 2.6 
Chloroperla torrentium 1.1 1.7 1.4 1.3 1.0 1.1 
Amphinemura sulci collis 1.3 1.5 1.2 1.1 1.0 1.0 
Isoperla grammatica 1.2 2.2 2.2 2.3 1.4 1.1 
Other Plecoptera 3.2 2.0 4.2 3.2 2.5 2.2 
Baetis spp. 5.6 3.1 7.4 6.6 7.3 4.3 
Ecayonurus vellOSUd 5.5 4.3 2.4 8.4 5.3 7.5 
Ephemerella spp. 6.8 4.5 4.2 6.3 4.4 11.3 
Other Ephemeroptera 7.4 6.2 9.4 10.3 8.3 6.2 
Plectrocnemia conspersa 2.8 1.2 1.1 5.2 6.7 ,3.4 
~ycophila dorsalis 1.5 0.8 1.2 4.4 5.4 3.2 
Hydropsyche instabilis 3.3 2.3 2.1 3.2 4.3 5.2 
)ther 'l'richoptera 5.2 7.5 4.2 8.4 10.3 7.2 
Ielmis maugei Uarvae) 1.4 0.6 0.6 0.7 0.5 '1. 'j 
~telmis volkmari (l~rvae) 1.2 0.3 0.5 0.5 0.3 0.6 
phironomid larvae 7.5 3.1 13.1 16.6 25.5 130•0 
~imulium monticola 3.2 2.6 ' 7.0 
~imuliu~ brevicaule 4.2 3.1 3.2 
pther lJipt. larvae 3.9 0.6 2.4 0.4 + + 
Dipt. -pupae 

-~ 
0.3 0.3 0.5 0.6 + 0.1 

~iidwa ter food 

Helmis spp. adults 4.6 1.0 1.4 0.3 0.5 0.1 
Latelmis spp. adults 

, 
2.0 0.4 1.0 

Fish 6.2 17.2 6.2 

Aerinl & ~errestrial food 

Insects 14.6 27.2 23.0 0.9 0.8 0.1 

Miscellaneous food 

Plant material 5.7 4.9 2.7 4.5 4.4 2.1 



3. THB FEEDING OF SAltlWNIDS 

(1) pr0irn troy1 

Trout were collected bimonthly and a total of 63 trout 

of 0+ to 3+ age groups liera taken'during February 1969 to 

March 1970 (Table 3.6). Six had empty stomachs and the 

rest had a w.1de range of Items in them. Total number of 

trout 1n each age group each month during samplIng period 

is shov..n in Fig. 6.3. 

(a). Composi ticn 2t the d1J!t b;r vOlume 

The important benthic tood items were Plecoptera, 

J1l:lhemeroptera, Trichoptera and Chironomidae which together 

constituted 44.3% of.the total·volume •. other dietar.y items 

of infrequent occurrence vera Gastropoda, Coleoptera, 

Simuliidae, other dipteran larvae and pupae (Table fJ.3). 
', ..... 

Plecoptera represented by Pro~onamura !!1eYev" ,L€'tlctra 51212. 
I , I) • , •. , 

9h10roperla torrentium, &ePN.nemura svlclcol11s, Isoperltl 

Irawmatlea and other plecopteran nymphs formed 11.31 ot the 

total volume. 18.1r, of the diet consisted ot ephemeropteran 

nymphs, repre.sented by Baetls !ipP. t ~~dmnurus venosus, 

,iPhemerelis spp. and other unidentifiable ephemeropteran 

D;,mphs. Trichoptera larvae belonged to the species 

.E1icttQsrOgmip COD,persa, JihDcoph11a dotsal!:;" nYdropsXShe 

.inltAWl~s and other species or the same group, had a high 

perc611tage representation in the stomachs and amounted to 

11.8% of the total volume. Ch1ronomld larvae were also 
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present in the food and totalled 3.lf. P~ong the less 

important foed 1 tems 3.2$ Gastropoda.. (tJ?:c:yla;trym fluviat l11s) t 

0.9% Coleoptera larvae (Helmi s· mauSe! and Latelmis volkmari), 

o. &;1. other ci.1pteran larvae (1?1criLnsta epn. t l!errneroslrnm.1" 

sPp.) and 0.31 dipteran pupae were accounted 1n the 

total volllr.le. 

18.6% (by volume) of the mldwater food ltems were 

composed of bullhead: (17.2%> and Coleoptera adults (1.4%). 

Finally 27.~ of the total volume were aerial and 

terrestrial 1nsects and 4.9% plant mater1als. 

(b) :-::easonal vlriation in t02d lntake 

Fig. 6.4 1ndicates that the perlod of maximum feeding 

actIv1ty was from April/May to August/September and it 

gradually declined in December/January and FebruaryAHu·ch. 

(c) Si8sonal chang~s in the food 

Figs. 6." 6.6 show the seasonal variations ot the 

different food items. Ephemeroptera nymphs, Trichoptera 

larvae and Coleoptera adults and larvae were signiflcant 

benthic food 1 tems present throughout the season. The 

epherneropteran nymphs were present more in the v1nter than 

in sur~er. Coleoptera and Plecoptera nyophs were eaten 

more dUring spring and summer than in autumn El.'1.d 'lo.1.nter. 

Most chironomid larvae wera eaten 1n summer 'Whereas more 

Dicranota snp. end liermerodromia spp. were eaten in \linter 



Table 6.~ The average percentagp composition of the food assessed by occurrence, 

volume and number methods of trout of e"ach age group. 

Name of Species Salmo trutta 

'l'otal No. Stomachs 63 

Age 0+ 1+ 2+ 3+ 

No. sp • in each age 4 18 20 21 

No. empty stomachs - 3 - 3 

Methods of assessment 0 V N 0 V N 0 V N 0 11 N 

Benthic food 

Gastropoda 16.0 13.1 16.6 

Plecoptera nymphs 14.2 20.2 15.9 23.7 25.3 31.8 
Ephemeroptera nymphs 38.0 42.8 43.9 23.9 9.1 12.4 16.2 10.8 14.0 23.3 10.0 25.3 
Trichoptera larvae 7.1 18.5 4.5 11.5 18.9 8.4 14.5 5.7 8.3 18.2 4.2113•4 

Coleoptera larvae 10.6 3.6 4.7 
Chironomid larvae 16.6 3.5 16.6 8.5 5.2 28.1 5.0 3.8 7.7 
Other dipteran larvae 2.9 0.4 0.8 7.9 2.1 3.8 5.0 .2 5.0 
Dipteran pupae 1.4 1·3 2.0 

4 

Hidwater food 

Coleoptera adults 7.1 1.8 2.2 12.2 3.6 4.5 7.3 .5 3.2 

Fish 25 69 25 

Aerial & terrestrial~ 

Insects 12.7 24.8 8.8 34.7 71.4 58.6 11.2 15.7 24.7 

Miscellaneous f~~d 

Plant material 7.0 11.0 2.5 9.0 5.3 2.4 9.8 3.3 6.0 

o .. Occurrence, V:. Volume N::. Number. 



and spring. Aerial and terrestrial 1nseets occurred most 

frequently 1n the food 1n summer and autumn. Plcmt 

materials predoII!1nated during 'ldnter and spring. Fish 

lI.'E!re eaten occasionally during winter. 

(d) ]'ood in r,lat1on to "ge 

Table 6.~ shows the average percentage composition 

of thetood assessed by occurrenoe, volume and number 

methods of each age group. I found a highly significant 

difference 1n the occurrence of aerial and terrestrial food 

items (x2
3 = 18.30, P <. 0.,0; < 0.02 <.. 0.01) inthe different 

age groups of trout. 

(ii) Salmon parr 
'r: 

Seventy seven salmon parr ranging trom 0+ to 3+ ago ~ 

group s ,,:ere taken ( Ta bl e 3.7). F1 Ve stomachs were enpt)"" 

and the rest were examined for tood by the tlethods 

mentioned 1n Chapter 3.4b. 1he total numbers of saloon 

parr 1n each age group each month throughout the srunpl1ng 

period are g1 ven 1n Fig. b.3. 

(ti) £omDo§lt~on qt the dl.~ 

There was a variet)" of different food 1n the diet of 

salmon parr Crable 6.3). Plecoptera. and Ephemeroptera 

nymphs, Trichoptera, chironomid and simu111d larvae were 

more pronounced among the benthic food 1tems. 8.9% by 

voltlme of the tood consisted of Plecoptera IIl)'mphs \ohl.ch 

included proton,rnuramexeIi, teuetra spp., CblorQperlA spp. 
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A~Dh1n~1ra sule1eoll1s, l~Qperl~ er~atlca and other 

plecoptercn nymphs. 2'5.31 by volume ot the food w~s tUlde up 

-' of Baet1$ spp., F,cdvonUttls sUR. t §phogerella 5'011. and other 

unidentifiable nymphs or the group Ephemeropter3. T 1"1 chop era 

larva.e ran1{ed rirst in the list of dietary itetls tmd 

formed 26.7% of the total volume. prominent amongst those 

were Electrocnem1a ccn,per~§, RhYlcgPb11a dorsat1§, 

lIydropsyche 1nstabi11s and other unidentifiable species 

of the same group. Ch1ronomid larvae ranked second 1n 

the list of tood eaten by forming 2'5.';t, ot the total 

volume. S1muliid larvae represented by .§1mulium mont1cola 

and 91mu1ium brev1caulj formed 5.7% by volume. 

or the midwater rood Coleoptera adults, chiefly 

lIelm1s nH~wgel, tormed 0.51 or the total vol\ll'!le. Aerial 

and terrestrial. insects and plant materials fomed 0.81-

and 4.4% of the total volume respectively. 

(b) Seasonal variation in the rood 1nt$1! 

AS seen from Fig, b.4 much more food was taken during 

April/Hay to August/September than at other times. 

11inimum feeding actIvity occurred duringw1.nter months. 

(c) SelSonal changes in th! toga 

Figs. 6.7, 6.8 illustrate the seasonal variations or 

the different tood items of salmon parr. Pleeoptera and 

Ephemeroptera nYlDJhs and Trichoptera and ch1:ronomid larvae 

were most significant throughout. Lcrge numbers or 
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Table 6.~ The average percentage composition of the lood assessed by occurrence, 

volume and number methods of salmon parr of each age group. 

+ =(0.1% 

,. 

Name of Species Salmo salar 

Total No. Stoma .. hs 77 

Age 0+ 1+ 2+ 3+ 

No. ap' • in each age 13 35 26 3 

No. Empty Stomachs 2 3 - -
Methods of assessment ° V N ° V N ° V N ° V N 

~ic food 

pastropoda 3.3 2.5 1.0 3.9 .6 0.3 .7 + + 

~lecoptera nymphs 23.5 22.2 21.6 8.7 6.6 6.7 16.6 6.8 9.0 
~phemeroptera .nymphs 38.3 35.8 29.9 39.4 24.8 31.8 32.2 20.7 33.0 16.6 20.2 22.7 
l'richoptera larvae 5.0 8.7 3.5 5.2 5.0 2.8 16.6 29.5 15.2 58.3 63.8 54.5 
holeoptera larvae 5.0 1 3.5 7.1 

phironomid larvae 31.6138.3 43.8 15.5 70 39.5 12.1 16.6 23.11 8.3 7.2 13.6 
Simuliid larvae 16.6 11.5 14.4 0.8 + 0.1 12.5 11.3 14.6 

I 
Jther dipteran larvae 1.6 + .1 

Dipt. pupae 2.4 .3 .5 
• 

Midwater food I 
Coleoptera adults 1.4 0.5 + 

Aerial & terrestrial~ 
Insects 2.8 1.8 0.7 1.0 1.6 + 

fUsce llanE'ous food 

!Plant material 4.6 4.7 2.5 13.4 13.1 6.1 

o :: Occurrence, V = Volume, N :. Number. 
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Pleeoptera and Ephemeroptera nynphs occurred in ':inter 

and spring. A similar seasonal pattern was observed in 

Tr1choptera larvae. Chironom1d larvae \.'ere found in 

abundance during sum~er and autumn.. S!rnul1id larvae were 

recorded only during summer and autumn. Tho food 1 too.s 

of insignifieant occurrence were Gastropod~, Coleoptera, 

other dipteran larvae, dipteran pupae and aerial insects, 

these were confined mainly to the SUmt'ler end autumn. 

Most of the plant material vas utili sed during autumn 

and winter • 

. 
(d) .food 1n wlatlon to aBe 

Table 6., s~s the average percentage composition of 

the food assessed by occurrence, volume and number methods 

of salmon parr in each age group. 7here was no appreciable 

change. in the diet observed trom 0+ to 3+ age groups except 

that the older salnIon parr (3+ age group) confined their 

diet to EPhemeroptera, Plecoptera, Tr.1choptera and 

ChironAmidae. x2 test showed a significant dif'f"erencG in 

the occurrence of plecopteran (x23 = 9.77, P (0.0;) and 

trichopteran (X'3 = 17.56, P <0.0, < 0.02 < 0.01) food 

1 torns in different age groups of salmon parr. 

(ili) vt11~slt1onor the fAuna 

Fig. 6.9 shows the percentage composition of benthic 
. ~ . 

fauna by number utilised by trout and salmon parr and 

Table 6.0 shows the statistical sign1riQ~ce of bentb1c 

food with the benthic fauna 1n t rout and salmon parr. 



Table 6.6- Statistical significence of changes of benthic food of the 

fish with benthic fauna at 5% level. 

, t = Robust 't' test 

P = Probability 

to 

Fish Trout Salmon parr 

Food items t P t P 
.t:" 
~, 

Gastropoda - - 1.8 )0.05 

Plecoptera 3.7 (0.05 1.3 )0.05 

Ephemeroptera 0.8 > 0.05 0.3 )0.05 

'Irlchoptera 0.2 )0.05 1.0 )0.05 

Coleoptera 0.9 )0.05 2.3 )0.05 

Chironomidae 0.6 , )0.05 1.7 )0.05 

·3imulildae - - 6.6 1.....0•05 

Other Dipt. larvae 1.0 ,>0.05 - -

" 



P1eeoptera nymphs were present in 31. f:I!, ot the total 

.... i· . . '. bott~m fauna but only C?.7% were used by trout and 2.8% 

by salI:on parr. ~he number of plecopterans were 

significantly different 1n the fauna and in the food or 

trout (t ~ 3.7, P 0.05), Whereas no SUCh sIgnificance 

was observed in salmon parr (Table 6.6). Trichoptcra 

larvae fc:mod 10.(;;' of the total benthos ~ereas 9.,1-
were taken by trout and 1.,% by salmon parr. 

Coleoptera ~ere not popular, tor they occured 1n only 

It.4~ of trout and 0.1% at salmon parr food. Chironorn1d 

larvae ranked second, by torming ~4. 0% of the total 

~aerotl1unal community, \rIh1.1e l6.~% ot the trout and 

69.'~~ of salmon parr food fell into this category. Very 

few simuliid larvae (O.~) were present in the fauna, 

but 18.6;'1 (by nw-ber) were eaten by salmon parr and 

none by trout. I found a significant difference (t I: b.6, 

P < 0.05) in the number of simu11id larvae in the bottom 

and 1n the food of salmon parr. 1.81 at the other dipteran 

larvae "'ere present in the stream whereas trout used 3.41 

and sablon t:ur 0.11,. Dipteran pupae formed 3.0;' of the 

total bottom invertebrates '1A.hlle 1.3~ and 1.'~ 'Were 

'Utilised by trout sod salmon parr l"especti vely. 

4. SUMMN!I 

(1) A. detailed investigation or the fauna and the food 

and feeding habits ot salmonids in tbe submerged mosses 

of Aron Twrch was carried out. 
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I liD 

Afon Glyn r1ses in Foel-y-Golfr at ;OOm o. D. Or 

all the tr1butaries or Uyn Teg1d (Fig. 3.2) this streatl 

has the steepest descent from its source to low flood 

plain. All along its upper course it runs along cracks 

in rocks. In sorte places the now helped in cuttIng the 

lLllld and dropping downwards to the deep valley. The 

steps fomed by the cracks take the rom or a series ot 

talls ct the upper reaches. On either side of the stream 

there were more trees in the lower reaches than the upper. 

The stream nows through the upper Bala beds or shales, 

flses and limestones of Caradoc series of OrdoviCian 

(Fig •. 3.:0. 

Three sampling sites Gr, G2 and 03 were selected on 

this stream (Pig. 3.2) and regular monthly collections 

were taken from March 1969 to JUne 1970. 

Site ~ was located about 10m upstream tron Llyn Tegid 

at an altitude of 17bm ODe Here the stream was sbout l~ 

wide and 1 ts depth averaged O. ~m to O.lm. Some aquatic 

vegetation \iSS present in the form or clumps or 
FQct1nf1is aot1pyr et1cQ near the banks. The shores were 
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PLATt: 7 .1 SAHPLWG ;~TATICJN G1 



PLATE 7 .3 SAl-!PLHlG STNJ'ION G3 



TABLE 7.1 l-:EAN HOt-l"THLY ESTIV.ATES OF PHYSICAL FACTORS AT G1 SAMPLING STATION IN AFON GLYN. 

t-ionths M A M J J A S 0 N D J F M A 

0 

lIiater Temp. C 3.0 4.5 5.0 10.0 14.5 13.4 8.0 7.0 5.5 4.0 3.5 3.2 5.1 5.1 

Specific conduct~~ce 0 166 216 226 109 121 104 157 166 320 387 403 397 203 112 
(micro~hos / cm3at 25 C) 

Dissolved 02, % Sat. 96 95 103 112 98 104 94- 101 111 117 107 108 101 98 -\J'"-, 
OJ 

-Velocity of water current 
(:n./sec) 0.22 0.23 0.16 0.14 0.11 0.12 0.17 0.24 0.29 0.41 0.70 0.64- 0.60 0.29 

pH 7.1 7.4- 6.7 6.9 6.8 7.2 7.2 7.0 7.2 7.6 7.8 7.4 7.1 7.1 

Turbidity 21.2 24.1 23.3 19.4 18.1 28.~ 31.2 28.2 53.2 75.2 87.3 88.2 77.1 35.1 (as Fuller's earth) 



TABLE 7.2 HEAN r~ml'l'HLY ESTIMATES OF PHYSICAL FACTORS AT G2 SMWLING STATION IN AFON GLYN. 

Nonths M A M J J A S 0 N D J F H A 
0 

W3.tcr Temp. C 3.2 4.5 5.0 10.2 14.6 13.5 8.1 7.2 5.5 4.0 3.5 3.2 5.1 5.1 

Specific conductance 0 

( micrornhos / cm3at 25 C) 161 215 216 101 115 101 141 151 301 385 398 402 201 102 

11", 
DisE::I:'.ved 02, % sat. 96 96 108 111 98 103 98 96 101 118 113 101 98 97 ~ 

Velocity of water current 0.19 0.20 0.18 0.14 0.11 0.13 0.17 0.25 0.29 0.52 0.73 0.68 0.57 \ 0.26 
( m / sec ) 

pH 7.2 7.4 . 6.8 6.9 7.1 6.8 7.1 7.1 7.4· 7.3 7.6 7.4 .7.1 7.2 

Turbidity 
( 8S Fuller's Earth.) 20.1 19.6 21.4 18.1 19.2 16.3 26.4 28.8 63.8 71.8 81.4 84.1 72.4- 31.2 



TABLE 7. J MEAN MONTHLY ESTIYU\TES OF PHYSICAL FACTORS AT G3 SANPLING STATION IN AFON GLYN. 

Months M A M J J A S 0 N D J F M A 

0 

Water Temp. C 3.1 4.2 5.4 10.8 15.1 14.2 8.8 8.1 5.1 3.8 3.6 3.2 4.1 5.6 

Specific conductance 0 

( micromhos / cm3 at 25 C) 124 180 173 83 93 98 123 135 268 301 308 366 123 118 -
Dissolved 02, % Sat. 98 96 95 102 111 98 108 101 115 118 121 113 101 96 

U) 
\J'j 

Velocity of water current 0.29 0.2,5 
( IIi /r:;ec ) 

0.24 0.20 0.18 0.21 0.26 0.28 0.46 0.78 0.75 0.78 0.64 0.27 

pH 7.1 7.2 6.8 6.9 6.6 6.8 7.1 7.1 7.4 7.6 7.8 7.4 7.1 7.1 

Turbidity 17.1 18.2 18.2 20.3 21.4 15.3 24.8 23.1 46.3 63.2 79.2 84.8 60.2 28.9 
(as Fuller's Earth) 

• 



sheltered end the bottom was composed or silty sa.'Y\.d \\1.th 

scattered gravel and stones (rlate 7.1). 

Site G
2 
~ns near the road bridge at about 100m 

upstrea" from the lake at an altitude of' about 183m ODe 

Here the stream was 8m "tlde and 0.3 to o. Om deep except 

during nood. The shores and substratum lrr13re similar to 

~ and there was some vegetation near the banks (Plate 7.2) • ... 
Site G3 was located at about 4400m upstream trom 

Llyn Tegid at an altitude of' 467m ODe I~ere the stream was 

2.3m wide and its depth averaged O.6m. lbis site had some 

deep pools and tal1s~ The shores vere exposed end composed 

of rocks with oveI7llng gravel and so~e silt lI.i.th little 

vegetation apart from algae on the stones and clumps o't 
Egnt1na1!s sa,uamosa. :ibe substratum consisted of so11d 

rocks and huge boulders (Plate 7.3). 

Tables 7.1, 7.2, 7.3 show the mean monthly esttroates 

of physical factors at c.t t G2 and 03 sites. The range or 
water temperatures Was 3.0OC and 1;.1oC during this period. 

The dissolved oxygen (percentage saturation) \,'05 relatively 

more concentrated during 'Winter than 1n s'Utlrilcr. pH vaJ.ues 

varied between 6.6 and 7.8. The velocity of' the ~ater 

current (m/see) was higher during 'Winter months than summer. 

Conductivity r.nd turbidity were higher during winter than 

in summer at each sampling s1te. 



Table 1.4 The percentage composition (by number) of the fauna at G1, 02 and G3 sites of 

Afon Glyn based on 14 monthly sampleE.. (+ = <0.19~) 

Samplin~ Stations -7 G1 G2 G3 

Bottom fauna ~ Av. ~o. 56 Av. ~o. % Av. ~o. % 1m . 1m 1m r--

T1Jrbe l12ria. (1.0) (+) (-) (-) (0.7) (+) 
l'olycelis nigra 1.0 + - - - -
Phagocata vitta - - - - 0.7 + 
Hirudinea (0.7) (+) (4.2) (0.2) (1.0) (+) 
Erpobdella octoculata 0.7 + 3.2 0.2 - -I Helobdella stagnalis - - 0.7 + 1.0 + 
Olip'ochaeta (157.2) (11.3) (48.1) (3.2) (49.2) (3.1 ) 
Stylodrilus her~ngianus 107 7.8 25.6 1.7 40.6 2.6 
Homochaeta naidina 4.2 0.3 - - -
Lumbriculus variegatus 41.7 3.0 7.4 0.5 4.2 0.3 
Aulodrilus pluriseta 3.2 0.2 2.1 0.2 - -
Eiseniella tetraedra 0.7 + 8.5 0.6 3.2 0.2 
Haplotaxis gordioides - - 1.0 0.1 - -I Lim..'1.odrilus hoffmeisteri - - - - 0.7 + 
G::tstropoda (1.0) (+) (24.6) (1.7) (14.9) (0.8) I Ancylastrum flu'\iiatile 1.0 + 24.6 1.7 11.7 0.7 
Limnaea pereger - - - - 2.1 0.1 
pota:r.cpyreus jenkinsi - - - .- 0.7 + 
Lame IIi b->'anchia ta (0.7) (+) (71.6j (4.7) (2.1) (+) 
Pisidium nitidQ~ 0.7 + 0.7 + - -
Pisidiu:n milium - - 8.5 0.6 1.0 + 
Pisidilli~ hibernic~~ ... - 0.7 + - -
Pisidium subtruncatum - - 60.9 4.1 0.7 + 
AMI2hi:£Qda (5.3) (0.3) (10.7) (0.6) (13.9) (0.9) 
Gammarus pulex 5.3 0.3 10.7 0.6 13.9 0.9 

, 
I 

I 

Total % 

I 
(+) 
+ 
+ 

(0.1 ) 
+ 
+ 

(5.1 ) 
3.5 

.1 
1.0 
0.2 
0.2 

+ 
+ 

(1.1 ) 
1.1 

+ 
+ 

(1.1 ) 
0.1 
0.1 

+ 
0.8 

(0.6) 
0.6 

I 

V) 
'1 



Table 7.4 (contd.) 

Sar.1'Plin~ Stations ~ G1 

Bottom fauna if 
Av. ~o. 

1m % Av. ~o. 
1m 

Isopod3 (1.0) (+) (2.1 ) 
Asellus meridian~s 1.0 + 2.1 
H;:tdrac9rina (-) (-) (-) 
Hygrobates fluviatilis - - -
Sperchon setiger - - -
Pleccn.tera (162.6) (11.5) <303.8) 
Chlororerla tripunctata 36.3 2.6 16 
Amphinemura sulcicollis 16 1.1 20.3 
Chloroperla torrentium 95.2 7.0 34.2 
Iscperla grammatica 6.4 0.5 10.7 
Leuctra hippo pus 2.1 0.2 72.7 
Leuctra nigra 2.1 0.1 5.3 

I Leuctra moselyi 0.7 + 34.2 
Lellctra inermis 1.0 ~. 3.3.1 
Amphinerr.u~a.standfussi 0.7 + -
Nemoura cinerea - - 0.7 
Protonemura meyeri - - 5.3 
Isoperla obscura - - 2.1 
Perlodes microcephala - - 1.0 
Perla bipunctata - - 0.7 
Leuctra fusca - - 62.0 
Protonemura·fraecox - - -
Brachyptera risi - - -
Er.hel!Jeroptera (124.1) (8.5) (258.9) 
Centroptilum luteolum 48.1 3.5 73.8 
Ephemerella ignita 0.7 + 87.7 
Ecdyonurus venosus 33.1 2.5 9.6 
Paraleptophlebia submarginata 5.3 0.4 4.2 

G2 
01 Av. ~o. 
lQ 1m 

(0.1 ) (-) 
0.1 -
(-) (2.1 ) 
- 1.0 
- 0.7 

(19.9) (411.9) 
1.1 12.8 
1.3 77.0 
2.3 67.4 
0.6 73.8 
4.9 16.0 
0.3 25.6 
2.3 4.2 
2.2 26.7 
- 25.6 
+ -

0.4 52.4 
0.1 -
0.1 -
+ 12.8 

4.3 2.1 
- 10.7 
- 0.7 

(17.1) (419.4) 
5.0 16.0 
5·9 99.5 
0.6 ~E.1 
0.3 2.1 

G3 

% 

(-) 

-
(+) 
+ 
+ 

'(25.9) 
0.8 
4.9 
4.4 
4.7 
1.0 
1.6 
0.3 
1.7 
1.7 
-

3.3 
--

0.8 
0.1 
0.6 
+ 

(26.1) 
1.C 
6.3 
3.0 
0.2 

Total % 

(0.1 ) 
0.1 
(+) 
+ 
+ 

(16.5) 
1.3 
2.0 
3.8 
1.7 
1.8 
0.6 
0.8 
1.4 

.6 
+ 

1.0 
+ 
+ 
.2 

1.1 
.1 
+ 

(17.8) 
4.8 
3.2 
1.7 

.3 
I 

0'\ 
~ 



Table 7.4 (contd.) 

Samnling Stations G1 
Bottom fauna Av. ~o. 

1m % Av. ~o. 
1m 

Ba~tis rhodani 5.3 0.5 16.0 
Eeptagenia lateralis 18.1 1.3 11.7 
Heptage~ia sulphurea 4.2 0.3 26.7 
Ecdyonurus .dispar 2.1 0.1 -
Caenis rnoesta 2.1 0.1 -
Paruleptopblebia cinta 0.7 + -
LeFtophlebia marginata 1.0 + -
Eat:ltis pumilus. - - 19.2 
Ecdyonurus torrentis - - 0.7 
Pan.~.eptophlebia tumida - - 0.7 
Ba~tis et~eoetinus - - 2.1 
Ephemera da.."'lica .. - 0.7 
Rhithrogena semicolorata - - -
EaYtis scambus - - -
Hemiutera (105.1 ) (7.7) (118.4) 
Micrcnecta poweri 103.7 7.6 117.7 
VClEa spp. 0.7 + -
Corixa panzeri 0.7 + -
Sigara distincta - - 0.7 
~':cr:'3.1optera (1.0) (+) (5.3) 
S1n11s fuliglnosa 0.7 + 0.7 
Sialis luta:~ia 0.7 + 4.2 
Trichoptera (65.2) (4.4) (208.6) 
Rhyacophila dorsalis 0.7 + -
Oclontocerum albicorne 0.7 + -
l'lectronerr.ia conspersa 13.9 1.0 51.3 
Hydropsyche instabilis 0.7 + 22.4 
Anabolia nervosa 0.7 + 84., 
Sericostoma persona tum 2.1 0.2 5.3 
Fotamophylax latipenis 0.7 T 28.8 

G2 

% Av. ~o. 
1m 

1.1 139.1 
0.8 34.2 
1.8 42.8 

9.6 
-
-

0.7 
1.2 1.0 
+ -
+ -

0.2 -
+ 0.7 
- 302 
- 18.1 

(7.8) (-) 
7.8 -
- -- -
+ -

(0.4) (8.5) 
+ 0.7 

0.3 7.4 
(13.4) (204.3) 

- 16.0 
- -

3.4 32.1 
1.5 121.9 
5.6 -
0.3 -
1.9 12.8 

G2 
% 

8.8 
2.1 
2..7 
2.6 
-
-
+ 

I + 
-
--
+ 

0.2 
1.2 
(-) 

-
-
--

(.5) 
+ 

0.5 
(12.6) 

1.0 
-

2.0 
7.7 
-
-

0.8 

Total % 

2.7 
2.0 
1.6 

.2 

.1 
+ 
+ 
.4 
+ 
+ 
+ 
+ 
.4 
.3 

(7.3) 
7.2 
+ 
+ 
+ 

(0.2) 
+ 
.2 

(9.8) 
.2 
+ 

2.4 
2.3 
1.1 

.2 
1.9 

! 

"" .0 



Table 7.4 (contd.) 

Sam~lin~ Stations -7 G1 
Bottom fauna -V Av. ~o. 

1m % A'i. ~o. 
1m 

Glyphotaelius pellucidus 33.1 2.4 7.4 
Mystacides nigra 3.2 0.2 -
F~lesus digitatus 6.4 0.5 -
Agapetus fuscipus - - 0.7 
Silo pallipes - - 0.7 
Hydropsychae fulvipes - - 3.2 
Diplectrona felix - - -
Cole~ntera (16.0) (1.0) (35.3) 
Platambus m2culatus 2.1 0.2 2.1 
Latelmis volkmari 10.7 0.7 16 
Deronectus depressus 0.7 + -
Helmis maugei 1.0 + 10.7 
Haliplus linea to collis - - i.O 
Helophorus flavipes - - 1.0 
Oreodytes rivalis - - 1.0 
Hyphydrus ovatus - - 0.7 

I Diptera 
I (1) Ceratoroe;onid'lf) (7.4) (0.5) ('7.4) 

Bezzia spp. 7.4 0.'5 7.4 
(2) D:ixj"d~e (-) (-) (0.7) 
Dixa. puberula - - 0.7 
(3) Ti-pulidae (7.4) (0.5) (4.2) 
Tipula couckei 0.7 + -
'l'ipula lateralis 0.7 + 1.0 
Tipula n:axima 5.} 0.4 3.2 
Tipula rufira 0.7 + -

,Sir.lUliidae (-) (-) ( 1.0) 
Simulium monticola - - -
3~mulium brevicaule - -

J 

1.0 

G2 

% Av. ~o. 
1m" 

0.5 5.3 
- -- 12.8 
+ 1.0 
+ -

0.2 -
- 0.7 

(2.3) (28.8) 
0.2 -
1.0 3.2 
- 0.7 

0.7 17.1 
0.1 -
0.1 5.3 
0.1 0.7 

+ -
(0.5) (2.1 ) 
0.5 2.1 
(+) (55.3) 

+ 55.3 
(0.3) (0.7) 

- -
0.1 0.7 
0.2 -
- -

(0.1 ) ( 1.0) 
- 0.7 

0.1 0.7 

G3 
0 1 
p 

0.3 
-

0.8 
+ 
-
-
+ 

(1.6) 
-

0.2 
+ 

1.1 
-

0.3 
+ 
-

(0.2) 
" 0.2 
(3.5) 
3.5 
(+) 

-
+ 

-
-

(+) 
+ 
+ 

Total % 

1.1 
0.1 
0.4 

+ 
+ 
+ 
+ 

(1.5) 
C.1 
0.6 

+ 
0.6 

+ 
0.1 

+ 
+ 

(0.3) 
0.3 

(0.7) 
0.7 

(0.2) 
+ 

0.1 
0.1 
+ 

(+) 
+ 
+ 

I 
I 
I 

0--­
o 



Ta.ble 7.lr (contd.) 

Samnlin~ Stations 

Bottom fauna 

(5) Chironorni0.3e 
Fentaneura monilis 
r-acrotendiped chloris 
Strictochironomus spp. 
Polypedilum nubeculosus 
Procladius choreus 
Tanyta!'sus signa tus 
I;ryptochironomus spp. 
Frodiamesa olivacea 
Brillia modesta 
Trichocladius rufiventris 
Other di pt eran ]arvae 
Eermerodromia unilineata 
Dicranota robusta 
Tapbrophila vitri,(r~is 
Pedicia rivosa 

i Pericoma pseudoexquisita 
Dipteran pupe.e 

Total no. animals 

Av. no. animals per month 

Av. no. animals I m2 

Av. ~o. 
1m 

(647.3) 
24.6 
7.4 
5.3 

563.8 
16 
3.2 
2.1 

16 
6.4 

(21.4) 

10.1 
2.1 

29.9 

G1 

% 

(47.3) 
1.8 
0.6 
0.3 

1785 

41.3 
1.1 
0.2 
0.1 
1.1 
0.5 

(1.5) 

1.4 
0.1 

2.2 

127.5 

1364.2 

Av. ~o. 
1m 

(269.6) 
71.6 

33.1 
11.7 
25.6 

,;,L:·.9 

50.2 
(87.7) 

2.1 
81.3 
1.0 
0.7 
1.0 

21.4 

G2 

% 

(17.8) 
4.8 

2.2 
0.8 
1.7 

5.0 

3.3 
(5.7) 
0.1 
5.4 
0.1 
+ 

0.1 
1.4 

1951 

139.3 

1490.5 I 

Av. ~o. 
1m 

(64.4) 
26.7 

37.4 

201.1 
(73.5) 

3.2 
63.1 
6.4 
0.7 

13.9 

G3 

% 

(16.8) 
1.7 

2068 

2.3 

12.7 
(5.5) 
0.2 
4.0 
0.4 
+ 

0.9 

147.7 

1560.3 

Total ~& 

(29.4) 
2.9 
0.1 
+ 

16.2 
.8 

1.4 
+ 

4.5 
+ 

3.5 
(3.0) 
0.1 
2.3 
0.1 
+ 
+ 

1.7 

.. 

0"-
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Table 7.5 Percentage composition of the different groups in 

the total fauna sampled .~... ~. at G1, G
2 

& G
3

• 

(+ = .< 0.1%) 

Sampling sites > G1 G 
2 

G
3 

(~6) (%) (%) -
Elevat:i.on OD ~ 176 rn 183 m 500 m 

Turbellaria 0.1 - + 

Hirudinea 
I - + + 

Oligochaeta 5.5 3.1 3.1 
Gastropoda 0.2 2.4 0.8 

Lamellibranchiata - 0.7 + 

.Amphipoda 0.5 0.7 0.9 

Isopoda 0.2 - -
!Iydracarina 0.4 - + 

Plecoptera 10,,7 14.9 25.9 
Ephemeroptera 11 .. 1 24.3 26.1 
Hemiptera 6.8 14.3 -
Megaloptera - 0.3 0.5 
Trichoptera 6.5 10.0 11.3 
Coleoptera 1.6 1.2 1.6 

Diptera 

Ceratopogomidae + 0.3 0.2 

Tipulidae . 0.8 0.2 + 

Simul11dae - + + 

Chironomidae 50.2 21.0 16.7 

Dixidae - - 3 .. 5 
Other dipteran larvae 0.7 2.2 4.6 
Dipteran pupae 1.5 2.4 0.9 



• 
:. 

, .. --

Table 7.6 Statistical significance I in the nUilbcr 0:- benthic . 

faun~ between G1/G
3 

and GzlG
3 

sampling sites at 7p level. 

-
Sampling sites 7 G~/G3 G/G3 

Benthic fauna t t P t P --
Oligo chaeta 1.3 > 0.05 0.6 > 0.05 

Gastropoda - - 1.6 > 0.05 

Plecoptera 2.7 L...0.05 0.7 >0.05 

Ephemerop~era 1.7 >0.05 0.8 >0.05 

Trichoptera , 1.5 >0.05 
I 

0.1 )0.05 

Coleoptera 0.8 )0.05 0.5 )0.05 

Chironomic.ae 3.9 (0.05 1.0 )0.05 

Other dipteran larvae 0.4 » 0.05 0.6 > 0.05 

, ------ ---------- ----~---

-0--. 

IJ't 
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\:ater sa:nples for chemical analysis w·ere taken In 

the month of June 1969. :Lhe analytICal results are 

summarised 1n Table 3.lt. 

I found more calcIum 10ns in thIs stream, as did 

Dunn (l9bl) and WooDand (1972). :i:hIs 1s probably due to 

1 ts now oever the H.Irnant limestone of the Bale beds. 

The species of this stream as establIshed by 

syst~at1c collectIng at three stations OVer a pertod 

or 14 months are listed 1n Table 7.4. A total or 7772 org­

anisms, belonging to 117 different species "lere identified. 

Tho seasonal veriation of the bottom tauna Is shor.n 

in Figs. 7.1 and 7.2. A gradual increase 1n the total 

number of organisms trom 'Winter to summer was observed. 

The samples taken Yield a fairly accurate picture of 

the bottom fauna ot the area studied. The regular 

invertebrate population ~~uld appear to comprise Oligochaeta, 

Ephemeropters, Trlchopera, Diptera, Coleoptera, Plecoptera 

and Crustacea, ~h1ch account, for 97.7~ ot the total 

. Hirudinea, Hydracarlna, l1011usca and Turbellarla were also re­

presented. As 1s to be expected the fauna changed "rlth 

altitude (Tables 7.; and 7.6). In the rollowing account 

short descriptions are g1 ven to supplement the list in 

Ta.ble 7.lt. 



Ecdyo::urus 
venosus 

Centropmum 
luteolurn 

Leuctra spp. 

(J) 

167 

(164) 

dl--D-] 

(531) 

.~~ __ ~_~~ ___ c=d==e~ 

~ 50 . (161) 
Isoperla Ow b·_·· 
grammatica ~ 0 L~ L-a.. a =~I'="'~ ______ L- - -L r=J 

(J). • (252) 

~p~.phinerTlUra ~ 5Q1-=n= n-, 
a:: 0- c-=::t:=:I.===:l-______ -l~l__' 

Chloroperla 
torrentium 

Chloroperia 
tripuflctata 

AncyJastrum 
fluviatile 

Lumbriculus 
varlegatus 

Stylodrilus . 
heringianus 

w rom :L 

~S~L 

5D~ _rl--~~~ oL-b= _:::dl_ 

5~1--,. 

(367) 

(132) . 

(iDS) 

r=\.-__ 

(98) 

Ft'g. 7. 3 Seasonal variatiors;)f the common species of bottoil" 
fauna. The total number is shown in brackets 



A. l'lJn ~~ld~ 

(1) Ql'&2sha€~ 

4.01. of the total bOttom fauna was torced by this 

group. sttlodrilus hering.!iPus and Itumbr.!culus varlegtut! 

~Tere cont"lOn and the rest (Table '7.4-) were Be arc e. !hese 

were distribUted at all the stations llLld there tinS no , 

strong patteln 1n the seasonal variation (~g. '7.3). 

(~) Hol,lusca. 

(1) aaltropoda 

1.1% of the total benthic fauna belonged to this 

group. Ancl1lsttpW f1uViatl11s was coremon and ~1mnael 

12lttmer and IIldrnl?la jEkenl! vere scarce. . Apc yl Astrum 

LlY.l1at.11;; occurred on exposed rocks 8lld bare stones end 

\-ISS found m.ora during spring and summer (Fig. '.3) (see 

also Berg et.fl. 1958). 

(2) ~amel11branchiAti 

o. ~ of the total macrometazoans were tormed by thls 

group. Four species listed (Table '7.4) were scarce, and 
. . 

no change was noted in the total number at any sampling 

sites. 

(e) .Arthropoda 

(1) Ctyatagea 

(a) Ampbi'Qggg 

ggmADJ' pulex tormed o. f:(, ot the total fauna. These 

were recorded more during winter (Fig. 7.2) and collected 



less at ~. nr;td G2 than at 03 sampling e1tc. 

(b) Isoposlil 

A;;u;1.1us l!ler1{11~mns was sCarce and const! tuted 0.1% 

of the total catch. This was not recorded fron °3, 

( 2) 4racbnida. 
(a) ITYdrl<.' arina ~ ; . .: .. 

lIygrobates nisrgmaculatus, HY;robates nuv!atl1t§ and 

~~rchQn set1set were collected from 03 and ro~cd 1.0% 

. of the total. 

(3) Insectq 

(e) Plecgptera 

This group rormed 16. 4~ 'of' the' total orgcn1sms and was 

represented by seventeen species, or ~~ch ChlQrQpcrla 

tripynctgta, Jrphtnjroura mlls1col1~§, Ch19r2~~rlR tortiStium 

I;Op2Ala nAamm&tiea and Leuctra.hRpopuB were common, and 

recorded in large numbers in every s~ason (Fig. 7.2). I 

round the above species numerous during mnter and spring 

~nd Ja"euctta .JP12- in spring and surr.mer (Fig, 7.3). These 

were colleeted in large numbers at hieher elevation (Table 

7. S') 'btdch according to Macan (1962) is probably a function 

ot temperature. A significant difference \'QS observed 

between the numbers ot plecopterans present in the bottom 

fauna at a.t and G3 (t c 2.7; P /.... O.oS) (Table 7.6). 

(b) ]phe;eroQterl 

17.7tp or the total raune. belonged to this group. 

~ntront11tnp l\lteolUl'~, ~dj'2ntu'u; yenQltHh B~Stt:ts rhodw 
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rig. 7.4 Seasonal variations of the common species of bottom 
fauna. Th<? total numb!:.'r is shown in bra.cl'l?ts 



\ 71 

and rcrtar;~n*g latsral1§ ,,:ere l'resent in Inrge n1lr.lbers at 

, every stntlon and the rost -(Table 7.4) SCs.rce. C.:mtroptilupt 

~uteolun and B~Fta&enla sEre were recorded In every season, 

but E£d:I9nurus venosus \,-as present mora dUring winter and 

.pring, and ,BattIs spp. in spring and summer (Fig. 7.4). 

1 found r,phemerella ~tm1tl during summer (Fig. 7.4) as did 

those or l-!acan (195'71-. 

(c) ~-Iter.l 

7 .~; ot the bot tom fauna was composed of this group. 

Mict2necta pOlblr1 vas Common and £Q.r1"a rgJ1.';iti, f>lr;ar(l 

.. d1stlnc~a ond VrlJ:r:t Sbil? were scarce at G and G. flot a 
· -- 1 2 
single species vas recorded rro~ °3, this may 'be dUe to higher 

elevation rnd relatively fast-currents. The above h~~pterans 

lfere present at G acd G probably due to the proximity of 
1 2 

the lalco and low velocity_ They occurred mostly \>here the 

rooted aquatics vera confined to the margins of the stream. 

(d) l.:.~egnlQrt!ra 

This group waS represented by .§lnli s full r-lngsa and 

§la;tls lutarln. ~oth were scarce, formed c.z-: or the total. 

and collected more from G3-

(e) l'richopt,ra 

This group constituted 9.4-% of the total benthic fauna. 

Elcstrocwm;1a ccn§per§A and G1nhota9Jlus p-::llucldns \Jere 

cocoon and the rest (Table 7.4-) scarce. ~Bnt1tatlvclYt 

this group ~as recorded more during spring and sun~er 

(Ne. 7.2). I found r:lvohptC'cl1us pel1uc1(~u~ abundant in 



the vicinity of the lake. Very few caddis larvae were 

collected from 03' 

(f) CQl'i9!'terG 

1.4~1 of the total catch was formed by aquatic beetles. 

ltat?lwiS vol~;Jlarj, and Eell'!lJ: meugel ~'Sre cOr:!:.on. The adults 

were f01..1lld. w.ong ,.-eeds ~nd the larvae on stones. Unlike 

l,fa! tle.nd (1972) I found the above spE:cles more: com~on in 

the lower re!lches than the upper. 1!a1 tla..¥J.d said that they 

were uncom=cn in the lower reaches ot a Seottish river, 

and said that the population is controlled by the fish 

predation or removal by spates. 

(g) piptSPTi 

This group formed 3'.8~ of the total orgnn1S!!ls and 

was repres~~ted by the families Ceratopogonidae, Dixidae, 

Tipu1idac, Uirr.ull1dae, Ch1ronom1dae, other aquatic dipteran 

larvae and pupae. These were collected more during summer 

~ld autumn (FIg. 7.2); 
(1) Car8toDoeopidar 

0.3.1 or the fUllna vss composed or Ee;zla spp. 

(2) ptx1dae 

o.?~ or the benthic fauna were eonstl~ted by pt., x;>ub,rulD1 

almost all t:ere collected from 03 Crable 1.4). 

(3) T.1pu11dae 

Five spec1es listed in Ta.ble 7.2 ro~ed o.~ or the 

total. These vel'e collected lIlore trom ~ and 02 t'ha.."l °3-

(it) .§1muliidal 

~n;uJ.1JJm Ipont1cQl§ and ~mul1um breX1Siy1st were scaree. 



Table 7.7 The average percentage composition of the total annual diet of trout and salmon parr assessed by 

occurrence, volume and number methode. (+ = < O.~~) 
Food orpanisns J Trout Salmon parr 

~ethods of assessment ~ 0 V N 0 V -
Benthic food 

L~~briculu5 variegatus. 0.6 0.3 0.1 ·.2 .1 
Ancylastrum fluviatile 0.8 1.1 0.3 3.6 2.6 
Ase11us meri1i~us 0.3 0.4 0.2 - -
Plecoptera nymphs (n.8) (6.5) (8.3) (8.8) <'5.8) 
Chloroperla tripunctata 1.8 0.9 1.1 0.5 0.8 
Chl~roperla torrentium 1.5 0.8 0.9 2.5 1.1 
Arnphinemura Bulcicollis 1.2 0.6 0.7 1.7 1.2 
Leuctra spp. 2.3 1.1 2.1 1.3 0.4 
Isoperla gra~atica 1.6 0.7 1.3 0.6 0.7 
Other plecopteran nymphs 3.3 2.4 2.3 2.2 1.6 
Ephe~eroptera nymphs (35.4) (29.9) (36.5) (37.;,) (37.5) 
Ba~tis rhuda11i 4.7 3.7 4.1 4.5 3.4 
Ecdyonurus venosus 5.5 4.5 5.2 9.5 11.6 
Heptagenia 1ateralis 8.7 6.7 8.5 3.7 5.6 
Ephemerella ignita 5.8 5.1 6.6 6.5 5.4 
Other ephe~eropteran nymphs 10.7 9.8 12.1 13.1 11.5 
Trichcptera larvae (6.9) (9.1) (5.8) (13.4) (19.8) 
Pledrone~ia conspersu 0.3 0.8 0.5 1.5 2.1 
Hydropsyche instabilis 0.6 1.1 0.5 2.1 3.9 
Potamophylax latipennis 1.2 1.8 1.0 2.4 2.8 
Sericostoma personatum 0.5 0.3 0.6 2.8 3.2 
Rhyacophila dorsalis 1.8 1.0 0.8 1.2 2.5 
Other trichopteran larvae 3.6 4.1 2.4 3.4 5.3 
Coleoptera larvae - - - (1.2) (0.3) 
Latelmis volkmari - - - 1.1 .3 
Helmis maugei - - - .1 + 

• 

N 

.1 
3.2 -

(7.0) 
0.8 
1.2 
1.4 
0.6 
0.9 
2.1 

(41.1) 
6.8 
8.6 
5.4 
6.1 

14.2 
(17.2) 

1.1 
2.9 
2.0 
3.8 
1.2 
6.2 

(0.4) 
.3 
.1 

" ~ 



Table 7.r" (contd.) 

Food oIXaniS!IIS J.- Trout Salmon parr 

Mpt·lOds of assessment ')0 0 V N 0 V N 

Diptera (6.1) (4.2) (7.4) (24.6) (19.5) (24.4) 
Chironomidae 5.0 3.3 6.3 21.2 17.4 22.0 
:;:i:nClli i.dc~ 0.7 0.4 0.8 2.4 1.6 1.9 
Other dipteran larvae - - - 1.0 0.5 0.6 
Dipteran pup:ae 0.4 0.5 0.3 - - -
Mid ... ater food -Coleoptera adults (4.3) (5.0) (4.3) (0.4) (0.6) (0.1) 
LateL;is volkmari 3.1 4.2 2.3 0.3 0.4 + 

-....J 
.r:-

Plat~bus rnaculatus 1.2 0.8 2.0 0.1 0.2 + 
Phoxi~us phoxinus (1.1) (1.1) (0.5) (0.2) (2.1) (0.1) 

Aerial & terrestrial food 
Insects (Hemiptera, Diptera, Hymenoptera) 20.0 31.8 26.6 6.4 8.4 3.5 

Miscellaneous food 
Fla!lt material. 8.7 6.5 4.3 2.8 1.7 1.9 
Fish eggs 2.8 3.7 2.8 0.2 1.0 0.1 

Av. No. Org. per stomach in trout = 10.4 

Av. No. Org. per stomach in Salmon parr = 10.8 

• 



No effect or elevation \!las noticed 1n the distribution 

of this group. 

(;) Chi Toponldae 

nus group formed ~. 4% or the total fauna. fentsmeur, 

manili s, folYQedl1tnn nnbeculosu,.; and prodiemesa 011 vaceg were 

cor...mon, Crable 7.4). i'hesa were abundant during summer and 

found nore at low altitude than at high (Tob1e 7.5). 

A significant difference (t a:: 3.9, p <. 0.0;) 'las observed 

between the numbers of ebironomid larvae presE'.nt in the 

bottom fsma at ~ nnd 03 (Tab:1e 7 .• 6). 

(6) Qther D1pter)p larxl! 

3.0~ ot the total organisms belonged to this category' 

in t:ihich 121craa2ta r9l>:psta \laS common. 

(7) DiplftlAD pUDae 

1.7% of the limnetic invertebrates were constituted by 

the dipteran pupae. 

A total or 101 trout belonging to b+ to 4+ age groups 

were collected at monthly Intervals dUring January 1969 to 

March 1970, of these t1 Va stomachs were empty a.''ld the rest 

bad food in va.rying G'Oantltles (Table 3.6). 

(a) Comnos1tion of th~ diet !~y volvm~) 

T~.ble 7.7 shows ~ ,·;ide spectl"U!l! or cl1rrcront organisms 

enten. 'Ihe most important dietary i te!'!s " .. hl,ch belonged 
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to the benthic rood, wre Flecoptera end Ephemero,tera 

nymphs, and Trlchoptera and chlronomld larvae ~TI1ch 

together formed ~.~1 or the total volume. Ollgochatea, 

Gastropoda, Coleoptera and other dipteran larv~e ~~re 

among the less important benthic food YiD1cL constituted 

2.7;' by volU!.'l9 of the total. 
.,,"-" 

Plecoptera represented by Chlpronerla tr1pnnctetg, 

.&nPh1nemurQ, S13101001119, Chloroperll torrentium, L§'PRtl:l 

spP. snd other unidentifiablo p1ecopteran nymphs 

for.ned 6.5: or the total. ,l3j1et1 i rhod@l, .r.cd.Y'c"muru§ 

vgnosus and Eentnggsla lit;ra,isrepresented the Epheneroptera 

which tormed 29.9; of the total VOlume. Tr1choptera 

l.arvae mostly belonged to .fleqtt2cnem1f\ con§rers~, 

Hydro"Qsycnc 1pstob!11th f otaI!10phI;t1!X lat1pfinnl'1 and 

,higpy9st{2Pil j"cr.sonitul'll and amounted to 9.1:.\. Chi ronocld 

larvae foI't1ed 3. 3I~ ot the total volume. 

,wong the less important food 1t~s, I.t~:t:JjeulYI 

unes!='tys oCCUrred in O.:r, §j.rr:uli'Jm breytcQ,ule In o.4~ 

Ap,cylastrum fluviatile l.l~~t A:5~lllS meridlsmu;, In 0.4;: 

and fIne11y dIpteran pupae in 0.,% of the total voltJt'le. 

Nlch:atelo .f)od was composed. of adult Coleoptera \'i1ich 

rOl'm~d 5.0;' or tho total volUme &nd belonged to species 

Lgtelrr4; vg.kmatl, Hel!:lis JAaYie! uld P1AtBmbus Traculatv,. 

A f1sh,rbgAJ,pus y-,horlny§ amounted to l.l~· of the total 

volume. 

Aerial and terrestrial food, 'It.'h1oh inclUded /J;!ph1d1dae, 
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CJ Food item 
[Z] Fish 

)% of ea.ch itGm in the tot'll s;)rnple 
) % of trout containi ng each 
item in the total sample 

Coleoptera 
(2,3) 2:j-,---_&ILL 

[9·1] 

60 
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(9-0) 40 

Trichoptera 
(7·8) 

20 

Ephemeroptera 
(24' 7) 20 
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Plecoptera 
(16'0) 

40 

20 

o 

[15.1] . 
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Fig. 7.6 Se;)5?n~1 v~ri?tions of the food items of trout 
and pcrccni:<.'1ce of storilo.chs conta:inin~ each food 'i tern in 
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Nnb1dac, Formicidae, Empldae, &nd Elb1cnidne, rorrn~d 

31.8;: of tl:e total volu~e. 

Finally, 6.51- of the food was plant material. and 3.7~ 

'WaS fish eggs. 

(b) .r0.p~onRl wr1at 1on 1n f"ood intake 

Fir- 7.; shows that the ma.ximurn r(~ed1ng acti vi ty occurred 

during Sllrnr'!er 1\.nd 1 t gradual.ly decreased in "linter. 

(c) Seasonal changes_in the food 

Figs. 7. b, 7.7 show the seasonal changes 1n the food. 

~h~c!'Ortera nnd Flccoptera nymphs end Trlchopteru larvae 

oc curred in the stomachs throughout. l~ost of the 

Plecoptcra nymrhs for cxa.'!lple ~~'U~tI'P s.,..,,.,., lso"'~Ik s't'n. 

and litlphinOClura spp. '\'ere eaten during et'Jring ~d tl'tltumn. 

Epher1oroptera r:yn:rhs,ncstly l2nct,.s sf]., ~h~crQlln rue 

ttnd rcptnbcni n f:l)V. \mre present in substnntlal quantities 

throu&ho~t. Lnrger numbers of Tr1ehopern larvae particularly 

£lec:!i?cnm1a §P~. and Glxphgtael1us ~rJ!. ",Tere en.ten dUring 

tdntor than in M~ other season. Chlronom.1d larvae occurred 

in a smaller percentage or stomachs during st~er and autumn. 

Trout ate serial and terrestrial insects belonging to 

&.phidf.H.~, Dibionidae l'lld Form1cldae most frequently dUring 

SU!!JTI!er cmd ~uttln\n. The food 1 t~s of infre'1uent cceurrence 

were Coleoptern edults and l~rvlle, 011goeht!etc., Castropods, 

fish cge~ !:nd pl!:.nt r!e.tcrin1. These Iter.s 'Wore found 



Table 7.~ The average percentage composition of the food assessed by occurrence, volume and number methods 

of trout of each age group. 

Name of Snecies Salmo trutta 

Total No. Stomachs 101 

Ave 0+ 1+ - 2+ 3+ 4+ 

No. 512' '. in each al'."e grou): 8 46 29 16 2 

No. E~ptv sto~acns - 2 - 3 -
Hethods of assessment 0 V N 0 V N 0 V N 0 V N 0 V N 

Benthic food 

Oligochaeta .8 .1 .2 2.3 1.5 .3 
Gastropoda 1.7 2.3 .6 2.3 3.1 1.2 
Isopoda 1.8 2.1 1.2 
Pleco9tera nymphs 13.6 4.5 6.5 12.4 6.8 9.9 19.0 14.0 11.2 14.2 7.2 14.2 
Ephemeroptera nymphs 28.1 25.0 31.4 32.9 17.6 21.4 29.4 25.5 29.5 ~0.4 8.9 17.0 66.6 71.7 83.4 
Tricaoptera larvae 3.7 1.5 2.1 14.5 20.3 12.4 16.5 23.8 14.7 
Coleoptera larvae 
Chironomid larvae 10.4 8.1 14.9 8.5 6.4 10.2 6.4 2.1 6.7 

Sir:u1iid. larvae 3.5 2.3 4.0 
Otber dipteran larvae 
Dipteran pupae 2.0 2.7 1.7 

I~idwater food 
Coleoptera adults 18.1 2CJ.5 19.5 1.2 1.6 .5 2.2 3.2 1.9 
Fish 5.5 5·5 2.7 

Aerial & terrestrial food 40.0 50.0 42.5 36.4 62.2 49.2 14.4 18.6 19.2 9.5 28.5 22.1 

Insects 

Nisce11aneous food 
Plant material 

I 
.5 1.1 + :.0.0 3.5 4.9 33.3 28.3 16.6 

Fi-sh eggs 14.2 18.8 14.2 

- -

~" ." 

• 

oQ -
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durine lete autuI!'n c.nd ~nter. The minnow <phorlnus 

phoxjnu~) was eaten during autumn. 

(d) ~~od in Telot1on to ~~Q 

J[2 test showed a slgn1flcUlt difference in the 

occurrenCe of pl~copteren (x2
3 = 10.93, P ~ 0.05 < 0.02), 

2 
co1eopt€r~"'l (x 3 = le.93, P « 0.0, <. O.O~ <. 0.01), fnd 

l:1.erl~ and terrcstrlcl. ( X23 = 10.0>+, P (0.05 <.. 0.02) 

food 1t~s in dIfferent age groups of trout. ~s far as 

the other food 1 tc:rs were concerne1 there ,.,ere no 

significtnt cha.."lges in the d10t of fish belonging to 0+ 

to 4+ ag0 groups (T~ble 1.8). 

A tot~1 of 123 sa1~on psrr ~ere collected from 

January to l!arch 1970. or these, lit stomachs were ern.pty 

(Table 3.7 ). 

(a) CQr:!PQsltlon of the <1tet (b:r vol"!l'!~) 

Ta.b1e 7.? sho'W~ the co~posi tlon of the totnl diet ot 

salmon ~arr. !he reost slgn1flc&nt Ite~s of benthIc food 

were Gastropoda, Plecoptera and Eph~~eropters nym~hsJ 

Trichoptcr~, chironomid and si~ulI1d larvae. 011goeheeta, 

Colccpto=~ end other aquatic diptertn larv~e ~ere insignificant 

in the diet. 

Mcxlastrum fJ:uyiatile formed ~.6~ of the diet. 

Plecoptcra were represented by ~blQronerla tr1pungtot£l, 

,&nlbtngmara §ulr!col1! s, ChloronerlL torrent! urn, Leyctra spp. 
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and other un1dent1fiable rlecoptera n~hs 1n 5.81 of 

the diet; Epherneroptera represented by Parale~torhl§b1fl 

lIgptar;cn1~ J,nte!"~~ nnd other unidentifiable ~he~eroptera 

nyt'!lphs, fOl'rled 19.PjS; and Trichopter~, represented by 

~ ectrccn~ln e9~sFer~!1, H:.rdrgprehe Instf'lbl11 s, Eot'l~ophYlll! 

lat1'Rer.,p1 a, S~rlcostoT"a persona.tnm nnd other unidentifiable 

Trichoptera larvae constItuted 19.8~ of the total diet. 

Chirono~d larv~e were found in 17.41 • 

.Among tho insignifIcant benthic food were ~a.tel!JlJm 

yplktn:?ti and IIelt1i ~ maugel .. hieh together formed 0.3% of 

the total. Finally simulild larvae were present in 1.6; 

of the total diet. 

The rnld~ater food was eomposed of' ndult fl~t~abu9 

roaculatus (0.0%) and the bullheed (Cottus gobbio) (~.1~). 

Aerial and terrestrial insects belons to D:pidae, 

Bibionide.e end Formicldae, and fonned 8.4-';' of tho total 

diet. 

Hiscallaneous food formed ~. 71 of the diet in \/hich 

1.71 Wa3 plnnt material ~d 1.O~ tl!h eees. 
(b) S\~,q~QnDl v",r1 At1C'n 1.n food lntnke 

The I1arlmur:! feeding act1 vi ty vas observod during 

April to Juno and it gradually decreused in ~~nter (Fig.7.5). 

Figs. 7.8, 7.9 show the presence or Flecoptera, 



Table 7.q The average percentage com~o6ition of the food assessed by occurrence, volume, and n~~oe~ methods 

of salmon parr of each age group. 

Name of Species Salmo sa1ar 

Total No. Stomachs 123 

Arre 0+ 1+ 2+ .3-t-
Total No. SP. in each age 13 '"'~ .1 36 3 
r~o. Einpty st omachs 1 4 7 2 

:'!ethods of assessment 0 V N 0 V N 0 V N 0 V 

Benthic food 
Oligo chaeta 0.9 .7 0.4 
Gastropoda 4.1 1.5 1.2 9.4 8.0 11.0 0.9 1.1 0.8 
Plecoptera nymphs 3.3 2.3 1.9 13.2 8.3 ll.5 18.9 12.9 14.6 
Ephemeroptera nymphs 31.1 15.0 24.0 37.6 31.3 34.7 30.6 27.3 34.3 50.0 76.7 
Trichuptera larvae 32.0 50.0 48.0 8.6 10.6 10.4 13.0 18.8 10.6 
Coleoptera larvae 4.7 1.2 1.7 0.4 + .1 
Chironomid larvae 8.9 10.6 14.5 16.0 20.4 21.5 10.2 15.4 23.4 50.0 23.3 

s imuliid larvae 4.3 4.1 4.2 5.5 2.5 3.6 
Other dipteran larvae 0.3 + .1 4.0 2.0 2.1 

Midwater food 
Col~optera adults 1.6 2.6 0.7 
:nsh 0.9 8.6 0.2 

~ria1 &terrestr1al~ 

Insects 15.5 19.3 8.1 6.7 12.5 4.8 3.4 1.9 1.4 

Miscellan~ous food 
Plant material 1.4 1.7 0.4 9.9 5.4 7.3 
Fish eggs 0.9 4.1 0 .. 5 

- - --- ----i-~ 
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Eph ern aropt ern , Trichoptera and Chlronomldae throughout 

the pariod. l-!ost of the Flecoptera were eaten during 

~-1nter c!'.nd ~pr1ng. Ephemeroptera nymphs 'Were most 

frequent in the diet eluring Winter snd spring. Trichortera 

l~rvno were tho dominant foed item during autumn and 

~1ntcr. Considerable numbers of cl"o..1ronomid larvae ":cre 

eaten during s\~er and autumn. CastI'opods, aerIal t'nd 

terrc!::trlal insects, 'Were confined ma.inly to summer and 

autun:n • 

.t..ruong tho food it0ms of infrequent occurrenco 'Were 

slmulild larvae and Coleoptera adults and larvae which 

occu-rred 1n winter tlnd spring. Other dipteran larvae were 

consUtlcd in spring and fisht Cottus mb1£, in ,,-:tnter. 

Lov values were reported for plant material except during 

auturrn. 

(d) F"od In r -::latlon to age 

The fish of all ege groups h!'_d a slrr:11ar diet (Tnble 7.9). 

I found a slgn1fier.nt differance in the occurrence ot 
2 Gastropod!! (x 3 = 10.lt7. P <. 0.0; <. 0.02), a."ld Trichoptera 

2 (x 3 :: 9.81 P <: 0.0,) in the fcod or trout of different 

age groups. 

(111) TTt111s,~+lon of the fAtma 

Fig. 7.10 snows the percentage comros1tlon by nQ~ber 

or the bottom fauna and benthIc food ltems ut111se(1 by 

trout ~~d sal~on parr. Very few oligochaetes were eaten 



by trout ~d snl~on ~err, despite their abundance in the 

fauna. The absence of oligochaetes from the diet 'Was 

probcbly related to their burro'Ning habits. AnCyj.a5trum 

,nuviatl1e ":as the only mollusc eaten by trout end salmon 

parr. It \':as consumed more by saln:.cn parr then trout. 

Asollvs 1"1~r1d1~u§ 'tr{as the only crustace~ es.ten by trout. 

}~D.itlar.d (1965) also found crustacea to be [";ore ava:1.1e.ble 

to trout than to salmon parr. ana Frost and Went (191fo) 

found very few crustacea in R1v~r L1ffey salmon parr end 

trout, despite the1r &bundance in the fauna. ~lecoptera 

nYlnphs,t'lostly ~hloro~erla, Isoperln And AEphine,gurg 'Were 

co~on and frequently consumed-more by trout than by 

salnon ~9rr. I found Trlehopera larvae e~ten v~rG orten 

by salr!onparr thEn by trout, as did Frost nnd \-lent (1940). 

Coleoptora larvae f.nd adults belonzing to the species 

ltlt'ltl~S volktr.!lrl and Helmis IDf'ugej, were eaten mora by 

trout thnn by salmon pnrr. A significant difference (t = 8.3. 

P (0.05) \-ras observed b~tween the nUltbors of Coleoptera 

present ir.. the bottom fauna and in the trout rOOd.;.I~';' _ +~<!.;. 

Saloon parr utilised rrore chironomid and $1~u111d larvae 

than trout; t~ls suggests th~t salmen parr feeds mOTe on 

botto~ rc~~a th~~ trout. 

'It-
I. • 

(1) The bottOM f'~\lna ot this stream at low and high 

altltucte ~·n5 1421.3 end 1;t.'O.3 anlMals/m2 r~sr>ectlvely. 

(2) The p~rcent~ee or Arrphipoda, Pleeopter~, Bph~eroptera, 



)!egru.oper:l :m.d Di:x:1dae 1ncre2.se<i gradually fro~ low 

altitude to high. 

(3) IBopod~, C~ratopogonldae, Tipulidae, C1culiidae, 

Chircno~1dac and their pupae oocurred more at low 

altitude than at high. 

(4) There was no change 1n the number ot Turbellaria, 

Elrudinea, Qllgochaeta, Gastropoda, Tr.1choptera and 

Coleoptera ~ith elevation. 

(5) (;'0.9,-::: and 90.7% by volume or the total food of trout 

and salc.on psrr respect1 vely was b.enthlc t&14na. 

(0) ~phidae, Empld1dae, Biblon1dae snd Formicidae Vere 

consumed ~ore (31.81) by trout than by salmon parr (8.41. 

by voltn:1e). 
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DISCUSSION (PART I) 

(1) BOTTOM FAUNA 
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cn APTER VI!I 

RISCUSSION 

Us-ving considered the observations stream by strean 

(Chapters 3 to 7 1nclusive), they will now be discussed 

under two headings I (1) Bottom fauns, (2) Food tlIld 

feeding relationship between trout and salmon parr. 

(1) P9ttQM Fauna 

lIuet (1959) characterised the biotopes mainly by 

means of the slopes and lddth of the streaos. Il1ies 

(195'~) and D1ttmar (1955) characterised the different 

strecm-zones by means of the annual temperature 

amplitude. Schmitz (1955) preferred to characterise 

ther.l by the difference between water temperature and 

air temperature. Macan (19bl) objected to classifying 

stream-zones by mesns of temperature mainly because there 

are no direct relationships between temperature, stream 

and bottom conditions. Berg (19~3, 1948) made a 

classification of the stresm on tw ecological factors 

'Which he thought were of major importance tor the faunat 

na-ne1y the velocl ty of current and the type ot substratuc. 

The importance of the substratum has been stressed by 

percival and 'Wl1Itehead (19,9, 1930), v.tlitehead (1935'), 

Butcher, Longwell and Pentelow (1937), Moon (1939), Jones 

1949a, 19~b), Macan (1957), Hynes (1961), Thorup (1966) 

and Escl1shaw (1969) \/ho saId that the type of substratum 



( 2) The number of benthic animals increases during 

sucmer and decreases during ~nter. 

(3) 68.~ and 97.8% benthic fauna were utilised as food 

by trout and salmon parr respect1vely. 

(4) 2.'7. z:s aerial and terrestrial insects vere ea.ten by 

trout and O.l~ by salmon parr. 
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Table 8.1 2 Density (Av. no./m ) of the bottom fauna in all Llyn Tegid feeder streams. 

Nature of bottom:-

A = Mud, sand and pebble. D= Gravel. C = Stones 'ii th scattered vegetations. D = Stones covered with moss. 

-
Streams Llafar L~ Dyfrdwy Turch GIYn --
Nature of bottom A B C C A C D A B C 

Height (m O.D.) 175 177 200 200 175 183 216 176 183 500 

Sampling s1 tea L1 12 L3 Lw LD1 LD2 T 01 02 03 

Turbellaria 0 5.3 0 0 0.7 0 0 1.0 0 0.7 
Hirudinea 10.7 10.7 13.8 7.4 2.1 14.9 0.7 0.7 4.2 1.0 
Oligo chaeta 43;.8 156.2 37.4 333.8 272.8 147.6 26.7 157.2 48.1 49.2 
Gastropoda 6.4 2.1 6.4 3.2 6.4 23.; 5.3 1.0 24.6 14.9 
Larnellibranchiata 1.0 12.8 58.8 4.2 3.2 4.2 18.1 0.7 71.6 2.1 
Amphipoda 0 7.4 2.1 2.1 3.2 1.0 10.7 5.3 10.7 13.9 
Isopoda 62.2 21.4 0 0 107.0 0 0 1.0 2.1 0 
Hydra carina 98.4 0 7.4 1.0 1.0 2.1 2.1 0 0 2.1 
Plecoptera 9.6 372.3 182.9 60.9 17.1 315.6 253.6 162.6 303.8 ,411.9 
Ephemeroptera 3.2 202.2 189.3 535.0 149.8 184.0 269.6 124.1 258.9 419.4 
Hemiptera 988.6 144.5 2.1 202.5 422.6 401.? 0.7 105.1 118.4 0 
Megaloptera 9.6 3.2 12.8 4.2 1.0 7.4 2.1 1.0 5.3 8.5 
Trichoptera 115.5 186.1 72.7 126.2 39.5 263.7 151.9 65.2. 208.6 204.3 
Coleoptera 55.6 121.9 251.4 38.5 28.8 90.9 60.9 16.0 35.3 28.8 
Diptera: 
Ceratopogonidae 40.6 26.7 9.6 8.5 5.3 6.4 0 7.4 . 7.4 2.1 
Dixidae 0 0 0 0 0 0 5.3 0 0.7 55.3 
Tipulidae 2.1 5.3 9.6 4.2 6.4 7.4 1.0 7.4 4.2 0.7 

Si:T1111iidae 1.0 21.4 42.8 2.1 0 9.6 3.2 0 1.0 1.0 
Chironomidae 1166.8 424.7 1309.6 769.3 2153.9 863.4 3'14.5 647.3 269.6 64.4 
Other dipteran larvae 2.1 34.2 37.4 13.9 2.1 22.4 25.6 21.4 87.7 73.5 

Total no. animals 402' .. 2327 3019 2842 4313 3144 1874 1785 1951 2068 
Av.no.animals/month 287.4 166.2 215.6 202.9 308.0 244.5 133.8 12~.5 139.3 147.7 
Av.no.animals/m~ 3075.1 1778.) 2306.9 2171.0 3295.6 2402.1 1431.6 136 .2 1490.5 1580.3 

-- -_._----- - --------------- ------- - ---
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is one of the important factors in the distribution ot 

aquatic feuna. 

In the present study, four different types of 

bottoms, namely (A) Mud, sand and pebbles, (B) Ora vel. , 

(e) stones uith scattered vegetation and (D) stones 

. covered 'tt1.th moss, and their characteristic species are 

discussed. The densities of species found in all the 

Llyn Tegid reeder streams are tabulated 1n Tables 3. b, 4.2, 

;.3, 6.2 ~d 7.Lt. A comparison of the benthic fauna in 

terms or groups of 1"i Va unregulated Uyn Teg1d feeder 

streams shows the sirn1larl ty of the 'an1r.tal inhabl tants 

though their numbers differ on different tyPes or 
substratum (Table 8.1). The feeder stresms have a dense 

population (mean number at organisms 2382.8/m2) composed 

of many species. Ephemeroptera, Hemiptera, Trlchoptera, 

Plecoptera, Chironomidae and 011gochaeta together fomed 

8l.~, 89.~, 87.41:, 8;.4~ and 88.5t of the benthic 

standing crop in Afon Llafar, L11w, Dytrdwy, Twrch end 

Glyn respectively. 

ihAfocata Vitta was scarce and collected relatively 

more nt G:J. than 03 (Table 8.1). Extensive sampling Day 

reves1 their presence at L1 and LDl as they have an 'A' 

type bottom, though Reynoldson (1967) showed a high 

density of P, vitte 1n peaty ground. Erpokde1la oetoculatA­

nnd lI.eJ.obdella §tagnAl1s were co~only collected. These 

appear to prefer stony substrata ~~th scattered vegetation 
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Table 8.2 The distribution of benthic·fauna (expressed in ave raga 

percentages) according to the type of substratum in 

Llyn Tegid feeder streams. 

A 
Mud and 

Types of substratum small 
pebbles 

Sampling stations L1 t LD1 t G1 

Turbellaria + 
Hirudinea + 
Oligo chaeta 6.5 
Gastropoda 0.2 
Lamellibranchiata I + 
Amphipoda 0.2 
Isopoda 2.1 
Hydracarina 0.4 
Plecoptera ,.8 
Ephemeroptera 6., 
Hemiptera 9.5 -
Megaloptera 0.1 
Trichoptera ,.6 
Coleopt.era 1.3 
Ceratopogomidae 0.3 
Dixidae -
Tipulidae 0.4 

Simuliidae -
Chironomidae 57.8 
Other dipteran larvae 0.4 
Dipteran pupae 1.6 

. .-' 

+=(0.1% 

B c 
Gravel Stones .... ith 

scattered 
vegetation 

12, G2 L3, Lw, G3 

- + 

+ 0.1 
5.1 6.2 
1.2 1.0 
0.8 0.4 
0.4 1.0 

- -
+ + 

8.0 16., 
19.4 20., 
7.2 4.7 
0., .5 
7.1 9.' 
3.3 4.1 
0.4 0., 

- 1.7 
0.4 0.1 
1.1 0.2 

37.8 25.9 
1.5 2.8 
2.2 4.1 

D 
Stones 
covered 
.... ith moss 

T 

-
+ 

1.9 
0.4 
1.2 
0.7 

-
0.1 

,1.6 
18.8 

+ 
0.1 

10.6 . 

4.2 

-
0.3 
0.1 
0.2 

24.0 
1.8 

'.0 



(Tables 8.1, 8.2, 9.). Similar observations were made 

by Hann (1955). stylodrilUs her1neianlls and Lur.:briculus 

var1~gatus were most sign1f'lcsnt among the ollgochaete 

fauna In all the streams except Afon Twrch (Tables 8.1, 

, '9.3). The obvious reason 1s the lack of' a muddy bottom 

1n the stretch sar.:pled. The mo11uscanfauna In the 

reeder streams 1s var1ed. &lmnleg pereger, AncY10~tn~ 

nuyintl1e 1n the Gastropoda and Pisidlurn subtruncatt'lll'l 

1n Lamell1branchiata are runong the prominent specles 

cOllected. These were found relatIvely more commonly 1n 

Afon T,,:rch and Glyn and less freqUently 1n Af'on Llafar, 

Ll1w, and the Dyf'rdwy. This may be due to higher 

concentrations of calcium 10ns in the Twrch and GlJll waters 

(Table,' 3.q-~ .. ',·:',\ The emphipod fauna though sca.rce 1n 

the feeder streams Is represented by Gammarus pulex lwilich 

seems to favour thick vegetation and a h1gher calcium 

concentration. These' were recorded less frequently in 

Llatar, Ll1 w and Dyf'rdwy and more commonly in the Twrch 

and Glyn (Table 8.1). "filIus mtrtdlanus were collected 

trom L1 , LDl and ~ stations, the bottoms of which are of 

sand, mud and pebbl~s. The commonest of the Hydracar1na 

was Dymbates n1itQrrAculatul and ~erchon satlger. These 

were well represented at the stations near the lake and 

their presence may be due to the slow current and more 

abundant marginal vegetation. Amph1nemura spl1eQI11;, 

Aellh1negura StaPdtulsl, Leuctra hl'7I2S2PYs, ErotonemvrA meyeri, 

guoroperla torrent ltlm and lSS2perla grammat1ca are the chief' 



representatIves of the P1eeoptera. These occur in 

considerable numbers in Afon T~TCh w.hich has a thick 

carpet of moss on the botton, at G3 ".tlere al tl tude may be one 

of the factors; and are relatively less in number in other 

feeder streams, for ~lch shelter afforded by the stones 

and availability ot food like moss, algae, detritus ~d 

vegetable matter (Hynes 1941, Jones 19)0, Badcoek 1949) 

may not be adequate. There 1s an Increase in p1eeopteran 

nymphs from Ll' having a muddy bottom, to L~ and L3 \-TIere' 

the bottom 1s gravel and stones ~th scattered vegetation 

as 1n the Afon Dytrdwy and Glyn (Table 8.1). Uymphs of 

the mayilles ,&:pl)Imer.lla Im1ta, Batt,s spp, Centrppt11uID ..... 

lutecIum, Hepta&en1a spp, ,md;zopurus venosys, and LQptophleh1a 

marg,1,natl are predominant In the feeder streams (Tables 8.1, 

9.3). These appear to favour B, C and D types of bottom 

(Tables ~, 8.2, 9.3). ~hem!r'lla ign1ta occurs most 

frequently 1n stoney bottoms covered with moss. 

Eual;EmtoDhleb,a spp, and Heptag'nil SJ21'. were COIl1..Inon 1n 

the upper reeches ot Afon Llafar, DytrdW)" and Glyn 

(Table 3.0; 5.3 and 7.~) as was also found by Macan (1957). 

blt1s spp. and CentrpptI1um spp. were common in slower 

waters. It is not usual to find CenttQpt11Hm in rapid areas 

were I:}j\et1s 1s frequently abundant. Baet,s spp. appears 

1n all st!3tions. ]hi t"rogS8 sem1colorat@ and ,I&d:ygnyl"Us 

ytoggus frequently occur together. There is a gradual 

increas3 in the number of mayfly nymphs trom the muddy 
" . , 

bottoms of ~, Ll1, end ~ to L2, LD2 and G2 where the 



bottom 1s of gravel and finally to L3 snd G
3 

"I}}ere the 

bottom 1s stony with scattered vegetations, (Tables 8.1, 

8.2, 9.3). Soall round fiattened 11;Icrpni!C~S! power! are 

an it1po rt ant co~st1 tuent of the benth1c community in all 

feeder streams except !fon Twrch. probably their 

carn! vorous habits .. and the. subsequent difficulty 1n 

finding the food in the thick carpet of moss may have 

an important effect in regulating their numbers in this 

stream. }-11cronecta poweri 1s common in the s..Ol-ler wnters 

particularly ~ LDI and ~ where there is a slow current 

and more marginal vegetation,both submerged and floating. 

a&p1is sPR. are sca~ce in the feeder streams (Tables 8.1, 

8.2, 9.3). Larvae of the Caddis fiies Plectrocnem1A 

s.on'per~J, Hydrppsyche 1nstabl11s, rotamophYlax lat1penn1§, 

Q1xphotael1ys pellucldus, Relgsus dlg1tGtus and ~eric9stoma 

Plrsonatum are plentIful in all the feeder stre~s (Table 

<6.1_). S110 sP12. and AAUlpetus ']2p. are small and infrequently 

found. The c8.ddis larvae increase in number from A type bottoms 

to B and C types 1n Afon Llafar, Dyfrdwy and Glyn 

(Tables 8.1, 8.2, 9.3). Helnds mauge! and LatsJ,m1s yplkmar1 

are abundant and\ddely distributed in the teeder streams 

(Table 8.1) though the larvae of these forms are more 

freqUent then adults. There 1s an increase in the number 

or aquatic beetles trom A type bottoms to B and C types in 

Aton llarsr, nytrdwy and Glyn (Tables 8.1, 8.2). Bezg, 

.,mn.. are searce in the feeder streams except Uafar and 

seem to preter gravel and stony substrata (Tables 8.1, 8.2, 

9.3). DiM puberula 'Nas the only species recorded from 
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Table 8.3 The average percentage composition of the total annual 

diet of salmon parr assessed ~3 volume method in all 

Llyn Tegid feeder streams. 

-.- No record 

Streams L Lw LD T G 

Total No. Fish 136 93 122 77 109 

Total No. Empty stomachs 6 11 q C; 14 
Lumbriculus spp. 1.2 - 0.6 - 0.1 
Ancylastrum fluviatile 0.5 0.1 - 0.7 2.6 
Limnaea pereger 1.0 - 1.6 - -
Amphinemura spp. 0.3 0.4 1.0 1.0 1.2 
Leuctra spp. 0.1 0.1 0.1 1.1 0.4 
Nemoura spp. v.6 - - - -
Protonemur~ meyeri 0.7 0.2 1.8 I 1.9 -
Chloroperla spp. - - 2.4 1.0 1.9 
Isoperla gramrnatica - - - 1.4 0.7 
Other Plecoptera - - 1.0 2.5 -1.6 
Ba~tis rhodani 4.2 3.6 7.5 7.3 3.4 
Caenis spp. 1.1 2.1 2.1 - -
Ecdyonurus spp. 0.6 - 2.3 5.3 11.6 
Ephemerella spp. 1.3 - - 4.4 5.4 
Heptagenia lateralis - - - - 5.6 
Other Ephemeroptera 9.4 22.4 6.1 8.3 11.5 
Anabolia spp. 3.3 - - - -
Plectrocnemia conspersa 9.2 7.9 10.4 6.7 2.1 
Rhyacophila dorsalis 3.6 - - 5.4 2.5 
Hydroptila spp. 2.3 - - - -
Hydropsyche~ spp. - - 5.2 4.3 3.9 
Potamophylax spp. - - 5.3 - 2.8 
Sericostoma persona tum - - - - 3.2 
Other Trichoptera 20.5 30.1 20.2 10.3 5.3 
Helmis maugei larvae 0.3 0.1 0.5 0.5 + 
Latelmis volk~ri larvae + + 1.1 0.3 0.3 
Chironomid larva~ 10.6 5.5 22.0 25.5 17.4 
Chironomid pupae + 0.1 - - -

SlmuU id larvae 3.0 2.9 0.9 5.7 1.6 
Tipulid larvae 3.8 - 0.4 - -
Other dipteran larvae 0.5 1.6 0.6 + 0.5 
Dipteran pupae 0.6 - 1.7 + -
Midwater food 
Helmis maugei adults 2.2 - 0.1 0.5 -
Micronecta spp. 2.0 - - - -
Latelmis volkmari adulia - - 0.1 - 0.4 
Platambus maculatus adults - - - - . 0.2 
Cottus gohlo) - - - - 2.1 
Aerial and terrest-r.ial..!22!! 8.1 16.0 3.1 0.8 8.4 
Miscellaneous food 
Plant materials 7.8 3.6 0.9 4.4 1.7 
Stones (caddis cases) 0.4 - - - -
Fish eggs - 2.6 - - 1.0 

, 

• 
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Table 8.4 The average percentage composition of the total diet 

of salmon parr assessed by numb~r method in all Llyn 

Tegid feeder streams. 

+ • (0.1%; - .. No record; 

Streams L L .... LD T 

Total No. Fish 136 93 122 77 

Total No. Empty Stomachs 6 11 9 5 

Lumbriculus spp. 0., - 0.7 -
Ancylastrum fluviatile 0.7 + - 0.3 
Limnaea pereger 0.2 - 0.9 -
Amphinemura spp. 0.9 0.9 1.6 1.0 
Leuctra spp. 0.7 ' 0.4 0., 2.6 
Protonemura meyeri 0.9 0.6 1., 1.3 
Chloroperla spp. - - 2.1 1.1 
Isoperla grammatica - - - 1.1 
Other Plecoptera - - 1.1 2.2 
Bagtis rhodani 9.7 5.2 6.4 4.3 
Caenis app. 2.8 9.1 3.1 -
Ecdyonurus spp. 0., - 4.2 7.' 
Ephemerella spp. 3.2 - - 11.3 
Heptagenia lateralis - - - -
Other Ephemer~ptera 10.4 14.8 6.3 6.2 
Anabolia spp. 3.7 - - -
Plectrocnemia conspersa 5.6 11.5 6.1 3.4 
Rbyacophila dorsalis 1.0 - - ,.2 
Hydroptila spp. 1.6 - - -
Hydropsyche'! spp. - - 4.1 5.2 
Potamophylax spp. - - 5.0 -
Sericostoma persona tum - - - -
Other Trichoptera 16.7 17.1 13.5 7.2 
Helmis maugei larvae 0.2 0.3 0.3 1.1 
Latelmis volkmari larvae 0.1 + 0.4 0.6 
Chironomid larvae 18.3 8.9 36.1 30.0 
Chironomid pupae + 0.4 - -

Sl!IIU111d larvae 8.1 8.3 0.8 7.2 
Tipulid larvae 1.0 - 0.1 -
Other dipteran larvae 0.6 4.3 0.2 + 
Dipteran pupae 0.1 - 2.3 0.1 
Midwater food 
Helmis maugei adults 1.0 - + 0.1 
Micronecta spp. 1.6 - - -
Latelmis volkmari adults - - 0.1 -
Platambus maculatus adults - - - -
Cottus gobio) - - - -
Aerial and Terrestrial insects 1.9 13.7 0.9 0.1 
Miscellaneous food 
Plant material 6.7 2.9 1.3 2.1 
Stones (caddls cases) 0.2 - - -
Fiah eggs - 1.6 - --
Total % . --' 99.0 100.0 99.6 99.2 

G 

109 

14 
0.1 
3.2 
-

1.4 
0.6 
-

2.0 
0.9 
2.1 
6.8 
-

8.6 
6.1 
5.4 

14.2 
-

1.1 
1.2 
-

2.9 
2.0 
3.8 
6.2 
0.1 
0.3 

22.0 
-

1.9 
-0.6 
-
--
+ 
+ 

0.1 
3.5 

1.9 
-

.:.Q:1... 

99.1 
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Table 8.5 The av~rage percentage composition of the total annual diet 

of trout assessed by volume.method in all Llyn Tegid feeder 

streams. + III {0.1% 

Streams L Lw LD T G 

Total No. Fish 81 113 113 57 101 
; 

Total No. Empty Stomat:hs 2 9 7 6 5 
Benthic food 
Lumbriculus spp. 0.6 0.2 4.5 0.3 
Ancylastrum fluviatile 0.8 + 2.4 1.1 
Limnaea pereger 0.2 0.8 0.8 
Gammarus pulex . 1.1 
Asellus meridianus 0.4 
Amphinemura spp. 0.5 0.1 0.4 1.5 0.6 
Leuctra spp. + + 0.2 1.6 1.1 
Protonemura meyeri 0.1 0.7 2.3 
Isoperla grammatica 2.2 0.7 
Chloroperla·sPP. 0.1 - 0.3 1.7 1.7 
Other Plecoptera - - 0.6 2.0 2.4 
Ba~tis rhodani 6.2 2.2 5.1 3.1 3.7 
Ca~nis spp. 0.3 1.0 2.1 - -
Ecdyonurus spp. - - 3.2 4.3 4.5 
Ephemerella spp. 6.1 - - 4.5 5.1 
Heptagenia lateralis 6.7 
Leptophlebia ~ginata 2.1 
Other Ephemeroptera nymphs 1.9 5.0 7.3 6.2 9.8 
Plectrocnemia conspersa 8.5 12.9 8.0 1.2 0.8 
Rbyacophila dorsalis 0.8 1.0 
Hydroptila spp. - - - - -
Sericostoma persona tum - - 0.3 
Potamophylax spp. - - 2.2 - 1.8 
Hydropsyche', spp. 4.1 - 3.2 2.3 1.1 
Glyphotaelius spp. 11.1 
Other Trichoptera . 2.0 7.0 7.2 7.5 4.1 
Helmis maugei 0.4 0.5 0.4 0.6 -
~telmis volkmari 0.8 - 0.2 0.3 -
Chironomid larvae 2.1 1.0 3.2 3.1 3.3 

Simul1id larvae 0.7 0.3 - - 0.4 
Sil'!1UlHd pupae 0.7 - - - -
Tipulid larvae - 0.1 - - -Other dipteran larvae 0.3 3.4 + 0.6 -
Dipteran pupae - - 1.7 0.3 0.5 
Midwater food 
Hygrobates spp. + - - - -Helmis mauge1 adults 0.5 0.3 2.2 1.0 -
Micronecta spp. + - - - -
Latelmis volkmari adult 0.4 - 2.1 0.4 4.2 
Cottus (goblo 15.8 34.7 11.3 17.2 1.1 
Other Coleopteran adults 0.4 
Platambu8 maculatus 0.8 

Aerial and Terrestrial inse.cts31.8 19.4 29.2 27.2 31.8 
Miscellaneous food 
Plant material 2.2 10.0 2.8 4.9 6.5 
Stones (caddis cases) . 3.0 0.5 - - -
Fish eggs - 0.3 - - 3.7 

, 
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Table 8.6 The average percentage composition of the total annual diet 

of trout assessed by number method in Llyn Tegid feeder 

streams. + =(0.1% 

Streams L Lw ID T G 

Total No. Fish 81 11'3 1"'3 15? 101 

Total No. E.nt)ty stomachs 2 q ? 6 5 

Benthic food 
Lumbriculus spp. 1.4 0.8 4.1 - 0.1 
Ancylastrum fluviatile 1.1 + - 3.1 0.3 
Limnaea pereger 0.7 - 0.5 1.0 0.2 
Gammarus rulex - - 0.3 - -Asellus meridianus 0.2 
Amphinemura spp 1.5 0.4 1.1 1.2 0.7 
Leuctra spp. C.1 0.1 1.1 1.0 2.1 
Protonemura meyeri - 0.6 1.3 1.9 -
Isoperla grammatica - - - 2.2 1.3 
Chloro~erla spp. 0.4 - 1.2 1.4 2.1 
Other Plecoptera - - 1.2 4.2 2.3 
Ba~tis rhodani 11.4 3.1 10.2 7.4 4.1 
Ca~nis spp. 1.0 4.8 2.2 -
Ecdyonurus spp. - - 3.3 2.4 5.2 
Ephemerella spp. 8.2 - - 4.2 6.6 
Heptagenia lateralis - - - - 8.6 
Leptophlebia marginata 4.6 - - - -
Other Ephemeroptera 2.1 4.4 11.4 9.4 12.1 
Plectrocnemia c~~spersa 7.4 10.9 7.2 1.1 0.5 
Rhyacophila dorsalis - - - 1.2 0.8 
Hydroptila spp. - - - - -
Seri~ostoma personatum - - - - 0.6 
Potamophylax spp. - - 1.2 - 1.0 
Hydropsyche:; spp. 3.2. - 2.2 2.1 0.5 
Glyphotaeliua spp. 7.3 
Other Trichoptera 1.1 8.2 6.2 4.2 2.4 
Helmis maugei 1.3 1.7 0.9 0.6 -
Latelmis volkmari - 1.6 0.3 0.5 -
Chironomid larvae 7.5 3.1 7.7 13.1 6.3 

Simuliid larvae 1.9 2.0 - - 0.8 
SimuliH pupae 1.6 - - - -

Tipulid larvae + 
Other dipteran larvae 0.9 9.0 + 2.4 -
Dipteran pupae - - 2.7 0.5 0., 

Midwater fo.,d 
Hygrobates dpp. + 
Helmis maugei adults 0.5 1.1 1.4 1.4 -
Micronecta spp. 0.1 
Latelmis volkmari adult 0.4 - 1.2 1.0 2.3 
Cottus cobio' 1.8 22.7 1.6 6.2 0.5 
Other Coleoptera adult - 1.0 - -
Platambus maculatus - - 2.0 

Aerial and Terrestrial insects25.5 13.6 25.3 23.0 26.0 

Miscella~eous food 
Plan t rna terial 2.5 7.7 3.8 2.7 4.3 
Stones (caddis cases) 2.1 0.5 - -.. -
Fish eggs - 1.2 - - 2.8 - - -
Total % 9~.6 98.5 99.6 99.6 96.8 

, 



~03 

.' Afon L11l', TlIrTCh and Olyn thougb scarce except in Glyn 

(G3). The scarcIty may be related to the high altitude 

end fewer pre4ators. Ch1ronomid larvae, represented by 

seventeen species (Tables 8.1, 9.3) are abundant in the 

reeder streams and found in a variety ot babi tats. I 

found thSl entnng1ed in roots, and moss,hang1ng on by 

their stumpy hooked appendages, sheltering in crevices, 

and they frequently inhab1t d1scarded'caddis cases. 

These are found frequently in .A tyPe bottoms end less in 

B and C type bottoms, (Tables 8.1, 8.~t 9.3)." Simullidae 

Which vere represented by seven species in the feeder 

streams were not recorded from the A tyPeot bottom. 

Theso prefer shallow swift nowing water and 'stable 

habitats. Other dipteran larvae ~ich includes Tlpula spp_ 

Athenx marrlnata, Dlcronsta robusta, Hemeg;odrqm1a 

JmJ,J,iD,ata, per;egma Plelldo-ugu;sltlh Linm9Llhora. spp. 

Sild lilmonia spp. appeared ins1gnificantly in all types of 

bottoms discussed above (Table 8.1). 

(2) Food end 'SEin, Relgtt9nshlp b§twaen Trout snd 
SAlmon Parr 

M7 results (Chapter 3.4, ~.3, ;.3, 6.3, 7.3) show a 

number or similar features in the food and feeding habits 

of trout and salmon parr in the Llyn Tegid feeder strea~s 

(Tables 8.3, 8.4, 8.~ and 8.b). The most obvious of these 

is the greater amount of benthIc food eaten by sateon parr 

compared to trout, ~.1ch eat more m1dwater and aerial nnd 

terrestrial food. Both consume similar amounts of 
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Table 8.7 Comparison of the total annual diet (expressed in percentages) 

of trout and salmon parr assessed by volume and number methods in all 

Llyn Tegid feeder streams. 

Methods of Assessment 

Name of fish 

Total No. fish 

Total No. empty stomachs 

I Benthic food 
OliF;ochae ta 
Lumbriculus spp. 
Gastropoda 
Ancylastrum fluviatile 
Limnaea p!reger 

• Am:ehiEoda 
Gammarus pulex 
lsoEoda 
Aselllls meridianus 
Pleco'2tera 
Amphinemura spp. 
LEiuctra 
Protonemura meyeri 
Isoperla grammatica 
Chloroperla spp. 
Other Plecoptera 
E:ehemero'::;tera 
Baetis rhodani 
Caenis spp. 
Ecdyonurus spp. 
Ephemerella spp. 
Heptagenia lateralis 
Leptophlebia marginata 
Other Ephemeroptera 
TrichoEtera 
Anabolia spp. 
Plectrocnemia con~persa 
Rhyacophila dorsalis 
Hydroptila spp. 
Sericostoma persona tum 
Potamophylax spp. 
Hydropsyche~ spp. 
Glyphotaelius spp. 
Other Trichoptera 
Coleoptera lar?ae 
Helmis maugei 
Latelmis volkmari 
DiEtera 
Chironomid larvae 
Chironomid p~pae 
1muliid larvae s 

s imuliid puJlae 
Tipulid larvae 
Other dipteran larvae 
Dipteran pupae 

...... 

Volume 

Trout 

465 

29 

(46.6) 
(1.1 ) 
1.1 

(1.1) 
0.8 
0.3 

(0.2) 
0.2 

(0.1 ) 
0.1 

(4.3) 
0.6 
0.6 
0.6 
0.6 
0.9 
1.0 

(18.0) 
4.1 
0.7 
2.4 
3.1 
1.3 
0.4 
6.0 

(17.2) -
6.3 
0.3 -
+ 

0.8 
2.1 
2.2 
5.5 

(0.6) 
0.4-
0.2 

(4.2) 
2.5 -
0.3 
0.1 
+ 

0.8 
0.5 

- =No record 

Number 

Salmon Parr Trout Salmon Parr 

537 465 537 

45 29 45 

(86.0) (60.7) (90.8) 
(0.4) ( 1.3) (0.2) 
0.4 1.3 0.2 

(1.3) (1.4; (1.0) 
0.8 0.9 0.8 
0.5 0.5 0.2 

( - ) ( + ) ( - ) - + -- ( + ) -- + -
(4.6) (5.8) (5.4) 
0.8 1.0 1.1 
0.4 0.9 0.9 
0.9 0.7 0.8 
0.4 0.7 0.4 
1.0 1.0 1.1 
1.1 1.5 1.1 

(25.0) (25.3) (29.2) 
·5.2 7.2 6.5 
1.0 1 ~4- 3.0 
4.0 2.2 4.2 
2.2 3.8 4.1 
1.1 1.7 1.1 
- 0.9 -

11.5 J.1 10.3 
(32.9) (13.7) (24.2) 

0.6 - 0.7 
7.2 5.4- 5.5 
2.3 0.4- 1.1 
0.4- - 0.3 
0.6 0.1 0.7 
1.8 0.4 1.4-
2.7 1.6 2.4-- 1.4 -

17.3 4.4 I 12.1 
(0.6) ( 1.4) (0.7) 
0.3 0.9 0.4-
0.3 0.5 0.3 

(21.2) (11.8) <30.1 ) 
16.6 7.5 23.0 

+ - 0.1 
2.8 0.9 5.2 - 0.3 -
0.8 + 0.2 
0.6 I 2.4- 1.1 
0.4- I 0.7 0.5 

• 



Table 8.7 (contd) 

Methods of Assessment Volume Number 

Name of fish Trout Salmon Parr Trout Salmon Parr 

Total No. fish 465 537 465 537 

Total No. empty stomachs 29 45 29 45 

Mid .... ater food (18.4) (1.4) (9.3) (0.5) 
Hydracarina 
Hygrobates spp. + - + 
Coleoptera adults (2.4) (0.6) (2.5) (0.2) 
lielmis maup;el 0.8 0.5 0.9 0.2 
Latelmis volkmari 1.4 0.1 1.0 + 
PIa tam bus ~acu~atus 0.1 + 0.4 + 
Other Coleoptera 0.1 - 0.2 -
Hemiptera ( + ) (0.4) ( + ) (0.3) 
Mi.cronecta spp. + 0.4 + 0.5 

~ Cottus g?bl0 (16.0) (0.4) (6.8) ( + ) 

Aerial & terrestrial insects I (27.9) (7.3) (22.7) (4.0) 

Miscellaneous food (6.8) (4.5) (5.5) (3.3) 
Plant materials 5.3 3.7 4.2 3.0 
Stones (caddls cases) 0.7 0.1 0.5 + 
Fish eggs 0.3 0.7 0.8 0.3 

.-

" 

• 



"miscellaneous food (Figs. B.l, 8.2). Similar features 

hElve been demonstrated by Inany workers including Southern 

(193;), Frost (1939, 19;0), Frost A Went (1940), 

Maitland (190;), Thomas (1962), Sinha & Jonos (1967), 

lVoo11and (197~). The percenta.ge of trout and salmon parr 

ot all age groups (here 0+ to 3+) feeding on the principal 

food types in each month and year 1n l.hlch sufficiently 

representat1 ve samples were procured are g1 ven 1n 

Figs. 8.1, 8.2. These tend to contim the variat10ns 

alrea.dy noted in Figs. 8.3, 8.4. It 1s now evident that 

salmon parr have a greater preterence tor benthic toros 

than do trout. 

In Figs. 8.3, 8.4 the data have been grouped on a 

monthly or seasonal basis 1n order to demonstrate any pOSSible 

seasonal variation 1n the nature or rood. Ephemeroptera 

represented by jAlt!S rhp<;1an1, ~aftQis sp;., ESd:mnurns spp., 

ERblR,rtlla SItR., Hwta'm1a l,t§ralis and L,ptonhlebia 

uwna~1 end other ins1gnificant mayny nymphs (Table 8.7) 

" appear to be taken less frequentlY by salreon parr than by 

trout during late spring and summer but the opposite 1s 

true 1n " .. inter (Fig. 8.3). Caeni! 'pp. in spite or their 

mud dwelling habit (Maitland 19b;) were consumed by trout 

(0.7% by volume) vnd salmon parr (1.0% by VOlume). 

Trichoptera larvae ~eh 'include f1!c$tpcnemi§ cRDspersa, 

RblA9Q~bl1' dorsalis, Sertcostoma personatum, f9tgmopbx1ax SpD. 

1IlsltQtllych~ Gr. and othercaddls larvae were col!lt1only eaten 

by both the epecies of fish. jPabolia hetYOSA, Ezdrn",t1la spp. 



., 

were taken by salmon parr and GIYphotaelius spp. by 

trout, Frost (1939, 1950), Frost and Went (1940), 

Horton (1961), Thomas (1962) and Mann and Orr (1969) 

also recorded trichopteran larvae as a major food of 

salmon parr and trout throughout the year, but more so 

during winter than summer. I found that the caddis 

larvae were eaten more by trout during the months from 

February to July but from August to January the 

percentage of these larvae were much higher in the food 

of salmon parr (Fig.8.3). Plecopteran nymphs were of 

great dietary importance during spring, summer and winter 

particularly to salmon parr rather than to the trout in 

the feeder streams. Similar observations ~ere made by 

Frost (1939), :t-1ai tland (19(.5), Eggli shaw (1967), Elliott 

(1967) and Woolland (1972). Plecopteran nymphs (4.3% by 

volume) in trout and (4.6% by volume) in salmon parr were 

recorded and representeu by Amph1nemura sp~, Leuctra spp" 

frotonemura merer1, Isoperla graro~at1ca and Chloroperla sup. 

in both the speCies of fish in the feeder streams. Fig. 8.3 

shows that these were taken more fro~ February to July and 

in December and January by salmon parr. In autumn the 

percentage of these was greater in trout than in salmon 

parr stomachs. !sellus mer1dlanus (0.2% by volume) and 

~arus pulex (0.1% by volume) were recorded only in the 

diet of trout, though Woolland (1972) observed them from 

November to May in the stomachs of trout in the upper Dee 

and found them pa~ticular1y abundant in November. 

Chironomid larvae were the most important dietary constituent 



to salmon parr of the feeder streams in all seasons 

(Fig. 8.3). This may be because ot their abundance, 

availabil1ty and small sIze. Slmullld larvae were 

consumed by salI:lon parr in all seasons (Fig. 8.3) 

though these were not common in the dIet ot trout. 

Woolland (1972) found simuliid larvae comtr.on in July 

and Aueust in the diet of sutton parr ~ereas Carpenter 

(1940) found them most comreonly eaten in July. I found 

these larvae more in spring (Fig. 8.3). Iipula larvae 

(O.8f. by volume) were recorded only in the diet of salmon 

parr of the feeder streams (Teble 8.7) though the trout of 

the upper Dee had been feeding on these larvae extensi ve1y 

during autumn and winter (Woolland 1972). Gastropoda, 

particularly t~CY18Strum fluviatile, were eaten by trout 

in very insignificant numbers (0.8% by volume), ~ereas 

the trout of the upper Dee ate more ot them 1n July and 

salmon parr in August (t-kolland 1972). Terrestrial and 

aerial insects wre a more significant food item for trout 

than salmon parr. This rood was dominant 1n trout ot all 

a,e groups 1n all seasons (Figs. 8.1 t 8.4). Carpenter 

(1940), Thomas (1962), Egg11shaw (1967) and Woolland (197~J 

found these organisms were eaten during spring, summer and 

autumn. The Coleoptera, mostly the larval forms of Helpis 

iauge1 and La.telmi, m1kmar1, 'Nere eaten by salmon parr 

and adults were consumed by trout. This again reflects the 

bottom feed1ng behaviour of the former and m1dwater feeding 

ot the latter (Figs. 8.1, 8.2). 
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Table 8.8 Comparison of the total annual diet (expressed in percentages) of 

trout and salmon parr of 0+ age group assessed by occurrence, volume and 

number methods in all Llyn Tegid feeder streams. 

Total No. Trout = 29 Total No. Salmon parr = 62 

No. Empty Stomachs = Nil No, Empty Stomachs = 11 

Methods of assessment Occurrence Volume Number 

Name of fish Trout Salmon parr Trout Salmon parr Trout Salmon parr 

Benthic food (63.1 ) (90.1) (53.5) (93.4) (64.3) (95.5) 

Oligochaeta 2.5 0.3 2.3 0.2 2.4 0.1 

Gastropoda 4.7 2.0 3.2 1.2 3.9 0.5 

Plecoptera 5.5 1.0 4.9 0.6 I 4.5 0.5 

Ephemeroptera 25.7 26.7 23.5 17.9 I 28.3 20.0 

Trichoptera 7.8 41.2 12.7 54.7 5.3 48.2 

Coleoptera 4.0 2.9 1.2 2.0 2.5 2.2 

Chironomid 6.1 11.8 1.6 13.2 7.3 20.5 
Sirnul1id 1.4 3.6 0.5 2.7 1.3 3.2 

Other Dipt. larvae 5.4 0.3 3.6 0.3 8.8 0.1 

Dipt. pupa~ - 0.3 - 0.6 - 0.2 

Midwater food (6.7) ( - ) (4.9) ( - ) (4.7) ( - ) 

Coleoptera adult 6.( - 4.9 - 4.7 -
Aerial & terrestrial1nseeti20.4) (4.1 ) (31.0) (5.7) (21.9) (2.1 ) , 

Miscellaneous food (9.2) (4.9) (10.1 ) (2.5) (8.1 ) (2.8) 

Plant material 9.2 4.9 10.1 2 • .5 8.1 1.8 

. --

• 
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~able 8.9 Comparison of the total annual diet (expressed in percentages) of trout and salmon parr of 

1+ age group assessed by occurrence, volume and number methods in all Llyn Tegid feeder 

streams. + -=<0.1% - :No record 

Total No. of trout = 204 Total No. Salmon Parr = 302 

No. Empty stomachs = 9 No. Empty stomachs .. 12 

Methods of Assessment Occurrence Volume Number 

Name of Fish Trout Salmon Parr Trout Salmon Parr Trout Salmon Parr 

Benthic food (69.6) (87.1) (50.6) (85.4) (65.2) (91.3) 
OUgochaeta 0.7 + 0.3 0.1 0.6 + 
Gastropoda 0.9 4.0 0.2 2.7 0.3 3.0 
Amphipoda 0.1 - 0.3 - + -
Ieopoda 0.3 - 0.4 - 0.2- -
B'ydracarina 0.1 - + - + -
Plecoptera nymphs 10.9 '10.8 8.0 7.6 11.6 9.1 
Ephemeroptera nymphs 29.4 32.3 16.4 24.4 24.1 26.7 
Micronecta epp. 0.4 1.7 + 1.6 0.1 1.3 
Trichoptera larvae 13.0 14.3 18.1 20.5 9.8 14.8 
Coleoptera larvae 3.5 0.7 1.0 0.4 2.3 0.2 
ChiroDomid larvae 6.8 15.9 4.6 23.2 14.1 30.0 

3imuliid larvae 0.3 3.0 0.1 2.8 0.3 4.1 
TipuUd larvae - 0.2 - 0.3 - + 
Other Dipteran larvae ' 2.4 0.9 0.5 0.4 1.2 0.4 
Dipteran pupae 0.8 3.3 0.7 1.4 0.6 1.7 
Midwater food (3.0) (1.5) (7.1 ) (1.7) (1.1 ) (0.6) 
Coleoptera adults 1.8 1.5 0.8 1.7 0.7 0.6 
Cottus igobl0 1.2 - 6.3 - 0.4 -
Aerial and terrestrial1ns.!cts(23.1) (4.0) (37.5) (9.0) (30.6) (4.3) 

Miscellaneous food (3.5) . (5.5) (4.3) (3.2) (1.U) (2.5) 
Plan t material 2.6 4.7 3.5 2.4 1.2 2.0 
Stone~(cadd1s cases) 0.9 0.8 0.8 0.8 0.2 0.5 

.... 

• 
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Table 8.10 Comparison of the total annual diet (expressed in percentages) of 

trout and salmon parr of 2+ age groups assessed by occurrence, volume and 

number methods in all Llyn Tegid feeder streams. 

Total No. Trout = 139 Total No. Salmon parr = 163 

No. Empty Stomachs = 11 No. Empty Stomachs = 17 

Methods of Assessment Occurrence Volume Number 

~ame of Fish Trout Salmon Parr Trout Salmon Parr Trout Salmon Parr 

Beuthic food 

Oligochaeta 

Gastropoda 

Amphipoda 

Plecoptera 

Ephemeroptera 

Trichoptera 

Coleoptera 

Chironomidae 

S!mull1dae 
Tipulidae 

pther Dipt. larvae 

Dipteran pupae 

Midwater fc01 

Coleoptera adults 

Cottus gob!!)' 

(62.6) 

0.3 

0.7 
0.4 
6.8 

21.4 
23.8 
0.6 
5.5 

(7.1) 
6.0 
1.1 

Aerial & terrestrial food (24.0) 

!1iscellaneous food (6.2) 

Plant material 4.4 

Stones (caddis cases) 1.8 I 

Fish eggs - I 

---

(86.9) (55.3) 
G.7 0.5 

12.6 

32.0 
15.6 

+ 
11.8 
8.3 
1.4 
1.6 
1.6 

(0.1 ) 

0.1 

0.9 
0.6 
3.7 

14.8 

29.5 
0.2 
3.6 

0.1 

0.5 

0.9 

(6.1) 

4.9 
1.2 

(4.9) (37.6) 

(6.9) (3.2) 
6.7 2.5 

- 0.7 

0.2 -

• 

8.7 
24.2 

24.2 

+ 

15.3 
5.3 
3.1 

0.6 
0.1 

0.8 

(59.7) (92.8) 
0.3 0.7 
0.3 
0.2 

4.6 
21.2 

23.2 

0.5 

7.5 

0.1 I 

0.9 
0.9 

(5.5) 
5.0 

0.5 

(30.7) 

(3.3) 

2.5 

0.8 

0.4 

9.9 
31.8 

14.1 

+ 

22.3 

11.6 
0.8 

0.9 

0.3 

( + ) 

+ 

0.1 
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Table B.11 Comparison of the total annual diet (expressed in percentages) of 

trout and salmon parr of 3+ age group assessed by occurrence, volume and 

number methods in all Llyn Tegid feeder streams. 

Total No. trout = 103 Total No.· Salmon Parr = 24 

Total No. Empty Sto~achs = 9 Total No. Empty Stomachs = 4 

Method of assessment Occurrence Volume Number 

Name of fish Trout Salmon Parr Trout Salmon Parr Trout Salmo~ Parr 

Benthic food 

Oligochaeta 

Gastropoda 

Plecoptera ny~~hs 

Ephemeroptera nymphs 

Trichoptera larvae 

Coleoptera larvae 

Chironomid larvae 

Simul1id larvae 

Other Dipt. larvae 

Dipt. pupae 

Midwater food 

Coleoptera adults 

Cottus gobio l 

(60.9) 
2.2 

1.0 

4.9 
20.1 

25.7 

. 

1.0 

2.6 

1.2 
1.3 
0.9 

(14.8) 

3.2 
11.6 

Aerial 8. terrestrial food (10.7) 

Aerial 8. terrestrial insects 10.7 

Miscellaneous food 

Plant materials 

Stones (caddis cases) 

Fish eggs 

(13.9) 

7.5 

3.1 I 

3.3 I 

. --

0.4 

2.5 

3.B 

34.B 
23.2 
1.1 

16.2 

2.6 

4.6 

1.1 

1.4 
'0.8 

2.3 
9.9 

15.5 

0.4 
1.3 
o.B 
0.2 

0.6 

0.6 
43.1 

(4.2) (15.6) 

4.2 15.6 

1.6 

(B.o) 
2.8 
1.1 

4.1 

(84.9) (60.4) 
0.3 

0.6 
1.B 

33.3 
32.1 
0.2 

14.7 

0.6 
1.3 

0.9 

2.0 

0.9 
4.9 

19.2 
22.6 

o.B 
3.5 
2.1 
2.5 
1.3 

1.8 

11.1 

(6. 0 1) (16.3) 
6.1 16.3 

(9.8) 
4.1 
1.6 
4.1 

(88.1) 

0.3 
0.3 
2.1 

3B.1 

21.3 
0.2 

20.2 

2.4 
3.2 

(0.4) 

0.4 

1.0 



Allan (194la) and Maitland (196$) have recorded a 

decreasing consumption ot dipteran larvae in trout and 

salmon parr with increasing age and greater consumption 

of trichopteron larvae and .. ae::,1al insects by older fish. 

Similar observations were made by Thomas (1962), 

McCormack (1962) and Wool1and (1972). It has been ShOUl 

Tables 8.8, 8.9, 8.10 end 8.11) that the food of salmon 

parr and trout in the feeder streams consists predomnnntly 

of ephemeropteran nymphs, Trichoptern larvae, chironomid 

larvae and aerial and terrestrial insects. The proportions 

vary according to the age groups of the individual species 

and the ecology of the respecti va stream bottom. 1+ age 

group of trout, 2+ age group of salmon parr and trout end 

3+ age group of trout predate on Cottus gob~Q. 

Jones end Xing (19'+9) found salmon parr feeding at 

a water temperature of 2,°C. J.jcCormack (1962) reported 

extensi Ve feeding in trout even when the water temperature 

was below bOCa Elliot (1967) found no correlation 

between water temperature and the amount of food in trout 

stomaehs. Thomss (19b~) found that salmon parr and trout 

ted actively at all seasons regardless of temperature. 

Carpenter (1940) and Thomas (1962) found that an August 

decrease in food consumption was due to low availability 

of food organisms at this time. Ball (1961) considered 

spring rise in food intake \Tas due to day length, 

temperature, appetite and availabilIty of rood SUpply. 

Eggl1shaw (1967) considered the low winter feeding activity 



was due to physIcal loss 1n the <,apability of the 

alimentary Ctllnl system of salmonids to digest food. 

The seasonal veriations in tood intake of salmon parr 

and trout in the feeder streams are shown in Figs. 3.7, 

4.2, $.5, 6.4, 7.$ in terms of tullnes index in relation 

to water temperatures. These figures show that the 

feeding activity is at a minimum during winter end increases 

during spring ond ri ses to a carlmum in su~er. Feeding 

intensity drops rapidly after AugUst/September in 

Aron T'f.'rch; 1n Uovember in Aron Glyn; August/September 

in Aron LlafarJ September in Afon LLiw and September/ 

October in Afon Dyfrdwy. There appears to be a definite 

correlation between food intake and water temperatures 

(Figs. 3.7, 4.2, J." 6.4 and '.S). Salmon parr and trout 

red more during summer and less intensively in \dnter. 

The period of mmmum food intake coincided 'With the 

maximum availability of benthic founa. 

Any investigation ot the food of fish6S particularly 

of the same genus inevitably leads to a cons1deration, 

however brief', of' the competition they encounter in their 

quest tor tho1r favoured tood types. Interspecific 

competition, its importance and existence 1n nature have 

been dehnted vigorously (Nicholson 1933, Andrewartha end 

Birch, 1954, Birch 1957 and Milne 1961). ConclUsions 

reached on the basiS 01" laboratory experiments are difficult 

to apply to field conditions (Hairston 19;.1), and difficult 



to demonstrate adequately under natural conditions 

because ot the complexity of most ecosystems (Larkin 19,6). 

lJeatherby (19b3) defined competition as the demand 

typically at the same time, of more than one organism 

for the same resource ot the environment in excess ot 

immediate supply. Maitland (19b,) assumed that ~en tw 

species ate the same food then that consumed by one species 

could be used to an advantage by the other. AOdrewartha 

(1961) has pOinted out that no tw~ species are ever 

likely to have identical requirements. This may appear 

true of the t\t.'O species .§!lmo .tIU!~a and 21'llpio sal§.I in 

teeder streares as far as food is conCerned. SeYeral other 

workers (Frost 1950, Thomas 19b~, Maitland 1965 and 

Woo1land (1972) have found similar relationships between 
.. 

these two species. It is certain that salmon and trout 

have sil!'.1lar food requirements, and it 1s probable that 

under certe.1n condItions at least there is competition 

for food 6Dlong them though the slgn1f'lcancQ of this 

competition cannot yet be fully assessed due to complex 

ecosystem and features or behaviour. Some individuals 

may be more available to one species than to another. 

The main difference between the diets of' salmen parr 

and trout in the present study is the greater ~~ount of sUrface 

tood consumed b7 the latter species. This is in agreement 

with Frost and t'lent (1940), Frost (l9S0), Thomas (196~), 

Mills (1963), 1'.9.1 tland (1965) and Mann and orr (1969). 
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I, There are few eomparati va studies of the behaviour ot 

)'\lung salmon and trout. stuart (1953) found salmon to 

be 1.nitlal.ly gregarious and spend rl.ost of the tiI'!lo 

rest1ng on the substrate ~ereas trout are not gregarious 

.s frY' and tend to keep up a constant posi t10n in m1.dwater. 

stuart fUrther states that trout are more SP3~od1C in 

their feeding habits than salmon, tending to gorge 

themselves and then fast for a period instead of eating 
., . 
r~gularlY as do salmon. Kalleberg (1958) considers that 

trout are defin1 tely the more aggressl ve and doc1nant of 

the two species. 

Desp1te the differences in thed1et and behaViour 

as ment10ned ebove, both bave e common interest in certain 

specles ot benthic food items (Table 8.7). The total 

tood ess9ssed by volume and number methods of both the 

species (Ta.ble 8.7, Fig. 8.5), seasonal variations or 
sign1ficent tood items (Figs. 8.3, 8.4), and the total food 

in each species according to their age groups (Tanles 8.8, 

8.9, 8.10, 8.11) suggests that the tood and feeding areas 

ot both the !peeies overlap as far as the aquatic invertebrates 

are concerned. Both teed on the same kinds of organisms 

(Table 8.7) and these organisms follow similar seasonal 

patterns of occurrenCe in the stom~chs of" the t\.oo species 

or f1 sh (Fig. B. ,). This suggests similarities in feeding 

habits of the two species and hence there may be a 

eotlpet1tlon bet""een the two for the same items on the 

.&IIla ground. 



The percentage satt:ration ot oxygen ond pH did not 

aecount for eny signifIcant variation 1n the feeding 

intensIty. ConductiV1ty and turbldify both exhib1ted a 

negat1 ve correlation ",1. th food intake of trout and salmon 

parr. The influence of turbid1 ty on feeding intensity 

could be related to visibility. 

The observed influence of physical factors on ,the 

feeding periodicities indicates a need for more 

information. A more intensi va study is desirable to find 

out the effect of' the physiCP~ factors and also solar 

radiation, hydrostat1c preesure and lIght penetration 

on th~ seascnal variation ot the bottom fauna ~nd the 

feeding periodicIties, of the trout and salmon parr. 
, ~.- , .. 
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CRAfTER IX 

1. INTFODPCTION 

The recent history of regulation of the river Dee 

began in the nineteen thIrties, ,,;hen the R1 ver Dee 

Catchment Board prepared a scheme to provide detention 

storage in Llyn Teg1d for reducing the extent of fiood1ng 

in the Dee va11ey. Detailed descript10ns ot the River Dee 

regulating schemes were g1 Ven by wright (195'5), Bodd1ngton 

ct el. (1902) and Blezard et al. (1970). The effeets of 

regulation on the Dee t1sheries were discussed by Iramonger 

(1971) ~ mentioned loss of sP4wn1ng grounds ~~d obstruction 

to salmon m1grD.t1on as the main tactors Invol ved after 

regulation~ Similar observations were made by Lees 

(personal communIcation) and ltbo11and (1972). 

So far as I am aware, no work has been done on the 

benthic fauna of a regulated stream 1n this country. 

Very rew papers have appeared trom the U.S.A. and Canada 

in ~ch the bottom feuna of regulated stre~s has been 

investigated. In 1909, I had an opportunity to study the 

1nnuence of regu1at1on on the macro1nvertebrates of the 

Upper Dee. The results ot this study are gl Ven herein. 

(a) Topographl 

The river emerges from the north-east end of Llyn 

Tegid and flows as a wide swift stream in an east and 
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Table 9.1 Monthly measured flow (cumecs) in the River Dee at Bala. 

Month Total Mean l1ax. Hin. Highest Lowest 
monthly daily d.F. d.F. flow flow 
flow flow 

Oct. 1969 185.7 5.9 9.1 4.2 9.2 4.0 
Nov. 561$0 13.7 45.3 5.0 46.0 4.9 

Dec. 506.5 16.3 39.7 7.0 41.5 5.9 
Jan. 425.4 13.7 28.1 6.0 29.6 5.5 
Feb. 653.5 23.3 62.3 8.2 65.5 7.7 
March 379.4 12.3 20.4 6.3 24.0 5.9 
April 787.5 26.2 62.8 8.3 67.4 8.1 

May 141.5 4.5 18.9 2.5 20.3 2.4 

JUJ.'1.e 171.5 5.7 14.8 3.8 18.1 1.8 

July 234.8 7.5 23.5 4.7 25.6 4.6 

August 213.1 6.8 24.6 2.6 30.2 0.5 
I 

355.0 11.8 54.2 4.5 55.3 4.5 Sept. 

Oct. 1970 397.0 12.8 48.1 
f 

5.0 I 51.0 4.9 

-
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north-east direction. The geological formation of the 

watershod shows that it is composed o~ shales, 1~estonest 

mudstones, ignecus rocks, such as felsite, porphyrite and 

an.des1 tes, voleE'nic ashes and carboniferous areas l.1.th 

shales r.nd sandstones. on erosion these formations would 

contribute ma1nl~ lime, silicates, potash and some iron 

to ~rater. 

Afon Dyfrd\\7, a small stream running into the lslee 

is regarded as the source of the Dee (Fig. 3.2). At the 

eastern snd of the lake stands the town of Bala, and here 

the Dee leaves the lake and reee1 ves the TrY"""eryn, lbich 

passes through Llyn Celyn and 1s regulated. The \Inters 

of Tryweryn and Dee unite in the flat meadows belo't1 the 

lake. For a bout 19.3km (Bala to Conen) the r1 Vel" passes 

through no alluvial tract formed of detritus brought from 

the hills by several tributaries, notably among these are 

Trylw~ryn, Llanfor, Hirnant, Ceid10g and ~wen. Slu1ces 

were constructed at the outlet of Llyn Tegid 1n 19,6 by 

the River Board to provide 1n winter short-term nood 

detention end in SUmmer water storage for release to the 

r1 ver to maintain the now. Water now measurements for 

the River Dee taken by the Dee and Clwyd River Authority 

at a gauging station below the Dals sluices (Flate 9.1) 
.. 

are giv~ 1n Table 9.1; 

(b) .l2§scription of th, samp:U,ng .1 t,§ 

Four stations were selected 1n the upper Dee from Bala 

to Corwen. As seen in Fig. 9.1 the first sampling site 1\ 
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Was nesr tho Ella sluices (Nat. Grid Ref. 93835'6), the 

D2 near Llanddarfel 01 at. Grid Ref. 933372), the D3 at 

Llandrillo (Nat. Grid Ref. 034371), and the ~ near 

. Corven brld~e (Nat. Grid Ref. 069434). 

D! was located at about 17m do~strean troo the 

sluices near the back waters. The stre~ here was ~ 

wide and I-2m deep near the bank. There Was some 

vegetation near the b~ but the vhole area of backwater 

was covered with aquatic vegetation, (Elodea can0depsls, 

Cerat2phyllum submersym, Call1trlche ,tagnijJl! and 

Banunculus Agu,tili ,). There vere sheep farms on eIther 

side. 'Ihe water flows s'N1rtly (except during summer) over 

a bed of gravel, silt and coarse sand. Soma large rounded 

stones and tufts of filamentous algae ~ere also present 

(Flate 9.2). 

D w~s situated 4.8kn downstream from the Inl{e. Here 
2 

the stream " .. as about ~5'm wide end o. ;-1. 5'm deep. The 

bottom lias ot gravel and there were some patches of vegetation 

on the bed. There were trees on either side (Plate 9.3). 

D3 was located lb.okm do~mstrea~ from the lake. 

Here the substratum of stones end scattered patches or 
jtntmcylus nui tans and }JrmtQphylllll'D demer~uM we're premnt. 

At this stetion the river vas ~7rn wide and l-2m deep near 

the b~nk. There were trees on either side (Plate 9.4). 

~ was situated near the bridge Vhere the rIVer was 



Table 9.2 ~lEAN MONTHLY ESTIMATES OF PHYSICAL FACTOhS AT D1 SAl-:I'LING STATION IN THE RIVER DEE. 

r.OI'':'HS A M a J Ii S 0 N D J F M A M 

0 
6.5 6.8 14.6 4.8 3.6 4.2 5.8 ~ater Temp. C 10.1 12.2 12.5 9.1 3.7 5.2 5.1 

---. 
Specific conduct~ l 

228 143 346 446 406 376 1116 ance(m~cromro~ ,/cm 170 232 129 121 95 201 119 
at 25 C) 

~ 
\ OJ 

Dissolved 021~ Dat. 96 98 95 95 97 )7 101 98 119 115 117 98 101 95 ~ 

Velocity of water 
c~rrant(m/sec) l 

0.26 0.28 0.24 0.24 0.22 0.29 0.36 0.50 0.72 0.81 0.71 0.59 0.53 0.35 

pH 7.2 7.1 6.9 6.8 7.0 7.2 7.1 I.:. 7.8 7.6 7.8 7.2 7.1 7.2 

Turbidity 
(aa Fuller's Earth) 26.2 24.1 28.2 19.8 18.2 28.2 26.1 63.2 85.1 79.3 91.1 78.2 43.2 28.2 



TABLE 9.) Jl.EAN NONTHLY ESTIVATES OF PHYSICAL FACTORS AT D2 IN THE RIVER DEE. 

Months A M J J A S 0 N D J F M A M . 
0 

4.5 • Water Te!l'p. C 5.0 9.6 13.8 13.0 8.4 6.5 4.5 3.5 3.8 4.1 4.5 5.8 5.9 

Sp~cific conductance 0 

(~icromhos _/cm3at 25 C) 140 216 236 119 128 167 186 342 432 404 382 201 116 196 

~ 
:Qssolved C2, % Sat. 96 95 103 105 97 96 95 109 111 119 115 102 98 97 V' 

vJ 

Velocity of water 0.23 0.20 0.13 O.Oj 0.11 0.27 0.34 0.47 0.60 0.71 0.74 0.57 0.46 0.~6 current ( m/sec) 

pH 7.1 7.0 6.8 6.6 6.9 7.1 7.2 7.2 7.6 7.8 7.8 7.1 7.1 7.2 

Turbidity 20.1 21.2 19.6 18.2 17.8 23.3 21.6 65.2 86.2 79.6 81.1 78.2 53.2 24.6 (as Fuller'G Earth.) 



TABLE (9.4 MEAN MONTHLY ESTDlATES OF PHYSICAL FACTORS AT D3 IN THE RIVER DEE. 

~:onths A M J J A S 0 N D J F 11 A M 

. 0 
4.5 9.4 13.8 8.8 6.5 4.6 3.6 3.8 4.1 4.6 5.8 6.1 . Water Temp. C 5.2 13.2 

Specific conduct~,ce 0 128 116 136 119 132 193 186 332 441 413 28; 242 106 115 (microm!IO' /cm3 at 25 C~ tJ 
vJ 

Dissolved 02, % Sat. 95 96 98 95 9h 97 101 112 111 119 120 101 97 \ 98 J:" 

Velocity of water 0.19 0.16 0.10 0.('9 0.10 0.21 0.28 0.50 0.56 0.64 0.67 0.51 0.60 0.29 currer.t ( m/sec.) 

pH 7.2 6.8 6.6 6.8 6.9 7.1 7.2 7.1 7.6 7.8 7.9 7.3 7.4 7.1 

Turbidity 19.6 20.2 21.4 18.6 17.2 19.1 21.8 55.2 75.2 88.9 73.6 85.2 42.8 21.8 
(as Fuller's Earth) 



TABLE 9.5 MEAN MONTHLY ESTIl1ATES OF PHYSICAL FACTORS AT 1)4 IN THE RIVEa DEE • 

Months A M • J J A S 0 N D J F M A M . . 
0 

Water Temp. C 4.4 5.1 9.4 13.7 13.0 8.6 6.4 4.6 3.6 3.8 3.8 4.2 4.7 5.9 

Specific conductance 0 

(micromno$ /cm3at 25 C) 
120 126 135 12,) 135 161 176 362 465 443 321 202 116 123 IV 

Vl 

Dissolved 02, % Sat. 95 97 97 98 97 9fi 95 102 108 120 115 103 97 96 U'-, 

Velocity of water 0.20 0.16 0.10 0.09 0.11 0.17 0.28 0.38 0.81 0.68 0.60 0.47 0.34 0.25 current (m/sec ) 

pH 7.1 6.6 6.8 6.9 6.7 7.1 7.3 7~2 7.6 7.9 7.8 7.6 7.3 7.1 

Turbidity 18.4 19.6 18.2 20.2 17.8 19.8 20.8 65.8 85.8 96.1 83.2 76.1 52.2 29.1 
(56 Fuller's Earth) 



, . 

about 50m ,,;ide and O.5-1rn deep during low 'Water. The 

. botton was of' gravel and scattered patches of RanuD~ulus 

O,u1tMS. Sagittaria saf!itti1'oli~ and §pargan1um siMT'll~ 

were COmL~on. There were few trees on either side of' the 

river (Plate 9.5). 

(e) Ehysical and Cheo1cal Conditions 

The mean monthly estimates of physical factors at 

each s~~1ing site are shown 1n Tables 9.2, 9.3, 9.~ and 9.5. 

The highest temperatura measured 1n A.ugust \-.'as l4.~oc 

and the lowest 1n Deeember of 3. fPC. The concentration 

of 0; was relatively higher during winter than in SUI!lr.ler. 

Maximum veloeity of water current was observed during 

winter and minimum in summer at Dl , D2, D3 and I\. The 

pH range vas between t>. 6-7.9 throughout the sampling 

period. Lower values tor conductivity and turbidity 'Were 

obtained 1n summer and higher 1n \'1.nter at all the sampUng 

sites. 

l:ater samples were taken from the river for chemical 

analysis 1n the month of' June 1969 and the results are 

given in Table 3.4. 

3. CQXPOSIT1CN OF THE FAmlA 

Collections ~re reads from the four stations over a 

period of fourtoen months, from J.~arch 1969 to April 1970. 

Each month the tlaterial \Was taken from the various 

accessible parts of the bed by Using the sampler (for 

details of sampling methods, see Chapter II). At D
2

, D3 



Table 9.6 The density (Av. No./m
2

) of the species identified in four sampling sites of the 

upper reaches of the River Dee. Total is shown in bracket. = No. record +:: <' 0.1 % 

Sampling 5i tea 'I 1), D2 D2 D4 

Density Total Av.t~()1 Total Av. ~2 Total AV·~Qt Total AV.~ Total 
) No. No. Nc. No. No. ·m m m m 

Tllrbe1l3ria ('i5) (10.7) (18) (12.8) (1 ) (0.7, (2) (1.0 (36) 
Folycelis nigra 15 10.7 18 12.8 1 0.7 2 1.0 36 
Hirudine~ (32) (23.3) (16) (11.6) (8) (5.3) (16) (10.6) (72) 
Helobdella stagnalis 7 5.3 6 4.2 5 3.2 5 3.2 23 
Erpobdella octoculata 17 12.8 10 7.4 3 2.1 8 5.3 38 
Glossiphonia complanata 6 4.2 - - - - 3 2.1 9 

.. Piscicola geometra 2 1.0 - - - - _. - 2 
Oli~ochaeta (344) (258.'1> (482) (366.8) (549) (416.0) (113) (82.1) (1488) 
Lumbriculus variegatus 223 170.1 66 50.2 113 85.6 36 26.7 438 
Stylodrilus heringianuB 29 21.4 ;'4~ 263.2 391 298.5 22 16.0 787 
Limnodrilu5 offmei5teri 17 12.8 42 32.1 13 9.6 33 24.6 105 
Eis~niella tetrahedra 5 3.2 3 2.1 19 13.9 9 6.4 36 
Hornochaeta naidina 25 18.1 - - - - 2 1.0 27 
Aulodrilu~ pluriseta 40 29.9 3 2.1 - - - - 43 
Stylaria lacustris 5 3.2 - - 11 7.4 - - 16 
Rhyacodrilus ·corcineus - - 23 17.1 - - 9 6.4 32 
PsarrJnonyctes' barbatus - - - - 2 1.0 2 1.0 4 
Gastro'Coda (15) (11.4) (1) (0.7) (3) (2.1 ) (2) (1.0) (21 ) 
Limnaea pereger -:4- 10.7 - - - - 2 1.0 16 
Ancylastrum fluviatile 1 0.7 - - 3 2.1 - - 4 
potamopyrg~s jenkins! - - 1 0.7 - - - - 1 
Larr.el1ib7'8Y1chiat3 (115) (86.6) (32) I (25.4) (18) (12.4) (100) (75.9) (265) 
Pisidiuw 1.1i Hum 55 41.7 5 3.2 1 0.7 3 2.1 64 
Pisidhlm hiberni;;um 60 1+4.9 20 14.9 12 8.5 - - 92 
Pisidium subtruncatum - - 7 5.5 5 3.2 97 73.8 '109 
Amphipoda (8) (5.3) (27) (20.3) (8) (5.3) (21) (16.0) (64) 
GammarU5 pulex 8 5.3 27 20.3 8 5.3 21 16.0 64-

........ 
>\ 

• 

,. , 
", 

Total 
% 

(0.4) 
0.4 

(0.7) 
0.2 
0.4 
+ 
+ 

(15.5) 
4.6 
8.3 
1.1 
0.4 
0.3 
0.4 
0.1 
0.3 
+ 

(0.2) 
0.1 
+ 
+ 

(2.7) 
0.6 
1.0 
1.1 

(0.6) 

I 
0.6 

I 

t'J 
VJ 
~ 



Table 9.6 (contd.) 

Sampling si tea , D1 D2 

Density , Total Av.N02" Total Av.Ho2/ 
No. -rr No. ~ 

If'orodll (269) (205.4) (111) (84.5) 
Asellus meridianus 269 205.4 111 84.5 
!hdrA.carina (4) (2.1 ) (16) (11.2 ) 
hygrobatea nigromaculatus 4 2.1 10 7.4 
Lebertia porosa - - 3 2.1 
Hygrobates fluviatilia - - 2 1.0 
Sperchon setiger - - 1 0.7 
Lebertia insignia - -- - -.. Pleconterl'l. (122) (88.':) (166) (123.0) 

~ Frotonemura meyeri 7 5.3 2 1.0 
Amphinemura sulcicollia 71 53.5 .51 38.5 
Isoperla gramrratica 11 7.4 15 10.7 
Le~ctra hippopus 4 2.1 12 8.5 
Chloroperla torrentium 19 13.9 34 25.6 
Leuctra inermis 4 2.1 - -
Chloroperla triplIDctata 3 2.1 6 7.2 
Isoperla cbscura 2 1.0 -0 -
Nemurella picteti 1 0.7 1 0.7 
Leuctra fusca - - 2 1.0 
Leuctra geniculata - - 1 0.7 
Amphinemura standfussi - - 42 32.1 
Ner:oul'a cinerea - - - -
Leuctra nigra - - - -
Neliloura avicularis - - - -
Protonem~a praecox - - - -. 
Perlo·jes microcephala - - - -
Brachyptr·ra nisi - - - -

. 
" .... 'I. 

• 

D3 
Total Av.N~~ Total 

No. """""'---m No. 

(105) (80.2) (80) 
105 80.2 80 

(1 ) (0.7) (1 ) 
1 0.7 -- - -- - -- - -- - 1 

(244) (182.0) (165) 
6 4.2 5 

77 58.8 65 
44 33.1 13 
17 12.8 8 
50 37.4 38 
8 5.3 -

10 7.4 9 - - 2 
- - --

13 9.6 5 
1 0.7 -

12 8.5 5 
1 0.7 2 
3 2.1 10 
1 0.7 -
1 0.7 -- - 2 
- - 1 

D4 
Av.No~- Total 
-m No. 

(60.9) (565) 
60.9 565 
(0.7) (22) 
- 15 
- 3 - 2 
- 1 

0.7 1 
(120.0) (697) 

3.2 20 
49.2 264 
9.6 83 
5.3 41 

28.8 141 
- 12 

6.4 28 
1.0 4 
- 2 

3.2 20 
... 2 

3.2 59 
1.0 3 
7.4 13 - 1 

- 1 
1.0 2 
0.7 1 

Total 

~ 

(5.9) 
5.9 

(0.2) 
0.1 

+ 
+ 
+ 
+ 

(7.3) 
0.2 
2.8 
0.9 
0.4 
1.4 
0.1 
0.3 
+ 
+ 

0.2 
+ 

0.6 
+ 

0.1 
+ 
+ 
+ 
+ 

I 

I 
I 
I 
I 

! 

I 

~ 
~ 
OQ. 



Table 9.6(contd •••• ) 

Sampling s1 tes ) D1 D2 

Density , Total AV~ Total AV~ 
No. No. m 

E~ht'~r:et'(·ntera (157) (115.7) (279) (208.5) 
Leptophlebia vespertina 10 7.4 1 0.7 
me tis rhodani 40 29.9 60 44.9 
Heptagenia sulphurea 20 14.9 5 3.2 
Ecdyonurus venosus 3 2.1 1 0.7 
Paraleptophlebia tumida 1 0.7 -
Centroptilum luteolum 17 12.8 109 82.3 

.. Leptophlebia marginata 9 6.4 7 5.3 
Ca"enis moesta 14 10.7 2 1.0 
~phemerella ignita 34 25.6 79 59.9 
Paraleptophlebia Bubmarginata 1 0.7 3 2.1 
Baetis scam bus 4 2.1 - -
Siphlonurus lacustris 2 1.0 3 2.1 
deptagenia lateralis 1 0.7 - -
Eaetis pumilus 1 0.7 2 1.0 
Caenis horaria - 7 5.3 
Ephemerella notata - - - -
CIoeon dipterum - - - -
Rithrogena semicolorata - - - -
~emintera (418) (317.5) (29) (20.5) 
'~otonecta maculata 13 9.6 - -
Corixa pan~eri 206 157.2 4 2.1 
Not.a~ecta .glauca 1 0.7 - -
Sigara fall(mi 35 26.7 - -
:3igara dorsalis 47 35.3 1 0.7 
Sigara dist~ncta 114 86.6 20 14.9 
)·iicronecta )oweri 1 0.7 3 2.1 
Velia nymph 1 0.7 - -
Sigara nigrvlinaeta - - 1 0.7 
.3igara fl.ym:;:,h - - - -

....... 
'" 

to 

D3 D4 

Total Av~ Total 
No. No. 

(!+39 ) <33.1 ) (481) 
7 5.3 5 

118 89.8 51 
- - -

10 7.4 14 
- - - . 

37 27.8 99 
5 3.2 11 

27 20.3 12 
178 '135.8 219 

6 4.2 -
13 9.6 51 
3 2.1 -
4 2.1 -

31 23.5 2 
- - -
- - 13 
- - 3 
- - 1 

(2) (1.0) (163) 
- - -- - -
- - -- - -
- - 2 
- - 3 
- - 157 
- - 4 
- - -2 1.0 1 

A~ 

<362.0) 
3.2 

32.5 
-

10.7 
-

74.9 
7.4 
8.5 

166.9 
-

38.5 
-
-

1.0 
-

9.6 
2.1 
0.7 

(126.4) 
----

1.0 
2.1 

119.8 
2.1 
-0.7 

Total 

Total % 
No. 

(1356) (14.2) 
2.3 0.2 

269 2.9 
25 0.2 
28 0.3 
1 + 

262 2.8 
32 0.3 
55 0.6 

510 5.3 
10 + 
68 0.7 
8 + 
5 + 

36 0.4 
7 + 

13 0.1 
3 + 

1 + 
(617) (6.4) 

13 0.1 
210 2.2 

1 + 
35 0.4 
50 0.5 

137 1.5 
161 1.6 

5 + 
1 + 
3 + 

~ 
\P 
..t:>-



Table 9.6 (contd ••• ) 

-
Sampling ai tea =t D1 D2 

Den&ity ., Total Av~ Total Av.N~ 
No. m No. -iii 

Callicorixa praeusta - - - -
!!,ep:alont"ra (11) (7.4) (11) (7.4) 
Sialis 1uliginosa 5 3.2 4 2.1 
Sialis lu taria 6 4.2 7 5.3 
Trichoptera (326) (245.9) (562) (424.3) 
Plectrocnemiaconspersa 5 3.2 11 7.4 
Sericostoma personatum 5 3.2 6 4.2 
~otamo?hl3.X latipennis 9 6.4 5 3.2 

a. 
Eyd.!·opsyche' insbbilis 31 23.5 33 24.6 
Glyphotaelius pelluci~ua 272 207.5 191 145.5 
Agapetus fuscipus 4 2.1 6 4.2 
Anabolia nervosa - - 273 208.6 
Halesus digitatu5 - - 13 9.6 
ILi~nePhilUs lunatus - - 8 5.3 
Hystacides nigra - - 16 11.7 
Silo pallipes - - - - -
Diplectrona felix - - - -
Rbycophila dorsalis - - - -
Stenophylax permistus - - - -
Coleoptera (71 ) (51.1) (82) (58.2) 
nelophorus flavipes 9 6.4 3 2.1 
Eelrr.is maugei 1~ 9.6 8 5.3 
Haliplus lineatocollis 14 10.7 18 12.8 
Hydroporus pubescens 2 1.0 - -
GYl'illUS aeratus 1 0.7 - -
Le.ccobius b:..g..lttatus 1 0.7 1 0.7 
Deronectus depressus 5 3.2 4 2 .. 1 
Oreodytes rivalis 2 1.0 - -

---- -

1. 

.. 

D3 D4 

Total Av~ Total 
No. m No. 

- - 1 
(12) (8.4) (17) 

2 1.0 2 
10 7.4 15 

(513) (389.4) (35) 
10 10.7 7 
6 4.2 4 

38 28.8 44 
155 117.7 41 
55 41.7 23 

186 141.2 89 
53 39.5 85 

4 2.1 2 
- - -
4 2.1 18 
1 0.7 -
1 0.7 -- - 6 
- - 16 

(143) (107.8) 112) 
3 2.1 -
8 5.3 16 
5 3.2 1 
3 2.1 -- - -- - -- - 1 
1 0.7 4 

Av~ 
m 

0.7 
(11.7) 
1.0 

10.7 
(248.8) 

5.3 
2.1 

33.1 
29.9 
17.1 
67.4 
64.2 
1.0 
-

12.8 
--

4.2 
11.7 

(83.6) 
-

11.7 
0.7 
-
--

0.7 
2.1 

'J;'otal 

Total 
No. 

1 
(51) 
13 
38 

(1736) 
33 
21 
0' ",0 

260 
541 
285 

.411 
19 
8 

38 
1 
1 
6 

16 
(403) 

15 
45 
38 

5 
1 
2 

10 
.., 
( 

% 

+ 
(0.5) 
0.1 
0.4 

18.1 ) 
0.3 
0.2 
1.0 
2.7 
5.7 
3.1 
4.3 
0.2 
+ 

0.4 
+ 
+ 
+ 

0.1 
(4.2) 

0.4 
0.4 
+ 
+ 
+ 
+ 
+ 

I 
, 

N 
..I::' 
o 



Table 9. 6 (contd.) 

S~rn'Plin~ sites ~ D1 D2 

Fcpulation density. ~ 
Total J..v~ Total AV~ 

No. m No. m 

Latelmis volkmari 23 17.1 46 34.2 
Platambus rnaculatous 1 {'.7 2 1.0 
Hydraena ripar::a - - - -
~~ 

(27) (20.3) (10) (7.4) Cera tOT'ogi l'li. de e 
Eezzia spp. 27 20.3 10 7.4 
Tipulid~e (4) (3.9) (12) (9.5) 
Tipula lateralis 3 3.2 1 0.7 
Tipula paludosa - - 1 0.7 

• Tipula vittala - - 4 4.2 
Tipula couckei - - 1 0.7 
Tipula montium - - - -
Tipula maxima - - - -
Di~ranota robusta 1 0.7 5 3.2 
::~imuli i('ae (-) (-) (4) (2.4) 
Simulium naturale - - 1 0.7 
Simulium ornatum - - 1 0.7 
Simulium angustitarse - - 2 1.0 
Simulium brevicaule - - - -
Sirr.ulium mOfiticola - - - -
Dixidae (-) (-) (-) (-) 
Dixa puberula. - - - -
P~radixa amphibia - - - -
Chironol'1idae (309) (233.3) (489) (371.0) 
Cryptocr.ir-onomus spp. 70 53.5 - -
Polypedl.lu.i1 nuber."k losus 10 7.4 - -
Tanyta:·sus signatus 109 02.3 60 44.9 
Pentaneura monilis 6 4.2 43 32.1 

"'-... 
0\. 

• 

D3 
Total Av.~ 

No. m 

121 93.0 
1 0.7 
1 0.7 

(1) (0.7) 
1 0.7 

(15) (9.8) 
3 2.1 
'1 0.7 
- -
2 1.0 
1 0.7 - -
8 5.3 

(6) (3.9) 
- -- -- -
1 0.7 
5 3.2 

(3) (1.7) 
1 0.7 
2 1.0 

(512) (388.1 ) 
140 107.0 
52 39.5 

114 86.6 
36 26.7 

D4 
Total Av~ Total 

No. m No. 

90 68.4 280 
- - 4 - - 1 

(16) (11.7 (54) 
16 11.7 54 

(15) (10.2 (46) 
1 0.7 8 
- - 2 - - If 

- - 3 - - 1 
2 1.0 2 

12 8.5 26 
(10) (6.0) (20) 

1 0.7 2 
4 2.1 5 
- - 2 
- - 1 
5 3.2 10 
(~) I (0.7) (4) 

0.7 2 
- - 2 

(571) (430.9) (1881) 
4 2.1 214 

18,5 141.2 247 
93 70.6 376 
a 5.3 <;3 

~ 

Total 

% 

3.0 
+ 
+ 

(0.5) 
0.5 

(0.5) 
+ 
+ 
+ 
+ 
+ 
+ 

0.2 
(0.2) 

+ 
+ 
+ 
+ 
+ 

(+) 
+ 
+ 

(19.7) 
2.2 
2.6 
3.9 
1.0 

~ 
J:: 



Table 9.6 (contd ••• ) 

Sampling 6i tes .,. D1 D2 

Density ... r::.~tal Av~ h'otal Av~ 
No. m No. m 

Trichocladius rufiventris 1 0.7 - -
Procladius choreus 93 70.6 136 103.7 
Chironomus anthracinus 1 0.7 - -

... Dicrotendipes pulsus 19 13.9 - -
Brillia modesta - - 3 2.1 
Hetriocnemus spp. - - 213 162.6 
Prodianesa olivacea - - 34 25.6 
~icrotendipes chloris - - - -
Other dipteran larvae (7) (4.2) (12) (8.1) 
Taphrophila vitripennis 2 1.0 - -
Limnophora spp. 5 3.2 8 5.3 
Hermerodromia '~~ilineata - - 3 2.1 
Peri coma pseudoexquisita - - - -I 
Atherix rnarginata - - 1 0.7 
Dir:ternn pUlJae (41) (29.9) (34) (25.6) 

Total No. of animals 2295 2395 

kr. No. animals per month 164 171 

Av. No. animals/m2 1 1'754.8 1829.7 
-. - --------- L-____________ . __ ~ 

D3 

'l'otal AIT~ 
No. m 

69 52.4 
42 32.1 
- -- -
4 2.1 
- -

55 41.7 
- -

(5) (2.8) 
- -
- -
4 2.1 
1 0.7 
- -

(26) (19.2) 

2614 

186 

1988.2 
------ --- ---

D4 Total 

Total Av~ Total % 
No. m No. 

22 16.0 92 1.0 
106 80.2 377 3.9 

- - 1 + 
9 6.4 28 0.3 
- - 7 + 
- - 213 2.2 

113 85.6 202 2.1 
31 23.5 31 Ow3 
(3) (1.';') (27) (0.2) 
- - 2 + 
1 0.7 14 0.1 
- - 7 + 
- - 1 + 
2 1.0 3 + 

(8) (5.3) ( 109) (1.1) 

2237 

159 

I 1701.3 
---- ___ i __ -

I 
I 

I 

I 

~ 
J:::' 
tJ 



, , 

and D.4 the bed was easy of access, but at ~ collecting 

was llcited o't.'lng to the nature of the bank and the 

depth of vnter. 

The species (Tnble 9.6) gathered at various stations 

ShO~l a great similarity at D2, D3 and l1.. ".nile the Dl 

fauna differs slightly because of its close vicinity to 

bs.ck"i~tcr t&1ich was tull of weeds. A total of 9531 

organis~s of 83 species was collected. The average 

uULibe:l' of a.'1ima1! per station/month Was 170 j- 10.1 (: S.D). 

The animals found are listed in Table 9. b ",hlch g1 vas 

a :fairly complete picture of invertebrate lIfe" in the 

upper Dee. 

(}.) £1 p,tyhelmint hes 

(1) T'l,rbellar1 c 
E91ycel1s nigr" l-1hich wa~ common at ~ and scnrce at 

the rest of the stations tormed o. 3~ of the total benthic 

fauna. The relative abundance ot this specIes at Dl maY 

be due to availabIlity of food in the nearby baCKwater. 

(B) J!lnel1d,&i 

(1) HIrudinea 

0.71 of the limnetic invertebrates belonged to this 

group in ".hl.ch .ifpQbdella octoculat, WaS common. 

(2) 9,11ggchaeU 

15.;~ of the bottom fauna Vas formed by 1tEml2!1culv~ 

.DPflgatus, Stylodr11us betJ,nlQauus and 1.1rnn.o4r11VI 



=-zt1t:l .. 

) Total number [ ]Average < 0·5% is not shown 

~,0'3J 
Asellus 20 
meridianus 
(565) 

L1~ 0 

] [ 
[4'5J 

Gammarus 
pulex 

I I I I I {64} 
T I I T T T 

[7.5J 

Umnodrilus 20 
hoffmeisteri R I ( 105) r 0 T T T T .,.. 

w - . 
[5'8J CD 

Stylodrilus ~ 20 
or 

h .. Z ernngJan us w 
(813) 

lum briculus 
. variegatus 
(483) 

Erpobdella 
octoculata 
(38) 

Polycclis 
nigra. 
(36) 

u 
~ 
w 
a.. 

r-

- I ":-T T 0 "t: 

\. 
.\ 2] ~ ... 

T :r: :J: I T I 

20 

20j . 

01 T T I ITT T 
--H A~AISIOINIDIJI 

1969 MONTHS 

I T 
[31'2J 

I I 
[2'7J 

F I tvl 
1970 

T 
A 

Fig 9.2 Seasonal variations of so~e of the common species of bott~ 
. 

fauna of the upper Dee (other groups in Fies 9.3,9.4 t and 9.5 ) 



hQffm€1st~~ as cO~.on species and the rest (Table 9.0) 

vere scarce. The abovo species showed minima in autumn 

and \:inter and rr.arlma 1n spring and summer (Fig. 9.2). 

(C) Mollusca 

(1) gs.sttotoda 

This group was represented by htmn3eR ~ereger, 
J,ncYlastt!.:~ nuvi atile and fotmnophI,l'gus j enk1ns1 ·\I0111ch 

tormed o. ~ of the total tlaeroinvertebrates and all the 

above species were scarce. AncY'last;:um 1J.t:v1 at~le can 

tolerate a lov calcium content (Boycott 1936), but it Was 

not com::non even on clean 3tones, and all the above species 

were absen~ froo the stones ha.ving 1!luddly and algal crusts 

011. 

(~) l:,,~elJ.itran{"}-1iflta 

2.7/ of the botto!1'! invertebrates were fo~ed by this 

group of \.hich Pls1d1um h11mrt'Bcum and P1s1<Uurn s'DbtnJnsstu)B 

ware common 1n the stony and gra'Velly- substratum of D2 and 

Dt. respectIvely. 

(D) ArthroPQtiJl 

(1) Crustacea 

,.,/ . ./ /1 GIlttIIlruS llu1SX. famed C.!;;! of the total. rauna. These 

/' I were found 1n all seasons, but I found relat1 vel:r more in 

sunmer as dId Eadcock (1949) and Hynes (1955), bccnuse of 

the appen.rance of young stages botil:oon APril to June. 

(b) lsoPQd" 

~lfl1us mend~MUS though commonly present at cl.l the 
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Sar.l,ling 51 tes, fomed 5. 9~r, of the total benthic fauna. These 

were collected in abundance in eVGry season but nore so 1n 

late &utunn and winter (Fig. 9.5). 

( 2) ",At'lchn1de. 

(a) TiYdracarJ,na 

This group waS scnrce, torming o.;d. They seemed to 

favour stony .. -bottoms '\dth vegetation. 

(3) l nsecta 

(a) f1ecQptera 

7.31 of the bottom fauna belonged to this group in 

which fshipemnra suld.e2111s, Chloro"erla tgrr'intt'l1,g nnd 

Chloroperla tripunctata were common and the rest scarce 

(Table 9.6). lseuetra sPD. were found in all seasons 

(Fig. 9.3) because of a steady succession of species and 

long hatching per:icds (Hynes 19(1). I did not find 

A\Pnh1nemuI? sulclcoll1s 1n summer, but I~Q"'erla grf:l.mmat1ca 

and Ch12roDerle torr~t1uTl1 were ntUllerous 1n late spring as 

fottnd by Hynes (1961). 

(b) Ephqrneroptgra 

This group formed 14.~ of the total botton organisms; 

of these ,.9qp.troptl1ym luteqlm, Ifeptophleb1i\ t1arrln~tB' 

llaet1s rhodan1, Ephgmerell, 19n! ta, Bast!! sc a,mbus and 

mdYQDPrlls venQSus were comr'..on. Fig. 9.3 shows the 

presence of ~etls spp. in every season and Ephewerel1D 

1¢ ta .-as recorded in large numbers during summer as 

found by Hacsn (195'lb) end Pleskot (1958). 

(e) Hem1Dtere 

6.41 or the bottom inVertebrates were formed by this 
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group. £2.ti.x~ T'f\."~~!"1, a very COn"Jnon species at 11. 
mainly due to the vicinity or backwater vegetation, was 

scarce nt other stations. This and other species (Table 

9.6)· ,.,are observed throughout the period. 

(d) l~s1opteta 

o. 5~ or the benthic 1'auna were formed by S1 ali s 

tJal.slnos1 and Slalls lutAria. Both were scarce and were 

collected trom the stones with or Without any vegetation 

(e) Trlcbopter" 

18.11 or the bottom fauna was formed by Glyrhotacl1us 

D.9uu~~d~Jh Mabolie nervosa, .f.!ectrocnarrla ('onsr~r.~"'h 

.fg~amQphylelz' latlPLmAl.l and H1dtop.yche Instahl'1.s, Wich 

were co~~n. C~IPhotaelius pelluc~de§ was found relatively 

more in spring and ldnter, Anlbol~a nervQsa in spring and 

autumn and PotAmophy13X' 18t1pennl' 1n spring and autunm 

(Fig. 9.4). 

(1') CQleoptera 

4. z;. of the benthic fauna belonged to this group in 

which l«atelmls vqlkmAn and Belm!s mauge! were COmrIon and 

recorded in large numbers in every £eason except autumn 

(Fig. 9.5'). 

(g) D1pt,ra 

(1) Cerntopogonidae 

This femi1)" was represented by ~ezz1 a spt'. ",hich 

formed o. 5~' or the total fauna in 6.l1 stations. 

(2) TlpulidAi 

Seven species of this group formed 0.;1 of the total 



lIaero-benthos, of these DlcranotA rQbusta \laS com.."':lOn and 

the re~t (Table 9.b) were scarce. These were found in all 

tou r s t a tl on s. 

(3) ~'""Ulidae 

c. ~ of the bottom fauna belonged to five species 

or th1s family and are lIsted in the Table 9.6. Allot 

them were scarce 8lld absent from the bottom of D • 
1 

(4) Madae 

2!"g pubaru1 fl end paradiii Mph1 hie. ""ere collected tram 

the stony bottom of D3 and ~. 

(,) Cb~roncm.aae 

This group formed 19.8% or the benthic fauna end 'Was 

represented by Crxptochlrono~us I~P., ftRc1 adl'Us chQrqu't 

fctanfUra monjJl §, lMrtarsvs s1gnatus, l~ettlocn9T:1Us spn. 

1:]'Qd1&'Upsq o11yacea, Tr1rhocladlus ruf1ventw and Polyped11Ym 

D'UbecpJ9st1S. 'Ihe a.bove species were common and found to be 

less abundant in the muddy botton \:1 th thIcl: vegetation. 

(6) Qtber d1ptet sn lAtIaI 

The specIes belonged to the rr..m1ly Enpld1dae, 

Rhagionidae, Llmonl1nae and Anthomy11dae, presented a s~all 

portion (O.~) ot the total bottom fauna and £e1l1 were 

recorded trom the muddy stretches. 

(7) l?:pteran pUD.., 

These formed l.l~ or the total catch. 

It. CGtjARJ; SON ~'F 'IHE BQTTQrf. l'i'ATiNA Oli' REGtTI,ATED 

DES 1.1TH TiNREyPI,A'l'TT> LrJYN TEtarD FREDER STREN~S. 

In order to study the resulting status ot the benthic 

fauna of regulatod Dee (upper Dee), it 1s necessary to 



.. 

Table 9.1 Distribution of the catch between samples taken from the Unregulated 

Llyn Tegid feeder stre.1mS and the Regulated Dee • 

• Catches 

Grovps and species feeder Dee Total 
etreams Regulated 

Ur.re~lated -
Tur~ellari~ (Total) (7) (36) (43) 
l'olycelis nigra ? 36 43 
Hirudinea (51) (72) (123) 
Erpobdeila octoculata 41 38 79 
Glossiphonia complanata 1 9 10 
Helobdella stagnalis 9 23 32 
Oligoch~eta (899) (1488) (2387) 
~tJloUrilus heringianus 722 787 1508 
L~mbriculus variegatua 110 438 548 
Eiseniella tetrahedra 41 36 77 
Aulodrilus pluriseta 8 43 51 
Homochaeta naidina 7 27 34 
Gastroroda. (73) (21) (94) 
Lirr;."laea pereger 2 16 18 
Ancylastrw~ fluviatile 71 4 75 
:b.!te llihrc'~chbta (125) (265) (390) 
PisiaiuID subtruncatum 91 109 200 
Pisidium milium 30 64 94 
Pisidium hibernicum 8 92 100 
Amnhi Toea (30) (64) (94) 
~--
Gammarlls pulex 30 64 94 
Iso"0oda (31) (565) (596) 
Asellus meridianus 31 565 596 
Hy<h-acarina (6) (22) (28) 
Lebertia porosa 4 3 7 
Hy~obates fluviatiles 1 2 3 

• 

Chi 
squared 

(19.4) 
19.4 
(3.4) 
0.1 
6.4 
6.1 

(145.2) 
2.6 

196.1 . 
0.2 

24 
11.6 

(28.6) 
10.8 
59.iS 

(50.2) 
1.6 

12.2 
92.0 

(12.2) 
12.2 

(478.4) 
478.4 

( 9.0) 
0.14 
0.2 

P 

«0.001) 
< 0.001 

()O.O5) 
}0.C,5 
<0.05 
<0.05 

«0.001) 
)0.05 
(0.001 
>0.05 
<'0.001 
<O.C01 
(<;,0.001 ) 
<0.001 
(0.001 

«0.OD1) 
70.05 
~ 0.001 

0.001 
({0.001 ) 
(0.001 

«0.C01 ) 
<0.001 
«0.01) 
)0.05 
70·05 I 

I 

t'.J 
\1', 
tJ 



Table 9.7 (contd.) 

Catches 
Feeder Dee 

Groups and species streams Regulated 
Unrep:ul "\}ed 

PlecopteIIl (1380) (697) 
Amphinemura sulcicollis 269 26lt 
Ne::;oura cinerea 2 3 
Aophinemura st&ndfussi 150 59 
Leuctra hippopus 450 41 
Ner:.oura avicularis 2 1 
Protonemura meyeri 67 20 .. Chloroperla torrentium 101 . 141 

.. Isoperla grammatica 71 83 
Leuctra fusca 110 20 
Leuctra inernis 51 12 
Chloroperla tripunctata 37 28 
Isoperla obscura 3 4 
Frh~meroFtera (1545) (1356) 
Ephemerella ignita 171 510 
Balhis rhcdani 144 269 
Ca~ni5 horaria 2 7 
Ca~nis m:>sta 5 55 
Centroptilium luteolum 875 262 
LeptoFhlebja vespert~l~ 32 23 
Paraleptoptlebia turnida 5 1 
Heptagenia lateralis 32 5 
Hep,tatenia sulphurea 49 25 
Baetis pumih:.s 99 36 
Ba~tis scambus 29 68 
Paraleptophl()bia 6ubmarginata 13 10 
Ecdyonurus v~n05US 41 28 
Leptophlebin marginata 24 32 

.... " 0\ 

• 

Chi 
Total squared 

(2077) (190.4) 
533 0.004 

5 0.2 
209 39.6 
491 340.6 

3 0.2 
87 25.0 

242 6.6 
15L. 0.8 
130 62.2 
63 24.0 
65 1.2 
7 0.14 

(2901) (12.2) 
681 168.6 
413 37.8 

9 2.6 
60 41.6 

1137 330.4 
55 1.4 
6 2.6 

37 19.6 
74 7.6 

135 29.2 
97 15.6 
23 0.2 
69 2.4 
56 1.1 

P 

«0.001) 
'jJ.05 
)0.05 
'- 0.001 
,0.001 
)0.05 
<,).001 
(0.05 
)0.05 
(0.001 
<.0.001 
)0.05 
")0.05 

«0.001) 
('0.001 
(0.001 
)0.05 
" 0.001 
<.0.001 
,>0.05 
)0.05 
<. 0.001 
(0.01 
L... 0.001 
Z;).001 
)0.05 
)0.C5 
)0.05 

. 

I'l 
U', 
\)J 



Table 9.7 (contd.) 

Cat chea 

Groups ard specieG Feeder Dee 
streams Regulated 

Unrepul,ted 
hnitr~oeena semicolorata 17 1 
HE'r.ir.t"r'ol. (11}7) (617) 
~;ig'lra nymph 4 3 
~!icronecta poweri 114 161 
Sigara distincta 1 137 .. Corixa panzeri 18 210 

:. }l;E'F';'llortera (29) (51) 
Sialis lutaria 29 51 
Tri cl;oFt~ra (893) ( 1736) 

. :{ystacicies nigra 12 38 
?lectrocnemia conspersa 222 33 
Hydropsyche instabilis 100 260 
Potamophylax latipennis 48 96 
Silo pllipes 4 1 
Anabolia nervosa 132 411 
Glyphotaelius pellucidus 262 451 
Agapetus fuscipus 10 285 
Helesus digitalus 29 19 
Diplectrona felix 3 , 
Rhyacophila dorsalis 7 6 
Coler)ptera (378) (408) 
Platambus mac.llatu5 23 4 
Decronectus depressus 1 10 
Huliplus lineatocollis 4 38 
Htllmis mauee1 102 45 
Latelmis volkmari 220 280 
Hycroporus pubescens 3 5 
Eelophorus flavipes 6 1,5 

Chi 
Total squared 

11:) 14.2 
(1754) (154) 

7 0.14 
1275 712.2 

138 13'+.0 
228 161.6 
(Be) (6.0) 
80 6.0 

(2634) (266.6) 
50 13.4 

255 140 
360 71.0 
144 16 

5 1.6 
543 143.2 
713 50.0 
295 246.4 

48 2.0 
4 1.0 

13 .03 
(786) (1.1 ) 

27 13.2 
11 7.2 
42 27.4 

147 22.0 
500 7.2 

8 0.4 
21 3.8 

P 

<.,0.00'\ 
«0.001) 
)0.05 
(0.001 
~O.OO1 
<0.001 

. «0.05 
<'0.05 

«0.001) : 
<0.001 
<0.001 
<0.001 
<0.001 
')0.05 
(0 .. 001 
<0.001 
<O.e01 
)0.05 
)0.05 
)0.05 

() 0.05) 
(a.OO1 
(1).01 
<0.001 
<0.OJ1 
<0.01 
)0.05 
(0.05 

I'l 
\J'\ 

l: 



Table 9.7 (contd.) 

Catches 

Groups and species Feeder Dl!e 
streams Regulated 

Unre rrul'" ted 

C~!'!!. t"n"r-onidee (67) (54) 
Bczzia Sf-p. 67 54 
T:i'r'.llioCle (30) (46) 
'ii pula c; ... xirna 5 2 
Tipula I:lontium 11 1 
Tipula paludosa 3 2 
Tipula couckei 1 3 
Tipula lateralis 10 8 
~i~'ll1id~e (48) (20) 
~l~ulium monticola 30 10 
Simulium ornatum 1 5 
Simulium brevicaule 10 1 
Si~ulium naturale 6 2 
Dixidae (1) (4) 
Dixa puberula 1 4 
Chironomidae (3048) (1881) 
rolypedilum nubeculosus 1690 247 
?entaneura mcnilis 3jO 93 
Prodiamesa olivacea 490 202 
~anytarEuS signatus 293 376 
Procladius choreU6 84 377 
Hicrotendipes Epp. 6 31 

I Trichocladius rufiventris 66 92 
Cry?tochironom~s spp. 58 214 
IBrillia modesta 6 7 

I 

\ I . I 

• 

Chi 
Total equared 

(121) (1.3) 
121 1.3 
(76) (}.3) 

7 1.2 
12 8.2 
5 0.2 
4 1.0 

18 0.2 
(68) 11.4 
40 10.0 
6 2.6 

11 7.2 
8 1.0 

(5) (1.7) 
5 1.7 

(4929) (276.2) 
1937 1C7!+.8 

443 149 
I 692 119.8 

669 10.2 
461 186.2 
37 16.8 

158 4.2 
272 89.4 
13 0.06 

P 

(")0.05) 
)0.05 

()0.05) 
"> 0.05 
<0.01 
)0.05 
.,0.05 
")0.05 
«'0.001 ) 
<0.01 
)0.05 
,0.01 
,)0.05 

() 0.05) 
)0.05 

{,(0.OO1 ) 
<-0.OC1 
<,0.001 
<- 0.001 
<-0.01 
(0.001 
.(0.001 
.(0.05 
(C.OJ1 
')0.05 

I'l 
U"', 
V'-\ 

• 
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Table 9.7 (contd.) 

- Ca.tches 

Groups and species Feeder Dee 
strE'ar.Js Regulated 

Unrep:ul",-ted 

Othp~ di~teran l~rv~e (209) (27) 
Dicranota robusta 159 26 

6. Hermerodromia unilineata 20 7 
Lizr.nophora spp. 2 14 
Taphrophila vitripennis 11 2 
Atherix marginata 2 I 3 
Dipteran pupae 294 109 

Chi 
Total squared 

(236) (140.2) 
185 95.6 

27 6.2 
16 9.0 
13 6.2 
5 0.2 

403 84.8 

P 

«0.001) 
<0.001 
<0.05 
(0.01 
(0.05 
>0.05 
(0.001 

~ 
V", 
~ 
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Table 9.8 Averace percentage composition of the total benthic fauna 

!eYr'rf'Rflf'cI in groups) in unregulated Llyn Tegid feeder streams and 

regulated upper Dcc. + =(0.1% 

Condi tior. Unregulated Regulated 

Turbellaria + 0.3 

Hirudinea 0.1 0.7 

Oligo chaeta 7.9 15.6 

Gastropoda 0.4 0.2 

Lamellibranchiata 0.5 2.7 

Amphipoda 0.3 0.6 

Isopoda 0.5 5.9 

Hydracarina 0.1 0.2 

Plccoptera 11.9 7.3 

Ephemeroptt:ra 14.6 14.2 
I 

Hemiptera 7.5 6.4 

Hegaloptern 0.2 0.5 

Trichoptera 6.9 18.2 

Coleoptera 3.1 4.2 

Ceratopogonidae 0.2 0.5 

Dixidae 0.3 + 

Tipulidae 0.2 0.2 

Simuliidae 0.1 0.2 

Chironornidae 39.0 19.7 

Other Di!lt. larvae 1.2 0.5 

Dipt. pupae 3.3 1.1 

, 



· compare results obtained during the same period Fnd from 

similar substrata in both the regulated Dee and in the 

unrcr,ulated feeder streams of Llyn Teg1d. Investigations 

were therefore U'ade in the same period by applying the 

same method of collecting. 

Table 9.8 shows a quantitative comparison of the benthic 

fauna of the unregulated feeder streams and regulated Dee. 

rlottlng the me3n number of each group as a percentage of 

the total, reveals an increase in Hirudinea, Oligochaets, 

La~ellibranchlata, Isopoda, Arnphlpoda, Hegaloptera, 

Tr1chopera and Coleoptera 1n the regulated Dee; " .. hereas 

Hemiptera end Diptera particularly ch1ro~om1d larvae, are 

favoured tren:endously- by the unregulated condi t10ns of the 

teeder stream. 

Tables 9.7, '9.8 show that TUrbellarln, Hirudinea, 

Oll gochaet a , Lamell1branchiata, Amphlpoda, Isopoda, 

Trichoptera, Hemiptera and Coleoptera were poorly represented 

in tho unregulated feeder streams. Aquatic diptera, ~t.dch 

includes C~~ronornldae, Dix1dae, Tlpulldae, Simull1dae, 

Ceratopoeonidae, Psychodida.e, Limnobl1dae, Ptychopteridae, 

stret10Illyldae, Dolichopodidae and E)np1d1dae; Plecoptera 

and Gastropoda wer~ quite distinct and abund3nt in number 

or lodi viduals and speoies in unregulated feeder streams. 

The regulated or unregulated condi t10n of the 1'1 Ver appears 

to have no effect on Hydrac erina, Ephemeropt era end 

Megaloptcra (Table 9.8). 



21 DIOCP~SION 

Butcher (1933) ,~-hile 'Working on the Piver Lerlc, SUffolk, 

found thnt a river bed of send and gravel "'as "lnshod away 

by n st~ddcn nood along ~1.th the plants rooted in it. 

He rurther reported that the rnacrophytlc vegetation, in 

itself not a sourCe of teod for the great majority of 

animals inhabitIng a river, has n great Inf1uer;.ce on their 

quantity an'l dlstritution by actIcn (1) as -:l~ area for 

th& gro1.l.tth of epiphytic algae \\idch are the chief source 

of food of scalIer roms, (~) as a source of O).."Ygm, 

(3) as a shelter and habltntlon, end (~) as an eeent for 

cementIng together stones and gravel ~nere much of the 

fa.una 15 1'o1."%1d. Percival nnd l;hl tehend (1930) Shovled. that 

the substratum controls the density of invertebrates. The 

more fixed the substratum and the greater amount of shelter 

available, the denser is the fauna. Havera (1951) pointed 

out that the d el'lsity nuctuations of b~nth1c orgenisns 

were d1r€~tly or indirectly conditioned by the current 

velocity. Thorup (1970) described the similar situation in 

the Don1cll spring Rold Kilda. Bishop and Hynes (1969) found 

B loss of organistls from the area after nood h~d scoured 

the bottom in the Speed Rivel~, ontario. Ertlova (1968) 

while ",lOrking on the R1 Ver Danube in Czechoslovalcia, found 

o11gochnetos only 'Where the current velocity reached 

2l0cn/soc. Chutter (1?69) Shwed that the incro2sed amount 

of silt tJld sand in rl vcr beds £dversely affected the fauna 

of Vaal Id. ver, ~outh .\f'r1Cll. Radford and R01'lC (1972) have 



ShO\ffi, in a prel1:oinary 1nvest1gation of bottom fauna and 

invertebrate drift in an unregulated and a regulated stream 

in Albertn, that increased velocities of current during 

high lr~tcr not only dislodge the animals but also 

settline bccones more difficult. 

In the present study a comparison of the benthic fauna 

of the regulated river" Dee (upper Dee) and Llyn Tegid 

feeder strer.;a sho .. rs a distinct variation in the m .. 'T.lber of 

anirnnls (Tobles 9.7, 9.8). 

Tho i"a.una of Ollgochaeta in the regulated Dee can be 

considered l1bundant because the number or oligochaetes 

" probably depends 10 a large extent on contributions r~ 

tho soil \;nshej dow. This soU has been tJixcd t1r> \-11th 

decaying pla.."lt subst~"lces and has thereby fottled n biotope 

",hleh is favourable just for the oligochaetes. ~l:ho 

relati Va increase 1n 1I1rudlnea 1n the regulated Dee could 

be due to slow current and abundant marginal vegetation. 

J}lmmAitUs nulex Was recorded more 1n the regulated Dee than 

in the feeder streams, perhaps due to the aVailability of 

more h1d1n3 places and the relet1 vel)" slow water current 

1n tho former. The ebundance or tr1chon~ran larvae in the . " 

regulated Dce Was remarkable, and may be due to the1r 

feeble sb111ty of locomot1on, the Slow ~ter currents and 

the gre.gter availabi11ty of the Case bUilding material. 

There 1s sn incre~se 1n Turbellar1a, Lamel11hrancbiata and 

lsopoda in the regulated Dee as compared with the unregulated 



'2. b I 

reeder streams. Ihis may be attributed to t pemanent t 

sUbstratuo lllld sheltered zones, either because or the 

need of these -groups for cover or because they are 

normally associated with vegetation. 

There were relatively ~ore Plecoptera recorded in 

unregulated feeder streams than in the regulated Dee 

(Tables 9.7, 9.8), due presumably to the aveilability 

of stony s~bstrata with scatt~red vegetation, particularly 

~acrophytes "hich the plecopteran nymphs feed on (Hynes, 

1941). In the DJe, the lack of suitable food and proper 

s!.lbstrnta. \'Ould probablY have bf:ell a 11mi tine factor. 

Hore hemipterans were recorded in unregulated feeder streams 

than in the regulated Dee. This ~ay be due to slower 

Qurrents, rr.ora marginal vegete.tion, and the viCinity of the 

lake in tha lower reaches of the feeder strea~s. Greater 

numb erE of Gastropoda in the feeder strea~s ~ay be due to 

less silt deposition and relat1valy more calcium ions in 

the water. Among the Diptera, Chironomldae seemed to have 

endured the unregulated condition or the feeder streams very 

well (Tables 9.7, 9.8). Probably this is dUe to the presence 

of a thin mud and silt layer on the botto~. 

There appears to be no difference in the relntive 

abundance of Ephemeroptera in the regulated Dee and 

unregulated feeder streams (Table 9.8), though Harker (19;3) 

in a Lancashire streac found that flooding affected 

i9dyonurys s~P. and Hert~gen~a §pp. conSiderably, but 

llI.ti. IPP. were not attecte~. 



The presence of lo~:er nurnbers or certain groups in 

the unregulated feeder streams cay be due to the fact that 

the substratum, eV~l ~hen of stones ~dboulders, is 

moved due to high velocities of ~~ter currents in flooding, 

and much of the plant and animal lite is insecurely 

anchored in gravel and among stones, and is torn al-tay 

by the swirling waters. The greater the volume of water. 

the greater the damage done • 

. :., The regulation of the r1 Ver Dae has favoured certain 

groups (Tables 9.7, 9.8). This may be due to considerable 

a1 teration 1n the btUlks and bottom of the ri vert ~:he 

stony substratum seems to be covered by silt and algae, 

and consequently the shel tared banks have become soft and 

colonised by vegetation. . It appears. that tho controlled 

rlolo! has to a creat extent t'.1n1rni sed the physltal disturbance. 

of the bottom by flood and consequent bottom scourlng. For 

the' succ3ssful establishment and maintenance of animal or 

plant colonies in the river constant conJitions must ::obtun 

for a considerable period, ~heress large fluctuat10nsmay 
, 

resul t in Washing away of the entire fauna and nora. 

Jones (l951b) reported that severe summer floods in the 

River Towy, West Wales, reduced the invertebrate population 

trom 1000 to 300/sq.m. 

The results discussed here agree to some eA~ent ~th 

those obtained by Rawson (1949) \no observed that the 

standing crop of the benthic tauna \o:~s uniformly low before 

the development of the Pacaterra Oem on the Kananaskis River 



in Saskatche ..... -a.'1, Csnada1 Cronemi11er (1955) showed that 

tho production of "food of trout had increased by 

cons"tl""~cting ::%':10.11 dams to reg'1.l1ate the summer now in 

a s~all trout stream in the U. S. A. t and Radford and 

HOlve (1972) cade similar observations on the fauna and 

invertebrate drift in an unregulated and a regulated 

. stream in Alberta, Canada. 

(1) A preliminary investigation of invertebrates was 

made of the upper regulated Dee. 

(2) The species composition and the seasonal trends ot 

the COTnon species of the standing crops of the bottom 

fauna ere discussed. 

(3) A comparison of the 'benthic fauna of the regulated 

Dee and unregulated Llyn Tegid feeder streams was cnds. 

(4) Lov standing crops in the unregulated feeder streams 

could be due to nood anc:1 instabl11 ty of subatratuIll1 . 

whereas the relatively high number of benthic organisms 

in the regulated Dee an be attributed to a "fixed" 

substratum and less physical disturbance. 
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(c) Condition. 
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(e) Movement. 
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(h) Mortality. 
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CHArTER X 

lNTRQpnCTIQN 

Although there is now a considerable body of 

information available on the biology of various po11~ted 

waters (Carpenter 19,~, 1925, 1926, Jones 19408, 1940b, 

19~1a, 1949b, 1958, pente10w and Butcher 1938, Hynes 1960, 

1961, 1962J Mann 19651 and Brinkhurst 1966, 196;) etc., 

there is no published information concerning the ecology 

of bottom invertebrates and biology ot trout in 8 polluted 

stream of the Dee watershed. rhe folloVing stUdy describes 

the ecology of 8 macrofauna! community and the biology ot 

trout in the R1 Ver Alyn, 8 polluted tributary of the Dee. 

l1ATERIAL MiD MEl'1jQDS . 

(a) Ilgttsm fauns 

The sampler described in Chapter II Was used for 

collecting the bottom invertebrates from July 1969 to 

July 1970. 

(b) Filh 

Fish samples were taken monthly from the upper Alyn 

between ~ and A2 (Fig.10.1) from JUly 1969 to July 1970. 

All samples were collected by electrofishing between 10.00 

and 1,.00 hours. A Honda A.C. generator of ,4Qv Was 

employed. Stunned fi shes were recovered by means of landing 

nets. The catches were preserved in the deepfreeze and 



examined the next day. 

First the frozen fish were thawed in Warm water and 

then each specirlen was dried. SUrplus water was removed 

trom the body surface by filter paper and the weight was 

determined to the nearest O.lg. Length, from the tip ot 

the snout to the fork Was measured to the nearest 

millimeter. Sex determination of larger fishes was ~ade 
'\ 

macroscop1cilly and the gonads were weighed to the nearest 

O.lg. Sex determinations of immature fishes were made by ~ 

microscopic examination of squashed gonad tissue. The 

conditions of the gonads were noted according to orton, 

Jones and King (1938) and Jones and orton (1940). 

The method adopted for food analysis is mentioned in 

Chapter III. 

The 'seales of brow.n trout from particular British 

habitats have been described extensively in the literature 

(Southern 1935, Allen 1938, went and Frost 1942' Frost 1950, 

Jones 1953 and Ball and Jones 1960) etc. The procedures 

adopted in scale preparation and reading Was adopted from 

the 'works of Jones (1949) and Ball (1957, 1961). Scales 

vere taken from an area above the lateral line end just 

below the dorsal fin. This was to offset, as much as . 

possible, inaccuracies likely to arise from the variation 

1n the number of rings on the seales from different regions 

ot the body (Bhatia 1931). Each seale was cleaned by 
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rubbing between thumb and fi~r. About 10 scales were 

then' piCked up ~~th a blunt scalpel and mounted in 

Euparal. Reading for age Was done under the low power 

microscope. The scales I examined showed wide rings on 

their edge in early sumner, ~~th narrowing of these 

rings in late summer. In autumn end winter narrow rings 

were formed on the scales of most fish (Plates 10.5-10.9). 

In or~er to investigate the movement of fish at ~ 

(Fig. 10.2), 150 trout were tagged and released. 

Tagging was carried out at Chirk hatchery on the day 

before they were released. Fish were taken at random 

from each size group (here 16-18, 18-~, ~0·2~cms) and 

were tranquilised by placing them in a weak solution of 

MS222 Sandoz. A hypodermiC needle Was inserted into the 

base of the dorsal fin at its anterior end. one arm of 

the silver wire attached to the tag was threaded into the 

needle wh1ch was then ldthdrawn from the fish. The other 

arm of the silver wire Was brought over the back of the 

fish and the two arms of silver \dre were twisted together. 

The exc es s 511 ver wi re was cut 0 rr. The wi re and the tag 

were pressed close to the sides of the fish. The trout 

were then placed in a plast1e bucket half full of a solution 

ot mercuric chbr1de to prevent any infect1on, before putting 

them in the deli very tank. ,0 trout of the length group 

16-18 cm were tagged and released at stat10n A, 50 of 18·,0 cm 

at B and 50 or ,~-2~ em at C (F1g. 10.2). In the upper Alyn, 

between Al and A2 (Fig.lO.l) Pan-jet 1nnoeulat1on techniques 
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(Hart and Pitcher 1969) using indian ink were carried 

out for the movement determinations, 

Gonads were removed as soon as possible, weighed and 

preserved in modified Gilson's Fluid (Simpson, sited by 

Bagenal 1966), consisting of lOOml 60~ alcohol, 1501 C01 . 
nitric acid, lernl glacial ~cetic acid, BCOcl water and 

20g mercuric chloride. The fluid preserved and hardened 

the eggs and helped to liber~te them by breaking do\..tl the 

ovarian tissue. Before the e~gs ~ere counted the oVarian 

tissue Was removed and clumps of adhering eggs were 

carefUlly separated, 

.3. TH E W VI RQNl1 SIT 

The P.1 ver Alyn, a tributary of the Dee, rising around 

cyrn-y-Brain 615.7 m 0.0. in Denbighshire, follows 

approximately the outcrop of the basal carboniferous 

11mestone for about l6km northward (Fig,lO.3), but then 

Illddenly turns to cut through the limestone belt in a 

deep gorge of sand and shales. After this it nO'i'S south­

eastward through the coal measures and finally it enters 

1nto alluvium and peat to join the Dee at the Cheshire 

border. Two major contributing streams, Afon Terrlg ~d 

Afon Cegrdog, enter the river near Long (Nat. Grid Ref. 

2616~~) and Cefn-y-bedd (Nat. Grid Ref, 310;62) respectively. 

The r1 Ver follows a winding course of more than 4-51-on. 

At Loggerbecds (Nat. Grid Ref. 6,7195) some ot the water 
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flows into the underground fissures and this also occurs 

at l'.old (Nat. Grld Ref. e:4(639) ",'bieh results in low 

summer level and somet~mes drying out altogether. 

-( b) 12!lcriptlon of' the lamp1lng lit,s 

Four collection sites, namely Al , A2, A3 and ~, ~ere 

established from the top to the bottom end of the strenm . -

(Fig. 10.1). These stations were selected not on the 

basis of different types of substrata but on the basls of 

pollutlon by do~estlc sewage and lndustrlal wastes (Fig.10.l). 

~ (Plate 10.1) was se1~cted near the village of 

Llandeg1a (Nat. Grld Ref. 195;,5) at en altitude or ,65.6m 

o. D. lIere the stream is o. 3-~'7l ~de and o. ,-1m in depth, 

with a hard bottom of gravel and mud at places •. There ~ere 

no trees end bushes of Bny kind on e1 ther s1de of' the r1 ver. 

It receives a small amount of domestic untreated sewage, 

the source of ",Mch was sho~.n to me by I1r. ",,'1lllarns, a local 

tarreer. 

A2 (Flate 10.2) WaS situated at an altltude of 115.3rn O.D. 

near l-!old (Nat. arid Ref. 24(639) above the Synthlte and 

Sewage disposal wrks (l"1g.I0,l). lIere th,etreom is from , 
, 

O. ;-lm in depth and the width varles from' 3-5m.. There 't\,ere 

scots Pine trees on one slde and pasture on the other. The 

,bottom was covered ~1.th pebbles and sand. Sandy shoals were 

round over Wide areas lVh1ch may be due ~o two sand and gravel 

works nearby (Fig.lO.l). There were a rew scattered patches 

of Fontinalls antlpyretlca pnd ~~n~ncu1us aquat1lls. 

j 
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PLATE 10 .3 SAMPLTIIG S~hTIO I A3 . 



PLATE 10 . 5 SCALE OF BRO:SN TROUT FROM RI VER ALYN AT A"I . 

LENGT H 8 . 1 e m. AGE 0+. CAUGHT AUGUST 1969 . 



PLATE 10 .6 SCALE OF BRo\VN TROUT FROM RIVER 
ALYN . CAUGHT IN NOVE~ffiER 1969 
BETWEEN A 1 AND A2. LENGTH 12.8 CH . 
AGE 1+ . 

PLATE 10 .7 .:.>CALE OF BRmlN TROUT FROH RIVER 
ALYN. CAUGHT IN NOVEI'mER 1969 
B;T\i Ec:11 A1 AN D 1\2 . I.J0lG'I'H 15 .6 CM . 
AGE 2+ . 



2?7 

plATE 10.8 SCALE OF BHOvlN TROUT FROM RIVER 
ALYN . CAUGHT IN OCTOBER 1969 
BET\'JEEN A 1 AND A2 . LENGTH 18 .6 CM. 

AGE 3+ · 

PL'\TE 10 . 9 SCf,LE OF BR()':IN rrROUT FRON RIVER 
AU"N . CAUGHT IN OCTOBER 1969 
Br,"l' ,rc:r::N A 1 AND A2 . LENGTH 22 .6 CM. 

AGE Lt+ . 

4-



Tabl~ 10.' Water samplea vere taken on 25.6.1970 and analysed b1 ths pollution labor&toriea ot.the Dee and Clvyd Ri~er Authorit1 

.. .. . .. , III , )I 

'3 110 -5 c: ... ~ ... . .... r1 ... • '0 0 oQ 10 
0 ~ 

oQ • 0 • • ... ... 0 
r1 oQ ... ., ... u 
0 .. ~ ... ~ 

t, :IE: H ... .... ... . ... 
'0 t:. .<: t:. • '" Saspl1ng at~tlona --? '0 . r1 • .... 110 ... ... oQ 0 ... CIl t:.. III r1 '0 ~ ... ... :IE: . ... .,.. 

Sl H ~ "" III "" '0 ... .. . ... 0 0 .... .Sl ~ t> c: ., .., 
~ 110 t.. .. 

III .. ... rI) • C . III Sl ~ :J III 
r1 .... M III a- . ... a .,.. 
0 .<: ~ r1 '" ., r1 

~ ... • OJ !i r1 '" r1 r1 

~ ... ... . . .... » ,. 0 
~ .... .... LJ 10 e . r1 ~ U 
I III ~ (/) '0 .c: '" 110 J> .., ... 

~ 
» <I ;.. '0 C ... ,. >a ;.. III ~ ... as ~ <: '" as 

.<: ~ 0 .... 0 ~ 0 III M 
Il:O III 0 '" Q '" H A. (..) M 

Time 9.00 10.55 10.25 9.45 9.35 9.25 9.20 11.10 11.25 11.35 11.50 12.10 
I.!,pesranco T1 '1'2 '1'5 '1'1 '1'1 '1'2 '1'1 '1'1 '1'2 '1'2 12 '1'1 

Y1 Y1 YGS YN1 YI'I1 N1 Y1 YN2 1:n YG2 YG2 YG2 
Odour E1 E1 O.S Em2 Em1 E2 E~ E1 EBa2 E2 Em2 O.S 

pH 7.8 7.9 11.7 8.5 '1.9 7.6 7.6 7.7 7.? 7.1 1.8 7.9 
Temperature °c '3.0 14.5 45.0 15.0 15.0 18.0 15.5 15.5 1}.5 14.5 15.0 1'+.5 
Dissolved 02 9.9 10.6 - 10.4 10.5 ?1 9.2 7.7 7.1 8.7 9.0 9.7 
[;issolved 02, % saturation 97 103 - ~O? 08 78 95 80 70 88 92 98 
B.O.D. (4 hours at 27°C) 0 1.1 }.O 2}5.0 1.5 1.0 20.0 6.5 }.} 2.3 2.8 2.} 1.5 

2.8 }.7 57.1 2.7 2.6 21.9 4.8 3.4 }.8 3.9 5.1 }.2 Perrnancsnste vslue (4 hours at 27 C) 
C.O.D. (Dichro~ate value) - - 374.0 - - - - - - - - -
Nitrogen, 8S N, ammoniacal, tree ~ saliDe 0.1} 0.06 12.5 0.03 0.44 13.5 6.0 0.14 0.21 0.59 0.33 0.70 
Chloride, 85 Cl 26 30 216 33 }4 38 35 . 35 ~5 41 54 184 
Solids suspended - - 302 - - - - - - - - -

- -"-- ---- --~-~- ~----'--~~~ -- --- ~-~~~ -~~~- -~- --- -~~--

Results, except where stated otherwise, a8 mg. per litre. 
Key:- U/S = Upstream, D/S = Do~stream. O.S = Organic solvent 

For quelitative descriptions of odours and appearances see code 
A.W.A. 12th edition. . 
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ra_l. '0.2 a .. aaa.1 .. rJatJono or the oh .. Jo.l oonotttuant. 01 the Ri •• r A17n .t rthal'a bridae, 

ana11sed b7 the pollution laboratories ot the De. and Clwyd River Authority. Results, 

excep~ where stated otherwise, as mg. per litre. 

For qualitative descriptions ot odours and appearances see code A.W.A. 12th edition. 

! 

\ 0 
s:-o- .... 

'8, ... 
CI ... ... . .... ~ ... III II >. ... .11 ", .g '" . III .. ", e III .... ro .. 0 CI II ;l 

r4 Ilo ... > u a ::! :s CI u 0 .. 
~ ~ CIl 0 :Z:. A ~ 

A :5 A A A. ~ A .... .... ... ... ... ... 
a co \.0 If\ '" N 0 
N c- c- .... .... co' O'. 

Time 9.55 9.5 9.10 9.10 9.5 8.10 11.45 
Appearance 1'2 1'2 T3 1'} ·1'3 1'3 T4 

NG2 Y1 NG2 02 NY} G2 Ny} 
Odour E2 E1 E2 El E/m2 E/m2 E/m} 
Specific Ccnductance {mlcromhoe/} cm. at 25°C) 540 
p!l 7.8 8.1 7.9 7.6 7.8 8.2 7.4 
Temperature °c 16.} 15.7 12.7 12.0 6.0 4.0 4.0 
Di!;solved 02 9.6 9.4 9.2 9.4 11.4 1}.0 12.6 
Dis~olwed 02, % saturation 97 98 86 90 95 102 99 
p.O.D. (5 days at 2Jo~) 2.0 1.2 2.3 2.3 2.4 1.6 4.7 
Permangan~te value (4 h~urs at 27oC) ,.2 3.2 3.2 3.6 98 2.9 138 
C.O.D. (Dichromate value) . 9.8 10.5 13.7 
tiitroy,en, liS N ammoniacAl, tree + saline 0.06 - 0.19 - 0.2 0.1 0.8 

" " nitr"te 0.02 - 0.04 - 0.03 0.04 0.04 
" " total oxidised 7.2 -

Chloride, as Cl 53 S(I 56 61 45 )5 70 
Solids, dissolvp.d 355 .. suspended 1

'
, 17 

Hardneas, as CaCo}, total 320 325 }OO }30 11,0 220 160 . 
" " " ~~l~!t!~ ;:>110 ~·1;5 ;>65 250 130 200 135 
" " " 1118 gn esl UIII 80 60 }5 80 10 20 25 

Alkalinity, as CaCoJ 145 
Sulphatc5, as S04 38 
Phenols, as C6H50H -
Detergents, Anionic 0.06 
Silicates, ReRctive, as 5i02 2.8 
Phosphates, total as POIt 0.5 
Iron, total, as Fe ; 0.6 

II soluble, as Fe .. 0.1 
Manganese, totel liS Hn 

'-----_~-I-
0.1 , .. soluble tiS Hn ~:ci) I Formaldehyde - - - -

--.. - L ___ 
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;. 
A3 (pl&te 10.3) was s1tuated at an alt1tude ot 

109.3m 0.0. near Mold below the Synthite end Sewage 

disposal ,,:orks. The 1w'1dth of the river bed wss bett-leen 

~4m and was covered with pebbles and gravel. The trees, 

mostly Scots Pine and silver birch,' covered the stream and 

throughout the sampling peri~d, except during flood, 

decaying plants and debris were notiCed everywhero on the 

'bottom. Here a putrid smell Was noticed each tine the site 

was visited. 

Ai+- (plate 10.4) lies in, the lower, reaches of the 

stream near Ro~sett (Nat. Grid R~f., 366573). Thit station 

was situated at cn altitude ot l5'm 0.0. lIere the stream 

was about l-~ in depth and 5'-7m in 'ddth. The bottom was 

muddy but at places covered with stones. The vegetation 

was poor on either side but there were thick patches of 

algae on the stones. 

(c) Ehys.cal and ChemiC§! eond! tiona 

Tables 10.1 end 10.2 show the physical and che.-:1.cal 

conditions during July 1969 to July 1970. The'water 

temperature r~nge4 trom 3.7 - ~oC 1n ~~nter and from 14 -

lb. 3°C in suml'ner. Haximum percentage saturation of oxygen 

waS recorded during summer and minimum in' autumn~ pH ranged 

between 7.4 and 8.5'. The dilsol ved chemicals indiCated 

stream conditions only at the time of sampling and occasional. 
I , 

spills of ~astes vere not detected. Chemical testing may not 

reveal evident pollution qualities ~hen wastes are highly 
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Table 10.3 The density (Av. no./m2) ot the bottom fauna at 

tour sampling sites, based on 'j4 monthlJ samples. 

+ • (0.1% - = No record 

Above Synthite works Below :vnthite workJ 

Bottom fauna A1 A2 A3 A4 Total 
(%) 

Turbellaria (Total) (.) (6.4) (5.3) (.) (+) 
Polycelis nigra - 0.7 4.2 - + 
Polycelis felina - 5.3 1.0 . + 
Hirudinea (6.4) (10.3) (9.6) (S.5) (0.2) 
Glossiphonia complanata 6.4 9.6 5.3 2.1 0.1 
Erpobdella octoculata - .0.7 3.2 6.4 + 
Helobdella stagnalis - . 0.7 - + 
Oligochaeta (37.4) (S2.3) (19.2) (26.7) (1.4) 
Stylodrilus heringianus 28.S 34.2 5.3 10.7 0.7 
Lumbriculu6 variegatu~ 2.1 28.8 2.1 9.6 0.3 
Rbyacodrilus coccineus 0.7 0.7 - - + 
Aulodrilus pluriseta 0.7 16.0 - 0.7 0.1 
Homochaeta naidina 2.1 0.7 . - + 
Eiseniella tetrahedra 1.0 0.7 2.1 1.0 0.1 
Limnodrilus hoffmeisteri - - 7.4 0.7 + 
Peloscolex ferox - - - 2.1 + 
Gastronoda (24.S) (96.1 ) (2347.5) (81.0)' (10.8) 
Limnaea pereger 8.5 21.4 75.9 11.7 0.6 
Ancylastrum fluviatile 14.9 51.3 18.1 19.2 O.S 
Limnaea glabra 0.7 3.2 1.0 - + 
Succinea pfeifferi 0.7 - 3.2 2.1 + 
Limnaea truncatula - 7.; 1235.8 I 23.5 5.0 
potamopyrgus jenkinsi - 12.8 1009.0 23.5 4.2 
Limnaea palustris - - 2.1 - + 
Ancylus lacustris - - - 1.0 + 
Lamellibranchiata (3.9) <37.4) (156.1) (27.7) (1.2) 
Pisidium cinerium 3.2 35.3 32.1 2.1 0.5 
Pisidium lilljeborgii 0.7 2.1 - 25.6 + 
Pisidium subtruncatum - - 119.8 . 0.5 
Pisidium milium - - 4.2 - + 
AmEhiE2da (324.2) (1058.2) (2974.6) (1748.3) (37.4) 
Gammarus pulex 324.2 1058.2 2974.6 1748.3 37.4 
IsoE2da - - (10.7) (6.4) (0.1 ) 

I Asellus meridianuiO - - 10.7 6.4 0.1 
Hldracarina (113.3) (39.5) (1.0) (2.S) t1.5) 
Spercban denticulatus - - - 0.7 + 
Hygrobates nigromaculatus 111.2 37.4 - 2.1 1.4 
Lebertia porosa 2.1 2.1 1.0 - + 
Plecoptera. (193.6) (148.7) (23.1 ) (9.4) (3.5) 
Leuctra hippopus 21.4 2.1 1.0 3.2 0.3 
Leuctra geniculata 87.7 . 16.0 21.4 - 1.1 
Amphinemura sulci collis 27.8 39.5 - 1.0 0.7 
Nemoura avicularis 10.7 60.9 - 1.0 0.7 
Leuctra fusca 1.0 7.4 0.7 - 0.1 
Isoperla grammatica 8.5 0.7 - - 0.1 
Chloroperla tripunctata 0.7 - - - + 
Chloroperla torrentium 5.3 - - - + 
Brachyptera risi 3.2 0.7 - - + 
Nemoura cambrica 2.1 - - - + 
Nemoura cinerea 2.1 - - - + 

• 
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Table 10.3 (contd.) 

Bottom fauna A1 A2 A3 A4 Total 
(%) 

Amphinemura standfussi 13.9 16.0 - 4.2 0.3 
Leuctra inermis 1.0 - - - + 
Leuctra nil!,I"a 1.0 1.0 - - + 
Nemurella pic1;eti - 0.7 - - + 
Ephemeroptera (370.0) (489.2) (299.9) (866.9) (15.9) 
Ba~tis rhodani 100.5 95.2 60.9 178.6 3.4 
Heptagenia lateralis 64.2 - - 2.1 0.6 I 
Ecdyonurus venosus 14.9 5.3 20.3 6.4 0.3 
Ecdyonurus dispar 0.7 13.9 71.6 23.5 0.8 
Habrophlebia fusca 56.7 12.8 2.1 11.7 0.7 
Centroptilum luteolum 36.3 96.3 0.7 42.8 1.6 
Ephemerella ignita 37.4 187.2 44.9 551.0 6.3 
Rhithrogena semicolorata 44.9 17.1 6.4 7.4 0.7 
Paraleptophlebia submarginata 1.0 - - - + 
Ba~tis pumilus 6.4 42.8 8z.3 28.8 0.9 " . 5.3 8.5 1v.7 10.7 0.2 Baetis scambus 
Caenis mOf3ta 0.7 - - - + 
Ephemera danica 1.0 1.0 - C.7 0.2 
Ba~tis atribatinud - 2.1 - - + 
f.phemerella notata - 0.7 - - + 
Ecdyonurus torrent is - 2.1 - 3.2 + 
Heptagenia sulphurea - 4.2 - - + 
Megaloptera (2.1) (7.4) (5.3) (2.1) (0.1 ) 
Sialis lu taria 2.1 7.4 5.3 2.1 0.1 
Hemiptera (-) (1.4) (0.7) - (0.1) 
Sigara distincta - 0.7 - - + 
Valia nymph - 0.7 - - + 
Corixa panzeri - - 0.7 - + 
Trichoptera (58.9) (95.9) (100.3) (17.6) (2.0) 
Hydropsyche"'l instabilis 2.1 - - 2.1 + 
Potamophlax latipennis 32.1 39.5 79.1 7.4 1.0 
Sericostoma personatum 6.4 - - 2.1 0.1 
Rhyacophila dorsalis 0.7 0.7 I 0.7 - + 
Agapetus fuscipus 1.0 2.1 0.7 - 0.4 
Halesus digitatus 3.2 17.1 7.4 0.7 0.2 
Mystacides nigra 0.7 1.0 - 2.1 + 
Glyphotaelius pellucidus 9.6 26.7 10.7 3.2 0.4 
Anabolia nervosa 2.1 0.7 - - + 
Plectrocnemia conspersa 1.0 - 1.0 - + 
Diplectrona felix - 0.7 - - + 
Limnophylax centralis - 7.4 - - 0.1 
Limnephilus rhombicus - - 0.7 - + 
Coleoptera (237.6) (79.7) (385.9) (142.7) (5.7) 
Oreodytes rivalis 85.6 0.7 8.5 69.5 1~5 
Haliplus lineatocollis 6.4 - 18.1 2.1 0.1 
Helophorus flavipes 8.5 - - 4.2 0.1 
Helmis maugei 29.9 25.6 317.7 21.4 2.0 
Latelmis volkmari 35.3 44.9 LJo.6 23.5 1.3 
Lacobius biguttatus 1.0 - - - + 
Platambus maculatus 5.3 2.1 1.0 0.7 0.1 
Hydraena riparia 0.7 - - 5.3 +. 
Hyphydrus ovatus 64.2 6.4 - 16.0 0.8 
Helodes marginata 0.7 - - - + 
Dixidae (0.7) (-) (-) (-) (+) 
DiX3. puberula 0.7 - - - -
Ceratopor;onidae 04.2) (16.0) (2.1 ) (3.2) (0.5) 
Eezzia spp. 34.2 16.0 . 2.1 3.2 0.5 



Table 10.3 (contd.) 

Bottom fauna 

Tipulidae 
Tipula lateralis 
Tipula paludosa 
Simuliidae 
Simulium brevicaule 
Simulium monticola 
Simulium ornatum 
Simulium angustitarse 
Simulium armoricanum 
Chironomidae 
Polypedilum nubeculosus 
Pentaneura monilis 
Trichocladius rufiventris 
Tanytarsus signatus 
Prodiamesa olivacea 
Procladius CtlOreus 
Orthocladius spp. 
Strictochironomus spp. 
Brillia Modesta 
Chironomus anthracinus 
Cryptochiro~omus spp. 
Other dipteran larvae 
Dicranota robusta 
Hermerodromia unilineata 
Pericoma pseudo exquisita 
Dipteran pupae 

Total no. animals 
Av. no. animals/mgnth 
Av. no. animals/m"" 

... --' 

I~ , 

'2.&3 

A1 

(5.3) 
3.2 
2.1 

(37.1 ) 
10.7 
25.6 
0.1 
0.7 -(926.3) 
6.4 

38.5 
64.2 

214.4 
392.6 
171.2 
34.2 
2.1 
1.0 
1.0 
0.7 

(95.0) , 
71.6 
22.4 
1.0 

(63.1) 

3361 
240.0 

2568.0 

A2 

(0.7) 
0.7 -

<3.8) 
1.0 
2.1 
--

0.7 
(312.4) 

35.3 
53.5 
23.5 

162.6 
7.4 

23.5 
0.7 -4.2 
1.0 
0.7 

(72.6) 
36.3 
36.3 -

(64.2) 

3461 
247.2 

2745.0 

A3 A4 Total 
(%) 

--(-, (0.7) (+) 

- 0.7 + 

- - -
(0.7) (8.8) (1.1 ) 
- 0.7 0.1 

0.7 5.3 1.0 
- 0.7 + - 2.1 + - - + 

(87.4) (350.7)'(15.0) 
14.9 78.1 1.0 
6.4 28.8 1.1 

17.1 78.1 1.5 
5.3 J 28.8 3.9 

32.1 88.8 4.6 
5.3 48.1 2.2 
2.1 - 0.4 
2.1 - + 
2.1 - + - - + - - + 

<32.0) (37.3) (1.9) 
21.4 7.4 1.1 

9.6 29.9 0.8 
1.0 - + 

(5.3) (43.8) (1.3) 
I 

8489 4455 
606.3 318.2 

6487.4 3404.7 



Table 10.4 Distribution of the catches ~mpled abuve 

(A2) and below (A3) the Synthite works. 

Catches Chi 

Groups Above Below Total ciquared P Synthite Synthite X2(1) 
works (A2) works (A3) . 

Turbellaria 9 8 17 .04 )0.05 
Hirudinea 14 1} 27 .02 )0.05 
Oligochaeta 108 26 134 25.0 <0.001 
Gastropoda 131 3072 }20} 2700.0 ~0.001 
Lamellibranchiata 50 206 256 95 (0.001 
Amphipoda 1}85 389} 5278 1191.6 {0.001 
Isopoda - - - -
Hydra car ina 52 2 54 46.2 .(0.001 
Plecoptera 195 }2 227 117 < 0.001 
Ephep.eroptera 647 397 1044 59.8 (0.001 
Hegaloptera 10 7 17 0.5 >0.05 
Hemiptera 2 1 } ·O.} )0.05 
Trichoptera 129 1}3 262 .06 )0.05 
Coleoptera 107 509 616 262.2 ~ 0.001 
Diptera: 

Ceratopogonidae 21 " 25 11.4 (0.001 
Slmuli1dae 6 1 7 21.8 (0.001 
Tipulidae - - - -
Chironomidae 41} 120 533 161.0 ( 0.001 
Dipteran larvae 96 44 140 19.2 < 0.001 
Dipteran pupae 85 7 92 66.0 < 0.001 

.--
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. treated even though the rece! ving stream may be adversely 

affected by such efnuents because the effect s _ r.lay' be 

addit1ve. The deta1led che.'T1cal. 'analys1s (Tables 10.1, 

10.2) sho,,"'!ng seasonal variations in the chemical consti tuen ts 

of the river water was ~rov1ded by the pollution laboratories 

of the Dee and Clwyd River Authority. 

Collections from ~, A2, A3 and ~ stations yielded 

a total of Blt, 80, 62 and 65 species respectively (Table 10.3). 

The number of' species round at 'J. and '2 were typical of an 
\ 

unpolluted stream feuna (see Chapters III,IV,V, VI and VII) 
. , 

but at A3 and '4 the number decreased. Table lO.~ summar1zes I 

the releti ve abundtmce of different species collected 

during this period and is expressed in AV.No/m2• The 

bottom fauna at stations A) and Alt ""as reduced (lnd had a 

smaller number or -speeies as eompared to Al and A2,. A 

decrease in the density 01' aquatic beetles, stonefl.ies, 

cadd1sf1ies, Dix1dae, Ceratopogonidae, Tipu11dae, S1rr.ullidae, 

and Chironomidee \Jas noticed from A2 to A3 (Tr:ble 10.4). 

These may be c8.lled 'pollution intolerant' organisms. 

stations A3 end A ... located below the site of' the sp1l1· 

(Fig.10.l) had a typical 'pollution tolerant' co~unity. 

pollut1on tolerant gastropods, 1sopods end amphipods ~ade 

Up the major part ot the community, probably indicat1ng the 

additive etfect of' sedimentation and toxiCity trom the· spill. -
/ 

111e common species collected are mentioned below (Table 10.3). 

\ 



';"J, 

(A) fJ.,atmfi2J.m1nthes 

(1) TUrbellRt1§. 

polyS,ll, n,gn and polyee11§ 1'gl,SI were SCarce at 

'2 and A3· 

(E) Annel1da 

(1) Jilrud1nel 

o. ~ of the total fauna belonged to this group in 

Whioh c~o§s.phQ~a corop1anata and ~ro9bd1119 9ctQsYlata 

were collected from all the sites. 

(~) .QJJ,gochae!a 

1.4( of the benthic fauna was formed by this groUp, 

of these lst.i1pdr1J,us ber1ndiDl:!§. were common at Al t A2 ond 

At.,. ,and l;umbg,culvs var1eglt~,s at '2 and Att.. The number or 
oligochaetes below the spill et A3 was greatly reduced 

(Table 10.3) and may be due to the lack of a muddy bottom. 

Specimens, of • .!mR~rI1us hoffmeIster! w~re trequent at A3 

and according to Hynes (1960) are found in large numbers in 

grossly pollu~ed "'ater. 

(e) 1:lgI1u1c.I 

(1) ~strgpoda 

lO.8f or the rnacroinvertebrates ~ere represented by 

this group in Which L,mDlii P!feger'and ADcz1alttym fluxiatl1e 
vere comoon in all stations. U,mnaea trunogtll1~ were eomaon 

at A3 and Alt, and ,fotamoDn:KU' 3mk• ns1 at A3 (1'able 19.3). 

The high number or PgtMloPYlBls :1 enls~nsi may be due not only. 

to an ahili ty to surn Va the etnuent trom synth1 te 'tiOrkl' 
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at A3 but olso to the absence of Predntors. ~~mnAea pereger 

were recorded oore during spring and summer lmerans few 

jDcYla§trum fluvlatI1e were collected durIng SU~~er (F.1g.l0.4). 

(2) Lnrnell1 branch! ata 

This group made up 1.41 of the total fauna. f1s1d1um 

!ineriUID was comreon at '2' PIJ1dium 111ljebQrgl1 at ~ and 

.f~lid1ym subtruncaturn at '3. 

(D) Arthropoda 

, (1) ClEstaeea 

(a) Amph1pgda 

Ga'llr'lAj[H, pU1U cOJnron in all stations tormed 37.51 

or the total benthic fauna and were collected 1n large' 

numbers during every season (Fig.l0.4), particularly at A3 

and '4- Similar observations were made by Jones (1948a) 

1n the hard water streDr.l, the Clydach, in west Wale's. 
, 

(~ lsppoda 

~jllus mer~~anUJ were common in '3 and A4. This may 

be due to the presence of dead leaves. 

(2) A.&Chn1d, 

( a) lildrac ax:~nl 

l.;~ of' the benthiC tauna belonged to this group 1n ' 

.1 which· nXdrohate, n11romaculatu.l Was COmr.lon at Al and the 

relt were scarce (Table 10.3). 

(3) lD.lgc~. 

(a) pleco;Qtgra 

This group formed 3.4% of the total benthiC fauna 1n 

, . 
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which .l.euctra binIJopu,;, x,euctrl gen1culat~ . .L Ar1phinenura 

JYJ.g,cgll11, I!£:mQura nViculat1s, ,soperJ:a gramat,91 and 

_b~A.u£P standfussi were common at ~ and Uep;Qu;:n 

lyicularls ot A2 (Table lO.3~. Lguctrn sPP. were collected 

more during spring and sumrr.er and Ampbenemura §PI2. during 

~nter and spring (Figs. 10.4, 10.;). I found ~§uct£n more 

than Sph1ne::gura at ~ near the source or organic PO~lution, 

though ~b,newu£a seems to be the less arfected by organic 

pollution than are most other plecoptera (Hynes 1941). 

(b) Ephewergpterl 

These amounted to 1;.81 of the total macrobenthic 

community. ~etis rhod;:ml were at ~, A2 and A4' 

uepyagen1a laterj,11s at Al , ECdxgnurus venosus in A1 , A2 

and A3, Habr,gphleb1a tus£a 1n ~, £entropt1;tum lutoolm 

,at ~ and A2, Ephem.r,llp. imlta at A1 and A4, .Rb1tbmgena 

~tm1c919rata at Al and ~,et" pumilYJ at A3 ~d A~(Table 10.3). 

Bsetis SPP. were.r~orded more during spring and summer 

(Fig.10.;). I recorded a decrease in Rhlth£S(geni\ (Table 10.3) .. 

as did BUtcher (1937) in the River Tees, a ~ewage-pol1uted 

river. 

(c) t1eiAlopt,ra 

. m,cA1 s lutar1i were SCatee in all the stations. 

(d) lJemipt.ra 

Though scarce, they 'Were recorded from A2 and A3 sites. 

(e) Ir1chg;$erl 

. These formed ~.c% of the benthic fauna. j'otQmoWiIla..'C 



1.Si penn1§ were common in all the stations, §ericQstprna 

lZlEsS(I,lotwp at AI' peles"s gt,! tatu§ at '3 and G1YRhotQ!illus 

~ •• lys~dus at '2 (Table 10.3). I found Ser120~tomQ ~er§on~tYm 

affected by pollution at '3 and A4• Similar observations 

were made by llynes (l9t() ~nlle w"Orking on the Dee p'olluted 

by efnuents. 

(r) foleo ... tera 

Coleoptera were represented by 5. 7t~ of the total bottom 

fauna. Ita1mis J!laug~l and Late1mls vp1kmpt1 were coreon 1n 

all the stations and were collected in every season (Fig.lO. 5). 

glegdytes r1vrlls occurred at Al and '4' HAlID~us 11neotocol111 

at A
3

, 1IelPr:honl~ O·ayl~es at Al and PJ,g~apbus mnculpt'U§ were 

common at AI. 

o( g) Pintere 

(1) Clr~topocon~aae 

li!.f).& sPI!. though com!!'on at Al snd A
2

, formed only 

0.51 of the total benthic fauna. 

(2) ~lIn,l111)1ae 

~mullym breVicaule ~nd SimulIum .pst!cola foroed O.5f 
, 

of the total benthiC fauna and Were coomon at ~. 

(3) ChI:tpnomigae 

This group tormed 15.1C of the benthIC communI tYI ot 

these EolYpId11um nu~esaalpsu§ and ren~aneuEe PJ9~1!1 were 

comxnon 1n '2' Ir!shoclasl1us run v~ntr1s in A2 and '3' 
%lPxtalsUS IIgna~us in ~ and A2.' prod1amesfl 011 vages in A , 

. 1 
A3 ~d A .... and fmeladius ehoreul 1n Al' Chironomid lalla. 

were more otten recorded during spring and summer (Fig.lC.;). 
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Table 'O.t; Average density (AveNo./m2) of the bot'com fauna of the River Alyn and 

above and below the spill (Synthite works). 

Above the spill Below the spill 

A1 A2 A3 

~enthic fauna No.spp. Av.No. No.spp. Av.No. No.spp. Av.No. No.spp. Iz 12 12 m m m 

Turbellaria - - 2 6.4 2 5.3 -
Hirudinea 1 6.4 2 10.3 3 9.6 2 
Oligochaeta 6 37.4 6 82.} 4 19.2 6 
Gastropoda 4 24.8 5 96.1 7 2347.5 6 
Lamellibranchiata 2 '.9 2 37.4 3 156.1 2 
Amphipoda 1 324.2 1 1058.2 1 2974.6 1 
Isopoda - - - - 1 10.7 1 
Hydracarina 2 113.3 2 39.5 1 1.0 2 
Plecoptera 14- 193.6 10 148.7 3 23." 4 
Ephemeroptera 13 370.0 14 489.2 9 299.9 12 
Megaloptera 1 2.1 1 7 .'~ 1 5.3 1 
Hemiptera - - 2 1.4 1 0.7 -
Trichoptera 10 58.9 9 95.9 7 100.} 6 
Coleoptera 10 237.6 5 

, 
79.7 385.9 8 5 

Dixidae 1 0.7 - - - - -
Cera to pogoni dae 1 34.2 1 16.0 1 2.1 1 
Tipulidae 2 5.3 1 0.7 - - 1 
Sil!!Uli~,~.ae 4 37.1 , 3.8 1 0.7 4 
Chironomidae 11 926.3 10 312.4 9 87.4 6 
Other dlpte:'an larvae 3 I 95.0 2 72.6 3 32.0 2 
Dipteran-pupae 63.1 64.2 5.3 

Total No. spp. 86 76 62 65 
Av. No. spp./month 2 7.1 6.3 5.1 5.4 
Av. No. spp./month/m 75.9 67.4 54.5 57.7 
Av. No. Orgms./month/rnZ 2568.0 2645.0 6487.4 

.... 

• 

A4-
Av.No. 

12 m 

-
8.5 

26.7 
81.0 
27.7 

1748.3 
6.4 
2.8 
9.4 

866.9 
2.1 
-
17.6 

142.7 
-
3.2 
0.7 
8.8 

350.7 
37.3 
43.8 

3404.7 

\ , 

• I 

t'-l 
.D 
I" 
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. Y' •. 

I found chironomids were reduced at A3 but reappearod in 

greater numbers at '4 (T~ble 10.5). This may be due to the 

greater dilution or the e.rfluents. lIynes (196l)\,nilo vrorking 

on the P~ver Lee polluted by sewage and copper salts, fo~nd 

orthoclad11nae, Tanypodinae and TElnytnrsus sPp. ,·:ere quite 

unaffected. 

gShgr dipteran larvae 

These formed ,.l~ of the total ,catch and were represented 

by ;dcrrngta rpbusta COM~on in all stations, and 

neEmerodrom1a un111n'ata common at A2 and ~. 

2. niOLO GY Q F TRonT 

Fish srunples were taken trom June 1969 to July 1970. 

Altogether 1078 trout wre caught during this period between 

Al end At:;' I did not catch any trout between A3 and ~. 

There seerr.ed to be no physical barrier to prevent 
\ 

'trout from migrating bet,,:een upper end lower reaches. Fran1! 

(personal communication), secretary of the lJremaYn and 

District Angling Association (AA), reported that all the 

fish died due to a sudden spill of formaldehyde in the 

r1 ver below pontblyddn (Nat. Grid Ref. bl;e::72) in 1967 • 
. 

A similar incident was reported to me by Mr. Davis, 

secretary of the Rossett and Grestord Angling Association. 

Lees (pers.comm.) also told me that the spill of fo~oldehyde 

was so strong that all the bottom fauna disappeared. 

\ 
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(a) Age and grovth 

t-1arch 1st was chosen as a convenient birth dote in 
, 

view or stuart's (19;3) conclusions on the renroduction .. 
ot loch brown trout. the open (or 'summer') rings were 

present on the edge or the scales during ~~er period 

Aprilh1ay to September/October and the narrow t winter' 

rings during the period September/October to AprilMay. 

This phenomenon has been described fUlly in Ball ~~ Jones 

(1960) • 

Fies. 10. () and 10.7 sho,,, the length and weight 

attained by each age group in the Alyn. In Fig. 10.B the 

data have been arranged in. quarterlY groups so as to show 

seasonal as ~ell as annual changes in growth rat e. In 

age groups 0+ and 1+ a large increase in length end weight 

Bay bo seen between June and November, but a small one 

between December and Hay. Visual examination or the slope 

ot the curve suggests that in age group 2+ there Was more 

increase in length and weight between June end November, 

and less between December and May. . In age groups 3+ ~nd 4+ 

the gro~1;h rates in length and weight decreased. 

The relationship between, body length and the anterior 

seale radii was calculated to determine ",nether growth ot 

trout scales \!as proportional to gro'Nth ot the body (Flg.lO.9). 

A close correlation was found (r c 0.9~05). These data 

demonstrated a linear relationshIp, indicating that they 

were subject to analysiS by the linear regression formula 
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Table 10.6 Length or trout in cm. as back-calculated from scales. 

Year No. Age at Sex Mean calculated length at each 
Class Fish Capture year 

I II III IIII 

1968 362 1+ ~ 5.6 
~ 5.6 
6~ 5.6 

1967 350 2+ ~ 5.0 10.7 
~ 4.8 10.5 
~~ 4.9 10.6 

196€ 149 3+ t 4.9 '\0.8 14.5 

~ 5.1 11.2 14.9 

t~ 5.0 11.0 14.7 

1965 42 4+ t 5.2 10.5 15.1 17.8 
~ 4.9 10.8 14.8 18.1 

~ 5.1 10.6 14.9 17.9 

Total fish 903 
Total mean calculated length ~ 5.2 10.6 14.8 17.8 

oS! 5.1 10.8 14.8 18.1 
t~ 5.1 10.7 14.8 17.9 

Average increment t 5.2 4.4 4.2 3.0 
~ 5.1 5.7 4.0 3.3 
~ 5.1 5.(. 4.1 3.1 

. ..-

... 



'e. f 

x = a + bY. The calculated body scale regression is 

represented by I L = -0.; ... ~.l~S (See fig.10.9), wnere ' 

L is the length of' the fish (em) and S the scale radius 

(arbitrary units). These data reveal a straight-line 

relationship and demonstrate that scale length increases 

proporti~nally, with body length. This relationship' allows, 

use of the Lee (1920) }{ethod to calCUlate mean total 

lengths of fish at annulus formation (Table 10.6). 

(b) L9Bgth-weight relationships 

The length-weight relationship of the trout has been 

,studied by plotting the logeri thm of' the mean annual length 

of each age group against the logarithm of the corresponding 

mean annual weight (Fig.10.l0). The results lie in a 

straight line, indicating no ,fundamental chantte in the 

length-\.'81ght relation~hp with age or loc~ ty. '," 

The La eren method (19;1) Was employed to calculate the 

empirical mean length-weight relationship of'the trout~ 

The sample of' 1078 fish Was grouped into 10mm intervals of' 
. . 

length ranging from ;cm to ~?cm for ~ieh .mean lengths end 

weights were d.tennined (Figs. 10.11,10.12). The mean 

lengths and weights for each length group were plotted, and' 

each sample exhibited a power-lav relationship. ·This 

relationship is ,expressed bY' the formula • 

W I: eLn when 

W Ie mean weight in grams ot each length group at capture, 

:L == mean total length of a group, 1n m11limetres, 

a ~ emp1r1cru. constant, n r: empirical exponent. 



Empirical constants, log,a end n ~ere determined as follows. 

log w. 
~ . 

(log L) - log L. (logL.logW) 
log a = _________________ _ 

log W - (N.log a) 
n a:: -

log L 

N :: number of length groups. 

Log a end rl "-ere subst1 tuted 1n the logan thm1c tOrtl of the 

Gt}uation I 

Log W I: log a + n log L 

Log W = 1.8279 + ~.8708 log L 

when plotted, the smooth cUrVe ls used to express 

length-weight relationship (Fig.10.10), 

(c) £2ndition 

To <;uote IIlle (1936) "weight in fishes may be con.s1dered , 

a function or their length". Weight is proportional to the 

eube or the length in the ideal fish that does not change 

1n shape ,.,1 th growth (La Cren. 19;~). ~a C~be La.w provides 

a method of indicating end comparing the condi tlon or 

well-baing or fish between length groups, age groups, sexes: ~ 

and populations. The tormula used here for determination or 

the coefficient of condition 18 I 

Y ~ 104 
C E n ~e~ 

L 
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C :: denotes the condition of the fish, w:: weight of fish (gms), 

L :: total length of fish (mn) J End n . is tho slope or 

regression 11ne of ep..Og length x log weight graph, i. e. . ' 

length weight. relationshp (Fig.lO.IO). The volue of n 

determined from Fig.lO.1e, is close to 3 1ndicating that 

it the fish's specif1c gravity remains constant, the fish 

gro\'.'s 1 sornetrl~ oIly (Tesch 1908). The figUres obtained 

just1fy the use of n = 3 1n the usual equat10n 

tv x 104 

= L3 

Values of K so obtained ",1.11 fluctUate about 100 \.hen using 

the metric system. 

K Was calculated for all the trout sampled excluding 

maturing and spent f1sh. Fig. 10.13 shows the seasonal 

var1at1on 1n mean cond1t1on for'19b9-70. Thus condition 

waS at it!;J h1ghee in summer and low 1n winter. 

The difference in values for the two curves (F1gs.10.13, 

10.14) is probably accounted for by the fact that n Was 
taken as 3 1n the equation used to ealculat e the mean K 

tor each month 1n place of ~.87. Females tend to have 

sl.ightly higher values of K than males of the same age. 

Seasonal growth curves for el'ch or the yea.r classes are 

given in Fig.lO.l; end 10.16 respectively. The Qurves,give 

the mean length of each year class in each monthly sample. 
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The gro'to.1h curves show that the growth rate varied 

seasonally, \.'1 th rapid growth from May/June until August/ 

September. The period of taster growth was between nay, 

and liUgust in the 1966, 1967 and 1968 year classes; 

Whereas little gro\.1h occurred in 196; year class. 

Gro\l;th ceases from August to November in 1968 Y.C. 

(year Class), from October-December 1n 1967 y~C. and 

Septetlbcr-Novernber in 1966 Y.C. fish. The growth 

curves show pronounced irregularities in the ~nnter conths, 

probably partly due to the small numerical size of the 

winter sru!lple (Fig.l0.l;) end the preponderance of females. 

As females have a lower mean length than males, the total 

mean length of the sample w.1l1 be reduced the larger the 

number of females 1n the sample. 

Fig.10.lb shows the mean weight for each year class 

each month froe July 1969 to July 1970. Increase 1n weight 

'Glosely parallels the 1norease 1n length as sho",n 1n_ 

F1gs. 10.1, and 10.H). It can be seen that the loss in 

~ght 1n 1966 and 1967 year classes between October-November, 

presumably,as a result of spawn1ng. There was little loss 
• 

in weight at this time in the 19fJ8 group ns on1~ a small 

percentage of this year group were ripe (Table 10.8). 

La Cren (19;0) found the.t most trout remained in 30m 

section 1n the small stream he stUdied. ' Schuck (194,) 
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Table 10.'.7 !',"fltovementsy'of:tn8.'l'keta. ...trodt.~tnS1t 52, and S3 stations. 

Total marked = 29, Total unmarked = 22 sta t ion 1:-

Age of fish 1+ 2+ 3+ Total 
No. Fish released in July 15 20 21 56 
No. Fish recaptured in Au~st No. % No. % No. % No. % 

Upstream of the place of release 5 33.3 8 40.0 4 19.0 17 30.3 
Downstream of the place of release 2 13.3 7 j5.0 3 14.2 12 21.4 

Total 7 46.6 15 75.0 7 33.2 29 51.7 

Station 2 :-
Total marked = 26 Total unmarked = 27 

A~e ~f fish 1+ 2+ ~+ Total 

No. Fish released in September 10 2? 14 c 1 

No. Fish recaptured in October No. % No. % No. % No. 0' 
/0 

Upstream of the place of release 4- 40.0 a 29.6 6 42.8 18 35.2 
Downstream of the place of re~ease 2 j20.0 4 14.8 2 14.2 8 15.6 

Total 6 60.0 12 44.4 8 57.0 26 50.8 

Station 3 :-
Total marked = 18 Total unmarked = 20 

Age of fish 1+ 2+ ~+ Total 

No. Fish released in November ? 23 18 ·8 
No. Fish recaptured in December No. % No. % No. % No. % 

Upstream of the place of release 3 42.8 7 30.4 2 ~5.0 12 31.5 
Downstream of the place of release 1 14.2 4 17.3 1 12.5 6 15.7 

Total 4- 57.0 11 47.7 3 37.5 18 47.2 

Point of release 

<: upstre~m ~ downstream ) 
SCm 5Cm 

100m 

Total area fished at each station • 

• 



· recaptured 42 of the 46 trout he tagged in Crystal Creek, 

U.S.A. in their original sectlons ~~ch were b70 long. 

Shetter (1937) working on brow trout in the Au Sable 

River system, U.S.A., found that ;6-8;~ remained ~~th1n 

one mile of the release point. stet~nlch (19,2) recorded 

little tlovernent 01' trout in 9lm sections of Prickly pear 

Creek, ~rontana, but those that dId move generally dId so 

in a do~stre~~ direetion. 

In the present study a total of ;6 young trout 

belonB1ng to 1+,~+ ~nd 3+ age groups were collected trom 

station 1 between ~ Bnd A2 (Fig.10.l) in July 1970 ove~ 

the substratum of stones and gravel ~lth marginal 

vegetation and few trees (Ac§£ p~euodplitanu§) on either 

side. These vera marked black (Indian ink) by p~jet on 

the ventral surface near the anus and released. In I~ugust 

1970 ;1.4( ot the total marked fish ~ere recaptured; or 

these 301- from upstream and ~.4~ fron dOwnstream. At 

this station I did not ttnd any Significant difference 

(p > O.'o~n in the nunber or trout mOVing upstrean and 

downstream trom the place of release (Table.lO.?). ' 

At station 2, Which Was 40m do~~stre~ fro~ station 1, 

a total or ;1 trout were collected, marked on the ventral 

surface bet~een the anal and pectoral tins and released in 

SepteI!lber'1970. Here the bottom Was or sand and pebbles / 

with little marginal vegetation. In October I recoVered 

'0.8: of the marked fish, 35.~ trom upstream and 1;.61 



, trom downstream from the pOint of release. No ~arked 

fish fron station 1 were captured at station~. There \H1S 

no significant difference (p> 0.0;) in the number of trout 

moVing upstream l:nd do",nstream from the place of release 

(Table 10.?). 

\ 

At station 3 (Flg.1C.1), Which Was 310 do~mstrea~rJ 

fro~ the st~t1on ~, a total of 38 trout were collected, 

marked on the ventre~ sUrface between the pectoral fins and 

relea~ed in November 1970. Rere the bottom was of mud, 

sand-and gravel ~~th thick patches of R§nunculus aquatil1s. ' 

There was no marginal vegetation.an~ no trees. In 

DeCember 1970 4? 2,'1, of the total· marked fish were recaptured, 

31.51 from upstream and l'.?1 fro'n dotmstream. I did not 

find any marked fish from stations 1 and 2 1n this catch. 

No significant difference (p> 0.0;) was observed 1n trout 

moving upstream and do~~stream from the place of re~ease 

(Table l(;.?). 

In the above experiments 100m of the r1 ver were fished 

at each st~tlon haVing different types of substrata, to 

study the localised movement. lhe present study showed a 

tendency to form home are~s. Within the l1mi tat10ns impos~ 

bY loW numbers, it is suggested from the returns thnt trout 

JDay remain in or' return to the samo local! ty. There ,1s no, 

significant (P? 0.05') difference in the ntil!lber of trout 

Dlov1ng up and downstream, the trout can be considered 

fairly faithful to a restricted location. 
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T<I.ble 10.8 Fecundity of Z7 trout from the River Alyn. 

. 
Age and Month Year Hean Estimated Length 

Class weight of mean eggs No. range 
ovary- per fish fish (em) 

(g) (No) 

Age group 1+ 1968 
Sept. 1.8 88 1 13 

Age group 2+ 1967 
Sept. 3.6 123 3 15.6-17.5 
Oct. 8.6 233 It 15.5-17.8 

f 

Age group 3+ 1966 
Sept. 6.3 297 3 17-17.5 
Oct. 10.5 227 6 16.5-19.2 
Nov. 10.5 245 6 16.5-16.7 
Dec. 7.4 200 1 19.8-

Age group 4+ 1965 
Sept. 6.0 166 2 15.4-17.2 
Nov. 18.2 328 1 20.7-

~-.------------- -----

Hean Weight Mean 
Length range weight 

(em) eg) (g) 

13- 28- 28 

16.2 48-72 56.6 
16.7 42-72 60.2 

17.3 55-68 61.6 
17.4 58-87 68.5 
17.9 54-87 71.3 
19.8 82 82 

16.3 41-62 51.,5 
20.7 111 111 

Range of 
ova per 
female 

(No) 

88 

211t-286 
150-370 

260-320 
121t-370 
186-354 

200 

145-188 
328 

.. 

-
Egg per 
grnm of 
ovo.ry 

(No) 

1t9 , 

34· 
27 

\ 

47 .; . 
22 
23 . 
27 

27 
18 
---

I 

vJ 
U"'\ 

• 



(f) Sex ratio 

The variatlon of the sex ratio With age was 

irregular (F.1g.l0.l7). It is apparent, however, that 

temcl.es "''ere predominant at the higher ages. The 

percentage of' males veried more among the 0+ and 1+ 

age groups in the combined sample for all months, but' 

meles becsrr.e less numerous at the higher eges (Fie.10.l?). 

(g) 1':mumgi ty 

The number of eggs per individual varied 

considerably (Table 10.8). The averages for'the age groups 

show low egg production among the 1+ age group and 

m~J!1um productlon by 2+ lind 3 ... age' groups, and slowly 

declining numbers among older age groups.- In older fish 

I obse"ed an increasing amount of' ~onnecti ve tissue, 

henCe they may prodUCe fewer eggs per gram of ovary ",1.th 

inc reese 1n age. Yield of eggs per gram of OVlll"'J' was 

highly v~r1able even among the fish of the same age group 

(~able 10.8). This may be dUe to varying stages of 

development at the time the flsh Were captured. 

(h) l'Jortallty 

The mort all ty coefflcient ",'ere estimated from the 

formulae describing the general telationships between 

aurv! val and mort ali ty (Rousersll and EVerhart 1953). 
, 
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Table 10.9 The total annual compositio~ of the diet of 1076 trout 

assessed by occurrence volume and number methods. 

Percentage represented 
in the total samlle 

Food organisms 0 V N 

Benthic food 
Oligochaeta 1.0 0.8 0.5 
Limnaea pereger 1.9 1.2 2.2 
Potamopyrgus jenkinsi 2.0 1.4 1.5 
Pisidium spp. + + + 
Gammarus pulex 9.4 10.} 9.2 
Sperchon spp. + + + 
Leuctra spp. 1.} 0.6 ;:>.1 
Amphinemu"ra standfu.s;;i - 2.5 1.1 0.6 
Chloroperla opp. 1.1 0.9 0.4 
Other Plecoptera 2.6 1.9 3.1 
Ba~tis rhodani 2.2 6.5 2.5 
Ecdyonurus spp. }.7 1.7 2.4 
Paraleptophlebia spp. 4.4 1.2 4.2 
Other Ephemeroptera 5.6 7.8 10.1 
Sialis lutaria + + + 
Rhyacophila spp. 0.8 1.8 0.3 
Hydropsycheo spp. 1.9 0.3 2.3 
Potamophylax spp. 1.1 2.5 1.1 
Other Trichoptera 4.2 2.0 2.1 
Latelmis volkmari larvae 4.9 1.6 4.7 
Chironomid larvae 10.6 8.7 19.0 

Simul1id larvae 1.4 0.3 0.8 
'l'ipulid larvae 2.3 1.1 0.9 
Other dipteran larvae 3.3 1.2 2.4 
Dipteran pupae 3.2 3.3 5.5 

Midwater food 
Helmis maugei adults 7.0 3.7 4.4 
Hemiptera adults 0.5 " 0.2 0.3 
Fish 1.4 21.9 0.8 

Aerial and Terrestrial foods 12.0 11.7 10.7 

Miscellaneous food 
Plants 7.0 2.6 4.8 
Stone (caddis cases) 0.4 0.6 0.2 
Eggs + + + 

. --

.. 



r = (1 - S) or (1 - e~ ) 

, 

Log r (y» 

n 

fey) I: ~ge frequency at anyage'(y) 

yx I: age at "hlch allot populatlon becomes tlcatchnble tt 

r I: annual t!lortallty rate 

S I: rnte ot surVival 

~ :: lnstantaneous mortallty rate 

1 
/log I: 2.303 

e 

The comput stions yielded an annual· mort all ty coefficient 

(r) of 0.4812, rate of survival (S) ot 0.5188 and an 

. instantaneous mortalIty rate of 0.7015. 

Calculated \\'elghted 

6 I: 0.701; 70.151 0.6269 

s I: 0.5188 ;1.88t 0.5563 , 

r I: O.lt8l2 48.1cC 0.4437 

(1) Cg~Q~~t~QD ~, tbe ~!t 

Johs detailed percentage composi tlon of the diet by 

occurrence, volUme and number methods 1s sho\o.'n in Table 10.9. 

;9.~ by volUme and 79."!/! by number or the total tood 

consumed were invertebrate bottom tauna. Plecoptera and 

~hemeroptera nymphs, Tr1choptera and ch1ronomid larvae . . . 
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and Gamwan,s pylex were the major tood items. Pleeoptera 

b . 
tormed 4.5~ by volume end 6.2,~ by num~rt and were 

composed 01' Leustra s'O~, .ADlr:h~nemuril I t lndfEss1, CbloroP2J'la 

spp. end other unidentifiable stone ny nycphs. 

Eph9.!"!leroptere represented by BI§t1s 1:JJ9d~n~, Ecyonurus s12t'. 

fifalertorhleb1A ~~. and other mayfly nymphs formed l7.~ 

by volume and If!.;C by number 0 f the tot al food. 

Tr1choptera represented by [;bxaeoph11a epp, Dldrovsyshe 

~, FotQko~hYlax gr~. and other caddis larvae were noted 

in 7.3;' by volume and 5.8", by number or the total food. 

Chironorr.1d larvae 1t.'ere e~ten by 10 .. 61 end Grrr~mQ,rus 'nul",} by 

9.~ of the total fish. Food items or rare occurrence 

belonged to the 011gochaeta, Gastropoda, S1rnu111dae, 

Tipul1dce and other, dipteran larvae.and pupae. 

Aerial and terrestrial food formed 11.71 by volume and 

10.71 by number at the total tood. 

The rJ.dwater food items, 'lr:h1ch included Coleoptera 
\ . 

adults, I!ern1~tera and fish, formed ~5.8;' by volume and 

'5. ;~~ by number of the total food. 

Plant debriS, r1l~entous algae and pebbles, grouped 

as miseellaneous toods occurred in 3.0~ by volume ~d 5.0% 

by nu~ber or the total food. 

(j) ,§,Jasonol Variations 1n ~od 1ntalul 

Fig. 10.18 shows a progressi Va c:hange in the intensity 

of food consumption. The amount of food in trout stomach. 
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d.ecreased. trom AUgust to October and then suddenly 

increased in NovemberJ again gradually decreased troe 

l)ecenber, to !1arch snd 1ncreased from April to July, 

(k) ~Iasonal chenges In the foo~ 

Seasonal changes in the quantity of food eaten by, 

the fish are shown in Figs. 10.19, 10.2Q, 10.21, Where 

data for each item are giVen separately. Chironomid . 

larvae, EPherneroptera and Plecoptera nymphs were eaten 

in all months (Fig.10,19), Tl1choptera larvae were found 

1n food during winter and spring. Gastropods were 

recorded more during spring and summer. Oligochaetes ~~re 

found 1n tlovember and December only. .Q§FJmaX'ES pulex were 

consumed in large quantities during winter and spring 

(F1g.10.~). Coleoptera larvae were eaten in all months. 

AJDongst dipteran pt.."ae ehironomid pupae were eaten 1n. 
. . 

greater quantity during spring and summer. Other d1pter~ 

larvae, represented by Tipulidae and Simu11idae, were rate 

1n the diet except 1n ~~nter. 

'Aerial and terrestrial insects were most nunerous in 

the food during summer and autumn (Fig.10. 21). /r..t:1ong the 

less cotnn)n items of food, Co1eopteJ;a adults ot aqua.tic 

. origin 'tIere ~ost1y eaten d'!.~r1ng spring and SUtrJ!1er, l!er:r.1ptera 

in snall quantities dUring summer, fish rarely in winter 

and sUI1l!:ler, and finally filamentous algae taken aCCidentally 

all the year. 



Table "10.10 The average percentage composition of the food assessed by occurrence, volume, and number 

methods of trout of each age group. (+ =~0.1%) 

Total No. Fish 
P~e 0+ 1+ 2+ 3+ 4+ 
No. Fish in each Age _1ITouJl }2 ~32 ~3 2b4 104 
No. ~m~ty Stomachs 5 10 30 12 13 
Mean length (Range) r..m 6.9 (6.1-7.6) 11.7 (10.8-12.3) 1~.~ (1~.3-14.8) 17.4 (16.6-18.1) 20.4 (19.6-21.7) 
Mean weight lR~ge) 4.3 (3.2-5.3) 19.0 (15.6-24.3)' 29.0 02.3-43.8) , 58.1 (31.6-68.3) 99.4 (19.6-21~) 
Methods of Assessment 0 V N 0 V N 0 V N 0 V N 0 V N 

; 
OUgochaeta 1.2 1.4 0.1 0.4 2.0 3.1 2.3 1.2 .2 . - - - 0.7 + + 
Gastropoda - - - 1.8 0.5 1.5 5.3 4.6 5.1 5.8 3.9 5.0 7.3 4.0 5.9 
Lamellibrenchiata - - - - - - 0.4 0.2 0.2 - - - - - -

'/ 
'" 

Amphipoda 13.2 17.2 8.9 11.8 5.2 10.3 5.5 8.2 6.6 8.5 11.2 10.5 6.7 10.0 9.7 
Hydracarina - - - 0.1 + + - - - 0.1 + + - - -Plecoptera 11.3 11.5 10.4 6 .. 8 3.9 4.3 6.4 2.3 5.4 6.4- 2.2 4.6 6.8 3.0 6.? 
Ephemeroptera 28.3 38.4 35.8 20.1 10.1 21.9 13.2 20.2 15.4 8.7 6.0 7.9 9.2 11.7 13.1 
Megaloptera. - - .. 0.8 + 0.2 0.2 + + 0.1 + + .3 + .• 3 
Trichoptera 3.7 3.8 1.4 4.6 2.1 2.1 8.1 5.1 5.9 9.9 12.9 6.2 14.2 13.0 13.4 
Coleoptera larvae 3.7 3.8 6.7 4.3 1.2 3.2 8.3 0.4 7.6 5.5 1.5 4.4 3.1 1.1 1.6 
Chironomidae 13.2 11.5 16.4 13.8 9.1 25.6 10.6 10.4 21.5 10.0 7.2 19.9 5.7 5.5 11.8 
Simuliidae 3.7 0.5 ~.2 0.6 0.6 O.e 1.3 0.5 0.9 0.2 + 0.2 - - -TipuUdae - - - 2.4 0.5 0.9 3.0 1.1 1.3 2.7 2.5 0.5 ,.4 1.5 2.1 
Dipteran larvae '.7 1.5 2.9 1.7 + 0.2 2.5 1.1 1.5 3.8 0.2 . 1.6 4.9 3.2 5.8 
Dipteran pupae 1.8 1.8 1.4 4.1 3.6 7.5 4.) 8.4 9.3 4.4 2.1 7.5 1.1 1.0 1.5 
Aerial and terrestrial 7.5 7.6 7.1• 14.5 15.5 10.8 12.1 14.2 10.4 13.2 15.7 17.5 B.o 5.7 7.7 
Coleoptera adults 3.7 1.5 2.9 3.6 2.4 1.9 10.3 8.5 6.3 6.6 2.6 3.4 11.2 3.7 7.7 
Hemiptera - - - - - - 0.7 + 0.3 0.1 + + 2.0 1.1 1.2 
Fish - - - 2.5 37.4 2.5 0.3 13.0 + 2.1 24.8 0.6 2.2 34.5 1.3 
Eggs - - - 0.2 0.6 1.5 0.2 + 0.2 

_. - - - - -Plant 5.6 1.0 2.9 .4.9 3.5 3.8 4.4 1.1 1.5 8.4 3.0 6.2 12.1 3.6 9.8 
Stones (caddis cases) - - - 0.7 2.1 0.2 0.1 + + 0.8 1.0 1.0 0.5 + 0.2 

~-- - -
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Table 10.10 shows that similar types of food 

organisms were eaten by the trout belonging to all age 

croups (here 0+ to 4. age groups). 

In this section the results obtained durinG the 

investigations of this \/Ork will be cUscussed in two 

sub-sections, I (1) Bottom fauna, (2) Biology of trout. 

(1) Bot tQ'P fauna 

Carpenter's early studies (19;;;4) on the r1 vers 

Rheido1, Ystwyth and C1arch showed the disappearance of 

crustaceans, \IOms, 1eeehes, molluscs and flatworms from 

the affected streams ~th lead salts. 

Jones (1938) recorded stonef11es, mayflies and sone 

eh1ronol!dd larvae 1i nng in water contn1ning nearly bOppm 

or ?inc. l';o~s, leeches, crustaceans and molluscs were 

very susceptible. , 

Pcntelow and Butcher' (1938)" \o.'hile working on the 

River Churnet polluted by organic matter, found Tubificidee, 

",l&~rpngmu, AlellUI, leeches and molluscs disappeared below· 

the copper works effluent. BUtcher et al;. (1937) found the 

invertebrate fauna of the R1 Ver Tees above and below the 

outfall rro~ Barnard castle sewage tvorks dittered ,slightly. 



lIynes (19bO) showed the fauna Qf, the unpolluted \-raters 

ot D1tton Brook consisted largoly of MammAl'll:?, Dayfiies, 

caddisworms, flatworms, leeches and snails. He observed 

(1900) in the River Lee~ polluted by sewage and copper 

salts, that the caddisworms, Daliplus aDp., 2rthocladiinsl, 

Tanypodinae were apparently unaffected but Ase.~u~, 

.Qimmarps, Baetls. TanrtAr~u,i end L~mIHu~1 were eliminated 

for long distances. 

Learner et al. (1971) surveyed the macroinvertebrates 
- ~; 

and fish in the River eynon in sou~east \vales receiving 

industrinl snd domestic 'Wastes-, He found a very varied fauna 

upatream and one dominated by chironomids and'oligochaetes 

dO'WllstreCIl of the pollutIon. 

The present studies or the stream have shol'.n the number 

. (AV,NO/m2) or Ollgochaeta, HydracarIna, Plecopterc, 

gphemeroptera and Diptera' (Dlx1dae, CeratoPOgOni'dae, Tipulidae, 

Chironorddtle and Sirnullldae) to be drastically reduced and the 

Gastropods, Lamellibrsnchiata, Amphipoda, --.Isopoda and 

Coleoptera showing increases immediately below the sources 

of pollution (Tables 10.3, 10.;). Low dissolved oxygen 

ooncentrations, increased alkalinity, suspended solids, 

high temperature· and chloride ions at Synthi t C3 Ltd. t Hold 

(Tabla 10.1), may be the factors responsible \ for commun1 ty 

changes below the sourees of' pollu,tion. , 

The aquatic oommunity seemed to show partial recovery 

, I 



:at At.. about 21.6km below the source of pollution. lhe 

number of organisms in each group, like Ollgochaeta, 

Hydracarina, P1ecoptera, EPh&~eroptera and aqUatic 

Diptera, were greater than those ~t '3 (Table lO.~n •. 

These increases at ~ may probably show ~hat Brinley 

(19~3) referred to as the 'fertilising effect' or donestic 

sewage or may well be the complexity of' the possible 

interactions between factors of the enVironment (Jones 19;8). 

I found improved environmental cond1 tions at At. Mlich may 

. be dUa to greater dilution of the effluents and natural 

recovery. TUrbel1aria, Hirudinea, Hegaloptera, Hemiptera 

and Tr1choptera were relatIvely unaffected (Table 10.,). 

There was an indication of an increased population of 

TUrbellaria, lttrudinea, 01Igochaeta, Gastropoda, Lame1libranch­

tata, Amphipodo, 1pherneroptera, Megaloptera and Tr1choptera 
\ 

atA2 as compared to ~. ~hls may be due to mild pollution 

by the untreated domestic sewage. 

Little can be said about the biology or trout in a 

polluted water. The gro",-th of bro\m trout depends on many 

environmental t actors such as available food fauna, and 

population size (Frost 1945), popUlation size, aVailable 

rood end tem"erature (Jones, 19;b,lVingfleld 1940, BroUl 

'19~6 and Fyet1nch 19;;) and egg size to a certain' extent 

(Dphl 1918, 1919, and Rhudd 1946). 

The accelerated growth period of'trout started during· 



April (lnd coincided \.1.th the first apt:earance or ",'ide 

summer scale rlncs and the increase 1n feeding intensity. 

These f1ndincs closely a~reed w~th those of Jones (1949), 

Ball and Jones (1960) and t-.'Oolland (197~) in the Deo 

watershed and those of other ~~rkers in different waters 

(Frost r.nd l-.'cnt 191to, Thomas 19("4 and Egglishnw 196n.). 

The gro't.1:h rate wns used to show \ihether there had boen 

a ch.~!llge in the declino of the r~te of gro'~rth l:1th ago 

or size. The reduction in the growth rate of trout of all 

ages as compared to that of unregulated .13"'\ Tegld feeder 

streams and the regulated River Dee (Figs. 10.b, lO.?) 1s 

paralleled \d th the '\o."Ork of Learneret a;t. (1972) "'ho 

surveyed tho Hi ver eynon, a trout stream in south-east 

\t/ales polluted by industrial wastes and Coal \>!ftsh1ne, 

and found the aro\llth rat e in the catchment was lo·.v. 'I'he 

re1ati valy poor growth. eondi tions of trout in the I'd ver 

Al)'fl as cozr.pare<i 14th the Uyn Tegld reeder streams and 

the Dee (Figs.10.6,lO.7), eould be due to its physiCo! and 
ehemical condltions (Tables 3.4.1C.l.10.~), or cay be 

.tfeot9d by the parasites as 1s shown in chapter XI that 

·1+3.71 and 3.61 01' the total trout 'Were infected fran the 

R1 ver l.lyn Md the feeder streams respectIvely. 

I c!1d not tind trout belo\,' the spill of industriGl. 

wa.te. bet'Ween ') p..nd A4' this may be caused by the . 

• muents. Similar observations were made by Avery (1970) 

on the east Gnllatin river in U.D.A. polluted by dOMestic 

•• wee, Jones (1940) on the River Phe1dol polluted 1,,7 

\ 



dissolved lend salts; and Learner ,t ale (1972) on the ' 

R1 ver eynon polluted by coal washeries and industrial 

wastes. 

'rhe seasonal condition cycle ot barolln trout in this 

investigation (Figs.10.l3, 10.14) was similar to thoso found 

by Ball t:r. Jones (19bO) and t1oo1land (1972), v.1.th 3 spring 

increase to the maximum 1n July, followed bY' a decline 

thereafter. !his decline 1n sUbsequent years was also 

found by Allen (1951) and ihomas (1964). 

thile studying the movement and territorial behaviour 

or trout, I found that 30. 3~ of the tot,al move upstream and 

21.47'- dO\,nstremh at s.. (Fig.10.l); 3;.2;~ upstrerun and 
-~ .. o.l~S~· 

l'.~ do~nstrenm at S2 snd f1na11Y(31.5~ upstream and 15.7% 

do,~stream or the r1aee or release. The recaptures or fish 

marked 1n throe experimental atretches sho~ed an indication 

that there \la! a greater tendency to move. upstrean than doWn, 

though there waS no significant difference (P> 0.05) in the 

number of trout moving upstream. and doMlstream from the 

place of release (Table 10.7). Franks (unpublished 1968), 

. ,wile investigating the movement of stocked trout in the 

River lJ.yn at pontb1yddyn (Nat. Grid Ref. b1,e;72) between , 

A3 and At.' round that ;:.,% of the total fish moVe dov.-'ll.stream 

and l~. ~ upltream~ 

The trout or both sexes were found to be mature at 

age 2+. I fotlnd one mature fereale or 1+ age group as did 

Ball (1957). 
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In the ~i1d organically polluted environment, I 

found ,9.4% by volume a~d 79.31. by number of the total 

tood consumed were bottom invertebrates. P1ecoptera, 

~hereereptera nynphs, Triehoptera and chironomid larvae 

and Ggmmlllls pulex were the main portions of the identifiable 

tood. Aerial and terrestrial tood formed 11.7% by volume 

ond 10.71 by Zlt."mber of the total food. 

The changes 1n the bottom tauna were reflected in the 

diet ot trout (11g.10.22). »lmWarus spp. seen to have 

become more common 1 terns ot the trout diet (Fig.ll.12). 

It was sho~n (Fig.10.18) that trout had consumed less tood 

(luring w1.nter. 

In conclus1on it is evident from the above discussion 

that there has been a chsnge in the growth and growth rate 

of trout. ~he3e cha.."lges seem mainly to be related to the . 

changes in the tauna end pollut ed environment 0 f the 

stream. But the data available to date do net ~~low the 

making ot categoric sta.tements as to the caUses of these 

changes. Nevertheless the changes may be of a temporary 

nature md may have been caused by the 1ncrensed untreated 

spills or industrial 'Wastes in previous years •. 

\ 
(1) Pollution has affect ed the bo ttom fauna below the spill 

at A3 near Mold. lhe.e eha~ge~ in the fauna consist of 

differences 1n the number of' animals rather than in the 

species present. 



, ~" \ 

(2) ~'he chironomids were reduced at A3 but reappeared in 

greater number at \.. 

(3) lhe changes in the fauna are reflected in the diet 

of the trout. 

(4) There Was a greater te.."ldency in trout' to move 

upstream than dO\\'!1stream. 

(;) Gr.)wth cond1 tions of trout in the upper Alyn were 

relati vely poorer than Llyn Tegid feeder streams and 

the upper Dee. 

(b) The trout had consumed !lOre food during SUtn.'11er than 

in \dnter. 

(7) The seasonal eonditicnal cycle Increases to a n~~mum 

in July and declines thereafter. 
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PARASITES OF TROUT page 

1. INTRODUCTION 

2. MATERI.u.s AND METHODS 

.3. RESULTS 

4. DISCUSSION 

5. SUMMARY 



CHAPTER XI 

INTRODUCTION 

The earlier investigations of the parasites of 
I . , , . , 

trout (Chaloner 1912, Brown 1927, Friend 1939, Duguid' 

& Sheppard 1944 and Unsworth 19l.t4) and of freshwater 
• I i 
: ! j 

fish in general (Nicoll 1921.t, Baylis 1928, 1939) were 
; ; 

concerned mostly with taxonomy, geographical distribution 
, , _.". 

andhostspecifici ty. 

Relatively little is known about the ecology of 
: , l , . , 

helminth parasi t.es of brown trout of any stream. The 

only r~levant works 'available when the present study . , ' 
,_, I ! 

waS commenced .were those of Thomas 1951.t, 1958, 1961.t and 
l' ' , 

Awach1>l965i las these were concerned with unpolluted' 
~. ., . 

streams, it;was of obvious interest to investigate the 
, . i : 

ecology of helminth parasites of trout in a stream polluted 

by domestic sewage. 
. .' ! 

stud1e~ ~f:the'parasltes of the swimbladder, stomach 
( 

and intestine, of brown trout were undertaken on fish from 

the polluted Hi ver Alyn, a lowland (main) tributary of 

the Dee. 

MATERIALS AND METHODS 

'. I 
The fish were carefully examined as soon as possible 

after captu're for their helminth parasi teso When time did 

not allow they were left overnight in a refrigerator, a 

treatment Which did not appear to be harmful to the parasiteso 
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Table 11.1 The total percentage incidence and intensity of infection in brown trout with 

Montha 

June 1969 
JUl l 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 1970 
Feb. 
Mar. 
April 
Hal 
June 
July 

T,.,tal 

• 

Cystidicola farionis (C.F.), Echinorhynchus truttae (E.T.), Cyathocephalus truncatus (C.T.), 

ProtocephaluB neglectus (P.N.), Cucullanus truttae (Cue. T.) and Metabronema truttae (H.T.). 

Parasitee~ C.F 
Total No. 

Fish No. % 
examined 

2 1 50 
70 0 0 
50 , 6 
41 0 0 
85 1 1.1 
44 2 4., 
23 3 13 
22 4 18.1 
40 5 12.5 
29 7 24.1 
32 7 21.8 
86 16 18.6 

296 18 6 
263 14 5.3 

108,}- 81 7.4 
~ -

NUMBER AND PERCENTAGE OF FISH INFECTED 

E.T C.T. P.N. 

No. % No. % No. % 

0 0 0 0 0 0 
~O 42.8 0 0 0 0 
7 14 0 0 0 0 
0 0 0 0 0 0 

10 11.7 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
7 ~1.8 9 40.9 - -
0 0 

, 
0 0 0 0 

19 65.5 12 41.3 0 0 
0 0 2 6.2 0 0 

36 41.8 23 26.7 0 0 
104 35.1 24 8.1 46 15.5 
32 12.5 10 3.8 12 4.5 

245 22.6 80 7.4 58 5.3 
'-------~- ------- -- --~~ 

L-___ _ __ 

Total No. fish infected = 474 
Total percentage infection = 4~.7 

Cue. T. 

No. % 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 4.5 
0 0 
1 3.4 
0 0 
1 1.1 
2 .6 
1 0.3 

6 .5 

No. 

,0 
0 
0 
0 
0 
0 
2 
2 
0 
0 
0 
0 
0 
0 

4 

M.T. 

% 

0 
0 
0 
0 
0 
0 
8.6 
9.0 
0 
-
0 
0 
0 
0 

.~ 

I 

• 

vJ 
\JJ 
a" 
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Table 11.2 The average number of parasi~e.; per infected !ish on monthly basis. 

C.F. = Cystidicola farionis; E.T. = Echinorhynchus truttae; C.T ... Cythocephalus truncatus; 

P.N. = Proteocephalus neglect~; Cue.T. = Cucullanus truttae; M.T. = Metabronema truttae. 

? 
C.F. E.T C.T. P.N. Cue.T. M.T. I Parasites 

Total Av. No. per Total Av. No.-per Total Av. No. pel' Total Av. No. per Total Av. No. per Total Av. No. per ! 
Months oJ- No. infected No. infected No. infected No. infected No. inf"cted No. infected I 

fish fish fish fish fish fish I 

• 

'-"!' June 1969 1 1 0 0 0 0 0 0 0 0 0 0 i 
July 0 0 364 12.1 0 0 0 0 0 0 0 0 I 
Aug. 10 }.} 67 9.5 0 0 0 0 0 0 0 0 I 

I Sept. 0 0 0 0 0 0 0 0 0 0 0 0 
Oct. 2 2 60 6 0 . 0 0 0 0 0 0 0 
Nov. 10 5 0 0 0 0 0 0 0 0 0 0 
Dec. 24 8 0 J 0 0 0 0 0 0 4 \ 2 I 

Jan. 1970 29 7.2 57 8.1 47 5.2 0 0 1 1 6 3 
I 

;; ~ 
'1 

Feb. 21 4.2 0 0 0 0 0 0 0 0 0 0 
Mar. 79 11.2 88 4.6 55 4.5 0 0 0 0 0 0 
April 22 3.1 0 0 18 9 0 0 0 0 0 0 
May 201 12.5 550 15.2 250 10.8 0 0 1 2 0 0 
June 277 15.3 941 9.1 159 6.6 403 9.3 0 0 0 0 
July 419 29.9 172 5.2 57 5.7 64 5.3 0 0 0 0 -
Total 1095 13.5 2299 9.3 586 7.3 467 8.0 2 3 10 2.5 

-~ ------ - ~-- I 

I 



Each fish was examined for external parasites, wounds 

or an abnormality ~hich might be revealed under macroscopic, 

observation. The complete digestive tract and swimbladder were 

then removed for examination. In addition to these, liver, 

heart and gills were also inspected. 

Living worms on removal from the host were placed in 

51 solution of Chloral hydrate to facilitate narcotizing 

(Wagstaff, pers.comm.). When the worms ceased to move or, 

respond to stimuli they were first fixed in Bouin's fluid 

and ';to'red in 70~ alcohol after for further examination. 

All the nematodes and Acanthocephala were first mounted in 

polyVinyl lactophenol and then examined 0 The cestodes 

were-first flattened and then stained in Meyer's 

paracarmine for, to 1, minutes. The worms were then' 

returned to 70% alcohol for removal of excess paracarmine. 

Dehydration was completed via 90% and absolute alcohol o 

Finally the worms were cleared and mounted in Euparal o 

The number of CythoceRhaluL tr'ancatus, proteoc ephaJ.~ 

neglectus, Cystid1cola farionis, C'Ucul~us truttae, 

MetabrQnema truttae and .f,chinorhmchus truttS!e encountered 

in individual trout was recorded and the ages of the trout 

determined by scale examination. Consequently it became 

possible to draw up tables 1101, 11.2 which show the 

percentage of trout infected and the average number'of 

parasites per infected fish on a monthly basis. 

was used to express the intensity of infestation. 

The tatter 
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Table 11.3 Cestodes, nematodes and acanthocephala 

found in 1083 trout. 

Parasites Region infected Nos. Fish 
infected 

C:;!:hoceEhalus truncatus Pyloric caeca 80 

ProteoceEhalus negleetu~ Pyloric caeca 58 
CYstidieola farionis Swim bladder 81 

Cucullanus truttae Stomach 6 

Metabronema t~uttae Stomach 4 

Echino!'h~chus truttae Intestine 245 

Total 474 

---

% of Av. No. 
infection tost/month 

7.4 5.7 

5.3 4.1 

7.4 5.7 

0.5 0.4 

0.3 0.2 

22.6 17.5 

I 43.7 5.6 
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Table 11.~ The relationship between the length and the incidence and int~nsit1 

of infection with Proteocephalus neglectu,,! fn male and fel'IC..le trout. 

tt ~ 
Length Total No. Total No. ~ Infected Total No. Av. No. Total No. Total No. ~ Infected Total No. 

(em) - Trout Intected trout parasites parasites per Trout In!eeted trout parasites 
infected fish -

5 - 9.9 60 - - - - 35 - - -
10 - 14.9 236 5 2.1 20 4 208 6 2.8 29 
15 - 19.9 194 10 5.1 57 5.7 261 30 11.4 281 

20 - 24.9 39 5 12.0 66 13.2 37 2 ,.4 12 

Total 529 20 3.7 143 7.1 541 J8 7.0 322 

-1;6 
Sources of YB~iation Degree ot treedom SUIIl ot squares Mean squares Variance ratio 

Total 20 1708.6 
Size groups in trout 2 1153.7 576.8 18.7 
Individuals in size groups 18 554.9 30.8 

~ 
Total 3B 2167.5 
Size groups ot trout 2 115.6 57.8 1.01 
Individuals in size groups 36 2051.9 56.9 

• 
-~.#':". 

Av. l\o. 
parasites per 
intected fish 

-
4.8 
9.3 
6.0 

8.4 

P 

(0.001 

)0.05 

I 

.·C 

I 

~ 
..t:." 
0-

'. 

• 



' ... ...,. 

'fable 11.5 The relationship between the length and the incidence and intensitr of 

infection with Cythocephalu8 truncatus in male and female trout. 

Length 
(c.) Total No. l'otal No. 

Trout Infected 

5 - 9.9 60 2 
10 - 14.9 236 12 
15 - 19.9 194 20 
20 - 24.9 39 4 

Total 529 38 
- - --

Sources of variation 

Total 

Size groups of trout 

Irdividuals in size groups 

Total 

Size groups of trout 

Indi viduals in size groups 

11' 00 
% Infected 

trout 

3.3 
5.0 

10.3 
10.2 

7.1 
- - -

Total No. Av. No. 
p!U'8sites parasites per 

infected fish 

4 2.0 

9? 8.0 
202 10.1 

38 9.5 

342 9.0 
-- - ~ ----- - - - - -- -- --

Degrees of freedom 

38 
3 

35 

41 
2 

39 

Total No. Total No. 
Trout Infected 

35 -
208 8 
261 25 

37 8 

541 41 
-- -- ---- - -

..... 

.QQ 
Sum of squares 

24-29.0 
133.2 

2295.8 

~ 
576.5 
53.9 

522.6 

~ 
~ Infected Total No. Iv. No. 

trout parasites parad tos per 
infected fish 

I - - - I 

3.8 51 6., 
9.5 127 5.0 

21.6 64 8.0 

7.5 242 5.9 
- -- -

\ vJ . .I:: 

Mean squares Variance ratio P 

44.4 

65.5 1.4 > 0.05 

26.9 
13.4 2.0 )0.05 

I 



; 
\., .. 

.: 

Table 11.6 The relationship between the length and the incidence and inte~sit1 of 

infection with Echinorhynchus truttae in male and female tro~t. 

-M' 
Length Total No. No. Trout % Infected Total No. Ay. No. Total No. No. Trout 

(CIII) Trout Infected trout Parasites Parasites per Trout Infected 
intected fish 

-
5 - 9.( 60 10 16.6 40 4.0 35 4 

10 - 14.~ 236 35 14.8 215 6.1 ·208 33 
15 - 19.~ 194 51 26.2 552 10.8 261 92 
20 - 24.<; 39 12 30.7 20:) 16.9 31 9 

Total 529 108 20.4 1010 9.' 541 138 
-- -- ----

U' 
Source ot variation Degrees ot freedom Sum of squares 

Tctal 108 15922.7 
Size groups in trout 3 1443.9 J 

Individuals in size groups of trout (error) 105 14478.8 

~ 
Total 138 21749.7 
Size groups in trout 3 1151.5 
Individuals in size groups of trout (error) 135 20598.2 

W 
% Infected 

trout 

11.4 
15.8 
35.2 
24.3 

25.5 

Mean squares 

481.3 
131.8 

383.8 
152.5 

Total No. Ay. No. 
Parasites PRrasites per 

infected fish 

15 3.7 
173 5.2 

955 10.3 
142 15.7 

1285 9.3 

Variance ratio P 

3.4 (0.05 

2.5 (0.05 

'. 

I 

vJ 
..t'­
f'J 

• 
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Table 11.7 The relationship between the length of trout and the incidence and intensit1 of infection with Cystidicola farionis. 

Length (em) 66 00 
++ 

Total No. Total No. ~ infected Total No. Av.No.para. Total No. Total No. ~ infected Total No. Av.No.para. 
Trout Infected trout Parasites per infected Trout Infected trout Parasites /infected 

fish fish 

5 .;. 9.9 60 2 3.3 9 4.5 35 3 8.5 15 5.0 
10 - 14.9 236 11 4.6 75 6.8 208 14 6.7 75 5.3 
15 - 19.9 194 20 10.3 210 10.5 261 21 8.0 469 22.3 
20 - 24.9 39 6 15.3 148 27.0 37 4 10.8 94 23.5 

Total 529 _ 39 ___ 1 7.3 442 11.3 541 42 7.7 653 15.5 
- _. --- ---- --'-----. -- -- -----.~ --------

66 \ , -
Sources of variation Degree of Sum of Mean Square Variance P 

!l'eedODl Squares ratio 

Total 38 3750.1 
Size groups ot trout :5 1307.0 435.5 

Individuals in size groups 35 2443.1 69.8 6.2 <0.01 

00 
...!.t... 

Total 41 13060.5 

Size groups of trout :5 3023.6 1007.8 

Individuals in size groups 38 10036.9 264.1 3.8 <0.05 

',. 

• 

vJ 
..t:­
v'. 



This account of seasonal cycles of the helminth 

parasites mentioned above are based on the examination of 

1083 trout of ~nich 81 were invaded by Cystidlcola far~onls, 
': 

245 by Echinorhynchus truttae, 80 by Cythocephalus truncatu~, 

58 by proteocephalus..!!eglectus, 6 by Cucullanus tr~tae and 

finally 4 by Metsbronerna trutta~ (Table 11.3)0 The fish 

were collected by electric fishing apparatus from the River 

Alyn during the period June 1969 to July 19700 

RESUTIS 

The parasites taken from the fish may be listed as 

follows a 

Group 

1. Cestoda: 

2. Nematoda: 

30 Acanthocephalal 

Name of the species 

(a) Cythocephalus trunc atus (Pallas 1781) 

(b) Proteocephalus neglectus La Rue 1911 

(a) Cystidicola fari~ Waldheim 1798 

(b) Cucul1§AuS truttae (Fabricicus 1794). 

(c) Metabronema truttae Baylis 1935 

(a) IDChinorhynchus truttae Schrank 1788 

Mrso Anita Thomas of Zoology Department and Mro ' 

Stephen Prudhoe of the British Museum (N .H.) have kindly 

confirmed lr\y identifications. 

Six species of helminth parasites were recorded 

throughout the period. All the fish examined were in the -

size range of 5-25cms (Tables 11.4, 11.5, 11.6, 11 • .7)0 

474 of the fish (43.7%) harboured parasites of at least one 
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species. The greatest number of species in anyone 

host was four (Tables 11.1, 11.2). All of the above 

mentioned species have been observed by earlier workers 

in the British Isles (Shipley 1908; Leipter 1908; 

Baylis 1928, 1939; Southwell and Krishner 1937; and 

Rawson 1952) from the standpoint of taxonomy and life 

history. 

The species are dealt with in turn belowo This 

includes an account of the occurrence, seasonal variations 

and the intensity of infection in various ages (Figs. 11.1, 

11.2) and lengths (Tables 11.4, 11.5, 11.6, 11 0 7) of the 

male and female trout. 

1. Cestoda 

(a) Cythoce12halus truncatus (Pallas, 1781) 

7.4% of the total trout of upper Alyn were infected 

with this worm inhabiting the pyloric CaeCa (Table 11.1). 

The incidence of this parasite in its hosts is summarised 

in Fig.1l.3. It maY be seen from this figure that the 

pattern of the rate of infection in trout is indicative of 

seasonal periodicityo The rate was high from January to 

June (Fig.ll.3). It may also be observed from Figs.11.1, 

11.2 and Table 11.5 that the dynamics of the total number 

of parasites recovered as well as the mean per infected 

fish varied in accordance with the age and length groups. 

Large numbers of worms were taken mainly in January to 

March When the water temperature was between 4_6oC. The 

rapid ri se of temperature from April to JUly corresponded 
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Table ll.8 

Name of the 
stream 

·1:: -;.s-o 

"'~ 
I· 

The percentage incidence and intensity of infection 

in trout and salmon parr of the unregulated Llyn Tegid 

feeder streams. 

Afon Dyfrdwy 

Name of Parasite Cyathocephalus truncatus 

Months Name of Age No. fish Total % of 
fish of fish infected No. fish infection 

3 - 69 s. trutta 3+ 2 13 1.'5.3 

7 - 69 " 1+ 1 12 8.3 

9 - 69 " 2+ 2 18 ll.1 

9 - 69 s. salar 1+ 1 27 3.7 

Total No. Fish examined=12:: ; Number of fish infected,,6; %=4.6:d ::"'n 

Name of the Afon Glyn stream 

Name of Parasite Cyathocephalus trunca~;us 

Months Name of Age No. fish Total % of 
fish of fish infected No. fish infection 

6 - 69 s. trutta 1+ 7 12 ,58.3 

7 - 69 II 1+ 4 11 I 36.3 

Total No.Fish examined=123; No.Fish infected::11 ; %,,8.9 

. ---

• 



PLATE OF TROU'r . 

PLATE 11.2 Cl'CTIDICOLA FARIONIS I N '£.'HE S'hH:EA LDDER OF TROUT . 
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with the decrease in the occurrence of worms in fish 

(Fig.l1.4). Fiogures 11.1 and 11.2 show that 3+ and 4+ age 

groups of the females were more infected than the males 

of the same age. The reverse was ,true for the trout 

belonging to 0+ to 2+ age groupso It was also noticed 

in Figures 11.1, 11.2 that percentage of infection and 

mean number of parasites per infected fish increased 

gradually in both the sexes from 0+ to 4+ age groups of 

the fish. 

In Aton DYfrdwy 15.3% trout belonging to 3+ age group, 

803~ to 1+ and 11.1% to 2+ age group, were found to be 

infected by this parasite in the months of March, July 

and September respectively. In September 3.7% of the total 

salmon parr of 1+ age group were also infected by the same 

parasite (Table 11.8). 

Cythocephalus truncatus were cOllected from the pyloric 

caeca.of trout belonging to 1+ age group in Afon Glyno 

The infection was observed in 58.3% and 3603% of the total 

trout in the month of June and July respectively (Table 11.8). 

, ' 

(b) Protocephalus neglectus La Rue, 1911 

This parasite was found in the anterior end of the 

intestine in a large sample of trout collected during June 

and July and formed 5.4% of the total infection (Table 11.1). 

The trout b~longed to 3+ and 4+ age groups, and were infected 

by this parasite (Figs. 11.1, 11.2). In few older trout these 

were packed in the anterior end of the intestine (Plate 1101). 
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There was a tendency ~or longer male trout to be more 

infected (Table 11.4)0 This was not pronounced in larger 

females belonging to 20-24.9cm length group, and may be 

due to less number of fish caught in that group. 

2. Nematoda 

(a) Czstidicola f~1Qnis Waldheim, 1798 

Roundworm infestation of the swimbladder of trout 

was found to be at a comparatively low rate (Tables 11.1, 

11.2). 704% of the total fish were infected with this 

parasite inhabiting the swimbladder (Plate 11.2)0 The 

seasonal fluctuations in the rate of infection by this 

worm are shown in Figs o llo~, ll.bo These graphs show that 

the intensity of infection was higher during December-March 

and then it gradually decreases in SUmmer months. The 

seasonal occurrence of the parasite WaS rather similar in 

male and female trout of Various age groups (here 1+ to 4+) 

(Fig.ll.5). Mean number of parasites per infected fish 

and percentage of the total fish infected increase from 1+ 

to 4+ age groups in both the sexes (Figs.ll.l, 11.2). It 

waS found that the rate of infection was generally higher 

When the water temperature was low, and the reverse was true 

when the temperature was high (Figo ll 06). The percentage 

of infected fish and mean number of parasites per infected 

fish gradually increased from lower length group to higher 

in male and female trout (Table 1107). 

(b) Qucu1lanus truttae (Fabricius, 1794) 

This parasite was recorded attached in the stomachs 
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of male and female trout belonging to 3+ and 4+ age 

groups (Figs. 11.1, 11.2)0 005% of the total fish were 

infected by this parasite between January to July (Table 11.2). 

(c) Metabronema truttae Baylis 1935 

During the current study, records were also kept of 

the occurrenCe of this parasite. Tables 11.1, 11.2 show 

that 0.3% of the total fish were infected by this worm 

which was observed during December and January. These 

. were very SCarce in the stomachs of older trout (here 3+ 

and 4. age groups) of both sexes (Figs. 11.1, 11.2). 

3. Acanthocephala 

(a) Echinorhynchus truttae Schrank, 1788 

This parasite inhabits the intestine. It is a fairly 

common parasite of bro~ trout and occurs in many parts 

of the continent. These were comparatively abundant in 

the sample (Tables 11.1, 11.2). The immature adults were 

found attached to the inside of it he intestinal wall, and 

frequently established allover the entire length of the 

intestinal tract including pyloric caeca (Plate 11.3). No 

worms were found in the stomachs. The mean number of 

parasites per infected fish and the percentage of infected 

fish were higher in 4+ age group in both sexes of trout 

(Figs. 11.1,11.2). A gradual increase in infection from 

0+ to 4+ age groups was also noticed. The seasonal 

incidence and intensity of infection in each age group 

has rather similar patterns in both sexes (FigS.llot). 

More infected fish with this parasite were observed from 
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October to March than in any other months (F1go11.~). 

Chubb (1964) postulated that temperature may play a maj or 

part in determining the presenCe or absence of a well­

defined seasonal periodicity of development of some of 

the Acanthocephala. 

It was also observed that the average number of 

parasites per infected fish and the percentage of infected 

fish varied directly with the length groups in both sexes 

(Table 11.0). This may be readily explained on the premise 

that the larger fish require more food organisms to satisfy 

their needs than do the younger fish, and consequently are 

more liable to conSUme a greater number of infested 

intermediate hosts. 

DISCUSSION 

Baylis (1928) reported CyathocephalUS truncatus in -
the pyloric Caeca of trout in November and Decembero 

Awachi (1963) observed that 9. truncatus was the only one 

species of cestode occurring in the brown trout of Afon 

Terrig. He further reported Gammarus pulex as an intermediate 

host of this parasiteo 

In the current survey of the River !lyn 7.4% of the , 
total fish were found to be infected with C, truncat~ 

(Tables 11.1, 11,2), This parasite was recorded from 

January to July in which the mean number of parasites per 

infected fish attained a peak in May (F.igoll,3), and were 

slightly greater in males than in females (Table 11
0
5). 
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Mean number of parasite per infected fish and the 

percentage of fish infected gradually increased from 1+ 

to 4+ age groups in both sexes (Figsoll.l, 11.2). 

This may be due to feeding activity of the trout and their 

choice of food (here Gammarus pule~) which may affect the 

degree to which they become infectedo No clear picture of 

seasonal variation emerges from the data (Fig. 11. {t). 

Fig.ll.3 does, to some extent, show an increased intensity 

of infection in winter and spring (January-May) lin all age 

groups (1+ to 4+). :J:his may be due to feeding on benthic 

invertebrates including Gammarus pulex (Fig.ll.9) which is 

an intermediate host '(Awachi 1963). ~his parasite inhabits 

principally the pyloric CaeCa and is only occasionally 

taken in the upper intestine. An examination of the worms 

taken shows that the specimens taken in January were 

rather young and recently established. These young ones 

were recognised by their relatively small size and lack 

of mature proglottids. Worms taken from March to May were 

predominantly adult and runctionally mature. This reflects 

that C. truncatu~ establishes in the fish in late autumn, 

depending on the time of infeftiono Awachi (1963) pointed 

out that they mature in late winter and spring and disappear 

1n late sun:mer. 

The ecology of the bottom fauna with reference to the 

food and feeding habits of salminids, in the Llyn Tegid 

feeder streams are reported in the present work (Chapters 

III-VII). ~uring the course of this investigation any . 



parasite encountered in the stomach and anterior region 

of the intestine were recorded from the trout and salmon 

parr· of the unregulated Llyn Tegid feeder streams. The 

only parasite present, and that only occasionally, in the 

pyloric Caeca of trout and salmon parr of Afon Dyfrdwy 

and A~on Glyn was C. truncatus. These incidences may be 

because Gammarus pulex was one of the benthic food items. 

Proteocephalus neglectus was recorded by Aderounmu (1966) 

while examining the trout from Chirk hatchery. 5.3% of the 

total fish (sample of June and JUly) were infected by this 

parasite (Tables 1101, 11.2). These were distributed in 

the trout belonging to 2+ to 4+ age groups in both sexes 

(Figs.ll.l, 11.2)0 A very high significant difference 

waS found in the mean numbers of parasites per infefted 

male trout (F = 18.7, df = 2118, P<OoOOl) between the 

different length groups (Table 11.4). 

While studying the nematode parasite fauna of bro~n 

trout Shipley (1908) appears to have been the first British 

worker to recordCystidicola. farionis in the lumen of the 

swimb1adder of trout sent to him from Royston in Herts o 

He fUrther states that the parasites were more numerous in 
\ 

winter and they make their way to swimbladder through the 

oesophagus. Detailed anatomical study of the same parasite 

was made by Leiper (1908). go farionis has recently been 

reported in the swimbladder of trout of Chirk hatchery 

(Aderounmu 1966), Hampshire and Hertfordshire (Baylis 1928), 



Llyn Tegid (Chubb 1963) and Afon Terrig (Awachi 1963). 

In the present investigations it was found that the 

intensity of infection gradually increased with the increase 

in age (Figs.ll.l, 11.2) and length (Table 11.7) groups. 

A significant difference was found in the intensity of 

infection per infected fish between different length 

groups (Table 1107) in male trout (F = 6.2, df = 3/35, 

P< 0.01) and female (F = 3.8, df = 3/38, P < 0005) trout. 

It was noticed that female fish were more heavily infected 

than the male (Table 11 0 7). 1be large increases in the 

incidence and intenSity ofCystidicola farionis infection 

in the older fish may have occurred because the parasites 

accumulated as the older fish ate infected Gamrnarus pulex. 

The trout may have been feeding selectively on the inter­

mediate hosts, which are Gammarus pulex. I examined the 

food contents of stomachs of t rout and showed that distinct 

food preferences were established by individUals of 

different age groups (Table 1001010 . Baylis (1931) reported 

the larvae of f. farionis in the body cavity of .Qm!IDla.rus sPEo 

Bauer and Nikolskaya (1952) have also reported another 

amphipod Pontoporeia affinis as the intermediate host of 

this worm in Lake Ladoga. in UoSoS.Ro Table 10.10 showed 

that 8.9% (by number) of the total food were Gammarus pul~ 

eaten by the fish belonging to 0+ age group, 1003% bY 1+, 

606% by 2+, 10.5% by 3+ and finally 907% by 4+ age group.' 

The infection thus increased progressively with the age 

and length of the fish as more parasites were acquiredo 
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The !ise in the-degree of infestation during winter and 

spring, following the decline in summer months shown by all 

age groups, suggests that the trout had not acquired an 

,immunity as a result of previous infestation, although 

the problem of immunity to Co farionis remains doubtful. 

I think that a more intensive and critical investigation 

in this problem ",ould be profitable. A similar seasonal 

cycle (as mentioned a bove) was observed by Shipley (1908) 

While working on the stream trout at Herts. Awachi (1963) 

did not find any apparent seasonal fluctuations in the' 

trout of Afon Terrig infected by C'o fationi s. The increase 

in the degree of infection during winter and spring and 

gradual decrease in SUmmer may presumably be related with 

the water temperature (Figoll.6) or may be dUe to the 

fact that the trout have been feeding relatively more on 

Gammarus pul~ along with other benthic invertebrates 

(Figoll.9). Awachi (1963) pointed out that the parasite 

'establishes in late fall and winter in the intermediate 

host (Gammarus pul~). 

Cucullanus truttae Was recovered by Baylis (1928) 

during September and by Stranack (1966) in the trout of 

River Avon (Hampshire). Thomas (1964) noted that common 

occurrence of this parasite in the gut of trout from the 

River Teify, west Wales.' Chubb (1964) showed the occurrence 

of Q. truttae in the gut of trout in Llyn Padarn. 

I found 0.5% of the total fish were infected by 

Q.a. trutt~. These occurred in the stomachs from January 



to July (Tables 1101, 11.2) in 3+ and 4+ age groups in 

both sexes of the fish (Figso 11 0 1, 11.2). 

Baylis (1939) reported the occurrence of Metabronema 

truttae in the intestine of trout in April. Rawson (1952) 

recorded the same parasite from Lake W1ndermere in August 

and october. Awachi (1963) showed the occurrenCe of 

30 truttae in the intestine of trout throughout the year. 

Metabronema truttae were found in the stomachs of 

trout only occasionally. 0.3% of the total fish were 

infected by this parasiteo These were recorded during 

December and January in both the sexes (Figs. 11.1, 11.2) 

though AWachi (1963) showed the rate of infection with 

Mo truttae was more or less even throughout the year in 

the intestine of trout of Afon Terrig. 

I did not find nematode parasites from the trout and 

salmon parr in any of the Llyn Tegid feeder streams. 

Echinorhzgchus truttae has been reported to occur in 

a number of fish. Baylis (1939) found trout ~almo trutta, 

grayling Thymallus thymal1us, eel Anguill~ anguilla, roach 

roach Rutilus ruti1us and dace Leuciscus leuciscus as 

recorded hosts of this parasite in Britain. The commonest 

final host from the point of view of inCidence and 

intensity of infection is the trout. More recent contributions 

to the knowledge of life cycle of this parasite were made by 

Petrochenko (1956),. Hynes and Nicholas (1957), Nicholas 

and Hynes (1958), 'Kovalenko (1960) and Awachi (1963, 1965)~ 

These and various other reports (Meyer 1933, Bauer 1953, 
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Ho'ffman 1954 and petrochenko 1956) show that the G. pulex 

is the usual intermediate host. A deta1l~d study was made 

by Awachi (1963) who, While working on the trout of Afon 

Terrig, showed the developmental history of ~. truttae in 

both, its hostso Aderounmu (1966) reported E. truttae in 
trout 

the intestine of Chirk hatchery/during summer. Awachi 

(1963) found the Same parasite throughout the year. 

Baylis (1939) noted them during November and December. 

Rawson (1952) pointed out their presence in August and 

Thomas (1964) showed the occurrenCe of ~. truttae throughout 

the year in the intestine of trout of the River Teify. 

In my study 220 6% of the total trout were found to be 

infected by Eo truttae that established in all'parts of the 

intestine (Table 11.1). Similar findings were made by 

Awachi (1963). The s easonal cycle of the intensity of 

infection does not rise with the rise in water temperature 

(Fig.ll.S)o Chubb (1964) and Awachie (1963) also found 

no cyclic fluctuation in the incidence of Acanthocephala 

E. clavul~ and Eo truttae 1n Llyn Tegid and Afon Terrig 

respectively. It may be pointed out that there was a drop 

in the degree of parasitisation of trout in July (Figoll.B), 

Which may be dUe to the lack of'~marus pulex in the food 

during summer (Figoll.9). The mean number of parasites per 

infected fish was slightly higher in males (9.2) than in 

females (8.2) (Figs. 11.2, 11 0 3). A significant difference 

was observed in the mean numbers of parasites per infected 
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male (F = 3.4, df = 31105, P <0.05) and female (f • 2.5, 

df = 3/135, P'( 0.05) trout in different length groups 

(Table 11.6). Seasonal intensity of infection in various 

age groups (here 0+ to 4+) in both the sexes show a 

similar pattern (Fig.lloZ). The percentage of fish 

infected and the mnn number of parasites per fish 

progressively increases from 0+ to 4+ age and 5-9.9cm to 

20-24.9cm length groups in both the sexes (Figso 11.2, 

1103, Table 1106), though Robertson (1953) found that only 

trout greater than l405cm in length were infected by E. truttaeo 

I found young trout as small as 7.4cm to be infected by 

this parasite in the River Alyno 

In all fishes observed from the Llyn Tegid feeder 

streams, I did not record E. truttae, probably dUe to the 

scarcity (Table 8.4, Chapter VIII) of the intermediate host 

(Go pulex). 

SUMMARY 

(1) Six species of helminth parasites were found in the 

alimentary tract and swimbladder of the trout of the 

R1 Ver Alyno 

(2) The incidence and intensity of infestation gradually 

rise from 0+ to 4+ agte groups in both sexeso 

(3) 2206% of the total trout were infected by EChinorhynchus 

truttae, 7,.4% by C, farionis, 7.4% by CyathoceI2halus truncatu!, 

503% by P. neglectus, 0.5% by Qucullanus truttae and 0.3% by 

Metabronema truttae. 
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(4) The cyclic fluctuations in the intensity of infections 

were discussed. 

(5) one species of helminth parasite C'. trunca~s was 

recorded from the trout and salmon parr of Afon Dyfrdwy 

and Afon Glyn, the unregulated Llyn Tegid feeder streams. 

(6) It seems likely that the intensity of infestation of 

trout by most of these parasites is determined by consumption 

of §ammarus pu~ as intermediate host. 
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