.

BIOLOGICAL INVESTIGATIONS IN THE REGULATED, UNREIULATED

AND POLLUTED STREAMS OF THE DEE WATERSHED.

Thesis submitted in accordance with the requirements of -
the University of Liverpdol for the degree of Doctor of

Philosophy by:

MOHAIMED ATAUR RAHIM

November 1974.



IMAGING SERVICES NORTH
oooooooooooooooooo

BEST COPY AVAILABLE.

VARIABLE PRINT QUALITY



IMAGING SERVICES NORTH

Boston Spa, Wetherby
West Yorkshire, LS23 7BQ
www.bl.uk

MISSING PRINT



PAGE NUMBERS ARE CUT
OFF IN THE ORIGINAL



‘

ACYNOWLEDGEMENTS

I am grateful to Frofessor A.J. Cain, in whcse Department this
work was carried out, ard especially to Dr. J.W. Juaes, 0.B.E. who

suggested the problem and supervised the research.

I thank Mr. wWilliams, Mr, Lloyde, Mr. Baretie, Vr, Alden, Kr, Davis
nnd Mp, Franks for pexmission to take fish from their waterse I am also
grateful to Captain G.H.A. Doyle, Mr. George Williams, Kiss I'ickson Barr
and Hisé J. Evans for their contiuied help in the field and at other
times. )

My special thanka go to the followiné for help of various kinds:

Dr. J.0. Young for confirming the identifications of Turbellariaj

Dr. E.G. E;ston for Oligochaeta; Dr. A, Thomas and Dr. S. Prudoe for
helminth parasitesj Dre Lewis Davis for Simuiidme; Kr. Allan Brindle

for Trichoptera, Coleoptera, Tipulidae end Dixidae; Dr. P.M. Lerney for
lamellibranchiatas Fiss N.F. McMillan for Gastropoda, Mr. T, Glelnill
for Hydracarina., My thanks also to Kr. R. wagstaffe for suggecting
useful laboratory techniques; Tr. J.C. Chubb for criticising the chapter
relating to paresitesj Df. J.Ve Woolland 1oy mroviding trout stewechs
£rom the fceder strecams ¢ 3 Dr, Jack Green and Mr. Yousuf for statistical
advice; Dr. M. Abdullak for chemical enalysis of veter of tre Teeder

streams and the Dee; Mr. J.J.Roberts for providir, the data relating to
rain fall and Mr, I,Bowland for = chemical eialysis of water of the

River Alyn.

I am very gra‘teful to Dr, R G.Pearson,Cr.A.E.d.%ont, Dr. J.W.Carus
and DR.P.C.3mith who nave correctedtine drafts anl giver helpful criticism,
My sincere thanks %o Dr. D.X. Rothwell whosae inspiraticnal

guidcrice hss been » censtant sourcs of encouragement and support at

all stages of the worke

Finally I sust record oy gratitude to ths Vuter Resources Eoard

for the awnrd of a Rescarch Studeatship for two years.



SUMMARY

The studies presented in this thesis are divided into three sections,
which are a part of a long-term investigation sponsored by the W.R.B.
Section I+ The ecology of bottom fauna with reference to food
gnd 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 comparison with

unregulated Llyn Tegid feeder streams.,

- Section II: The ecology of the bottom fauna and biology of
trout in polluted river Alyn.

The research undertzken in the five unregulated Llyn Tegid feeder
streams was principally concerned with the ecology of benthic communities
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, lLammellibranchiata, Amphipoda,
Plecoptera, Ephemeroptera, Megaloptera, Trichopt;ra and Coleoptera from
mnédy 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 age, food availability, interspecific.competition
and utili;ation of the fauna were assessed in trout and salmon parr
separately in each of the unregulated Liyn Tegid feeder streams. Very
few trout and salmon parr were found to be infected by the tape worm

(Cyathocerhalus truncatus) in the anterior of intestine.




The bottom fauna of the regulated river Dee was examined and a
comparison made between the benthic fauna of upper Dee and unregulated
Bala feeder streams. It was noticed that Turbellaria, Hirudinea,
Oligochaeta, Lamellibrgnchiata, Amphipoda, Isopoda, Hydracarina,
Megaloptera and Coleoptera were apparently favoured by the regulation
of the river Dee; whereas Gastropoda, Plecoptera, Hemiptera and
Diptera were found relatively more in unregulated Bala feeder streams.
There seems to be no effect cf regulated or unregulated conditions of
the_river on Ephemeroptera. .

Observations were made on the ecology of bottom invertebrates
with particular reference to their distribution accofding to organic
and industrial pollution in the river Alyn. I found the zumbers of
Cligochaeta, Hydracarina, Plecoptera, Ephemeroptera and Diptera
(Dixidae, Ceratipogonidae, Tipulidae, Chironomidae and Simulidae) to
be drastically roduced and the organisms beionged to Gastropoda,
Lamellibranchiata, Amphipoda, Isopoda and Coleoptera showing dramatic
increases immediately below the sources of pollution.

Amqngst the othcr forms like Turbellaria, Hirudinea, Megcloptera,
Hemiptera, and Trichoptera were relatively unaffected.

The age, growth, food and feeding habits, sexual maturation and
movement of trout were studied. The chahges 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 leeder streams and the upper Dee. The trout
had consumed more food during summer andrless in winter. The 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,

Echinorhynchus truttae from intestine, Cyathocephalus truncatus from

the region of blind caecae and Cucullanus truttae from stomach were

‘recorded. 22.6% of the total trout were infected by Echinoybhynchus




[ 8¢

truttae, 7.4% by C. farionis, 7.4% by C. trucatus, 5.3% by P. neglectus,

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

intensity of infestation gradually rises from O+ to 4+ age groups iﬁ
both sexeé. C

One species of helminth parasite C. truncatus was recorded from
tﬁe trout and salmon parr of Afon Dyfrdwy and Afon Glyn, the unregulated
Llyn Tegid feeder streams. Their frequency, number per host, percentage
of trout infection, monthly and seasonal vari;tion in the degree of
infection and possible co~-rela*ion between percentage infection and

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

were also assessed.
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CHAPTER I
INTRCDUCTICON

Sinee 1939 several investigators have worked on the
biology of the fishes of Llyn Tegid (Lake Bala)s; notable
among these are Wllliems (1939), Jones (1951, 1953, 1956),
Dunn (195z), Ball (1957, 1961), Grszhanm (1960), Hynes (1961),
Chubb (1961), Pugh-Thoras (1959), Haram (1968), Siddiqui
(1969) and Hunt (1970). Morris (1967) described the
blology of Minnow, Losch snd Bullhead in the Afon Llafar,
a tributary to the lakejy there is no well-documented
information concerning the dynamies of bottom fauna and
food habits of salmonids in any of the uvnregulated
tributaries narely Afonydd: Llafar, Lliw, Dyfrdwy, Twreh,
end Glyn of Llyn Tegid.

The effect of regulation on all aspects of the bilology
of water is the main purpose of the Dee Project and ny work
is a part of the work of a team of sclentists, The River Dee,
one of the finest salmon rivers in England znd Wales was

first regulated in 1956,

Before 1956, wvhen the River Dee was not regulated,
work was published by Carpenter (1540) about the feeding
of salron parr in the Cheshire Dee, and Badcock (1949) on
the stream life of the Welsh Dee, There is no published
- work since regulation snd my work is an attempt to find out

some of the biology of regulated parts of the Dee catchnment,



A Imovledge of the major factors affecting the bottonm
fauna and fish is essential if we are to protect and
enhance, i1f possible, the fishing resources of the river.
The investigation described in part II of the present work
arose out of the practical need for finding the possible
effects of regulation on bottom invertebrates end food

habits of salmonids and other fish,

The pollution of rivers and streams both by
industrial effluents and by dorestic and farm sewage 1is
the greatest factor inimical to fish and other aquatic
life, The first scientific examination of a river polluted
by rmetallic salts end the effects of the pollution on
invertebrates and fish was carried out by Carpenter (19:4)
in Aberystwyth district. Jones (1937, 1938) descrided the
effects of zinc salts and other toxic substances on
different a@uaticlinvertebrates and flshes, Hynes (1965)
showed the effects on blological communities of conditions
in polluted streams, | /

I have looked at the possible effects of polluticn
on the bioclogy of the brown trout (Salmo trutta), and on
the distribution of bottom invertebrates, in the River Alyn,
a polluted lowland main tributary of the Dece.

The purpose of this biologlical investigzation of three

different environments is to add to our understanding of



the factors affecting the gross chanzes in the ecology
6f bottonm 1nvef£ebfates and fcod habits of salrmonids in
unregulated, regulated end polluted streams of the Dee
Watershed vhich provide some notably good salmon, brown

trout and coarse fishing,



CHAPTER IT
SAM G METHODS

Several methods have been developed for taking
quantitative samples of the bottom fawna of streamss
for example the Petersen grap, the Eckman grab, Allsn
grab and Suber square-foot sampler, The effectiveness
of the sampler varies especlally with the nature of the
bottom, the velocity of the water current and the
depth of the water., Sampling is difficult especlally
in those streams where rocks can prevent the closing of
"the jaws of most grabs especially those used by Macan
(1949), Surber (1937), Allan (1952), Kellen (1954),
Marn (1965), and Larimore (1970).

In the present study Petersen and Allan grabs have
been used to sample the benthic feuna quantitatively,
None of these devices gave realistic estimates of benthic
fauna in the substrate encountered., The need arose for
a simple and light device to minimlze the errosy so I
designed a sampler which was found to be successful,

This device 1s best suitedhto areas where the botton 1s
primarily stony and the water depth ranges up to 1 meter,

A, The Sappler

The sampler consists of six aluminium frames, four of

vhich have a phosphor-bronze mesh of 20 meches per inch



PIATE 2.1 (a) SQUARE FCOT BOY. SAMPLER.
(b) STIRREE
(¢) FBA FOND NET.

PLATE 2.2 SHOWING THES BOTTON
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PLATE 2.3 FIXING THE SAMPLER ON THE STONY
BED OF TH® STREAM.

¥ BOTTOM OF THE RIVIR,

» I TDITH( my
2.4 STIRRING 7Y




'"WASHING LIFTING' PROCESS USED IN

PLATE 2.5

GETTING ALL THE MATERIAL FROM THE

NET INTO THE BOTTLE.



screwed on securely. Three of these frames are hinged
and a tapering net of 3d reshes to an inch bolting silk,
is attached to the fourth frame. At the narrow end of
the net is a 70 mm screw to vhich is screwed a plastice
bottle. The fifth side hinges over the top to act as a
1id. Around the bottom of the box are a series of teeth
70 nm wide and about 85 mm deep. These are pushed into
the river bed and anchor the sampler. Ro drifting

organisms can enter the sampler, (Plate 2.1 znd 2.2).

() Technicue

A plastic Jar was screwed to the net. The apparatus
was lowered gently on to the river bottom without disturbing
fhe silt and pushed into the river bed so that the net opens
against the flow of the stream, The 144 was opened and
each large stone washed 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 1pto the net., The finger

raking vas repeated twice more., (See Plate z.3, Z.%4 and 2.5).

B. Sorting end Preserving

Various methods have been tried to remove the benthie
fauna completely from the debris by different workers,
notably emong them are Danials (1933), Moon (1935),

Ledell (1936), Beak (1938) and Birkett (1957). Dunn (1961)
modified Beak's (op cit) method by applying saturated



Magnesiunm sulphate solution repestedly,

During this investigation I used Dunn's (op cit)
technique for sorting the bottoxﬁ fauna, The debris was
enmptied into a white enamel tray. Consplcuous forms
were picked out and the mixture was stirred up and
satﬁrated solutlon was run in, The small forms floated
at the surface together with a éood deal of plant debris.
The flocating organisms could quickly 'and gceurately be
sorted out into main groups. Tﬁe debris wés repeat-edl‘y
stirred snd retreated with the soclution until no more
animals were obtained. Close inspection of the residue
shows that this technique when carefully ﬁsed leads to the
collection of almost all the animals,

All organisms thus sorted out were preseved in 5¢
formalin with a small guantity of Borax to neutrallize the
formic acid which decolorizes the organisms (Wagstaffe,

personal communication).
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Bala( Ashgill and Caradoc)

Ludlow bed,(5ilurian,)

Bacalti;Dolerite and Disbase (Isneous rocks)
vwenlock limestone {3ilurian

Llandovery and Tarannon bels,

Alluvium, River terraces and Peat (Recent)

Fig. 3.1 JEOICCICAL GURVEY OF THE TLYN TEGID
STREAM3 AND THE DEE UPTO CORWEN.
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CHAPTER III

1, INTRODUCTICN

A number of investigators have been working on the
invertebrate 1ife of the stream in different parts of
the Dee watershed, for example Edmonds (1939),

Carpenter (1940), Badcock (1949), Dunn (1952), Hynes
(1961) and Hunt (1970). None of these had studied
unregulated Llyn Tegid feeder streams, so part of my work

was undertaken in the lower and middle reaches of these

streams, a zone which extends roughly two miles from the
lgke,

2e THE INVIRONMINT

Afon Llafar rises from the eastern slopes of Arenig
Fawr 933 high and 1s fed by few tributary streams., It
is one of the maln tributaries of the lake, It enters
the lake at its south eastern border after flowing
through sandstones, mudstones with calcareous ashes and
thin limestones which constitute collectively what used
to be called 'Bala limestones' (Fig. 3:1). In parts
the river drops steeply and fastj near the lske it flows
more slowly. On either side of the river are farmlands
devoted to the rearing of sheep snd cattle.
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lFig. 3.3
Total rainfall around Lake Bala each month for
the total pericd of observation at

4,L2,.3,Lw,LD1,LD2,T,61,62,G3,
D1,D2,D3 and D4 stations.

“Data was obtained from the Dee and 'Clv'/yd
‘River Authority-



TABLE 3,1 MEAN MONTHLY ESTIMATES OF

PHYSICAL FACTORS AT 11

SAMPLING STATION 1IN

AFON LLAFAR.

Months M

[+

Water Temp. C = 4.8
Specific conductance o 183
(micromhos / cmdat 25 C)
Dissolved 02, % Sat. 98
Velocity of water current

(m/ sec ) 0.26
Turbidity
(as Fuller's Earth) 21."

7.2

7.2

216

101

0.19

20

7.5

6.8

210

112

0.23

. 2k,

bk

6.9

198

118

0.13

19

J A
4.6 15.5
7.0 72
19 288
105 98

0.11 0.1 0.23

18. - 28.

8.4

Tk

309

102

7.5

7.2

285

95

0.29

27. -

N D
S5 b2
728 7.8
460 415
93 98
0.75 0;71'

53.  97.

L4
7.6
4o

97

0.66 *

92.

F M
bys 7.2
7.5 7.5

\
310 212
110 107
0.60 0.53

8o. 71.

7.8

7.2

201

101

0.1

ba. -

A



TABLE 3,7 MEAN MONTHLY ESTIMATES OF PHYSICAL FACTORS AT L2 SAMPLING

(1463 —70)

STATION IN AFON LLAFAR.

Months M
o

Water Temp, C 4.8

Specific conductance ° 62

( micromhos / cm’at 25.C )

Dissolved 02, % Sate. 11

Velocity of water current 0.21

(m / sec.)

Turbidity

(as Fuller's Earth. ) an.e

6.9

88

98

0.13

23..

8.1‘

72

112

97

0.35

120

98

0.57

25. -

s b2 bb 45 7.2
74 7.8 7.6 7.1 72.b

285 301 298 321 120

105 102 105 101 97

0.6k 0.81 0.76 0.46 0.23

61. 87... 82. 90.. 43,

7.8
71
82
98

0.19

20.

3|



TABLE 3.3 MEAN MONTHLY ESTIMATES OF PHYSICAL FACTORS AT L3 SAMPLING STATION IN AFON LLAFAR.
(1aga—ro)

Months M A M J J A S [o] N D J F M A
Water Temp. ¢ 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 4
(micromhos / cm’at 25 C) 65 68 72 77 81 87 101 121 2ho 208 278 301 132 87
Dissolved 02, % Sat. 95 101 94 98 97 103 96 935 101 1M 104 106 84 99
Ve%°;i}ys:§ ;’“er current 5 59  0.24 0,21 0.20 0.13 0.12  0.1% 0.21 0.27 0.89 0.85 0.68 0.35 0.23

PH 71 7.0 6.8 6.9 7.0 7.2 7.4 6.8 7.2 7.4 74 7.3 7.2 7.1
Turbidity
( as Fuller's Earth ) 20 19.: 22. 17.%  17. - 18.. 28. 22. S53.. 84.. 78.. 80.: 4O.. 18.

b
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(b) De ion the sarmrling sit

Site L, (Plate 3.1, Fig. 3.2) 1s located 16 metres
before the stream joins the lake, at zn altitude of 75 metres
above mean sca level, Here the stream is 10 metres wide and
Ce7 to 1nm in depth when the river is not in flood. The
strean bed 1s sand znd gravel, and the water is normally

clear., Aquatic plants, namely Co)litriche acuatica and
Rgnunculus fluitans were found near the banks,

site L, (plate 3.2, Fig. 3.2) 1s 0.80%km upstrean
from the lake at an altitude of 177m 0.,D, Here the stream
is 8m wide and 0.5m to 1.0m deep. The sudbstratum is stony

and there 1s no emergent vegetation near the banks,

Site L3 (Fig. 3.2 and Plate 3.3) is 2.hl3km upstreom
from the lake at an sltitude of 20Cn 0,.D. Here the streanm
1s 12m wide and 0.3 to 0.5m deep. The bottom is stony and

covered with moss zgntinglgg sntipyretics.,

The mountains of Merionethshire receivs weil over
2070rm of rain annually, The lake and its surroundings
recé;ved a tbfal of 1659mm of réin with an average of
110, 6mm per month during the period of study (Fig.3.3).
Mean monthly estimates of physicel factors at Lj, L, and L3
are shown in Tebles 3.1, 3.2, 3.3. The whter temperature

showed a steady rise during the summcr and a fall in winter.



TABLE 3.4 CHEMICAL ANALYSIS OF WATER.

Samples were taken at the depth of one meter in June 1969.

UNREGULATED STREAMS. REGULATED STREAM.

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

Temp. C° 12.3 S12.2 12.3 1241 12.3 12.6

PH 701 700 701 7-2 703 .

Time 09.55 10,15 10.30 10.43 11.13 11.48
Cations.

Calcium { Ca) 3.80 2.6 5.6 6.7 15.12 4,20
Magnesium (Mg) 5.59 0.48 1.58 1433 3.02 1.21
Sodium  (Na) 4,37 4,36 L4 2.76 2.14 3412
Potassium (K) 3,90 4,23 4,29 4,29 3.01 4,06
Iron,total as Fe . C. 14 013 Ou14 0.12 0.12 0.21
Anions

Alkalinity (HCO3) 6.71 6.71 6.71 6.84 731 6.71
Carbonate  (C03) 5.6 5.78 6.23 6.4 8.21 5.21
Chloride (c1) 6.72 k95 k95 k.60 5.31 4,95
Sulphate (sCh) 6.72 6.72 7.20 7.68 7.68 6.72
Hitrate (n03) 1.2k 1.86 1.86 1.68 1.67 2.8k
TOTAL ICHS 45431 3939 k3412 43415 53496 1 39.89

Results, except where stated otherwisw, as mg. per litre.

(2
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Table 3,5

»

1.4

{

The density of the bottom fauna at three sannling sites,
based on 14 monthly samples (+ = «(0.1%)
Sampling sites —m> L1 L2 L Total
Bottom fauna % hv.Ng % Av.No % Av.Ng %
J/ m /n® /n®
Turbellaria ] G [0 6.3 () ) 0.1
Polycelis nigra - - 0.3| 5.3 = -
Hirudinea (0.3)| (10.7)] (0.6) (10.7). (0.6), (13.8) 0.5
Erpobdella octoculata 0.3 8.5 0.5 9.6 ; 0.6 12,8
Glossiphonia complanata + 2.1 + 0.7 ! - -
Helobdella stagnalis - - - - ! + 1.0
Oligochaeta (14.0), (435.8) (8.7)1(156.2?(1.6) (37.4) 8.2
Eiseniella tetyshedra + * 1.0 | 0.6} 11.7 . 0.2 5.3
Haplotaxis gordioides | = - + | 0.7 } - -
Limnodrilus hofimeisteri 0.2 ! 5.3 + 0.7 f - -
Lumbriculus variegatus % 1.4 | Ly, 9 { 0,6 | 10.7 E 0.2 5.3 I
Peloscolex ferox | 0.2 | 7ok - S -
Stylodrilus heringianus : 12.2 | 376.6 | 7.3 1130.5 - 1.1 | 18.1
Gastropoda L0.2)) (61)/(0.2) (2.1) (0.3) (6.4) | 0.2
Ancylastrum fluviatile ? + 1.0 ; 0.2 2.1 S 0.2 7 5.3
Potamopyrgus jenkinsi i + A 4,2 - i - ; - -
Limnaea pereger I 0.1 0.7 - % -+ 0.7
Lamellibranchiata g (+) (1.0);(0.7)‘(12.8)‘(2.5) (58.8) | 1.
Pisidiun lilljehorgii | = - 0.3 ; 5.3 - 2 - g
~Pisidium milium ? + 1.0 | 0.4 ! 7.4 0.2 ] L,2 ‘
Pisidium subtruncatum % - - - i - 2.3 % 53,5 %
Anphipoda i () 1) o) (7.8 (0.1)  (2.1) ¢ 0.2
Gammarus pulex - ; - 0.k ; 7.4 0.1 - 2.d :
Isopoda (2.1) (62.2) (1.2) (2L4) (=) () T
Asellus meridianus S2.1 622 112 2ak - 1 -
Hydracarina :(3.2) 2(98.“) (=) . (=) (0.3) (7.8) g 1.1
Hygrobates nigromaculatus 3.0 3 ok.1 - i = 0.2 ) 2
Lebertia porosa i 0.1 § L2 L - R 0.1 21 !
Plecoptera €0.3) | (9.6)(20.8)(372.3) (8.2) (182.9) = 9.8
Amphinemura standfussi = | - 100 | 1.0 1.7  39.5 ;
Amphinemura sulcicollis : C.l ! 3.2 4,0 71.6 2.7 ; 62.0 i
Brachyptera risi - i - !O.l 1.0 T -
Chloroperla torrentium = % - §1.0 "18.1 0.6 1 12.3
Chloroperla tripunctata + 0.7 EO.l 1.0 ¢ ! 33.1'



Table 3,5 (contd)

-

23

Sampling sites -—~——>i L L2 L3 Total
Bottom fauna J/ ‘ % Av.Ng % Av.No| % Av.No %
: m /nl /i

Isoperla grammatica‘ | - - Ok 7.4 1 1.0 21.4
Leuctra fusca - - 0.1 1.0 + 0.7
Leuctra hippopus 0.1 2.1 | 14,2} 252.5 | 0.2 5.3
Leuctra inermis - - ‘0.1 1.0 | - + 0.7
Leuctra moselyi - - 0.1 2e1 - -
Leuctra nigra + 1.0 0.1 2.1 + 1.0
Nemoura erratica + 0.7 - - - -
Nemurella picteti - - - - VE + 0.7
Protonemura meyeri - - 0.5 8.5 | 0.5 11,7
Ephemeroptera (0.1} (3.2) (11.2)(202.2) (8.1) (189.3) | 6.5
Baetis pumilus - - 1.5} 26.7 i 2.0| 42.8
Baétis rhodani. - - 2.3 40.6 | 1.6 3.4
Battis scambus - - 0.3 5.3 : 1.0 21.4
Caenis horaria + 1.0 - - - -
Caenis moesta + 0.7 - i - . * 1.0
Centrcoptilum luteolum + 0.7 | 3.3 59.9 ¢ 0.1 3.2
Ecdyonurus venosus - - % 0.1 A 2.1 ? - -
Ephemerella ignita ioo- - 1 1.8} 32.1 2.7 | 642

_ Heptagenia lateralis -1 - loa} 21 01| 32

' Heptagenia sulphurea , - - 1 0.2 32 o+ 1.0
Leptophlebia marginata : = - 0.5! 8.5 - 0.3 7.b
Leptophlebia vespertinaj - - | 0.4 | 7ol S -

" Paraleptophlebia ; é
: submarginata ; + 0.7 ! 0.7 - -
Paraleptophlebia tumida; - - E 0.7 - - '
Rhithrogena semicolorata = | - i 0.5 7.4 'bo.1 2.1 | ‘
Hemiptera 1(32.0)(988.6) | (8.1)(244.5) (0.1)| (2.1) | 13.4
Corixa panzeri i - i - i - E - 0.1 2.1 '
Micronecta poweri Pa1big69.2 | 8.0 k2.3 - -
Sigara distincta + i 0.7 - i - - -
Sipara dorsalis + g 2.1 P z - - -
Sigara falleni | 0.2 y 8.5 |- L. - -
Sigara venusta + 0.7 | = i =~ , = -

' Sigera nymphs 02! 53 o1t 21 | - -
Valia spp. + 2.1 % - - - - .
Megaloptera bo(#) 1 (9.6) E(o.2)§ (3.2) (0.5) | (12.8) | 0.2
Sialis lutaria i + 9.6 % 0.2 ;. 3.2 10.5 12,8 !



Table‘3.5(contd)

YN

.Sampling sites —> L1 L2 I L3 [Total
Bottom faunall % Av.go % Av.gof % Av.Noi %
/m /| [ !
Trichoptera (3.5)(115.5)| (10.3)(186.1) (3.1) (72.7) | 5.8
Agapetus fuscipus - - 0.3 5.3 4 1.0
Anabolia nervosa 0.1 3.2 - - 0.2 . &2
Glossoma boltoni - - - - | 0.2 | 4,2
Glyphotaelius pellucidus 2.5| 79.1 5.6 95.9 0 1.0 21k
Halesus digitalus - - 1.2 21.h4 - -
Hydropsychie: fulvipes - - - - ; + 0.7
Hydropsychre» instabilis - - 1.6 | 28.8 ; 1.0 ° 214
Hydroptila tineocides + | .0.7 + 0.7 0.2 k2 |
Limnephilus rlombicus - - - - g .1 i 2.1 |
Mystacides nigra O.4 | 1.7 0.4 7.4 q - -
Plectrocnemia conspersa | O.4% | 26.0 0.5 9.6 - ! -
Polycentropus + 0.7 - - + i 1.0
flavomaculatus | |

Potamophylax latipennis | = - 0.3} 5.3 0.1 ‘ 3.2
Rhyacophila dorsalis - - 0.2 2.1 - -
Sericostoma personatum + 0.7 0.1 1.0 : 0.1 { 2.1
Silo pallipes - - - - 0.1 i 3.2
Tinodes waeneri + i.O - - - -
Loleoptera (1.6) (55.6) (5-7)(121.9)(10.7)‘(251;4) . 645
Deronectes depressus 1.0 ! 29.9 + | 0.7 - -
Gyrinus aeratus + 0.7 - - - ‘ -
Haliplus'lineatocollis | 0.3 | 10.7 - - - -
Helmis maugei + 1.0 1.2 1 214 3.5 81,3
Helodes marginata - - - - 0.1 i 2.1
Helophorus flavipes - - + 0.7 - z -
Hydroporus pubescens 0.1 3.2 - -.1 01 E 2.1
Hydraena riparia - - - - + % 0.7
Laccobius piguttatus - - 0.2 | 2.1 - -
Latelmis volkmari 0.2 7.4 5.1 | 85.6 | 6.7 : 156.2
Platambus maculatus - ! - - - 0.2 ? 5.3
Oreodytes rivalis - % - 0.1 2.1 0.1 ‘ 2.1
Tipulidae (0.1) j (2.1) 1(0.3)] (5.3)[(0.4) . (9.6) i 0.3
Tipula latcralis 01 P 21 {02 3.2, + ! 1.0
Tipula montium ] - 3 - {01 22 : 0.3 : 7.#.‘

l : i
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Table 3.5 (contd)

Ffmplingﬂfifes — L, L, ; Ly | Total
Bottom fauna % | Av.No. % Av.No. % Av.No. %
\L /n® /u® | /i
Ceratovogonidae . (1.3) (40.6) | (1.4) (26.7) (04)  (9.6) | 1.0
Bezzia spp . 1.3 40.6 l.hy 26,7 @ Ok f 9.6 .
Chironomidae (39.0)(1166.8)(23.6) (424.7) (32.4)(1309.6) |  40.2
Brillia modesia - - 0.2 4.2 - i 0.7
Criptochironomus spp. - - 2.4 43.8 1 1.7 39.5
Dicrotendipes pulsus - - - - 0.5 ? 10.7
Endochironomus spp. - - - - 2.6 ; 60.9
Microtendipes chlories - - 0.2 L,2 - -
Metriocnemus atratulus ! 16.8, 522.1 - - - -
Pentaneura monilis 1.0} 25,6 3,31 59.9 | 6.8} 157.2 |
Procladius choreus Oubi 14,9 | 0.7 12.81 1.0 19.2 '
Prodismesa olivacea  { O.4] 16.0 |11.6;205.4°| 6.0 f 136.9 g
' Polypedilum nubeculosus i 17,5 560.3 | 4.0! 71.6 6.62 154.0 |
Sergentia coracinus 0.1 oo | - - - - E
ﬁstictochironomus SpPPe + 2 1.0 - - - ! - ;
Panytarsus signatus 0.1! 53 | 1.0| 19.2]26.7| 616.3 |
Trichocladius rufiventris 1.2; k728 SR . - 4,7, 109.1 ;
Simulidae (+) 1 (1.0) | (1.2) (21.4) (1.8) (h2.3). 1.0
Simulium aureum -l - - - + L 0.7
Simulium brevicaule - g - 0.2 2.2 | 0.2 f 5.3
Simulium monticola + 1 1.0 108 160! 1.5 3h2
Simulium morrsitans - - + 0.7 - -
Simulium naturale - { - + 0.7 Po- ; -
Simulium ornatum % - | - + | 0.7 i + ; 0.7 |
H ! . i
Prosimulium arvernense .- g - - - i + 1.0
Other dipteran larvae : (+), (2.1) j(1.8) (3h.2). (1.6) (z7.4) 1.1
Dicranota robusta e o2 {10! 19.2] 1.0 21k
Hermerodromia unilineata? - g - 0.4 6.4 o.b i 9.6
Limnophora sppe. é -, - - - C.l f 2.1 !
Limnophila verralli % - f - + 0.7, - . -
Pericoma pseudoexquisita = 5 - o.b) 641 = ; -
Taphrophila vitripennis : - f - - - 1 0l 3.2
Dipteran puvae Pl b9 1120 29090 17 3950 1.6
Total no. of animals E Loak ! 2327 5 3019 1
in sample i ! ' ;
Av. no. animals/month ! 287.4 i 166.2 ! 215.6 { ’
Av. no. animals/m L o3075.1 | 1778.3 | 2306.9 |
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pH values, taken bi ﬁeaﬁs'of a'portable rH meter, varied
fron 6.8 at low water to 7,8 af high, Dissolved oxygen
téﬁ&n by a D.O., Meter at the depth of Ok = O.7m.ranged
from 9%.07 to 1187 saturation. A flow meter was used to
record the velocity of the wéter (m/sec) at each site,

A conductivity meter was used to obtain the specific
conductence (micromhos/em3 at 25°C) of water each month

at each sempling station. Turbldity was measured by
comparing the sample with standard solutions of various
graded velues of silica (Fullerts Earth) in distilled water.

A water sample tsken from station L2 in June 1969
was stored in a polythene bottle and analysed within a
short time after being taken, The results aré surmari zed
in Table 3.k,

As the rocks in the valley are hard and non-calecareocus
it 13 not surprising that the water 1s exceedingly poor in
dissolved salts.

3. COMFOSITION OF THE FAUNA

Tasble 3.5 shows the constituents of the tauné in each
of the three sampling sites examined It is apparent from
this, that at the taxonoric level at which 1t was 1dentified,
the small invertebrate rauna was simllar at every station,
and characteristic of smell fast flowing stony hill stream
of North Wales, A fall in the total number of snimals
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during winter months and rise dﬁring spring and summer
was found at each of the three stations (Fig. 3.%, 3.5).
Humphries and Frost (1937), Frost (1942) showed a steady
downward trend during late winter and early spring.
Badcock (1949) and Hynes (1961) said that the minimm
numbers during winter snd suturn were due to the emergence
of most of the mayflies and stoneflies and their young
were too small to be retained by the net,

The stream harbours a rich and varled fauna. The
total number of specles recorded at Ly vhere the bottom
is sandy, was 137, 163 at L, vhere the substrate is of
stones and fineglly 159 at L3 vhere the substrate 1s stony
and covered with moss, There was a significant difference
in the depsity of oligochaetes at I,, L, and L3 (P<0405),
The common animals were chirconomid larvae, nyrphs of
stoneflies and mayflies, caddis larvse, oligochaetes,
Coleoptera and Hemiptera, The following groups of the
benthic animals were collected during the study (Table 3,5).

A. Platyhelminthes
(1) ZIurbellsrias
This group constituted 0.17 of the total fauna and

was represented by one species Polycelis nigra,

B. pnelids
(1) Hirudines

This group formed C.57 of the totsl benthic fauna and

was represented by three specles, obdella octoculat



30

was found in all the sampling sites end Helobdella stermalis

at L2 and L3.

(2) Qligochaets
Species of this group formed 8,27 of the total fauna,

end were very comron at all the sampling sites.

Haplotaxls gordioldes and peloscolex ferox were rare.

C. Mollusca
(1) Gostropeda

Cnly four species were recorded of which Ancylastrum

- fluviatile was common and Lirnaes pereger and Potarmopyrsgus
-~ Jenkinsl were rare,

ellibrenchista

This group formed 1.1% of the total animals.

Pisidium subtruncstum and Fisidivm milium were cormon in
the upper reaches and Pisidium 1111 jeborgil was rare,

D. Arthropoda
(1) Crustsces
(a) Arphipoda
Carmarus_pulex was rare and formed 0.2 of the total
benthos.
(b) Isopoda

Asellus meridianus constituted 1,17 of the total fauna.

They were common at L; and L, and rare at Ly sites. They

did not seer to occur on or under the stones covered with
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moss., Thelr absence according to Hynes (1961) may be
related to the scarcity of their food, |

(2) Arachnids
(a) Hydracarinas ;
These formed 1,17 of the total fauna. Eygzrobates

nigromaculatus and Lehertis norosa were rare at Ll and L2

stations,

(3) Insects
(a) Plecootera

The species listed in the Table 3.5 were widely
distributed in fhe stream and formed 9,87 of the total
benthic fauna, Amphinerura suleicollis, Chlorprerls
torrentium and Leuctra hippopus were common at L, and
" jmrhinemura steandfussi, Amphlinemura suleicollis,
‘Ch;gggoerlg tripunctata and Isoperls gramrmatica were common
at L3. ’

(b) Echemercptera

The ecological factors affecting the nymphal envirocnment
have the greates effect on the distribution of mayflies.
The early instars in the stream were found in vegetation
or detritus. As the nymphs grew they moved from the
vegetation to the stones to avold entanglement, The
species 1listed in the Table 3.5 formed 6.57 of the total

benthic fauna,.

Raetis spp. Centroptilum luteplum and Ephemerells ienita
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were common at L2 end Baetls spp. Erhererells ienita were
common at L3.
(¢) Hemiptera

These formed 13.%  of the total bdottom fawna in
which Micronecta poverl was common at L, and L, and the
rest of the cpeclies mentioned in Table 3.5 were rare.
(d) JKegaloptera

This group was represented by Sialis lutsria and formed
0.7 of the total bottom fauna,
(e) Trichoptera

This group constituted’S.B? of the total orgenisms,
Glyphotaelius pellucidus was common at Lyy L, and L3 and
end Hydrovpsyche instabills was common at L2 snd L3. b
found predatory specles like Polycentropus flavomaculatus
in the stony beds as did Slack (1936).
(f) Coleoptera |

Laccoblusg biguttatus 1s a lake dwelling specles but it
was found at LZ’ probably as a result of the water level
fluctuation of the lake; 6,57 of the benthic fauna was

composed of coleoptéréns. Helmis maugel and Latelmis volkmari
vere common at all the stations (Table 3.5).

(g) Dipters .
Chironomid larvae formed 40.27 of the total fauna and

were ldentified as far as possible (Table 3.5).

Other dipteranlarvae that belonged to family Tipulidae,
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Dixidae, Psychodidae, Limnobiidae, Ptychopteridae,
Stratiomyidae, Dolichopodidae and Empididse were identified
to speciesy  this has not been done by previous workers

and my identifications were confirmed by Mr, Allen Brindle

of the MYanchester Museum,

Similerly the simuliid larvae were not identified to
species by others working in the Dee watershed, I have done
this in the present study and the identifications were
confirmed by Dr. Lewls Davies of Durham University (sce
Table 3.5).

4, _THE FEEDING OF SALMONIDS

(a) JIntroduction

Food of the trout aznd salmon parr have been studied
by a number of previous investigators notably Frost (1939,
1545, 1950)3 Neil (1938)3 Allen (1938, 1941)3 Frost and
Went (1940)3 Ball (1961); Graham and Jones (1962); Thomas
(1962) and VWooland (1972). The food coﬂsists chlefly of
aquatic insect larvae, Crustacea, Mollusca and Annelida,
Until recently no study has been made of the food and
feeding behaviour of salmonids in Llyn Tegld feeder strears,
although general blology other than feeding has been
investigated by Wooland (1972), The results presented in
the present work are intended to give additional informatiocn



Table 3,6 Number of brown trout examined for food in all Llyn Tegid

feeder streamsa.

SWF = Stomach with Food;

ES = Empty Stomach

Streams —> L Lw T G

Total No. Fisha| 81 13 120 €3 101
Total |Honths § sur| 5 | sor | s |sur |ve |sue| es |sup |6
27 November 1968 - - 131 - 14 - -
25 December - - 23 2 - - -
16 January 1969 3 -
21 February 3 1 - - 3 9 -
43 March - - 18 11 13 - 10 1
23 April 10 1 - - - - 2| -
38 |May 51 = | 11 1115 5 -
16 Juné ki - - - - - 122 | -
49 July 9| - 6 - | 12 17 5| -
12 August 2|l - - - - - ¢ 1
74 September 171 - 21 1] 16 5 10 1
19 October : 91 - - - 5 - -
4g November 8| - 8 1113 1 1
4 December - - - - - - -
27 January 1970 2 - - - |12 2 -
6 February 3| - - - - - -
3 March 9! - 1 - |10 .8 1

|
Total 791 2 |10t ] 9 p3 57 96 L 5

Total No. of trout in all Llyn Tegid feeder streams

Total with empty stomachs

Total examined for food

L=1ILlafar, Iw=1Iliw, 1LD= Dyfrdwy., T = Twrch, G=Glyn,
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Table 3.7 Number of salmon parr examined for food in all Ilyn
Tegid feeder streams.,

SWF = Stomach with food ¢ ES = Empty stomach

Streams —> L Lw 1D T G
Total No. Fish—| 136 93 122 77 123
Total |y he ¥ No. | No. |No. |No. |No. |No. |No. | No.|No. | No.
No. SWF | ES SWF | ES SWF | ES SWF | ES SWF | ES
12 November 1968 - - 1 - 11 - - - - -
2k December - - 21 3 - - - - - -
13 January 1969 - - - - - - | - - 8 5
38 February 15 2 - - 4 4 9 - - -
b1 March - - 10 - 10 - - - " -
14 April 81 - | - - | - - |- - 6| -
50 |May 30 -] |- |26 1- 7 | - 3| 1
22 June S I R - | - - |- - 12| -
65 July 10 } = 12 - 16 - 16 - 10 1
19 August : 9 - - - - - - - 10 -
64 September 9 - 9 3 27 - 10 - 6 -
1£ October 1 - - | - 1 - - - L -
59 November ) 14 1.1 9 2 5 4 12 3 -
25 December M| 2 |- - | - - |- - | 10] 2
51 |Jdanwary 1970 | |4 | 2| - | 81 1|1 | 8] 1
15 February ' 9 - - - - -} - - 6 -
39 March 0 | - 3| 3 5 | - 7 1 1 6| &
Total ' 30 | 6 {8 |1 (113 |9 | 721 5 {1091 14
Total No. of salmon parr in all Llyn Tegid feeder streams = 537
Total with empty stomachs = _bs

Total examined for food

ko2
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on the feeding habits of salmonids.

The feeding of salmenids from Afon Llafar was studied
at monthly intervals for a period of 14 months beginning
in February 1969 and ending in March 1970, 4 total of 81
_trout end 136 selmon parr stomachs were collected for food
enalysisy of fhese 2 trout and 6 salmon parr stomachs

wvere found to be empty (Table 3.6,3.7).

(b) Yaterisl znd Vethods
The pharynx leads by a short gullet into a 'U'~shaped

stomach congisting of a wide cardiac and a narrow pyloric
division. A sphincter sepszrates the pyloric division from
the pyloric caecae, The contents of the stomach up to the

sphincter were examined,

o

The wall of each stomach was slit open and the amount cf
food, or “the degree of fullness” was recorded in the
following terms : “distended®, 5fu11", ®3 fulle, wt fulle,

»l fullv, *T (traces)%, and “E (empty)", then the points

were allotted in the followlng manner,

Visual estimation of fullness Points
Distended : Ihe stomach extended with 5
food
Full t Food filling the stomach 4
3 full : Food filling three quarters
of the stomach 3
+ full s Food filling ebout half of

the total volume of the
stomach 2
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two-monthly samples.

trout and salmon parr containing food as shown by

‘Table 3,8 The fullness index and the percentage of stomach of

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 1.0

Apl/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/Mar 100 2.8 100 2.4
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Visupl estimation of fullness Points
3 full t Food occupying about one
quarter of the total volume 1
T ] Traces of food items in the
stomach 0.5
B s Stomach collapsed, no
fcod present 0

The visugl estimation of fullness was made in
accordance with the wldely used classification established
by Ball (1961).

tFoints!' were allocated to each sample and the nezn
number of points per stomach per ssmple was calculated,
The resulting figure was termed the "TMullness Index"
(Table 3.,8)., The degree of fullness of the stomach was
estinated by a points system similar to that used by
Graham end Jones (1962), Morris (1566), Sinha (1965),
sidaiqul (1969), Kunt (1970) and VWoolland (1572).

Each stomach was first studied as a unit, The
contents were removed gnd sorted under a low power
binocular microscope into various taxonomic categories
(Tables 3.9, 3.12). In addition to the fullness rethod,
three standard methods of food analysis, namely occurrence,

volume and number, as reviewed by Hynes (1950) were used.
The food 1tems were recorded in the following manner,

The total number of stomachs in which each food item

occurred was listed ss a percentage of the number of
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Fig.3.6The volume scale used to estimate the
volume of food items in each stomach



occurrences of 2ll items to show the percentzge cormposition

of the dlet (occurrence method).

The total numbers of individuals of each food iten
were counted individuelly and expressed as percentages of
the total number of organisms found 1n a1l stomachs

exanined (number method),.

The volume in cubic millimetres was then found using
a method devised by Chubb (1961), Each particular group
of organisms was separately piled 1nto a grid parked off
in sguare millimetres and pushed against a step which was
one nillimetre in height, The food was then levelled by
reans of a glass slide and the volume in cubic nmillimetres
was then recorded (Flg. 3.6). For bigger food items like
tipulid lavvoe, caddls cases or larvas end ficsh volume was

deternined by vater displacement,

The percentage representation by occurrence, number and
volume of all the food items was eslculated, Ths occurrence
method shows the percentage of occurrence of each food
category in all the stomachs examined. The number and
- volume methods express the percentage compositioﬁ of each
food by number/volume in the total number/volume of food

eaten,

For convenlence, various stomach contents were divided
into four categorless terrestrial and aerial food, midwater

food, benthic food end miscellaneous food, Terrestrial and
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Table 3,9 The total annual composition of the diet of 81 trout

assessed by Occurrence, Volume and Number methods,

(+ =:<Oo1%) .

Average percentage represented in
total sample by:

Food organisms Occurrence Volume =~ Number

Benthic food

Lumbriculus spp. 0.6 0.6 1.4
Ancylastrum fluviatile 1.4 0.8 1.1
Limnaea pereger 1.0. 0.2 0.7
Amphinemura sulcicollis 13 0.5 1.5
Leuctra spp. 0.3 0.1
Chloroperla snpe 0.7 0.1 0.k
Baetis vhodani 10.3 6.2 1.4
Ephemerella spp. 6.4 6.1 8.2
Leptophlebia marginata b1 2.1 k.6
Caenis spp. 1.7 0.3 1.0
Other Ephemeroptera nymphs 2.3 1.9 3|
Glyrhotaelius spp. 10,1 11.1 73
Plectrocnemia conspersa k.2 8.5 74
Hydropsycke : spp. 2.0 4,1 3.2
Other Trichopteran larvae 2.1 2.0 1.1
Chironomid larvae 6.0 2.1 7.5
Simuliid larvae 1.9 0.7 1.5
Simuliid pupae 1.7 0.7 1.6
Other dipteran larvae 1.7 0.3 0.9
Helmis maugei 1.4 0.4 1.3
Midwater fnod

Hygrcbates spp. 0.1 + +
Micronecta spp. 0.5 o+ 0.1
Helmis maugel adults 1.1 0.5 0.5
Latelmis voikmari adults 0.7 0.4 0.4
Fish 2.0 15.8 1.8
Aerial snd Terrestrial food °*

Aerial and Terrestrial insects 23.0 31.8 25.5
Miscellaneous food

Plant materials 4,1 2.2 2.5
Stones : 6.1 3.0 2.1

Total 99.8 99.4 99.6
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aerial‘fbod included any fcood item originating outside

the river. Midwater food, a less well-defined category,
included the adult forms of water bugs, bectles ond mites
end fich, 7The benthic cemponent incluvded those organisrcs .
that spend the najority of their time on the bottom of the
stream. This included the perménent bottom dwellers (snails,
~clams znd oligochaetes) and the transient population of
juvenile agquatic insects, Finally the miscellanecus food

included the stones of the caddis cases and plant materlals.

(e) Results
(a) Broyn trout

(1) Composition of the diet
Tzble 3.9 shows the composition of the dict of trout

from Pebruary 1969-March 1970, The most important detary
itoms from the benthie food were Ephemeroptera nymphs,
Trichoptera and chironomld larvae. The oligochaetes,
gastropods, Plecoptgra nymphs, Hemiptera, Coleoptera adults
and larvae and dipteran larvae are not major food items.
Terrestrial and gerial insects, which included Aphldidae,
Chloropidae, lNabidae, Miricae, Enpidas and thelr larvae,
vere important food items subject to availabllity. 1lidwater
food items like Hydracarine, Hemiptera, Coleoptera and fish
are less important and occurred in 0,17, 0.57, 1.8% end z.0%
of the total stomachs respectively. The miscellaneocus

food, which includes stones of the caddls cases and plant



Mean Fullness Index (points)

I~
1

w
1

N

43

LI Y
3 8
Tetnperature

T
(@) I

1969

o~

N

MONTHS

Flg 3.7 SEASONAL VARIATION 1IN FCOD INTAKE OF THE TROUT

AXD GSALNCN PARR.

TROUT 2 e

SALKON PARR z @---meereeee-® WATER TEMPERATURE:z O-————-0



« A
Table3' 10 The Food of Trout in Afon Llafar
Feb/Mar Al /Nay June/July Aur/Sent Oct/MHov. Dec/Jan Feb/Har

sreanism | No,.,Fish I .

Trenell | containing .

in the eacn item
'cod organisms total

sampl :

v L2 A B8 A ® A 2 A B A B A B,
No. % No. % No. & [No. % [Noe % [lioe % [lios % {lioe % |Dce 5 {lice . % |Noe &) #0e i iGe 2| 8Os X
ligochaeia s 511 ] 2.7
Gisironoda 310,311 {270 2 1.8 1] 2.5 !
Plecoptera Nymphs 511.61 3] 8.3 19}17.2 4 ‘.o,&}
Zyhemerortera o R D I
Livmshs 231 7.61 925 [10k]h2.61 9 [27.4118 11.9 ) 9 j2k.3| 57 133.3]12 [3C |11 | S5 2 i 25} 3Giz7.218 P1.g
Hemintera 2] 0811123 24 |21.6] 8 |20 H T
Tviecroptera Larvae 2217.21 9125 50{20.4 |12 {28.51 53| 0.5 | 4 |10.¢ 5 125 2125 15113.6 8.2
Cclecrntera, Acdults N
and larvae €11.91 21 5.50 101 & L1905y 91091 21 5.41 51 4,30 2 (1C 1o x5
Larvze and .
1 1333 94333 21 0.61 1 2.7} 11} 4513 71172 11,31 5 {73.5] 5 L,51 3| 7.5 13111.3 12 5.4
Aerial znd Terrestrial i A
%4 .0 insects 1 133.3 1§33.2 |zLo79.4) 8 ]22.1) 59124.11 8 [19.0557 ©92.7 {10 |27 |27 |24.3] 8 |20 14 2.7 1€ 6.2
Tish 5 6| 5.40 1| 2.5 101 2 {25] 1]0.211]2.7%
Stone 1 {3331 1] 33.3 Lid.2) % 11.] 6]l 2.2 37200 31021 31 6.1 21 1.8 2 J10 10 251 51 4.8 5.;}.7
lant material 2]l 0.8j2 | 4.6 2{0.21 254|327 3) 7.5 211312 5.~".l
A%

i
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materials, was found in 10.27 of the total stomachs
excnined, In plant material 1s included moss, algae,
leaves and, rarely, fruit end seed., The stones present
probably included the remains of the cases of stony-czsed
caddls larvae together with stones ingested accidentally
with the fcod,

(11) Sepsonal variation in food intrnke

 Fig. 3.7 shows the sessonal variation in the food

intake of trout in Afon Llafar, The curves are based on

the mean fullness index of the stomachs, It seems that
naximunm food intake was from April/May to August/September
and it gradually decreased tb a minimum in the winter

rmonths, Each of the vafious seasons, winter, spring,

sumer snd autumn, designated in the foliowing discussion

of seasonal variation in salmonid food and feeging enconmpasses
three months, Winter includes December, January znd

Februarys spring includes March, April and May; surmer
includes June, July and August and finally the sutumn

includes September, October and November.

Teble 3.10 and Pig, 3.8 show the seasonal.rood of trout
in Afon Llafar. Ephemeroptera, Trichoptera, Diptera,
" Coleoptera and aerial and terrestrial food vere eaten
throughout the'year but thelr frequency of occurrence
varied, During Autust to November gastropo&s were common

in the dlet, Plecoptera nymphs occurred in the food during



Table 3,11

Lty

The average percentage composition of the food assessed

by Occurrence, Volume and Number methods of brown trout

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

Species of
Fish Salmo trutta
Total No.
Fish 81
Age | O+ 1+ i 2+ i 34
No. Fish in 6 31 I 26 18
each age group _
Method of | ol y: ylojvinlolvinlo]|v|n
Assessment : ' ! ! '
Food items %
Lumbriculus | 2.7 | 2.5 5.9
spp | !
Ancylastrum 7.1 3.1 4.0 | 2.7 1.1 3.5
: 8pp | !
Hygrobates ' ? 0.5: 0.1 +
spp |
Plecoptera ' 1.7: 0,71 2.812.2{0.3!1.8;5.5!1.4} 5.5
nymphs | |
Ephemeroptera !
nymph 35.6 30.5'.42.0 26.8 .21.1 2646 17.6 ! 5.5 17.8 19.4 | 7.7 23.8
Micronecta . i , 2.0, 0.3 0.4!
spp ] | : |
Trichoptera 7.1 22.5! 6.0]15.1 20.8 11.2 19.6 40.9 29.9 31.4 18.8 '29.2
larvae | ! l ‘
Coleoptera . 6.7| 2.0 3.0 0.7 1.8 0.7,
adults ‘
Coleoptera . 3.1} 1.1 2.6 2.7 | 0.5] 2.7
larvae }
Chironomid Alh.Z 4,8 20,0 2.9 1ok | 3¢l 5.5 242, 5.5] 1.5] 0.2} 1.7
larvae : »
Chironomid .
upae ;
Similiid 7.1] 241 6.6} 0.8 0.5} 1.1}
larvae
pupae ‘
Other dipteran 6.8 1.2} 3.8
larvae i
Aerial and : !
terrestrial 21.3|35.4 4.2 24,1 134,5 42,1 36.4 41.3'33.5 10.4 ! 8.3 [12.4
forms | i
i ;
Stcnes 3.6 2,8} 0.9, 9.43.8 ! 4.0 1.4 4.7] 5.5
Plants 1) 2.6| 1.0 | 8.3] 3.8 7.2| 4.1] 2.5] 2.0
Fish 0.8 (10.9 o.1‘ 7.5{52.3] 7.2
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late winter and spring. Hemiptera were found during

summer and sutumn. Fish formed a small percentage of

the food during October/November to February/izrch.

Though aerial and terrestrial food cccurred thoughout

the ye:zr, nost of this was eaten in AprilMay to October/
November, Plznt materlial was eaten very frecuently during
June/July to OctoberNoverber, The stones were found in |
the stomschs round the year in varied numbers. 0ligochaetes

did not seem to be preferred.

I tried to determine whether plants were ingested
purposely snd not accidentally, As some stomachs contalned
only ﬁlant material, I deduced that the reeding on plents
was intentional., It 1s Interesting to ncte that all the
leaves eaten were apprcximately the same length, and they

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

(iv) Food 3n relation to snge
Table 3.11 shows the percentage composition of the

food cf trout of each age group. There 18 no significeant
change in the diet in relation to sge for fbod items like
Plecoptera, Trichoptera, Coleoptera, szerial and terrestrial
insects, plant materials, and chironomid lsrvae, I found
a significent difference In the occurrence of
ephemeropteran food items in the different age groups of
trout (x°3 = 9.05; P<0.05)
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Table 3,19 The total annual composition of the diet of 136 salmon
parr assessed by Occurrence Volume and Number methods.

(+ = < 0.2%)

Average percentage represented in total sample

Food organisms Occurrence Volume Number

Benthic food

Lumbriculus spp
Ancylastrum fluviatile
Limnaea pereger
Amphinemura Sppe

Leuctra sppe.

Nemoura spp.

Prgptonemura meyeri

Baetis rhodani

Caenis spp.

Ecdyonurus spp.
Ephemerella spp.

Other Ephemeroptera nymphs
Anabolia spp.
Plectrocnemia conspersa
Rhyacophila dorsalis
Hydroptila spp.

Other {richopteran larvae
Helmis maugel larvee
Latelmis vokmari
Chironomid larvae

]
.
L]

o
.
.

L]
*
-

[
n
=

=
L]
FPOOKF WHENNOOONN £ 000 ONW NN

+OON\N\O\N\DI-‘9|—'-POOOOI—‘OI-'
N WU AW FWNOARP NN OHFWOUL D

L]
W O\ OO0 FUVWONOMNOH\ ONON N WH K NO

[™)
OOk OOOOO\I-‘!-'\nle\NON\OOHOOOOO

[

Chironomid pupae +

Simulild larvae 4, 3.0 .
Tipulid larvae 1. 3.8 .
Other dipteran larvae C. 0.5 .
Other dipteran pupae o. C.6 .
Midwater food

Helmis maugsi adults 2e2 262 1.0
Micronecta spp. 2.2 2.0 1.6
Aerisnl and Terresﬁial food

Aerial and Terresdial arthropods2.1 8.1 1.9
Miscellaneous food

Plant materials 6.0 7.8 6.7
Stones 0.7 Q.4 0.2

Total 100.0 99.2 99.5
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(b) Salmen parr
(1) Compogition of the diet

Trichoptera larvae were the predominant item in-the
diet of selmon parr (Table 3,12). Among them larvze of

ngbolia spn, Plectrocnemia consperss, Bhysconhils dorsalis,
Hydrontils sprn. and other trichopteran larvae were welle

represented, The ephemeropteran nymphs occurred in

26,57 of the total stomachs, were the next imrortant dietary
1tem and repfesented by Bastis spp, Caenis spn, Egdzggurvg
spp, Lphemerella spp, and other éphemeroptefan nynphs,

The diptersn larvaa which included chironomids, simuliids,
tipulids and others occurred in 13.%7, 487, 1.57 and C.67
of the total stqmachs respectively. Aerial snd terrestrial
organisms were consumed by Z,1%7 of the total fish,
Amphinenura spp, Leuct y and Protonemira meyverl were
the important Plecoptera in the dlet. 0Oligochaetes,
gastropods and Coleoptera were of insignificant importance
as compared with other food organisms., €.77 of the total
stomachs contained the miscellaneous food i,e, plant
materials and stonesy of these 6,07 had plant materiall

end 0.7 had stones,

Fig. 3.7 shows the seasonal varlation in the food
intake of salmon parr. It is epparent that most food was
taken from April/May to fugust/Septerber and it decreased
to a minirum in winter,



Table 3,913 The food of salmon rarr in Afon Llafar. (+ =&.1%)

Feb/tar Apl/May June/July Aug/Sept Oct/Nov Dec/Jan Feb/lar

Organismlio. Fish
present jcontaining

Fcod orgariema in the |each item
total
zZamrle )
A B a B A B A B A B A B A

"

Ho, % INo. F No. % Jido.

B

1S

No. % |No. % |No. % INo. % {No. % INo, % llio. & Jin. % {Ho. % lio. %
Ol:igochaeta 3510.2] 1] 4.0] 1] 0.1 1] 1.6 I <1 z.2] 2]
Castropcda 2{o) 1] 2.3 6] 0.9! 3] 5.0] z5] 6.6] 7]12.2] 11i t.0] 5] 9.0 1ol
Zlecoptera nymohs 1{c.2t 1t 2.3 L4103 27 8.0t 2! 0.31 11 1.6 . 14 031 14 1.8125132.5) gl2s.6) 71 3.14 3
Z-rorerortera 66 113.1|14 {33.32 23| 2.0 7(28.0}20131.8113 [30.0{2C9|39.6(|12 |21.0] 58|21.2[14 [25. 4126 |34 .2]13 [34.2] £512%.5148
| -
Trichertera larvae 231 4.5 L | 9.5 17| 1.5{ 5l20.0] 39] 6.1|11118.3] 11} 2.0] 6}10.5]/173|63.3]{18|32.7|16 |21.0| 9123.6{ 41]15.3}12
Chironcmil lorvae k51 9.0111 [26.1 {1076 [95.7] 9136.0]291 [46.1}12 |21.6] 99;18.7[15]|26.31 14| 5.1 7[12.7] 2| 2.6 2| 5.2} u7(21.¢] 8
JSizmulid larvae 354 {70.6] 4 1 9.5 26 n2.310 71l 1etceol 71122 4 1.3 1148 1.3 2.6l22110.21 &
Divtersn lnrvae
ard rerae 210.31 1} 1.6 af 4.6 2
Colzcptera adults
ond larvae 110.2) 11 2.3 21031 111.6] 6} 1.1) hj72.01 1]0.3 1] 1.8} 313.9| 21} 5.2
werinl and Terres— .
trial insects . 1] 0.2l 1} 2.3 : : E 491 9.2] 41 2.0} 2]0.6] 111.8
Stenes 3] 0.6 11 2.3 1l + | 1 4.0 72114 2] 3.3 612.1] 4] 7.2 21 0.6] 2
Tlants 5{1.0f 4| 9.5 . 210C.3) 2] 3.3 21031 213.5] 310.9] 315.4) 3]3.912] 5.2 2§ 0.8

o



Table 3,14 The average percentage composition of the food assessed by occurrence, volume and number

methods of salmon parr of each age group. ‘+ . 7. .,
Species of fish Salmo salar -
Total No, Fish . 136
Age O+ T+ 2+ Z+
No. fish in each age group 9 ' 24 ' 43 10
Method of Assessment 0 v N o) \'4 N 0 v N o v N
Food items:
Lumbriculus spp. Qa2 071 0u1 ] 1.2 2.5] 0.8 2.3 1.7 1.4
Ancylastrum sppe L,s| 3.0] 2.2 ] 5.0 3.0 1.5
Hygrobates spp. '
Plecoptera nymphs 571 4.6 6.1 2,31 2.5] 1.7
Ephemeroptera nymphs 16.6 {12.4 113.3 {27.5 [20.7 126.8 {31.6 125.9 |41.3 {30.5| 7.5 |25.3
Micronecta spp. 8.8 | 8.1 6.4
Trichoptera larvae - 183.3 [87.6 186.6 |15.5 [25.5 114.6 [13.1 {18.5 | 7.1 {13.8 1 24.2 ] 9.7
Coleoptera adults 34 | 4.5 | 2.0 5.51 4.5 ] 2.2
Coleoptera larvae 0.3 1] 0wt | + 551 1.2} 1.0
Chironomid larvae 25.0 117.3 136.3 }18.5 | 4.9 |20.7 |10.2 | 20.3 | 62.9
Chironomid pupae 0.2 | 0.4 | 0.1
3imuliid larvae 3.7 { 4.5 1 6.6 | 9.1 ] 5.4 [17.5 | 6.7 ] 2.3 ] 8.4
Tipulid larvae 6.2 {15.2 | ha1 :
Other dipteran larvae 0.2 0.6 | 0.1 2.3 1 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 1] 5.5] 0.8
Stones 3.1 11,8 | 1.1
Plants 2-9 N 1."" 0.6 3.5 1.8 009 17.8 2803 25.3
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(111) Sepsonsl chenges in the food of s-lron parr
Table 3.13 and Fig., 3.8 show the seasonal food of

salmon parr in Afon Llafar, Trichoptera end Diptera (
Chironoridae end Siruliidae) larvae, Ephemeroptera ond
Plecoptera nymphs were found in the stomachs throughout
the year, Trichoptera larvae were more frequent in the
diet in Cctober/November to February/idarch than in
AprilMay to August/September as most of them emerge
during sumer.. Chironomld end simulild larvee were very
cormon food items in April/May to August/September, because
of their attaining a maximum $1ze and consequently becoring
rore prominent at this time, 0Oligochaetes, gastropods,
' Coleéptera vere insignificant food items in any ssason.
Aerial =nd terrestrial insects were found from early
gpring te late sutumn,
(1v) Food 4n relation to age

. Teble 3.14% shows the food of salmon parr assessed by
three different methods in each age grovp. x? test showed
2 highly significent difference in the occurrence of
chircnomid larvae (x%3 = 12,41, F<0.05,< 0.02<0.01)in

the food of different sge groups of sslmon parr,

(c) Dtilisation of fauna

Fig.3.9 shows the percentage composition by number
of the fauna and food items of trout and salmon pars.

0ligochastes were common (8,6%) in the river, but
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Lumbriculns srv. comprised only 0.57 and 1,47 of the total
food of salron parr end trout respectively. This could be

" due to swift digestion by the fish., Castrovods and
Hydracarina were rare in the fauna snd food. 7.17 of
Plecoptera were recorded in the bottom fauna survey; but
only 2.57 of the trout and 3.57 of the salmon parr food
belonged to this group.  Erhemeroptera were found in 9,74
of the total benthic fauna, The members of this group
formed a significant part of the benthic food of salmonids
f.e. 27.37 for trout snd 26,67 for salmon parr, The aquatic
Hemiptera formed a small proportioh ( 0.17) of the salrmonid
food, .although this group made vp a substantial (9,27) part
of the total fauna, 27,07 cf the diet of salmon parr and
19.07 of the diet of trout were trichopteran larvae, vhereas
only 5.C7 of the bottom invertebrates delonged to this
grour. Colecoptera larvae and adults were recorded in 1,2%
of salmen parr and 2.27 of the trout food, though the
number (6.77) in the botton fauna was high, Chiroromid
larvse were abundant in the river and formed %2.57 of the
total benthic fauna. 30.0% and 7.5% of the chircnomlid larvae
were recorded in the total dlet of salmon parr and trout
respectively. There 1s a signiflicant difference between
trout and salmon parr as far as the consumption of chironomid
lzrvze is concerned (F=llh, 43 df=1/11} K0.G5). S mu‘.um
larvae constituted 8.07 of the salmon parr and 1,97 of

the trout dlet, though only 1.C7 was found in the botten.
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Overall, 707 of the trout diet comprised bottom
invertebrates whereas the salmon parr dlet comprised
91;8?. The rest, 1.e. 30,07 and 8,27 of the diet is
nade up cof zerial and terrestrial insects, plant

nizaterials and stones,

O STMMARY

(1) 1ith the exception of olipgochaetes there ere no
significent differences in the bottom fauna at Ly, Lo

end Ly (P 0.05). |

(2) There 1s a steady downward trend in the number of
eninmals from summer to winter, During surmmer, populations
fluctuate owing to insect emergence (chironemid, nayflies
end caddls flies) and hatching of eggs and development of
larvae of succeeding insect generation., In winter nany
fornms are more or less dorment and inactlve and not

casily availlable to fish,

(3) FErhemeroptera nymphs, Trichoptera snd Diptera larvae
are the rmain benthic fcoocd of salmonids in the strecr,

(4) Aerial aﬁd terrestrial insects occur in 15,1 and 1,47
of the total trout and salmon rarr storachs respectively.
(5) Plant material gppezr to have been eaten deliberately
end not accidentally. Algae, moss and leaves of other
squetic plants were found in 6.07 of salmon perr =nd 4,17 cf
the trout stomachs,

(6) There 18 no seasonal relaticnship between the consumpticn
of invertebrate food of aquatic origin aznd aerial ond
terrestrial forms,
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(7) 70 of the food of trout and 91.87 of the food
of salmon parr is derived from the benthic fauna,
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CHAPTER 1V

TH J VIRONY ENT

Afon Llivw is situated on the southwestern part

of the Llyn Tegid, Merlonethshire, North Wales., 1t
flows fronm the southemm slopes of Moel Llyfnant, 745m
high, The source of the stream is 484m above mean sea
level, It 1s the main tributary stream of Afon Dyfrdwy
(Little Dee), and joins the latter about 300m from the
lake after flowing through the so-called "Bala Bods®
(Ashgill end Carsdoc). The stream descends through
the mountains into the hilly farm lands, Before joining
the Little Dee it 1s joined by many tributary streanms,
Upon its approach to the junction the river gradually

widens into a broad waterway. The united waters of the
Afon Lliw and Afon Dyfrdwy find their way towards the
southern end of the leke,

One sampling station (LW) was selected on this stream
(Plate 4,1). The station is located 3.2km away from the
leke at en altitude of 200m 0.D., Here the stream i1s sbout
em wide and O.3m deep. <he substratum is composed of

loose rocks of varying sizes as well as solid rock., There

tica

trees on the banks (Figs. 3.2 and Plate 4,1),



TAZLE 4,1 MEAN MONTHLY .ESTIMATES OF PHYSICAL CONDITIONS IN AFON LLIW.

(1a69—76)
Months M A M J J A s o] N D J F M A
Water Temp.‘b 5.5 5.0 8.5 13.3 15.5 16.1 9.7 9.0 5.0 4.3 4,0 4,0 4.5 5.8
pH 7.0 7.1 6.8 6.8 6.7 Tl 742 742 7.0 A 7.4 7.1 7.2 7.5

Specific conductance | 183 216 210 198 119 288 309 285 L0 415 440 310 212 201
(micromhos/ cm3at 25 C) ‘

12

Dissolved 02 , % sat. -. 98 101 112 18 105 98 102 g6 95 98 96 110 107 101

Turbidity(as Fuller's : .
Earth) 21 23 24 19 18 28 30 27 s+ 77 8 80 68 32

-

Velocity of water 0026 0019 0023 0013 0.11 0014 0.23 0029 0075 0.71 0066 0.60 0.53 00“1
current ( m/sec.)
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Table 4.2 The density (Av. No./mz) of the fauna at one sampling

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

Sampler
Neme of Species No. % Av.Noy
Sppe m
Hirudinea ¢ ToThLY (11) (0.3) (7.4)
Helcbdella stagnalis 7 0.2 5.3
krpobdella octoculata 4 0.1 2.1
Wlirochaeta (437) (15.3) (333.8)
Hlomochaeta naidina 5 0.1 3.2
niseniella tetraedra 5 0.1 3.2
Lumbriculus varieg=mtus 61 2.1 46.0
Stylodrilus heringianus 356 12.5 271.7
Peloscolex ferox 6 0.2 4,2
iAinlodrilus vnluriseta 4 0.1 2.1
Gastroroda (5) (0.1 (3.2)
[Ancylastrum fluviatile 5 0.1 342
Lemellibranchiata (6) (0.2) (4.2)
isidium cinerium 1 0.7
Pisidium suletruncatum 5 0.1 3.2
Lrohi voda (3) (+) (2.1)
Gausmarus pulex 3 + 2.1
Hydracarina (2) (+) (1.0)
Sperchon denticulatus 1 + C.7
Hyprobates fluviatilis 1 + .7
(Plecovtera (80) (2.8) (60.9)
lenoura savicularis 1 + 0.7
Leuctra hippopus S 0.1 3.2
Protonemura meyeri 15 C.5 10.7
Chlovoperla trivunctata 2 + 1.0
Amrhinemura sulcicollis 20 0.7 14,9
Izonerla crammatica 3 0.2 - 5,3
imphinemura - standfussi 11 0.3 7.4
Leuctra nigra 2 + 1.0
Chloroperla torrentium 11 0.3 .
Leuctra fusca 5 0.1 3.2
Sphemerontersa (7¢c0) (24,.6) (£35.0)
Bagtis pumilus 12 Ok 8.5
Leptophlebia v2snertina 20 0.7 14,9
Baetis rhodani ? 0.1 Se3d
. {[Bedyonurus_venosus 19 0.2 74
Centrcptilum luteolum 629 22.1 L80.4
Paralentophlebia sulemarginata 2 1.0
Rhithropena semicolorata 3 0.1 2.1
Caeris noesta 1 + C.7
phemerella ignita 3 G.1 2.1
Leptorhlebia marginata 10 0.3 7.8
Kcdyonurus. dispar 2 1.0
Herntnpenia lateralis 1 + 0.7 __|
Hemintern (2€6) (9.8) (202.5)
Licronecta voweri 264 G.8 201 .1
Corixa panzeri 1 + 0.7
Liigara nymph 1 + 0.7
<
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Table 4.2 (contd.)

63

Sampler
, No. Av.No
Name of Species Spp. % m2

Megnloptera (6) (0.2) (4.2)
bialis lutaria 3 0.1 2.1
Sialis fuliginosa 3 0,1 2,1
Trichonlera (166) (5.8) (126.2)
ISericostoma_personatum S 0.1 3.2
Plectrocnemia conspersa 93 3.2 70.6
[Fotamophylax latipennis 1 + 0.7
Potamorhylax cingulatus 1 + 0.7
hnabolia nervosa 21 0.7 16,0
Glyrhotaelius pellucidus 3k 1.1 25.6
Hydrovwsvche instabilis 6 0.2 4,2
Hydroptila tineoides 2 + 1.0
Polycentropus flavomaculatus 1 + 0.7
Diplectrone felix 2 + 1,0
Coleontera (51) (1.7) (-8.5)
Halivlus lineatocollis 2 + 1,0
Platambus maculatus 12 Ok 8,5
Helmis mougei 16 0.5 11.7
lielopnorus flavives 1 0.7
Latelmis volkmari 14 0.5 10.7 1
Helodes marrinata 6 0.2 4,2
[Divtera .

§15 Ceratororonidne (12) (0.4) (8.5)
Ipezzia sop. | 12 C.h 8.5
(2) Simuliidae (L) (0.1) (2.1)
Simulium monticola 3 0.1 2.1
lbimulinn brevicaule 1 + 0.7
(3) Tirulidae (6) (0.1) (4,2)
Tivula montium 5 0.1 ~3.2 |
fimula cauckel 1 C,?7
(&) Chironecmidae (1007) (35.4) (769.3)
‘olyredilum nuceculosus 592 20.8 451,5
lanvtarcus sienatus 169 5.9 128,54
[frodiomesa olivacea 110 3.8 83.4

entaneura monilis 98 3L 74,9
Frocladius choreus 35 1.3 28.8
jyrichoclggius-rufivuntris

(6) Otner dipteran larvae {19) (0.6) (13.9)
Dicranota robusta 1% O.b 9.6
Limnorhora Spro, 1 + 0.7
Lianealus virens ! p) 0.1 2.1
iTavhrorhila vitripennis o + 1.0
Dipteran pupae 57 2.0 42.8
Total number of animals 2842

Av. no. animals/month 202.9

. 2
Av. no. animals/m 2171.0
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(¢) Fhysical gand Chemical conditiong

Table 4,1 indicates the mean monthly estimates of
physical factors at LW, VWater temperature, recorded at
monthly intervals, varied between 4 and16,1°C. The pH
was generally constant (6,7-7.5), reflecting the
chemical stability of the stream. The veldcity of water
current ranged from 0.11-0,75 m/sec, The lowest values
of conductivity and turbidity of vater were recorded
during summer, and highest values inwinter, An increase
in oxygen saturation during summer and a decrease in

winter was observed.

Water samples for chemical enalysis were taken as
before and the results are given in Table 3.4, There was
little difference between Llafar and Lliw water, -

L

coy N _OF THE

Table 4,2 1ists the animal fauna found in the strean
during rcutine sampling, snd also the total number of
specimens of each category taken by the sampler, As far
as possible the material was identified to species. The
X end Limsea
pereger (0,17 and 0.17 by mumber of the total founa) was
similar to the findings of Jones (1942a) who noted their

almost complete absence of Gepmarus

absence from several soft water streams in south Wales,
although they were present in large numbers in a nearby

hard vater streanm,
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I found a steady increase in the totsl number of
individuals fronm winter to summer es did Frost (1942),
Badecock (1949) and Hynes (1961).

Seasons Spring Summer Autumm nter
Totzl o, 1229 3118 989 915

senimals

Mtogether 85 species were recorded from this
stretch, The species belonged malnly to groups
0ligochaecta, Plecoptera, Ephemeroptera, Trichoptera,
Colcoptera end Chironoridae, Fig;'h.l illustrates the
seasonal fluctuations in numericsl sbundance of six
groups, as a percentage of the yearly cztch for each
group. These six groups together account for over 857
of the total catch. The fall in numbers in winter for
these six groups parallels the.fall in overall numbers.

() da
(1) Hirudinea
0.2" of the tenthic fauna was composed of Felobdella

very cgmmon. I collected more oligochastes during sumer
(Fig. k4.1),



67

(B) Mollugen
(1) Gastropods
Lirnsen pereger was very rare compared to
c t u le.

This group was represented by Cammarus pulex vhich
formed 0,1¢ of the total fasuma,
(2) Arschnida

(a) Hvdracaring

The members of this group were aslmost absent being

0.1% of the total aquatic invertebrates.

(3) Insects
(a) Pleconters ,
11 spccies of stoneflies were represented in this

group vhich formed 2,67 of the total macrobenthos.

3 and Chloroperla torrentium were common and

the rest occasional, I found that the number increased

during summer (Fig.k.1).
(b) Inhemerontera

1% specles occurred in this group and constituted
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18.%7 of the total enimals, Centroptilum luteolum vas cormmon.

An increase in number of mayfly nymphs during summer was

nticed vhich may be due to their spring emergence (Fig.k4.1)s
though according to Macan (1957) the timings of their life
histories vary, end are affected by high summer temperatures
end oxygen deficiency.

(¢) Hemiptera

11.67 of the fauna was represented by three species
of this group vhich were not thé usual inhabitants of the
stream, Ihey were usually found when the current was slow
end there was more vegetation near the bank during surmer
gnd auturm. Maybe they have been washed’away fron back
vaters by the flood and colonized asgain in sheltered
placesy but according to Popham (1943) they are
stimulated to migraté byihigh temperature, over-crovding
and unsuitable beckground,

(d) Yezalopters
O.&% of the fauna was composed of Sialis Jutaria
end Slalls fulipinoss.

(e) Irichoptera

14 specles were identified and listed in Table 4.2
vhich constituted 5.97 of the total benthos, pPlectrocneris

gonspers3 was very common. I noticed more trichopteran

vegaioplers

larvae during summer (Fig. %.1).

(£) Coleopters
Five species 1listed in Table 4.2 were rare and meke
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Table 4,3 The total annual composition of the diet of 113 trout
and 93 salmon parr assessed by Cccurrence, Volume and
Number method. (+ =& 0.1%)

Food organisms Trout Salmon parr
Benthie food ’ @ | 6 | 3 @ || @
Lumbriculus spp 1.0! 0.2} 0.8 - - -
Ancylastrum fluviatile 0.6 + + 0.2 0.1} +
Leuctra spp 0.1 + 0.1 6] 0.1 Ok
Amphinemura spp 0.6 | 0.1 | 0.4 1.8 0.41 0.9
Protonemura spp O.bk | 0.1 | 0.6 1.6 0.2] 0.6
Caenis spp 2.3 | 1.0} 4.8 4,21 2.1} 9.1
Baetis spp - 4.8 | 2.2 | 3.1 9.4 ! 3.6| 5.2
Other Ephemeroptera nymphs 7.3 | 5.0 | 7.k 19.3 [22.4{14.8
Plectrocnemia conspersa 7.8 [12.9 |10.9 4.3 7.9[11.5
Other Trichoptera larvae 12,0 | 7.0 | 8.2 19.3{30.1/17.1
Helmis maugei larvae 2.8 | 0.2 | 1.7 0.2 | 0.1] 0.3
Latelmis volkmari iarvae 2.0 | 0.8 | 1.6 0.2 + | +
Chironomid larvae 2.7 | 1.0 ] 3.1 4,71 5.5| 8.9
Chironomid pupae - - - 0.6 0.1| 0.k
Simuliid larvae . 0.7 | 03| 2.0 5.6 2.9 8.3
Tipulid larvae 0.2 | 0.1 + - - -
Other dipteran larvae 4.8 | 3.4 | 9.0 6.6] 1.6] 4.3
Midwater food
Helmis adults 0.8 | 0.3} 1.1 -] - -
Other coleoptera adults 1.1 | 0.4 1.0 - - -
Fish 24,9 [33.7 |22.2 ' - -1 -
Aerial and terrestrial food
Rerial and terrestrial insects 12.4 |19.4 [13.6 9.7116.0|13.7
Miscellaneous food )
Plant material - 8.3 |10.0 | 6.4 85| 3.6 2.9
Fish eggs : 0.4 | 3.3 1.2 2.5] 2.6{ 1.6
Stones 1.0 | 0.5 0.5 - - -
Total 9940 159,51 99.7 99-4 B33 0G5
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1.4 of the total organisms, Lgtelmis volkmari was
present in every season,

(g) Dinters |

(1) Chircnomidse

A large component (39.67) of the benthic fauna was
formed by this family in vhich sevenspecies were
identifiable. I observed that their numbers were much

greater in summbr than in any‘other season (Fig.4.1).

ther ter ag
Dicranota robusta, Lé..mnmzwp. Tephrophila
vitripennis and Lianea g constituted 0.87 of the

total bottom invertebrates.

3, FEEDING FABITS OF SALMONIDS

A totol of 113 trout and 93 salmon parr were taken
approximately at 2 monthly intervals, November 1668 -
March 1970, for food studies. Of these 10% trout and 82
salmon parr contained food in varying anmounts and the rest
of the stomachs were empty (Tables 3.6, 3.7).

Detailed exsmination of. stomachs was carried out by
applying the four different standard methods mentioned in
Chapter 3.4b.

Table 4,3 shows the composition of the diet of trout
in Afon Lliw, from November 1968 to March 1970.
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Trichoptera larvae, Ephemeroptera nymphs and dipteran
latvae, thich formed 19.97, 8.27 énd 4,87 of the total
volume respectively, were important benthic food items.
33.7¢ (by volume) of the food was composed of the fish
and 19.47 of aerial and terrestrial insects. The
miscellaneous food which includes plant materials,
occurred in 10,07 of the total volume of food.
oligochaetes,'géstrcpods, Plecoptera nymphs end Coleoptera

adults and larvae wers not major food items,

Fig. 4.2 shows the seasonal variation of food intske
of trout in Afon Lliw, The curve clearly indiecates that
the feeding activities are at thelr pesk from March to
September and they gradually decrease to a minimunm in

winter months,

(c) Seasonal chenges in the food of trout
Plgs. 4.3, 4.4 show the seasonal variation of the

. more common food items in the stomachs of'frbut.
0ligochaetes,rainly Lumbriculus sp. were found during
lovember and December, GCastropods were represented by
Ancylastyum spp. in the month of August, More Plecoptera
nymphs were eaten during eutumn and spring than in summer,
Ephemeroptera nymphs and Trichoptera learvas were consumed
throughout the period, Coleoptera adults and larvae,
particularly of Helmis spp. end Latelmis spp. were eaten



Table 4.l The pevsentage composition of the food assessed by occurrence, volume

and number methods of trout of each age group.

Mo

Name of Species Salmo trutta
Total No. of Stomachs 113

Age O+ 1+ o+

No. sp . in each age group 2 61 24

No. empty stomachs - L 0 L
Methods of assessment 0 v N 0 v N 0 v N
Lumbrieulus spp. 2.8 | 1.3 ] 2.7

Ancylastrum sppe. 3.3 | 0.1 0.2

Plecoptera 2.1 ] 04 1 1.8 | 2.07 0.3) 1.6
Ephemeroptera 35.4 123.3 |37.2 |20.2] 10.3 [13.1
Trichoptera 241 138.5 |21.3 |45.5] 50.8 | 44.9
Coleoptera adults 9.7 3.7 | 10.1
Coleoptera larvae 20.0 | 6.2112.5| 4.1 | 0.6 | 4.2

Chironomid larvae 6.1 { 3.0 5.6 | 4.7] 1.7 5.4
Simuliid larvae 0.7 | 0.1 0.7

Tipulid larvae 141 0.8 ] o.4
Other dipteraalarvae 20.0 {15.5[(37.5| 1.3 | 0.6 | 1.6 | 1.,5| 0.k| 0.9
Aerial and terrestrial

insects 20.0 [30.0 {12.5 |17.9 [27.7 ;21.8 [13.1] 31.7 |22.6
Fish

Fish eggs

Stones 0.8 11.6 | 0.4

Plants 1+0.0 48.3 3?-5 1 o? 2.3 1 o’"’
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nmore during summer than in spring snd sutumn, The trout
" had fed nmore on chironomid larvae during summer than in
wvinter. Other dipteren larvse were present in the food
during summer only., Aerlal and terrestrial insects were
present in greater abundance during spring, summer and
early autumn then in winter, Fish were found in the
stomachs during December to March., Miscellaneous food,
vhich includes fish eggs, stones, and plant materials,

were found mostly during winter,

Table 4.4 shows the food of trout assessed by three

different methods in each age group, 48,37 and 2.3 of the t
total volume of food were composed of plant materials in
O+ end 1+ age groups of trouty whereas those were absent
in the food of older fish, Similarly, fish made up 68,5
and 100,07 of the food (by volume) in the 3+ and 5+ age
groups, but none in the fish that belonged to O+ to 2+,
I found & significant difference in fhe occurrence of
ephemeropteran (x23 = 12,1, P< 0.05< 0.02 < 0.01) and
aerial and terrestrial (123 = 7.83, P<0.05) food items
in the @ifferent age groups of trout,

Table 4.3 shows the total composition of the diet
assessed by three different methods. Food items of many
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kinds were found in the stomachs of salmon parr and there

" were considerable difficulties in the exact identification
of fragments of food. 77.87, 16,07 and 6.37 of the total
volume of food items were composed of benthic, aerial end
terrestrial, and miscelleneous foed. 38.0% by volume of
the diet was Plectroenemia conspersa, and other unidentifisble
trichoptersn larvae; 28.87 by volume was Fphemeroptera
nymphs among® which Bastis spp. and Centroptilum spp. were
identifigble. 5.57 b volume of the diet was chironomid
larvae, Leuctr o Jmohinerura spp, and protonemurs spp,
of the group Plecorterg; Ancylsstrum spp. of Castropodas
Letelmis volkmari of Colecptera and finally the other
dipteran larvae were occasionally present.

Fig., 4.2 shows that the maximum food intzke occurred
in the month of July and it gradually decreased to a
minimum in January.

(c) Segsonsal chenres in the food

Figs. 4.3 and 4,4 show the seasonal changes in the
food of salmon parr, ?lecoptera nymphs were eaten more
during spring, summer and early sutumn than in wvinter,
Ephemeroptera nymphs and Trichoptera larvae, being major
food 1tems, were consumed throughout the period. More
chironomid end simuliid larvae were found in the stomachs
during summer than in any other season., Other dipteran

larvae occurred in the food only in winter. Not surprisingly,



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

volumz and number methods of salmon parr of each age group.

“ < o

rd

Name of Species

Salmo salar

Total No. of Stomachs

Age O+ 1+ 2+ 3+

No. Stcmachs in each age

group 13 Lo 36 L

No. empty stomachs 5 - 6 -
Methods of assessment v \') v N 0 v N
Lumbriculus spp.

Ancylastrum spp. 0.8 | 0.5

Plecoptera nymphs 9.4 | 2.3 0.7 | 2.8

Ephemeroptera nymphs 20.0 29.7 {23.9 28.5 {24.2 139.5 | 41.2 | 39.5
Trichoptera larvae 67.5 20.7 | 32.0 31.5 |20.0 | 6.2 ] 20.6 | 10.7
Ccleoptera larvae 2.31 0.8

Chironomid larvae 0.9 [ 11.6 10.6 | 14,0

Chironomid pupae 2.7 1 0.7
Simuliid larvue 4,71 k.0 7.1 {21.5| 6.2] 0.8} 3.5
Other dipteran larvae 1.7 1 0.6 1.1] 2.5120.8] 4.8]13.3
Aerial and terrestrial

forms 5.3 | 19.1 20.0 | 14.6 | 18.7} 25.0 | 27.2
Fish eggs 1.7 2.1 8.3 8.6 500
Plants 12.5 7.6 2.0

8L
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salmon parr had fed more on serlal and terrestrisl insects
during surmer than in winter, Aquatlc plants cccurred in

stomachs during late autumn end winter,

(d) Food in relation to age.

x2 test showed a significant difference in the occurrence
of ephemeropteran (x23 = 10,07, P<0.05 { 0.02) and aerial
end terrestrial (x23 = 9,28, P<0.05) food items in the
different age groups. As far as other food items were
concerhed, there were no significsnt chenges in the diet in
different age groups (Table 4.5), |

(111) Ut tion the fau

Fig. 4,5 shows the percentage composition by numbers
of the fauna and food items of trout end salmon parr,
0ligochaetes formed 14,z of the fauna but they did not
seerm to be eaten.by salmon parry only 2.1% were recorded
from the trout. Castropods were found in a very small
quentity in the fauna and food. 2.1% of the benthic fauna
was composed.of stonefly nymphs, though they too were not
often taken by the trout. I found a significently high
positive correlation (r= 0,72y P - <0.01) between benthic
Plecopteran numbers and the numbers of plecoptersn food
found in the stomachs of salmon parr from nmonth to month,
Mayfly nymphs constituted 18,47 of the total bottom faunag
29,17 of the food of salmon parr and 18,57 of the trout
food belonged to this group., The correlation between the
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nurbers of Ephemeropters, Trichopteraz snd chironomid larvae
present in the food of salmonids, and the numbers in the benthic
fauna was insignificent, This could.be caused by patchy
distridbution of the above groupsin the fzunaj or the fish
might have been feeding at a place rich in mayfly nymrhs,
trichoptersns and chironomid larvae, Trichoptera larvae

as a focd item were found more in the stomachs of trout
(18.97) =nd salmon parr (28,57) than the fauna itself

(5.57), 0.77 and 6,97 of Coleoptera were eaten by salmon
parr and trout, whereas in the fauna only 1.47 wvere

recorded, There was a signlficant correlation

(r = 0,73 P { 0.01) betveen coleopterans present in the

food of trout end in the benthic fauna. Chironomid larvae
vere the largest group of the benthic fauna (35.07), although
in the trout stomachs they were conly 3.17 of-the;tofal,

and 8,97 in salrmon parr, Sirulild larvae together with
other dipteran larvae corprised a small percentage of the
bottom invertebrates, although they had a high percentage
representation in the food of salmonids (Fig. 4.5).

52 S ARY

(1) Oligochaeta, Ephemeroptera, Hemiptera, Trichoptera and
Chironoridae form more than 90% of the bottom fauna,

(2) fhe number of Chironomidae, Coleoptera, Trichoptera
Ephemeroptera, Plecoptera and Oligocheeta inereases during
summer snd gradually decreases in wvinter,

(3) The members of the Trichoptera, Ephemeroptera, Diptera
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and Plecoptera are the ﬁain aquatic food of trout and
salmon parr. , _

(%) 53.37 snd 81,67 of the bottom fauna (by nurber) were
consuned as a food by trout and salmon parr and the
remining 46,74 and 18,47 were fish, aserial and terrestrial

snd miscellaneous food 1te@g.
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CHAPTER V

AFON DYFRDWY

1. THE ENVIxONMENT
(a) General topography
(b) Description of the sampling sites
(c) Physical and Chemical conditions
2. COMPOSITION OF THE FAUNA
3. THE FEEDING OF SALMONIDS
(i) Brown trout
(a) Composition of the diet
(b) Seasonal variation in food intake
(c) Seasoaal 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 cﬁanges in the food

(d) Food in relation to age

(iii)  ytilisation of the fauna * -
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CHAPTER_V
1, THE ENVIRONMINT

(a) Genersl topography

Afon Dyfrdwy rises as a srall stream in the Dduallt
at zn elevation of €60m OD3 and flows through the
Pre-Ceambrian beds, contemporaneous lgneous rocks and
Ashgill snd Carzdoc beds of Bala Series. The Dyfrdwy
as the Dee 1s called in Welsh, before entering the lske
recelves on the right the Twrch from Foel Fhudd, snd on
the left the Lliw from Moel lLlyfnant, The three streams
reet at the little village of Llanuwchllyn, and the mmited
waters enter Llyn Tegid, the largest natural lszke in Vales.

Two sarmpling statlions, namely LD, &nd LD2 were selected
and monthly sarples tazken over fourteen consecutive rmonths
at both siteg; The first station, which 1s referred as
LDy (Plate 5.1) in the text, was located near the lzke
about 40m upstream from the shore, at en altitude of
175m 0.D. FRiver width here ranged from 10m at low to
20m et high water. Depths in summer water ranged from
0.15m to lm. The substratum was sand and gravel, There

ves no aguatlc vegetation near the banks,

Site two which is referred as LD2 in the text (Fig.3.2) wvas
located on Afon Dyfrdwy near its junction with Afron Twreh at



TABLE 5.1 MEAN MONTHLY ESTIMATES OF PHYSICAL FACTORS AT LD1 SAMPLING STATION IN AFON DYFRDUWY.

Months M A M J J A S o N D J F M A
Water Temp.(é Sel 545 8.5 12.5 16.0 15.0 8.4 7.5 S 3.6 3.5 4,2 4.9 8.1

Specific conductance

( 2 cromhos / cmiat 25 C ) 194 226 232 119 132 124 201 276  Léo k20 453 336 201 112

Dissolved 02, % Sat. 95 96 ‘0" 97 98 108 94 102 1M1 116 108 s8 102 99

Velocity of water current 0.25 0.18  0.20 0.14% 0.11 Ce14 0.21 0.3% 0.41 . 0.58 0.64 0.68 0.32 0.28
( m/ sec. ) : : . }

pE . 7.4 7.1 5.8 6.9 6.8 7.1 yR 7.0 7.1 7.6 72 7.4 7e1 7e1

f“::igiiier,a Yarth.) 18.1. 22.1 25.8 19.1 20.1 27.6 36.2 30.7 63.5 844k . 97.5 8.3 67.3 26.6

73




TABLE 5,2 MEAN MONTELY ESTIMATES OF PHYSICAL FACTORS AT 1D2 IN AFON DYFRDWY.

Months

o
Water Temp. C

Specific conductance o
( micromhos / cm’at 25 C)

Dissolved 02, % Sat.

Velocity of water current

(m/ sec. )
pH

Turbidity
( as Fuller 's Earth.)

5.0 5.8 8.6 12.6 16.2

63 62 7 79 80

96 103 95 99 98

0.21 0423 0,18 0.12 0.09

7ok

131

21.8

5.6

251

102

0029

7e1

56.4

3.4

326

112

0.58

7.2

88.8

3.6

268

108

Ol6l+

7.4

79.5

309

104

0.70

7.6

86.5

4,6

146

101

0.60

71

51,1

7.8

89

98

7.0

23.7

42
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an elevation of about 183m 0.D and 1l.6km upstream from
K site iql. The width varied from about 5z at low water to
10m at high vater, The river hed deep channels in sonme
places. ZThe substratum was of stones. Zlhere were trees

all along the banks (Plate 5.2).

(c) Physical end Chemical conditicns

Mean monthly temperatures of the water werse recorded
end estimates were nade of dissolved oxygen, pli, current
velocity, conductivity end turbidity of water each ronth
at LI& (Teble 5.1) and LD, (Table 5.2).

«

There was no significant differences between the mean
nonthly estimates of pH, water temperature, velocity of
water current, and percentage saturation of oxygen (Tables

5.1, 5.2) recorded each month at the two stations.

The water was soft and clear except during the flood
season, Turbidity, which is largely due to :s1lt and detritus,
occurred during high water.

Hater samples for chemical analysis were taken as
described in Chapter 3,2¢ and the results are given in
Table 3- 1”0

No significent differences between the chemical
constituents of this stream and Afon Lliw, were found other
than a slight elevation in the amount of Ca gnd g ions
vhich could be due to its geological environment (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 (+ = < 0.1%)

Sampling stations LD1 LD2 9

total
Bottom fauna A;'ZNo' Av’2N°'

m /h

Turbellaria (0.7) - +
Polycelis nigra 0.7 - +
Hirudinea (2.1) (14.9) (0.3)
Helobdella stagnalis . - 0.7 +
Erpobdella octoculata 2.1 13. 0.3
Oligochaeta (272.8) (147.6) (7.5)
Stylodrilus heringianus 238.6 121.9 6.1
Lumbriculus variegatus 43,8 18.1 1.0
Limnodrilus hoffmeisteri 3.2 - -
Peloscolex ferox 2el - +
Aulodrilus pluriseta 1.0 - +
Eiseniella tetraedra 0.7 53 0.1
Homochaeta naidina ' 2.1 1.0 0.1
Gastropoda (6.4) (23.5) (C.5)
Limnaea pereger 6.4 1.0 0.l
Ancylastrum fluviatile , - 21,4 0.4
Lamellibranchiata (3.2) (4.2) (v.l)
Pisidiun milium 2.1 0.7 .
Pisidium hibernicum 0.7 - +
Pisidium casertanum 0.7 - +
Pisidium subtruncatum - 3.2 +
Amphinoda (3.2 (1.0) (0.1)
Gammarus pulex 3.2 1.0 0.1
Isopoda (107.0) - (1.8)
Asellus meridianus 107 © - 1.8
Hydracarina (1.0) (2.1) (+)
Lebertia porosa - 2.1 +
Hygrobates nigromaculatus 1.0 - +
Plecoptera (17.1) (315.6) (6.8)
Amphinemura sulcicollis 7.4 96,3 2.2
Amphinemura standfussi 2.1 103.7 2.1
fhloroperla torrentium - 16.0 0.3
lNlemoura cinerea - 0.7 +
Protonem.ca meyeri 0.7 23.5 0.5
Isoperla grammatica 1.0 z3.8 0.6
Chloroperla tripunctata 0.7 7.4 0.2
Leuctra hippopus 1.0 12.8 0.3
Leuctra fusca - 16.0 0.3
Leuctra inermis - 362 +
Tueniopteryx nebulosa - 0.7 +
Nemoura avicularis 1.0 0.7 +
Leuctra nigra 0.7 +



Table 5, 3(contd.)

2

Sampling stations 'LD1 LD2 %

total
Bottom fauna A;°2N°' A;'2N°°

m n

Ephemeroptera (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
Baetis pumilus 2.1 1801 . 003
Leptophlebia marginata 2.1 ~ 1.0 +
Baetis rhodani 19.2 46 1.3
Caenis moesta 2el 2.1 0.1
Paraleptophlebia tumida 0.7 2.1 0.1
Heptagenia sulphurea 0.7 53 0.1
Baetis scamius - 16.0 0.3
. Ecdyonurus venosus 0.7 10.7 0.3
Leptophlebia vespertina 12.8 0.7 0.3
Paraleptophlebia sulemarginata 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
Hemiptera (422.6) (Lo01.2) (14.7)
Micronecta poweri 390,5 3884 14,2
Sigara spp. (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 - +
Megaloptera (1.0) (7.4) 0.6
Sialis fuliginosa - 1.0 0.6
Trichoptera (39.5) (263.7) (4.1)
Glyphotaelius pellucidus 2.1 65.2 L.h
Plectrocnemia conspersa 3.2 3643 1.1
Mystacides nigra 0.7 1.0 0.1
Rhyacophila dorsalis - 2.1 - +
Agapetus fusipus - 1.0 +
Hydropsyche instabilis 1.0 18.1 0.3
Sericostoma personatum - 5¢3 0.1
Polycentropus flavomaculatus 0.7 2.1 0.1
Silo pallipes - 2.1 +
Hydropsyche  fulvipes - 2.1 +
Diplectrona felix - 0.7 +
Hycroptila tineoides - 22.4 0.5
Agraylea multipunctata - 0.7 +
Potamophylax latipennis 2.1 - +
Anabolia nervosa 26.7 - 0.4
Coleoptera (28.8) (90.9) (2.3)
Haliplus lineatocollis 7.4 - 0.l
Deronectes depressus 5.3 - 0.1
Latelmis volkmari 3.2 48.1 1.2
Helmis maugei 0.7 32.1 0.7



Table ¢ 5 {contd.)

.93

Sampling stations LD1‘ LD %
2
. total
Av, No. Av. No.

Bottom fauna /%2 /52
Platambus wraculatus 0.7 5.3 0.l
Oreodytes rivalis 2l 0.7 +
Hydroporus pubescens 2.1 2.1 +
Helophorus flavipes 1.0 1.0 +
Hyphydrus ovatus 2.1 0.7 +
Diptera
Ceratoporonidae (5.3) (6.4) (0.1)
Bezzia Sppe 5.3 6.4 0.1
Tipulidae (€.4) (7.4) (0.3)
Tipula montium - 2.1 +
Tipula couckei 0.7 - +
Tipula lateralis 342 3,2 0.1
Tipula palludosa 0.7 2e1 0.l
Tipula maxima 1.0 - +
Simuliidae - (9.6) (0.2)
Simuliun naturale - 3.2 0.1
Simulium monticolsa - 4,2 0.1
Simulium brevicaule - 1.0
Chironomidae (2153.9) (863.4) (x0.1)
Pentancura monilis 17.1 58.8 1.6
Prodiamesa olivacea 10.7 7.4 0.3
Cryptochirc:.omus cauptolakis - 3.2 0.1
Procladius choreus 3.2 9.6 0.7
Tanytarsus signatus 0.7 48.1 1.0
Polypedilum nebeculosus 2120.7 73249 k7.4
Endochironomus spp. C.7 -
Other dipteran larvae (2.1) (22.4) (0.4)
Dicranota robusta 2.1 9.6 0.2
Atherix marginata - 1.0 +
Taphrophila vitripennis - 5.3 0.1
Hermerodremia unilineata - 5.3 (3.3)
Dipteran pupae 42.8 127.3 3.3
Total no. animals 43}3 31h4
Av. no. erimals/month 308.0 224.5
Av. no. animals/'m2 3295.6 L02.1
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2: COMPOSITION OF THE FAUNA

Table 5.3 shows the animals recorded in Afon Dyfrdvy,
These have been identified as far as possible, The total
fauna fluctuvated greatly with a period of maximum density
in surmer cnd a smaller pesk in winter (Fig. 5.1, These
findings sre similar to those cf Frost (1942) anad
Humphries and Frost (1937). Seasonal varlations in the
individual groups are recroded in Fig. 5.2,

A totel of 103 specles were rearded from this stretch,
belonging to the Oligochaeta, Plecoptera, Ephemeroptera,
Hemiptera, Trichoptera, Coleoptera end Diptera. The
total number of organisms taken at LD& wvere 4,313 and at
LD, 3,144, Thedecrease in number at LD, may be attributed
to the skzading effect of dense stands of trees cn the
banks., The slgnificent observations on individaal species
are noted below, ‘

(A) Plaetyhrelminthes

(1) Turbellarias
Folycells nigra was scarce in the Strean (Table 5.3).

(B) Annelids
(1) Iirudines |

0.3’ of the total feuna was formed by this group,
Helobdella stasenslis was scarce at both the sites and this
may be due to the lack of abundent marginal vegetstion

(Mann, 1955). I found Erpobdella octoculnts common at
LD, and scarce at L.

’ A -y .
: . ol




Table 5,4 Statistical significance of the benthic fauna

at ID, and LD, at 5% level,

1 2
t= 't test P = Probability

" Benthic fauna t P

Oligochaeta 1.k > 0.05
Piecoptera 3.0 £ 0.05
Ephemeroptera 0.6 ' > 0.05
Hemiptera 0.1 2 0,05
Trichoptera 1.6 > 0.05
FColeoptera 1.8 ‘ ' > 0.05
Ceratopogonidae 0.k D 0.05
Chironomidae | 7.0 £ 0.05
Other Dipt. larvae“ ' | LR £ 0.05
bipferan pupae 1.0 ) > 0.05
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(2) Qlirochgets
The members of this group composed 7.57 of ths total

benthe fauna, Syledrilus heringlonus, Lumbriculus variegatug

were cormcen. Limnodrilus hoffmelsteri was common at LDy
which may be due to fine sandy bottom,aznd scarce =t LD,

vhere the substrate was of coarse sand. There was no
significant difference in the number of oligochaetes at
LD, and LD2 (Table 5.4).

1
(C) Meollusea
(1) Gestropeds
Only two species were found of which Limnaea vereger
wa;'common ot qu end scarce at LD,. 0.67 of the fauna

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

during sumzer than in eny other season,
(2) Lgmellibranchiata

0.17 of thé fauna was represented by four specles
of this grour listed in Table 5.3. All wers scarce s=nd

obtained when the current was low,

Gapparus pulex was scarce and constituted 0.17 of the
total macrobenthic animals,
(b) Isopoda

Asellvs meridienus was scarce and formed 1,87 of the
total catch.
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(2) Arpchnids

(2) Hydracarina
The members of this group were very scarce in the

stxjeam.
(3) Insects
(a) pPlecoptera

16 species of this group comprised 6.87 of the total

bottom fauna, Of these hinemurs sulcico ’

prphinemira stggdﬁiss;, Chlorornerlg torrentivm snd
Protonsmure meyeri were common., I found Amphinemurs spp.

and Isoperla ecrummaticg in swmmer and Chlorgrerle torrentium
in vinter as did Hynes (1961), The sbove species were

frequentin all seasonc except auturn (Fig. 5.2). There
was a significant difference (t = 3,03 P<£0,05) in the
nurber of plecopterans collected in the benthic Launa from
month to ronth at LDy and 1D, (Table 5.4).
(b) Epl
6.17 of the bottom fauna was represented by 17 specles

of this group of which Cel

specles of the stony strean (Macan 1957), was very cormon
at both the stations particularly in winter, spring end
sumnmer (Fig. S.2). Baetls ilus, Baetis rhodeni,
eg and Pedyonurus venosus were also in
the stresm. There was no significent difference in
ephemeropterans at LDy end LD, (Table 5,4),

(c) lemipters

The species of this group had a widespread occurrence

u .
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and made up 14,77 of the total bottom invertebrstes,
Micronecta poweri was ccmmon in all seasons (Flg. 5.3).
According to Macen (1562) this species 1s widespread in
the slow stretches of stony streams, No sigrnficant
dlfference wes observed in the number of hemipterans et
LD, end LD, (Table Selt)e

(d) Me tera

Siplis fulisinosa and Sislie luteria made vp 0,67

of the total organisms and were scarce,

(e) Trichoptera

The species listed in Tsble 5.3 amounted to 4,17 of
the total bottom invertebrates, Glyphotaelius pelluecidus,
Plectrocnemia conspersa, Hvdropsyche instabilis end

ennis were present in considerable numbers

at station LDy, Jhere was no significant difference in the
nunbers of Trichoptera larvae at LD& and LD2 (Teble S.4).
(f) Coleonters
The adults and larvae of this group made up 2.37
of the total benthlec fawma, JLatelmi kmari, Eelmis

maugel end Platzmbus mgculatus were common. There was
no significant difference in the numbers of coleopterans
at LD; and LD, (Tsble S.4).

(g) Diptera

The members of the families (ziven below) of this
group constituted 54.0% of the benthic fauna and were

conmon in all seasons.
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(1) Cergtorog nid
inis family was represented by Bezzla spv. uhich

was common st both the stations and made up C.2¢ of
the total fauna. No significant d;fference was observed
in the nunber of ceratopogonid larvae at Lgl and LD2
(Table 5.4).
(2) Iipulidae

Six species of this group were found in 0.3” of the
bottonm organisms of which Iipula montium was common in LD,

(3) Sirmuliidae

Only 0.2% of the bottom invertebrates were represented
by this group.
(4) Chironomidae

The specles 1dentifiéd vere iisted in Taﬁle 5.3y which
mada 50.1¢ ofvthe total bottom*fauna. There was a
significent difference (t = 7,03 P<0.05) in the numbers
of chircnomid larvae colleeted in the benthic fauna from

month to monch at LD1 and LDZ'

Qther dixersn larvae

0s47 of the animals were represented by this group
vhich included the families Empididae end Rhzglconidae,
A significant difference (t = 3.43 P 0.05) was cbserved
in the numbers of other dipteran larvae collected in various
months at LD1 and LD2.
Dipteran pupag

They were common in the stream and constituted 3,37

of the total organisms,
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Tahle 5.5 The total annual composition of the diet of trout
and salnon parr assessed by Occurrence, volume,
and Number mettod. (+ = { 0.1%)

Food organiems Trout Salmon parr
Benthic foond o} v ) N o v N
(%) %) (%) (%) (%) (%)
Innbriculus spp. 4,5 ks 4.1 0.8 0.6 0.7
Limnaea pereger 0.8 0.8 0.5 L% 1.6 0.9
Gammarus pulex 0.6 1.1 0.3 - - -
Amphinemura standfussi 1.2 o4 1.1 1.5 | 1.0 1.6
Protonemura spp. 1.8 0.7 1.3 2.0 1.8 1.5
Chloroperla torrentium 1.5 0.3 1.2 2.6 2.4 2.1
Leuctra sppe. 1.0 0.2 1.1 0.7 0.1 0.5
Other Plecoptera 2.1 0.6 1.2 1.5 1.0 1.1
Baetis Epp. 7.0 5.1 | 10.2 | 10.8 75 6.4
Caenis sppe 3.4 2.1 2.2 5.2 2.1 3.1
Ecdyonurus venosus L4 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 instabilis 4,1 3.2 2.2 3.5 5.2 k1
Plectrocnemia conspersa 7.1 8.0 7.2 7.1 110.4 6.1
Potamophylax sppe 2.1 2.2 1.2 3.6 53 5.0
Other Trichoptera 8.2 7.2 6.2 | 143 | 20.2 | 13.5
Latelmis volkmari 0.5 0.2 0.3 1.0 1.1 O.
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 - - - 1l | 0,9 | 0.8
Tipula montium - - - O.b | O | 0.1
Other dipteran larvae 0.2 + + 0.5 0.6 0.2
Dipteran pupae 2.4 1.7 2.7 5e2 1.7 2.3
Midwater food
Latelmis volkmari adults 2.3 2.1 1.2 .2 0.1 0.1
Helmis maugei adults 2.4 1 2.2 | 1.b4 1 | 0.1 +
Fish Jec | 11,3 1.6 - - -
Aerial & terrestrial food '
Insects 18.7 | 29.2 [25.3 | 2.4 | 3.1 | 0.9
Miscellaneous food
Plant materials 6.8 2.8 2.8 3.4 0.9 1.3
Total % 100.0 {99.6 99.0 | 99.6
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TEE RREDING

(1) Brown trout

A total of 1z trout ranging in age from O+ to 3+
‘from Afron Dyfrdwy were recelved approxmately at two
monthly intervals from November 1968 to March 197C.

Seven of the stomachs of these fish were emptly

(Tables 3.6, 3.7) and the rest were examined quentitatively
end qualitatively by applying four different methods
(Chapter 3.4b)., The trout of each age group were very
wnegually distributed throughout the period (Fig. 5.4).

(a) Composition of the diet |

Table 5.5 contains detalls of the total annual
composition of the dlet of trout from November 1968 to
March 1970. 56,77 (by volume) of the total dlet belonged
to benthic food, Oligochaeta, Gastropoda, Plecoptera,
Ephezeroptera, Trichoptera, Coleoptera and Dlptera
constituted %.5%, 1.9%, 20y 17,77, 20467, %97 and 4,97
(by volume) respectively, Oligochaeta was represented by

Lumbriculus sppey Iphemeroptera by Centroptilvm lute R
aetie epn. and Jcdyonurus venosuss Trichoptera by

Bydrongvche instabilis, Plectrocnenia conggéi§a; Coleoptera

by Eelmis spp. and Latelmis spp. and Diptera by the mambers

of the family Chironomidae, Tipulidae, sand Simuliidae,
11.37 of the total volume was composed of fish, a midwater
food item. 29.2% of the food (by volume) was made up of
terrestrial insects, snd 2,87 of plent materisls, a
miscelleneous food itenm,
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Table 5.6 The percentage composition of the food assessed by oécurrence, volume, and number methods of trout

N = Number

“ay

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

Name of epecies Salmo trutta
Total No., Stomachs - 126G

Ace O+ 1+ 2+ 34
No. sp . in each age grouv 9 L8 Lo 23
No, Empty stomachs - - 6 1
Methods of assessment 0 \'i N 0 \'i N 0 \'A N 0 \ N
Benthic food
Oligochaeta 12.5 12.5 12.5 - - - 1.8 2.7 1.8 3.7 3.1 2.4
Gastroroda - - - 1.5 1.2 1.2 1.8 2.1 0.9 - - -
Anphipoda - - - 0.5 1.7 0.2 2.0 2.8 1.0 - - -
Flecoptera nymphs - - - 15,4 5.8 12.0 11.0 4.0 8.3 3.1 2.1 3.6
Ephemeroptera nymphs 27.0 19.5 2i.5 28.2 11.1 22,9 23.9 21.9 31.8 20,9 15.3 20.9
Trichoptera larvae 25.0 22.5 16.2 10.9 10.8 5.9 25.2 | 30.0 20.6 33.0 20.2 24,5
Coleoptera larvae - - - - - - 2.9 1.0 2.8 2.3 1.5 1.3
Chircnomicdae - - - 6.4 S.4t | 18.0 3.8 2.9 8.8 2.2 3.5 4.3
Cther dipteran larvae 0.9 0.2 0.1
Dipteraﬂ purae 2.6 2.1 1.1 2.7 109 3-? l*ol"‘ 3.1 6.5
Midwater focd .
Coleoptera adults 8.3 2.1 1.8 1.0 0.5 0.1 S.h 12.1 77 4.2 2.7 k.9
Fish - - - S.1 20.7 2.2 - - - 7.8 | 25.7 4,5
Aerial & terrestrial food
Insects 20.8 40,0 4o.5 24,8 38.4 | 3l.4 21.5 25.2 19.9 11.3 17.5 11.0
Miscellaneous food
Flant material 6.2 2.3 4,1 3.1 1.8 1.0 4.4 2.2 .1 13.€ ’ k.9 7.9

¢ = Occurreunce V= Volume

'Aol'
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(b) Seasonal varistion in food intake
g, 5.9 shows the seasonal varistion in feeding

activity of trout in Afon Dyfrdwy. The curve shows that
the maximal quantitles of food were taken in the months
of May =nd June and that food intake was minimal in
November znd Decerber, This curve shows a similar pattern

to the fluctuations in total favna (Fig. 5.1).

(¢) Sepsonal changas in the food
Figs, 5.6 and 5,7 show the seasonal changes in the

food of trout in Afon Dyfrdwy. Ephemeroptera and
Plecoptera nymphs, and Trichopera larvae were found in the

stomachs throughout the period,

The Ephemercpters, Plecoptera and Trichoptera were
eaten more frequently during winter and spring tﬂan in
summer end autumn. Large numbers of chironomid larvae and other
diperan pupae were consumed durlng summer and autum,
0ligochaetes, Coleptera, other dipteran larvae, Amphipoda
end Castropoda vwere insignificant food items. Aerial
insects vhich include Aphididae, Cercopidae, Erpidae,
Bibionidese and Chrysomelidase, formed a substantial smount
of food during summer and gutumn., Plent material, fish and
Coleoptera adults were present in small guantities in zny
season, |
(d) Food
Table 5.6 shows the percentege composition of the

food assessed by occurrence, volume and number methods in
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each age group of trout, I found e highly significent
difference in the occurrence of aerlal and terrestrial

food 1ters (x23 = 16,01, P£ 0,05 ¢ 0,02 0.01) in the
different a2ge groups of trout. There was no significent
difference in the other food items consumed by the different
age groups (Table 5.6),

(11) Szlmon warr

A total of 122 selmon parr ranging in age from O+
to 3+ vere czptured from this streasm at epproximately two
monthly intervalsy of these 113 contalned food and the
rest had empty storiachs (Table 3.7).

(;) Copposition of the diet’

Table 5,5 shows the tota% annual composition of the
diet of salmon parr in Afon D&frdwy. Trichoptera larvae
(41,19 of the total volume) were the predominant dietary
item. Arong ' them larvae of lydrops

trichopteran larvae weré well represented. 2h.0% of the
total volume was formed by ‘chironomid larvae. Flecoptera
Protonerurn spv,
Leuctra snp. =nd other plectoperan
nynphs were common, forming 6,37 (by volume) of the diet.

Centroptijur luteolun, Beetis spp., AN
other ephemeropteran nymphs comprised 18,07 of the total

volume., Aerial Insects amounted to 3.1% (by volume).
0ligochasta represented by Lumbriculus spp., Gastropoda by
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Table 5.7 The percentage composition of the food assessed by occurrence, volume and

number methods of salmon parr of each age group. (+ =< 0.1%)

t

Name of srpecies Salmo salar
Total No., stomachs 122
Age O+ ' 1+ 2+ | 34

No. sp.. in each age group 14 82 22 | 4

No, Empty stomachs 3 , 3 2 1
- iethods of assessment 0 v N o v N 0 v N o v N
Benthic food

Oligochzeta 1.6 1.1 0.5 - - - 1.7 1.5 2.4 - - -
Ga:st !‘Opoda 2 05 2 .3 006 ‘ 07 1 .6 1 06 - - - 12 05 2 08 1 ou
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 4h,3 | 60.0 | 39.6 |21.6 | 29.5 | 26.2 | 10.9 | 22.6 |172.8 | 37.5 | 52.0 | 31.5
Coleoptera larvae 5.1 5.1 2.3 1.4 1.5 0.5 - - - - - -
Chironomidae larvae 18.5 | 172.4 1 441 (12,4} 26,7 1 31.3 1 10.2 | 29.2 | 30.3 | 12.5 | 23.0 | 30.8

Simuliid larvae 1.6 2.1 1.5 1.7 1.1 1.2 2.6 0.5 08! - - -
Tipulidae larvae - - - 1.0 1.6 + 0.9 0.3 T4 - - -
Other dipteran 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. 5.5 C.4 0.9 - - -

0 = Occurrence V =Volume X =Number ;

(e 8 Y



‘Table 5.7 (contd.)

-

Name of species

Salmo salar

Total No. stomachs

122
Age o+ 1+ 2+ 3+
No., £p . in each age group 14 82 22 L
No. Empty stomachs 3 3 > 1
Metnods ¢f assessment v N O v N o} \' N v N
Midwater food
Coleoptera adults - - 1.3 1.1 0.5 - - - - -
Aeris) and {errestrial food
Insects 9.5 2.5 3.9 3.0 1.2 - - - - -
Miscellaneous fcod
Plant material - - 6.9 2.3 L.,0 6.9 1.5 1.2 - -

g1l
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Limmaen pereger and Coleoptera by Helmis sop, and Latelmis
spp. were less importent dletary items, Simuliid end

tipulid lorvae occurred in a small percentage (0.9 and
0.47) of the total volume, R
(b) Sgasonal variation in food intake

Flig. 5.5 shows the pericd of maxinmm feeding activity
" was May and June. The food intake deereased gradually to
its minimm in Noverber and December., Ths pattern 1is
agein ' sirilar to the fluetuations in total fauna (Fige 5.1).

(c) Seacsonal chenges in the food
Fig, 5.8 shows the amounts end kinds of food eaten

by szlmen parr in thils stresm during the period of
observation. Ephemeropera nymphs, Trichoptera aznd
chironomid larvae formed the major food items, Ephemeroptera
and Trichoptera were found in larger numbéré during wvinter
than in any other season. More of the chironomid iarvae
were ccnsumed in summer and autumn than in winter and spring,
In all months of the year Plecoptera nymphs, plant materials
end simuliid larvae were present in the stomachs although
they never formed a large part of the food. frgll numbers
of dipterzn purae, Coleoptera larvae, serisl insects and
Gastropoda were eaten during sumzer and autumn,
(d) Food inrelstion to sge |

Table 5.7 shows the percentage composition of the food
assessed by occurrence, volume and number methods of salmon
parr of each age group. Coleoptera adults snd plant naterial
were not caten by the O+ fish, x° test showed a significant
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difference in the occufrence of plecoptera (x23 = 9,22,
P{ 0.05) and trichortera (x23 = B.4y PL0.C5) food items
in different age groups of salmon parr, As far as cther
food items ere concerned there were no changes worth

noting,

(111) Ttilisation of the faung
Flg. 5.9 shows the relative sbundance of the bottonm

fauna groups (No/:m™h.) together with the:percentage
compositicn of ths diet of the trout and salmon parr by
nunber. %.37 of tha bottom fauna were foﬁnd to be
01igochacta whils k.77 of the trout food and C.77 of the
food of salmon parr belonged to thls group., Gastropods
and anmrhipods were scarce eand rarely eaten. Flecoptera
constituted 4.77 of the total benthic fauna, 4his as a
food iten was present in 6.87 and 5,94 of the total food
of salmon parr and trout respectively. Iphemeroptera
comprised only 7.1% of the recrobenthos though represented
25.07 end 20.5" of the total food of trout and sslmon parr,
Large percentzges (that is 16,87 and 8,7¢) of Trichopera
were consumed bytrout and salmon parr, but only 3.7° were
found in the bottom fesuna. A significsnt differcnce was
observed between the numbers of trichoptersn larvas present
in the botiom fauna and in the trout food (t = 3.2

P {0.05), tut no significant difference was found for
salmon parr, Coleoptera made up 4.67 of trout and 0,87

(by number) of salmon parr foody whereas in the fauna

there were only 2.,37. The chironomid lsrvae were the



Teble 5.9 Sté.tistical significance of changes of beathic

food of the fish with tenthic fauna at 5% level.

t = 't' test
P = probability
Fish —» Trout Salmon parr
Food iters \!/ _ LA P ' . <
Plecoptera 1.3 ‘70.05 0.6 Y 0.05
Ephemeroptera 1.6 >0.05 1.3 >0.05
Trichoptera ‘ 3.2 £ 0.05 1.2 20.05
Coleoptera | 0.6 70.05 o >0.05
Chirononicae ’ Ok ~0.05 k.0 <{0.05
imuliidae o - - 1.1 | 0.0
Otker diptersn larvae ' - - - -
Dipteran pupae 1.0 0.05 0.6 20.05

PR

M
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highest in the bottem invertebrates (53.17) by number, but
| as a food item they were present in 34,17 z2nd 7.77 of the
totz2l food of salmon parr and trout. 'fheré waé a significant
difference in the numbers of chironomid larvae found in the
benthic fauna and in the food of sslmon parr (t = 4,03
pL0.C5)y but no significént difference was fovnd in
trout (Teble 5.8). Other dipteran larvae like Tipulidae
and Sirviiidae cccurred in small smounts in the food and

favna,.

4, STMMARY
(1) ihe invertebrates of a soft water trout strean vere
investigated, | ’
(2) the general phisiogfaphy of the stream is described,
(3) “he bottom fauna et the stations LD and LD, are
similar,
(4) Seasonal changes in the food of salmonids are related
to seasonal changes in the fauna.
(5) Sumner is the pericd of maximum feeding zctivity end
feeding decreases to a minimum in winter,
(6) 95.8% (by volume) of the food of saimon is benthic
in origin compared with 56.7¢ in the trout,
(7) 30.2" end 3.17 of the total volume of food is

composed of aerial insects int rout and in salmon parr

respectively,
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PLATE 6.1 SAMPLING STATICN T
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CHAPTER VI

(a) Genersl tonography

Afon Twrch comes from the southern declivities of
Foel Fhudd 70Cm Q.D. "It flows through the Bala or
Carsdoc beds (Ordovieisn) which consist of sandstones,
flags, shales, and limestones with interbedded volecanic
rocks. Upon its approach towards Afon Dyfrdwy it
graduslly wldens and Joins the latter near the village
of Llanuwchllyn., The united waters find their way
towards Llyn Tegid. <he countryside is hilly with

pasture land and woods.

(b) Dpescrivtion of sampling site

One sampling station referred to as "T" in the text
was sclected near the Llanuwchllyn disused rallway
station, Regular collecting started in May 1969 znd
ended in June 1970. The width of the river at the sampling
place was about 3m and the greatest depth at low water
was sbout «Cer, The site T was situated at about z640nm
upstrean from the junction (Fig.3.2) at an elevation of
216m OeD. 4he Tiver bed was of large stones and gravel,
Submerged and semi-submerged boulders were also present
(Flate 6,1), Almost all the stones, large or small had

a heavy growth of moss, mostly Fontinalis sgugmoss and
rarely Fontinalis esntipyreticz, Cn one side of the stream



TABLE B.1 MEAN MONTHLY

ESTIMATES OF PHYSICAL FACTORS AT

"T" SAMPLING STATION

IN AFON TWRCH.

Months

o
Water Temps C

Specific conductance
(micromhos /cm3at 25 C)

Dissolved 02, % Sat.

Velocity of water current

(m/sec)n
pH

Turbidity -
(as Fuller's Earth)

8.0

7k

96

0.33

6.5

18.2

10.4
77
98

0.25

7.0

171

14,0

85

97

0.27

6.8

19.6

A S
15.4 8.6

, {"8 101
101 102
0.23  0.29
7.1 7.1
18;6 21.2

7.k k.5 35

120 231 301

96 111 118

0.35 0.60 0.74

702 ) 7'“’ 704

26.1  43.1 63.6

J F
4.8 kb3
268 201
115 106
0.80 0.60
7.6 7.5

71.6  61.2

5.7

140

84

0.52

7e1

20.1

5.2

3C

91

0.47

7.0

18.8

M

8.6

70

g2

0.L40

6.8

201

123

64

97

0.29

71

19.4

\ T
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there vere trees and on the other was a pasture land

(Plate 6.1).

(c) Physical_snd Chemical conditions

Table 6,1 shows the extreme temperaturessof water
recorded were 3.5°C in December and 15.4°C in August.
The veloclity ofmgsrcurrent was measured throughout the
sampling period, Table 6.1 shows the minimum velocity
recor;ed in August and the maximum in January.
Oxygen determinations were made every monthy during
winter the water was relatively more saturated with
oxygen than in sumrer, The pH of water at site T varied
between 6.5 =~ 7.5, otper climatlec conditions like rainfall

and atmospheric temperature were the same as described in

Chapter 3.1,

Vater samples for analysls of major ions were token
from the stream in the month of June 1969. The broad
chemical characteristics of the water are given in Table b,

The wvater was soft and clean except during high flood,
The chemical condition indicates no pollution, Ihere were
relatively higher concentrations of Ca and CO3 lons. This

may be due to the stream's geoiogical environment,

2 COMPQSITICN CF THE FAUNA

The importance of aguatlec vegetation as a place of

abode for aquatic animals has long been recognised.
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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%)

. " Total Av. No,.
Benthic founa no. 8pps % /ma
Hirudinea o (&)) (+) (0.7)
Helobdella stagnalis 1 + 0.7
Olipochaeta (36) (1.9) (26.7)
Lumbriculus variegatus 8 0.k 5.3
Homochaeta naidina 2 0.1 1.0
Stylodrilus heringianus 19 1.0 13.9
Eiseniella tetraedra 7 0.3 543
Gastropoda (8 (0.4) (5.3)
Ancylastrum fluviatile 8 0.4 5.3
Lamellibranchiata (24) (1.2) (18.1)
Pisidium subtruncatum 2k 1.2 18.1
Amphipoda (14) (0.7) (10.7)
Gammarus pulex 14 0.7 10.7
Hydracarina (3 (0.1 (2.1)
Hygrobates nigromaculatus 1. + 0.7
Sperchon denticulatus 1 + 0.7
Sperchon seiiger 1 + - 067
Plecoptera (594) (31.6) (253.6)
Protonemura meyeri 67 3.5 50.2
Leuctra hirpopus Lo 241 29.9
Chlorcoperla torrentium 32 1.7 23.5
Chloroperla tripunctats 2 0.1 1.2
Amphinemura sulcicollis 142 7.5 108.0
Isoperla grammatica 188 10.0 143,3
Perla bipunctata 2 0.1 1.2
Leuctra moselyi 4 0.2 2.1
Leuctra fusca 11 0.5 7.4
Protonginura .praecox 15 0.8 10,7
Leuctra inermis 20 1.0 14.9
Leuctra geniculata 2 0.1 1.2
Amphinemura. standfussi 65 3.4 4g,2
Leuctra nigra 3 0.1 2.1
Nemoura avicularis 1 + 0.7
| Ephemeroptera (354) (18.8) (269.6)
BaBtis pumilus 'y 241 29.9
Heptagenia lateralis L 0.2 2.1
Siphlonurus lacustris 2 0.1 1.0
Ballitis atrebatinus 2 0.1 1.0
BaBtis rhodani 28 T4 21.4
Ephererella ignita 242 12.9 184,0
Ba¥tis scambus 4 0.2 2.1
Ecdyonurus, venosus 9 0.4 6.4
Centroptilum luteolum 12 0.6 8.5

‘|Heptagenia sulphura 2 0.1 1.0
Rhithrogena semicolorata 2 0.1 1.0
Ecdyonurus dispar 1 + 0.7
Leptophelebia marginata 5 0.2 3.2
Hemiptera (1) (+) (0.7)
Corixa panzeri 1 + 0.7




Table 6.2 (contd.)

124

Benthic fauna Total % Av. No,
no. spp. /mZ
Mepaloptera (3) (0.1) (2.1)
Sialis fuliginosa 3 0.1 21
Trichoptera (199) (10.6) (151.9)
Plectrocnemia conspersa 63 3.3 48 .1
Rhyacophila dorsalis 27 1.4 20.3
Hydropsyche instabilis 64 3.4 L8.1
Halesus digitalus 2 0.1 1.0
Glyphotaelius pellucidus 15 0.8 10.7
Agraylea multipunctata 2 0.1 1.0
Potamophylax latipennis 12 0.6 8.5
Limnephilus rhembicus 12 0.6 8.5
Sericostoma perscnatum 1 + 0.7
Lepidostoma hirtum 1 + 0.7
Coleoptera (80) (4.2) (60.9)
Helmis maugei 4s 2.4 32
Helophorus flavipes 3 0.1 241
Oreodytes rivalis 4 0.2 2.1
Laccobius biguttatus 2 0.1 1.0
Hydraeusa riparia b 0.2 2.1
Helodes marginata 1. 0.7
Latelmis volkmari 16 0.8 1.7
Hydroporus pubescens 3 0.1 2.1
Gyrinus spp. 1 + 0.7
Hyphydrus ovatus 1 + 0.7
Diptera
Dixidae (7 (0.3) (5.3)
Dixa puberula 7 0.3 5¢3
Simliidae (s5) (0.2) (3.2)
Simulium monticola L 0.2 2.1
Simulium brevicaule 1 + 0.7
Tipulidae (2) (0.1) 0.7
Tipula lateralis 1 + 0.7
Tipula montium 1 + 0.7
Chironomidae (451) (24.0) (344.5)
Cryptochironomus spp. 176 943 133.7
Pentaneura monilis 62 3.3 L7.0
Tanytarsus signatus 193 10.2 146.5
Brillia modesta 6 0.3 k.2
Procladius choreus 14 0.7 10.7
Other dipteran larvae (34) (1.8) (25.6)
Dicranota robusta 24 1.2 18.1
Hermerodromia unilineata 3 0.1 241
Pericoma pseudo-exquisita b 0.2 2.1
Limnogphora sppe. 3 0.1 2.4
Dipteran pupae 58 3.0 43,8
Total no. animals 18724
Av. no. animals/mouth 133.8
Av, no. animals/m2 1431,6
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Furthermore it 1s quite generally accepted that the
submerged lecafy types of vegetation are more densely

populated than any other type,

inmong the studies made on the fauna of submerged
mmosses" are those of Carpenter (19:7), Percival and
Vhitehead (199, 1930), Moon (1939), Frost (1942),
1ynes (1961) and Egglishaw (1968, 1969).

As far as I am aware, except on Afon Hirnant (Hynes
or.cit), no information on the fauna of submerged "mosses%

is avallgble in the Dee watershed.

During the course of the present investigation a
total of 1874 mgquatic macro invertebrates belonging to
75 dfferent specles were collected, Seasonal varlation
of the benthic fauna (Figs, 6.1, 6,2) shows that there was
a gradual increase in the total number of animals from autumn
to summer, rather similar to that obsérved by liynes (1961)
and Frost (19%2); both the workers believe that the total
fauna fluctuates grestly, with a period of maximum density

in summer end early winter,

The aguatic fauna of Afon Twrch consisted chiefly of
Plecoptera end Ephemeroptera nymphs and Trichoptera and
chironomid larvae, which together formed 84.%47 of the total
bottom fauna (Table 6.2). Other groups were represented by

occasional irmigrants or by scanty populations.
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’The specles listed in Table 6.2 are those vhich were
collected from this habita‘{: dl}ring 14 monthly sarples,
and altl;ough no claim is made that the list is a complete
record of everything that was present, it is extensive

enough to indicate cormon and rare species,

(A) snnelids
(1) Eiruvdineg

Cne Helobdella staesmalls was recorded during this
period.

(2) Qlirochseta

1.97 of the total bottom fauna belonged to this
ETOouUp,. ngbriculﬁg VQ:ggggtus and Stylodrilus heringisnusg
were comon and Homochaets maiding and Elseniella tetrdhdrs

were rare.

(B) Mellusca
(1) Gastropods
fneylastrum fluvigtile were scarce and’formed 0.4
of the total fauna, |
(2) ibrenchiats

Eisidium subtruncatum a rare species constituted 1,2
of the total benthos.

(C) Arthropoda
(1) Arachnids
(2) Hydracering

Three specles listed in Table 6,2 were scarce and
formed 0.17 of the total organisms,
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(2) Insects

(a) Plecontera

This group formed 31.67 of the total bottom |
invertebrates, of these Protonemura meyeri, Leuctra
hipnorus, Chloroperla torrentivm, smphinemura suldeollds

eremmatica were common o Lol vl

.04, znd the rest were scarce (Teble 6.2).

(b) Ephemeropters
This group formed 18,87 of the total faunal samples.

Daetis pumilus and Baetls rhodani were common, I found

the above species more common in sumrer and less in winter

(Fig. 602)0

was recorded during this investigation,
They were not the usual inhabitznts of the strean.
Probably this individual had been washed away by the flood
from the beck&aters or adjacent pools,
(&) regalopters
gialls fullgzinosa were scarce and constituted 0,17 of
the tbtal macro invertebrates,
(e) Irichorers
Ten specles were identified from this group which
formed 10,6 of the bottom fauna. Plectrocner onspersa,

s Glyphotaelins

S were comron, Jihey

were caught more during spring snd summer than in winter

and suturn (Fige 6.2)e
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(£) Colcoptera
4,27 of the total fauna consisted of this group.

n gg meugel was common., Adults of this species vere
found nmore during summer than in any other season.

(g) Diptera

(1) Dixidee |

This family vas represented by bigé#guggrulg vhich was
" gearce in the fauna. | o
(2) Simvliidse
' teola and Simulium brevicaule constituted

0.2 of the total catch and were scarce.

(3) Iipulldse

These were rare, forming only 0.1¢ of the benthos by

Tipula lateralis and Tipula monticols.
(%) Chironomidse
These were common, forming 24,07 of the fauna, The
most comumon forms were Cryptochironomus spp., tanou
ponilis, Tenytarsus sismatus and Procladius choreus,
vhereas Brillia modesta was scarce,

1.87 of the bottom fauna was comprised of Dicrenota
robusta, Hermerodre neats, Pericoma pseudo=-excu

=pp, which were scarce.

411 the pupae of aquatic Diptera were grouped together
and formed 3.07 of the total benthic fauna.
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Fige.3 The nurmber of salmon parr and trout in each
age group from February 1969 to March 1970

Number of fish in each age group is shown in brackets
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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.

(+ =< 0.1%)

Tront Salmon parr
Food Organisms 0 v N 0 \' 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 - - -
Protonemura meyeri 1.4 2.3 1.9 2.2 1.9 1.3
Leuctra sppe 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 sulcicollis 163 1.5 1.2 141 1.0 1.0
Isoperla grammatica Te2 2.2 2.2 2.3 1.4 1.1
Other Plecoptera 3.2 2.0 k,2 3.2 2.5 | 2.2
Baetis spp. 5.6 3.1 7.4 6.6 7.3 4,3
Ecayonurus venosus 5.5 4,3 2.4 8.4 53 7.5
Ephemerella sppe. 6.8 k.s b2 6.3 Lt 111.3
Other Ephemeroptera 7.4 6.2 %.4 |10.3 6.3 6.2
Plectrocnemia conspersa 2.8 1.2 1.1 52 6.7 Bl
IRhycophila dorsalis 1.5 0.8 1.2 L4 SJb 3.2
Hydropsyche instabilis 3.3 2.3 2.1 2.2 L3 5.2
Dther Trichoptera 5.2 7.5 4,2 8.4 |10.3 7.2
lelmis maugei ¢larvae) 1.4 0.6 0.6 0.7 0.5 | 1.4
[atelmis volkmari (larvae) 1.2 0.3 0.5 0.5 0.3 | 0.6
Chironomid larvae 7+5 3.1 1 13.1 [16.6 | 25.5 1320.0
Bimulium monticola 3.2 2.6 7.0
Simulium brevicaule L.2 2.1 2.2
Other Lipt. larvae 2.9 0.6 2.4 0.4 + +
Dipt. pupae . 0.3 0.3 0.5 0.6 + 0.1
rMidwater food
fuidwater 2000
Helmis sppe. adults 4.6 1.0 1.4 0.3 0.5 0.1
Latelmis spp. adults 2.0 0.k 1.0
F'ish 6.2 | 17.2 6.2
Aerial & terrestrial food
Insects .61 27.2| 23.0 0.9 0.8 0.1
Miscellaneous food
Plant material 521 bl 271 45| 4k 2.
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1, _THE FEEDING OF SALMONIDS

(1) Brown trout
| Trout were collected bimonthly and a total of 63 trout

of O+ to 3+ age groups were~takenfduring February 1969 to
March 1970 (Teble 3.6). Six had empty stomachs and the
rest had a vide range of items in them, Total number of
trout in each sge group each mohth dufing'saﬁpliﬁg period
13 shown in Fig, 6.3, |

(a) Composition of the diet by volume

‘The important benthie food items were Plecoptera,

EphemerOptera, Trichoptera and Chironomidae which together
constituted 44,37 of .the total volume, . Other dietary items
of infreguent oceurrence were Gastropoda, Coleoptera,

Simuliidae, other dipterzn larvae and pupae (Table ¢.3).

PlecOptera represented by 2 tonemu gg zg;j, Leuctra svp.
ggggggg erle gor;gnjgum, ggggﬁn mura s lcic s 1sopexla

stica and other plecopteran nymphs formed 11.37 of the

total volume. 18,17 of the diet consisted of ephemeropteran
nynphs, Tepresented by Paetis spp., Fcdyonurug venosus,

e1la spp. and other unidentifiable ephemeropteran

nynphs. Trichoptera larvae belonged to the specles
g 11s, Eydronsyche

g and other Specieé of the same groupy had a high

'percentage Trepresentation in the stomachs and amounted to
11,87 of the total volume, Chironomid larvae were also
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present in the food and totalled 3.1, XAmong the less

important foed items 3,27 Gastropedo (Ancylsstrum fluvietilis),

 0.9% Coleoptera larvae (Helmls mougei end Latelmis yollmari),
0.6 other dipteran larvae (Qgg_mgw., Herperodromis

spp.) and 0.37 dipteran pupae were accounted in the

total volune,

18,67 (by volume) of the midwater food 1tems were
composéd of bullhead: (17,27) and Coleoptera edults (1.4%),

Finally 27.2% of the total volume were aefial and

terrestrial insects and 4,97 plent materials.

(b) Seasonsl varlation in food intoke
Fig. 6.4 indicates that the period of maximm feeding

gctivity was from AprilMay to August?Septcmber and it
gradually declined in December/January and February/March,

(c) Seasonal changes in the food
Flgs. 6.5, 6.6 show the seasonal variations of the

different food items, Ephemeroptera nymphs, Trichoptera
larvae and Coleoptera adults end larvae were significant
benthic food items present throughout the season. The
ephereropteran nymphs were present more in the winter than
in surmer. Coleoptera and Plecoptera nymphs were eaten
more during spring and summer than in autumm aznd winter,

Most chironomid larvae were eaten in summer whereas nore

Diersnota spp. end Hermerodromla spp. were eaten in winter
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Table 6.l The average percentage composition of the food assessed by occurrence,

volume and number methods of trout of each age group.

Name of Species

Salmo trutta

Total No. Stomachs 63

Age O+ 1+ 2+ 3+

No. sp « in each age b 18 20 21

No. empty stomachs - 3 - 3

Methods of assessment 0 v N 0 v N 0 v N 0 v [N

Benthic food

Gastropoda 16,5 |13.1{16.6

Plecoptera nymphs 14,2 120.2115.9]23.7 125.3 |31.8

Ephemeroptera nymphs 28.0 |42.8 |43.9123.9 ] 9.1 [12.4 |16.2 [10.8 h4.0]23.3]10.0 |23.3

Trichoptera larvae 7.1118.5] 4.5|11.5[|18.9] 8.4 [14.5} 5.7 | 8.3]18.2 b2 3.4

Coleoptera larvae 10.6 | 3.6 | 4.7

Chironomid larvae 16.6] 3.5116.6] 8.5] 5.228.1] 5.0| 3.8} 7.7

Other dipteran larvae 2.9| 0.4k} 0.8] 7.9 2.1} 3.8} 5.0] .2} 5.0

Dipteran pupae 1.4 1.3] 2.0

Midwater food

Coleoptera adults 7.1] 1.8] 2.2 12.2| 3.6 k.5] 7.3] .5} 3.2

Fish 25 69 25

Aerial & terrestrial food

Insects 12,7 |24.8 | 8.8{34.7 [71.4 [58.6[11.2{15.7 |2k4.7

Miscellaneous food

Plant material 7.0]11.0] 2.5] 9.0] 5.3} 2.4] 9.8] 3.3] 6.0
0 = Occurrence, V= Volune N = Number,
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end spring., Aerial and terrestrial insects occurred most
frequently in the food in summer and autumn, Plant
materials predominated during winter and spring. Fish

vere esten occasionally during winter,

(d) M&M

Table 6.# shows the average percentage composition
of the food assessed by occurrence, volume and number
methods of each age group, I found a highly significent
difference in the occurrence of aerial and terrestrial food
1tems (x%y = 18,30, P < 0.05 < 0.02 < 0,01) inthe dlfferent
age groups of trout,
- (11) Sggmgn'ggxr .

Seventy seven Sslmon pearr rangihg from 0+ to 3« égc~
groups vere taken (Table 3.7). Five stomachs were empty.
and the rest were examined for food by the methods
menticned in Chaptér 3.4b, Ihe total numbers of salmon
parr in éach age group each month throughout the sampling
period are given in Fig. 6,3. '

(2) Composition of the diet
There was & varlety of different food in the diet of

salmon parr (Table 6,3). Plecoptera and Ephemeroptera
nymphs, Trichoptera, chironomid and sirmliid larvae were
more pronounced among the benthic food items. 8.97 by
volume of the food consisted of Plecoptera mymphs vhich

included protonerura meveri, Leuctra spp., Chloroperla sop.
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suleicollis, Lsorerla grammaties and other
rlecopterzn nymphs, 25.37 by volunme of the‘rood was nade up

of Baetis spv., Fcdvonurus spp., Iphemerella spp. and other
unidentifiable nymphs of the group premerOptera. Trichopera
larvae ranked first in the 1list of dletary items and

formed 26,75 of the total volume. Prominent amongst those

were Plectrocnemia consper 1yacor dorsalis,
Eydropsyche instabilis and other unidentifiable species

of the same group, Chironomid larvae ranked seccnd in
the 1list of food eaten by forming 25.5% of the total
volume, Simulild larvae represented by Sirmulivm monticols

and Simuliuvm brevicsule formed 5.7 by volume,

0f the midwater food Coleoptera adults, chiefly
Helmis maugei, formed 0.5 of the total volume., Aerial
and terrestrial insects an@ p}ant materials formed Q.87
and 4.47 of the total wvolume respectively,

As seen fronm Fig, 6,4 much more food was taken during
AprilMay to August/séptember than at other tiges.
Minirmm feeding activity occurred during winter months,

Filgs, 6.7, 6.8 illustrate the seasonal>var1ations of
the different food items of salmon parr, Plecoptera and
Ephemeroptera nymphs and Trichoptera and chironomid larvae

- were most significant throughout, Lerge numbers of
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Table 6.5 The average percentage composition of the food assessed by occurrence,

volume and number methods of salmon parr of each age groupe.

+ ={0.1%

Name of Species

Salmo salar

Total No. Stoma.hs 77

Age 0+ 1+ 2+ T34

No. sp « in each age 13 35 26 3

No. Empty Stomachs 2 3 - -

Methods of asscssment o v N 0} ' N 0 v N 0 v N

Benthic food

Gastropoda 3.3| 2.5] 1.0| 3.9 .6] 0.3 .7| + +

Flecoptera nymphs 23.5|22.2|21.6] 8.7| 6.6 6.7]16.6[ 6.8] 9.0

Ephemeroptera nymphs 28.3125.8 129.9139.4|24.8(2%1.8] 32.2[20.7| 33.0}16.6| 20.2]|22.7

i'richoptera larvae 5.0] 87| 35| 52| 5.0} 2.8]16.6]29.5[15.2158.3{63.8[54.5

Coleoptera larvae 5.0} 3.5 741

Chironomid larvae 31.6138.3143.815.5|70 39.5112.1]16.6/23.1} 8.3] 7.2]/13.6
Sirmliid larvae 16.6]11.5 [1h.4) 0.8 |+ 0.1]12.5111.3]| 14.6

Dther dipteran larvae. 1.6+ o1

Dipt. pupae . 2.4 W31 .5

Midwater food

Coleoptera adults 1.4 0.5 +

Aerial & terrestrial food

Insects 2.8 1.8 0.7] 1.0] 1.6] +

Miscellaneous food

Plant material Lol b4.,712.5113.4112.1] 6.1

0 = Occurrence,

V = Volune,

N = Number,
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Plecoptera and Ephemeroptera nymphs cecurred in winter
end spring, A similar seasonal pattern was observed in
Trichoptera larvae, Chircnomid larvae were found in
abundance during summer and autumn, Simuliid lervae were
recorded only during summer end avtum. The food items
of insignificant occurrence were Gastropoda, Coleoptera,
other dipteran larvae, dipteran pupae and aerial insectsj
these were confined mainly to the summer and autumn,

Most of the plant material was utilised durlng autumn

end winter,

(d) Fégg inrelation to age

- Table 6,5 shws the average percentage composition of
the food assessed by occurrence, volume and number methods
of salmon parr in each age group. There was no appreciable
change in the diet observed from O+ to .3+ sge groups except
thst the older szlmon parr_(3+ ege group) confined their
alet to Iphemeroptera, Plecortera, Trichoptera and
Chironimidae. xa test showed a significant difference in
the occurrence of plecopteran (123 = 9,774 P {0,05) and
trichoptersn (x°, = 17.56,:P<(0.05 £ 0,02 { 0.01) food

3
jteoms in different age groups of salmon parr,

(111) Dtilisation of the faung

Flg, 6,9 shows_the rercentage composition of benthic
- fauna by number util1'sed by trout and salmon parr and
Table 6.6 shous the statisticsl significance of benthic
food with the benthic fauma in trout 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

Fish Trout Salmon parr
Food items t P t P
Gastropoda - - 1.8 >0.05
Plecoptera 3.7 £ 0.05 1.3 20.05
|Ephemeroptera 0.8 > 0.05 0.3 0.05
Trichoptera 0.2 >0.05 1.0 $0.05
Coleoptera 0.9 $0.05 2.3 20.05
Chironomidae 0.6 . »0.05 1.7 >0.05
Simuliidae - - 6.6 {0.05
Other Dipt. larvae 1.0 »0.05 - -

7hl
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Plecoptera nymphs were present in 31,67 of the total

" pottom fauna tut only 2,77 were used by trout and 2. A
by salron parr. >he number of plecopterans were
significently different in the feuna end in the food of
trout (t = 3.73 P 0.05), whereas no such significance
was observed in s almon parr (Tzble 6.6). Trichoptera
larvac formed 1C.¢7 of the total benthos whereas 9.57
wvere tcke by trout and 1,57 by salmon parr.

Coleoptera were not popular, for they occured in only
4,47 of trout snd Q1% of salmon parr food. Chironomid
larvae ranked second, by forming z4,0% of the total
racrofaunal community, while 16,27 of the trout angd
69,57 of salmon parr food fell into fhis category. Very
few sirulild larvae (0.2Z7) were present in the fauns,

but 18.67 (by nuzber) were eaten by salmon parr and

none dby trout, I found a significant difference (t = 6,63
P {0.05) in the number of simuliid larvae in the bottom
end in the food of salmon rarre. 1l.87 of the other dipteran
larvae were present in the stream whereas trout used 3,L7
and salxen parr C.1%., Dipteran pupese formed 3.C7 of the
total bottom invertebrates while 1,37 and 1.2 were
utilised by trout and salmon parr respectively.

(1) A detalled investlgation of the fauna and the food

gnd feeding habits of salmonids in the submerged mosses

of Afon Twrch was carried out,
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CHAPTER VII

THE EIVIRONMENT

Afon Glyn rises in Foel-y-Gelfr at 50Cm o.D. Of
21l the tributaries of Llyn Tegid (Fig. 3.2) this strean
has the steepest descent from its source to low flood
plain., A1l along its upper course it runs along cracks
in rocks. In sore places the flow helped in cutting the
land end dropping downwards to the deep valley. The
steps forred by the cracks take the form of a series of
fells &t the upper reaches, Cn either side of the strean
there were more trees in the lower reaches than the upper.

The strean flows through the upper Bala beds of shales,

flags =nd limestones of Caradoc series of Ordovician
(Fig.3J).

Three sampling sites Gy G, and G3 were selected on
this stream (Fig. 3.2) end regular monthly collections
were taken from March 1969 to June 1970.

Site G, was located about 16m upstream fronm Llyn Tegid
at an altitude of 176m OD. Xere the stream was sbout 1lum
wide and 1ts depth averaged O.4m to 0.lm. Some aquatie
vegetation was present in the form of ¢lumps of

ipyretica near the banks, The shores were
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TABLE 7.1 MEAN MONTHLY ESTIMATES OF PHYSICAL FACTORS AT G1 SAMPLING STATION IN AFON GLYN.

Months M A M J J A s o] N D J F M A
[+ .

Water Temp. C 3.0 k.5 5.0 10,0 14.5 13.4 8.0 7.0 5¢5 4,0 3.5 3.2 S5e1 S5e1

Specific conductance o 166 216 226 109 121 104 157 166 320 387 . Loz 397 203 112

(micromhos / cm’at 25 c)

Dissolved 02, % Sat. 96 95 103 112 98 104 94 101 111 117 107 108 101 98

Velocity of water current

(.’ﬁ/&ec) 0022 0.23 0016 0014 0011 0012 0017 0'24 0029 0041 0.70 0.64 0060 0029
pH ) ) 7.1 7."‘ 6.7 6.9 6.8 7.2 7.2 ?oo 702 706 7.8 70"‘ 7.1 7-1
Turbidity

(as Fuller's earth) 21.2  2ks1  23.3  19.4 18,1 28,2 31.2 28.2 53.2 75.2 87.3 88.2 77.1  35.1

cal




TABLE 7.2

HEAN

VONTHLY ESTIMATES OF PHYSICAL FACTORS

AT G2 SAMPLING STATICN IN AFON

GLYN.

Months

o
water Temp. C

Specific conductance

]

( mieromhos / cm3at 25 C)

Discso’ved 02, % sat.

Velocity of water current

(m/ sec )

pd

Turbidity
( as Fuller's Earth.)

4

3.2 k.5 5.0

161 215 216
96 96 108
0.18

Ce19 0.20

7.2 7.4 6.8

20.1  19.6 21.4

10.2 14,6 13.5

101 115 101
1M1 98 103
0.14

0,11, 0.13

6.9 71 6.8

18.1  19.2 16,3

26,4

aLY] 151 201 385 398
98 96 101 118 113

0.17 0.25 0.29 0.52 0.73

7.1 7.1 74 7.3 7.6

28.8 63.8 71.8 8.k

o

M A

3.2 5.1 5.1

bz 201 102
101 98 97
0.68 ~ 0.57 \ 0.26

704 . 7.1 7-2

84a1

hal



TABLE 7.3 - MEAN MONTHLY ESTIMATES

OF PHYSICAL FACTORS AT G3 SAMPLING STATION 1IN

AFON GLYN,

Months

o
Water Temp. C

Specific conductance o
( micromhos / e’ at 25 C)

Dissolved 02, % Sat.

Velocity of water current
(o /sec )
A

pH

Turbidity
{(as Fuller's Earth )

5.4 10.8 15.1 14,2 8.8 8.1 51 3.8

173 83 93 8 123 135 268 301

95 102 111 98 »108 101 115 118

0.24 0,20 0,18 0.21 0.26 0.28 0.46 0.78
6.8 6.9 6.6 6.8 71 71 7ol 7.6

8.2 20.3 214 15.3 24,8 23,1 k6.3 632

3.2

366

113
0.78
7.4

84.8

5.6

118

96
0.27

7.1

28.9

551
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sheltered end the btottom was composed of s1lty sond with

scattered gravel and stones (Plate 7.1).

Cite (}2 was near the road bridge at about 100nm
upstream from the lske at an altitude of sbout 183nm 0D,
Here the stream was 8m wide and 0.3 to 0,6ém deep except
during flood, The shores and substratum were similar to

G, eand there1was scme vegetation near the banks (Plate 7.2).

L3

Site Gy was located at sbout L40OUm upstream from
Llyn Tegid at an altitude of 467m OD. Eere the stream was
2e3m wide and its depth averaged 0.6@. This site had some
deep pools and falls, The shores were exposed and composed
of rocks with overyling gravel and some silt with little

vegetation apart from algae on the stones and clumps of

Fontinalls squamosas, <he substratum consisted of solid
rocks and huge boulders (Plate 7.3),

Tables 7.1y 7.2y 7.3 show the mean monthly estimates
of physical factors at Gy 02 and 03.sites. The range of
water temperatures was 3.0?C,and 15,1% during this period.
The dissolved oxygen (percentage saturation) was relatively
more concentrated during winter than in summer. pH values
varied between 6,6 end 7,8, The veloeity of the water
current (m/sec) was higher during winter ronths than sumrer,
Conductivity end turbidity were higher during winter than
in summer at each sampling site,



Table T.4 The percentage composition (by number) of the fauna at G1, (2 and G3 sites of

(+ = <0.1%)

Afon Glyn based on 14 monthly samplec.

Sampline Stations —> ¢1 G2 G3 Total %
Bottom fauna Av. No. o Av. No. o Av. No. y

v /m © /n a /m %
Turbelleria (1.0) - (+) (-) ) (0.7) (+) (+)
Polycelis nigra 1.0 + - - - - +
Phagocata vitta - - - - 0.7 + +
Hirudinea (0.7) (+) (4.2) (0.2) (1.0) {+) (0.1)
Erpobdella octoculata 0.7 + 3.2 0.2 - - +
Helobdella stagnalis - - 0.7 + 1.0 + +
Olirochaeta (157.2) | (11.3) (48.1) (3.2) (49.2) (3.1) (5.1)
Stylodrilus heringianus 107 7.8 25.6 1.7 Lo.6 2.6 3.5
Homochaeta naidina 4,2 0.3 - - - o1
Lumbriculus variegatus 41,7 3.0 7.4 0.5 4,2 0.3 1.0
Aulodrilus pluriseta 3.2 0.2 2.1 0.2 - - 0.2
Eiseniella tetraedra 0.7 + 845 0.6 3.2 0.2 0.2
Haplotaxis gordiocides - - 1.0 0.1 - - +
Limnodrilus hoffmeisteri - - - - C.7 + +
Gastroyoda (1.0) (+) (24.6) (1.7) (14.9) (0.8) (1.1)
Ancylastrum fluviatile 1.0 + 2b.6 1.7 1.7 0.7 141
Limnaea pereger - - - - 241 0.1 +
Potamenyregus jerkinsi - - - - 0.7 + +
Lamelliibranchiata (0.7) (+) (71.6) (4.7) (2.1) (+) (1.1)
Pisidium nitidum 0.7 + 0.7 + - - 0.1
Pisidium milium - - 8.5 0.6 1.0 + 0.1
Pisidium hibernicum - - 0.7 + - -
Pisidium subtruncatum - - 60.9 L. 0.7 + 0.8
Amphipoda {5.3) (0.3) (10.7) (0.6) (13.9) (0.9) (0.6)
Gammarus pulex 5¢3 0.3 10.7 0.6 13.9 0.9 0.6

a1



Table 7.4 (contd.)

Sempling Stations =7 &1 G2 G3 Total %
Av. No. Av. No. o Av. No.
Bottom fauna 4/ Jut % T % /a %
Isopoda (1.0) (+) (2.1) (0.1 (-). () (0.1)
Asellus meridianvs 1.0 + 2471 0.1 T - - 0.1
Hydracarina (=) (=) (=) (-) (2.1) (+) (+)
Hygrobates fluviatilis - - - - 1.0 + +
Sperchon setiger - - - - 0.7 +
Plecopntera (162.6) | (11.5) | (303.8) |(19.9) | (411.9) | (25.9) | (16.5)
Chlorogperla tripunctata 3643 2.6 16 1.1 12.8 0.8 1.3
Amphinemura sulcicollis 16 1.1 20.3 1.3 77.0 ) 2.0
Chloroperla torrentiunm 95.2 7.0 3L 2 2.3 674 L4 3,8
Iscperla grammatica 6ol 0.5 10.7 0.6 73.8 L7 1.7
Leuctra hippopus 2.1 0.2 72.7 L9 16.0 1.0 1.8
Leuctra nigra 2.1 0.1 5.3 0.3 25.6 1.6 0.6
Leuctra moselyi C.7 + 34,2 243 L,2 0.3 0.8
Leuctra inermis 1.0 + 3341 2.2 26.7 1.7 1.4
Amphinezura . standfussi 0.7 + - - 25.6 1.7 .6
Nemoura cinerea - - 0.7 .+ - - +
Protonenmura -meyeri - - 5.3 0.4 524 3.3 1.0
Isoperla obscura - - 2.1 0.1 - - +
Perlodes microcephala - - 1.0 0.1 - - +
Perla bipunctata - - 0.7 + 12.8 0.8 o2
Leuctra fusca - - 62.0 4.3 2.1 0.1 1.1
Protonemura . praecox - - - - 10.7 0.6 A
Brachyptera risi - - - - 0.7 +
Echemeroptera (124.1) (8.5) | (258.9) [(17.1) | (W19.4) [ (26.1) | (17.8)
Centropiilum luteolum 48,1 3.5 73,8 5.0 16,0 1.C 4.8
Ephemerella ignita 0.7 + 87.7 5.9 99.5 6.3 3.2
Ecdyonurus venosus 33.1 2.5 9.6 0.6 4.1 3.0 1.7
Paraleptophlebia submarginata 5.3 0.4 4.2 0.3 2.1 0.2 3

34l



Table 1+4 (contd.)

Samnling Stations

Total %

Bottom fauna

Av.

Baltis rhodani
Heptagenia lateralis
Heptagenia sulphurea
Ecdyonurus dispar
Caenis moesta
Paraleptophlebia cinta
Lertophlebia marginata
BaBtis pumilus.
Ecdycnurus torrentis
Parialeptophlebia tumida
BaBtis atrevetinus
Erhemera danica
Rhithrogena semicolorata
EaBtis scambus
Hemivtera

Micronecta poweri
Valia spp.

Corixa panzeri

Sigara distincta
Yepalovtera

Sialis fuliginosa
Sialis lutaria
Trichoptera
Rhyacophila dorsalis
Odontocerum albicorne
Ilectronemia conspersa
Hydropsyche instabilis
Anabolia nervosa
Sericostoma personatum
Potamophylax latipenis
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Table 7.4 (contd.)

Sampline Stations -

G1

Total %

Bottom fauna RV

Glyphotaelius pellucidus
Mystacides nigra
Halesus digitatus
Agapetus fuscipus
Silo pallipes
Hydrorsychae fulvipes
Diplectrona felix
Coleopter :
Platambus maculatus
latelmis volkmari
Deronectus depressus
Helmis maugei
Haliplus lineatocollis
Helophorus flavipes
Oreodytes rivalis
Hyrhydrus ovatus
Diptera

(1) Ceratopogonidae
Bezzia spp.

(2) Dixidze

Dixa puberula

(3) Tipulidae

Tipula couckei
Tipula lateralis
Tipula maxima

Tipula rufira
18iruliidae

Simulium monticola
Semulium brevicaule
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Table 7‘4 (COntd.)

Sampline Stations G1 G2 G3 Total %
Bottom fauna Av} O % % %

m
(5) Chironomidae (647.3) | (47.3) (17.8) (16.8) | (29.4)
Pentaneura monilis 24,6 1.8 4.8 1e7 2.9
Microtendipes chloris 7.4 0.6 - 0.1
Strictochironomus spp. 5.3 0.3 +
Polypedilum nubeculosus 563.8 1,3 2 16.2
Procladius choreus 16 11 0 - .8
Tanytarsus signatus 3.2 G.2 1 243 1.4
Cryptochironomus spp. 2.1 0.1 - +
Prodiamesa alivacea 16 1.1 5 ‘ k.5
Brillia mcdesta 6.4 0.5
Trichocladius rufiventris 3 12.7 345
Other dipteran larvae (21.4) (1.5) (5. (5.5) (2.0)
liermerodromia unilineata - - 0 0.2 0.1
Dicranota robusta 161 1.4 5 L, 2.8
Taphrorhila vitrinennis 2.1 0.1 0 0 0.1
Pedicia rivosa - - +
Pericoma pseudoexguisita - - 0 +
Dipteran rupse 29,9 2.2 1 0.9 1.7
Total no. animals 1785 1951 2068
Av. no. animals per month 1275 139.3 147,97
Av. no. animals / n° 1364 ,2 1490.5 1560.3

191




162-

BOTTOM TFAUNA

O el

G3

-
-
eao

-
P
»
-

F
1970

204

1%

)
w
-

]
~3
-—

-..).
N
-—

o
-

mm YNOVE W

01109 .

Percentage composition of the bottom fauna at each

Fig 7.1

-

month .at each station,



" 201
10 -

R A

10-

Percentage

207

20-
10-

-l:'és

Other‘Dirpt. larvae

10 1

307 chironomidae
1201 o

207

e

,Coleoptera

104

Plecoptera

20+
10 4

Ephg_meroptera

o ~".201. ’
10 -

20 -
10

Months

I;‘ig,7'2 Seasonal variationsin the number of

differ_ent groups of bottom fauna in Afon Glyn



6y

Table 7.5 Percentage composition of the different groups in
the total fauna samPled e . at G1, G2 & G3.
(+ = € 0.1%)
Sampling sites _— G,‘ G2 G3
%) (%) (%)
Elevation OD ———e—> 176 m 183 m 500
Turbellaria 0.1 - +
Hirudinea - +
Oligochaeta 55 3.1 3.1
Gastropoda 0.2 2.4 0.8
. Lamellibranchiata - 0.7 +
Amphipoda 0.5 0.7 0.9
Isopoda 0.2 - -
ldydracarina Ok - +
Plecoptera 10.7 14.9 25.9
Ephemeroptera 11.1 2k.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 +
Simuliidae - + +
Chironomidae 50.2 21.0 16.7
Dixidae - - 3.5
Other dipteran larvae 0.7 2.2 4,6
" Dipteran pupae 1.5 2k 0.2




Table 7.6 Statistical significance .in the number of benthic.

faune. between G,]/G3 and G2/G3 sampling sites at S level.

Sampling sites ———> G,!/G3 G?_/G3

Benthic fauna \'/ t P t P
Oligochaeta 1.3 | > 0.05 0.6 > 0.05
Gastropoda - - 1.6 > 0.05
Plecoptera 2.7 £ 0,05 0.7 ) 0.05
Ephemeroptera 1.7 | >0.05 0.8 | >0.05
Trichoptera l.S >0.05 0.1 >0.05
Coleoptera 0.8 | >0.05 0.5 >0.05
Chironomicdae 3.9 £ 0.05 1.0 > 0.05
Other dipteran larvae 04 | > 6.05 0.6 > 0.05

491
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Water samples for chemical anslysis were taken in
the month of June 1969. 4he snalytical results are
summarised in Table 3.4,

I found more calcium lons in this stream, as did
punn (1961) and Woolland (1972). %his 1s probably due to
its flow oever the Hirnant limestone of the Bale beds,

2._COMPOSITION OF THE PAUNA

The species of this stream as established'by
systematic collecting at three stations over a period
of 14 months are listed in Table 7.4, A total of 7772 org-
anisms, belonging to 117 differeﬁt Species vere identified.

The seascrnal verliation of the bottom fauna is shown
in Figs. 7.1 end 7,2, A gradual increase in the total

number of orpanisms from winter to summer was observed.

The sampleé teken yield a falrly accurate picture of
the bottom fauna of the area studied., The regular
invertebrate ropulation would appear to comprise (ligochaeta,
Ephemeroptera, Trichopera, Diptera, Coleoptera, Plecoptera
and Crustacea, which account for 97.7% of the total
Eirudinea, Hydracarina, Mollusca and Turbellaria were also re-
presented, As is to be expected the feuna changed with
gltitude (Tables 7.5 and 7.6), In the following account
short descripfiéns are glven to supplement the list in
Table 7.k, |
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A. fnnelids
(1) Clisochoeta

4,07 of the total bottom fauna was formed by this
group, Stylodrilus heringignus and Lumbriculus variegatu
were common and the rest (Table 7.%4) were scarce. These

were distributed at all the stations sad there was no

strong pattern in the seasonal varistion (™ig. 7.3).

(B) lollusca
(1) Gastropods

1.1¢ of the total benthic fauna belonged to this

groupe. was common end Limnaes

perezer and Hydrobis jenkensi were scarce. Angvlgst
fluviatilis cccurred on exposed rocks end bare stones and

was found more during spring and sumuer (Fig. 7.3) (see

also Berg etyal. 1958).
(2) Lamellibranchiata

0.2 of the total macrometazoans were formed by this
grbup. Four species listed (Table 7.4) were scarce, and
no chenge was noted in the total number at any sampling

sites.

(C) Arthrovoda
(1) Crustsces
(a) Amphipoda
ox formed 0.6 of the total fawna., These

were recorded more during winter (Fig, 7.2) and collected
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less at ql.aqd G, than at 63 sampling cite.
(b) Isopodg

Agellus mericisnus was scarce and constituted 0,17

of the total catch. This was not recorded from G3.
(2) JArechuida

(a) Hydracarina

Hyerobates_nigromaculatus, Ezgrgbﬁtgg fluviatilis and
Srerchon setiger were collected from G3 and formed 1,07
"of the total, ’

(3) Insecta

(2) plecoptersa
This group formed 16,47 of the total organisms and vas

represented by seventeen specles, of vhich Chlg;gngrla

wvtt,mwmm
n and Leuvetras hpporug were common, znd

recorded in large numbers in every season (Fig. 7.2). I

found the sbove species mumerous during winter and spring
snd Levctra spp. in spring and surmer (Fig, 7.3). These
were collected in large numbers at higher elevation (Table
7.5) vhich eccording to Macan (1962) is probably a function
of temperature, A significant difference vas observed
between the numbers of plecopterans present in the botton
fauna at G eand Gy (t = 2,73 P £ 0.05) (Table 7.6).

(b) Ephemerontera
17.77 of the total faunes belonged to this group.

Centrontilvm luteolum, Fedvopurue venosws, Baetis rhodeni
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and I[epterenlp lsterslis were present in large numbers at
- every staticn and the rest (Table 7.&) sezrce, Controntilvm
luteolun and Hertggenln spr. were recerded in every season,
but Fedycrnurus venosus was present more during winter and
spring, end Baetls spp. in spring and summer (Fig. 7.4).

' enita during summer (Fig. 7.4) as did

those of Macan (19573.

(c) Heghiters
7.27 of the bottom fauna was composed of this group.
Micronects powerl was common end Corixa rengzevd, Sirarn

- ddstincts ond Velis spp. were scarce at Gi and Gé' Not a

single specles was recorded frqm 63; this nm2y be due to higher

elevation end reletively fast currents., IThe above hemipterans

wvere present at Gi and Gz probably due to the proximity of
the lake and low velocity. They ocecurred mostly vhere the
rooted aguatics were confined to the margins of the stream,
(4) Yegaloptera
This group was represented by Sigzlis fulirinosa and
Sielis luteria, Hoth were scarce, formed C.2° of the total
and collected more fronm 63.

(e) Irichopters
This group constituted 9.47 of the totsl benthic fauna.

Electrocnerds consversa and Glyphotaelius p-llucidus were
cormon snd the rest (Table 7.%4) scarce, Quentitatively,

this group was recorded more during spring eand summer

(Fig. 7.2). I found Glvrhotselius peljuvcicdus abundant in
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the vicinity of the lake., Very few caddis larvae vere
collected from Gie

(£) Coleoptern

1.47 of the total cstch was formed by aquatic beetles.
Latelnis vollonary and Helmis meugsl were common,  The adults
vere fowmd among weeds end the larvae on stones, Unlike
Maitlend (1972) I found the above species more common in
the lower resches than the upper. MNaitland said that they
were unceorren in the lower reaches of a Scottish river,
and sald that the population 1s controlled by the fish
predation or removal by spates,

(g) Lipters

This group formed 35.87 of the total organisms and
was represented by the families Ceratopogonidae, Dixldae,
Tipulidac, Simullidase, Chironomlidae, other aquatic diptersn
larvae and pupae. These were collected more during sumner
and autum (Fig, 7.2),
(1) Ceratorogonidae

C. 37 of tha fauna was composed of Bezzlme spr,
(2) pixidoe :

C.7% of the benthic fauna were constituted by IMxs p
almost all were collected from Gy (Table 7.4},
- (3) Iipuvlidae
Iive species listed in Table 7.2 forred 0.27 of the

total, These were collected meore from ql and G2 than 03.
(4) Siguliidse ‘
Soaldum wonticols and Simulium brevicaule were scarce.



Table 7.7 The average percentage composition of the total annual diet of trout and salmon parr assessed by

occurrence, volume and number methods. (+ = { 0.1%)

Food organisms J' Trout Salmon parr

o
=1
Q

Methods of assessment > v

Benthic food
Lumbriculus variegatus
Ancylastrum fluviatile
Asellus meridianus
Plecoptera nymphs
Chloroperla tripunctata
Chloroperla torrentium
Amphinemura sulcicollis
Leuctra spp.

Isoperla grammatica
Cther plecopteran nymphs
Ephemeroptera nymphs
Badtis rhudani

Ecdyonurus venosus
Heptagenia lateralis
Ephemerella ignita

Cther gphemeropteran nymphs
Trichcptera larvae
Plecronemia conspersa
Hydropsyche instabilis
Potamophylax latipennis
Sericostoma personatum
Rhyacophila dorsalis
Other trichopteran larvae
Coleoptera larvae
Latelmis volkmari

Helmis maugei
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Table 7.7 (contd.)

¥ood organisms g Trout Salmon parr
Metiods of assessment ~——— Y \'A N 0 \'A
Diptera (6.1) (4.2) (7.4) (24.6) 19.5)
Chironomidae : 5.0 3.3 6.3 21.2 17.4
Simuliidae 0.7 O.4 0.8 2.4 1.6
Other 2ipteran larvae - - - 1.0 0.5
Dipteran pupze Cu4 0.5 0.3 - -
Midwater food

Coleoptera aqulis (4.3) (5.0) (4.3) (0.4) (0.6)
Latelnis volkmari 3.1 - L.2 2.3 0.3 0.4
Platambus maculatus 1.2 0.8 2.0 C.l 0.2
Phoxinus phoxinus - (1.1) (1.1) (0.5) (0.2) (2.1)
Aerial & terrestrial food :

Insects (Hemiptera, Diptera, Hymenoptera) 20.0- . 31.8 26.6 6.4 8.4
Miscellaneous food :

Flzat material - 8.7 6.5 4.3 2.8 1.7
Fish eggs 2.8 3.7 2.8 0.2 1.0

78

Av. No. Org. per stomach in trout = 10.4
Av. No. Org. per stomach in Salmon parr = 10.8
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No effect of elevation was noticed in the di‘strib‘%:tion
of this group.
(5) Chirononidae
This grQUp.fbrmed 29.42 of thé total fauna, Esgﬁggggzg

nonilis, Folynedilum nubeculosus and Prodizmess olivscen Qere

cormon, (Table 7.4). These were abtundant during summer and
found more at low altitude than at high (Table 7e5)e

A significant difference (t = 3,93 P { 0.05) vas observed
between the numbers of chironomid larvae present in the
botton fzmma at Gi end G (Table 7.6).

(7) I2ipteran vupag
1.77 of the limnetic invertebrates were constituted by

the dipteran pupae.

3

(1) Zrown trout

A tctal of 101 trout belonging to O+ to 4+ age groups
were collected at monthly intervals during January 1963 to
March 19703 of these flve stomachs were empty and the rest
had food in varying cuantities (Table 3.6).

(a) Commosition of the diet (by volure)

Teble 7,7 shows a wide speetrum of diffcrent crgenisms
eaten. The most important dletary items which belonged
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to the benthic food, were Plecoptera end FPrhemerontera
nymrhs, end Trichoptera and chircnomid larvae vhich
together formed 43,87 of the total volume, 0ligochsatea,
Gastropoda, Coleoptera and other dipteran larvae were
among the less important benthlc food which constituted
2,77 by volume of the total, -

Plecoptera represented by Chloroperls trimmetsts,

- Amphinerura suleieollis, Chlorop torrentium, Levetra

spp. &nd cther unidentifiable plecopteran nymphs

forzed 6.5 of the total, [RBgetis rhodsni, ccdyonurus

venosns and Eeptagenlg laterslis represented the Ephemecroptera
which formed 29,9, of the total volume., Trichoptera

larvae mostly belonged to Plectrocnemia consversa,

T}'v rognsyeho t ’

Soricostona persongtum and amounted to 9,17, Chironomid

larvaz formed 3.37 of the total wvolume.

/mong the less important food items, Luzbriculng
Yorlegstus oecurred in 0,37, Sirmulivm breyicaule in 0.4

Mneylastrum fluviatile 1.1%, Asellug merjdionus in O.h47
and finally dipteran pupse in 0.5Z of the total volume,

Midwater Dod was composed of adult Coleoptera which
formed 5,07 of the tctal volume and belonged to species

Lstelris volkmari, Helmis rmaugel end Platambus waculetus,
s _amounted to 1.17 of the total

volunie,

Aerial and terrestrial food, which included Anphididae,
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Nabldzae, xormic*dae, Lmviuae, and Eibicnidae, formnd
31.87 of the total volure.

Finally, €.57 of the food was plant material aznd 3,77
was fich eggs.

(b) Seasonal mristien in food intake

"Fig. 7.5 shows that the maximum feeding activity occurred

during stwmer and it graduelly decressed in vinter,

(c) Seapsonsl chonges in the food

Figs. 7.6y 7.7 show the seacsonal changes in the food.
Fphemerortera and Plecoptera nymphs and Trichoptera larvae
occurred in the stomachs throughout, liost of the

Plecoptera nymrhs for example Levetrs env,, Jsonaie sro,

and Amphinerura spp. were eaten during spring snd sutum,

Frhereroptera nymphs,riostly Bpetis srp., Foherercllas spp.

end Yeoptacenla s were present in substantial quentities

throughout. Larger numbers of Trichopera larvae particularly

Plectreneria spp. and Glyphotaelivs snr. were enten during

winter then in any other season. Chironomid larvae oceurred

in a smaller percentage of stomachs during sumer and autuvmn,
Trout ete serial 2nd terrestrial insects belonging to
Erphidne, Bibionidae snd Formicidae most frequently during
sumrer and sutumn, The food items of infreguent ccourrence
were Coieoptera edvits and lervae, Oligocheetrn, Castropods,

fish eggs ond plent reterlal. These items were found



Table T+.3 The average percentage composition of the food assessed by occurrence, volume and number methods

of trout of each age group.

Name of Svecies

Salmo trutta

Total No. Stomachs

101

Age

1+

2+

3+

Ly

No., sps in each age group

Co

46

29

16

No, Envty stomachs

Methods of assessment

Benthic food

Oligochaeta
Gastropoda

Isopoda

Plecoptera nymphs
Ephemeroptera nymphs
Trichoptera larvae
Coleoptera larvae
Chironomid larvae
Siruliid larvae

Other dipteran larvae
Dipteran pupae

Midwater food
Coleoptera adults
Fish

Aerial & terrestrial food
Insects

Miscellaneous food
FPlant material
Fish eggs

13.6
28.1

18.1

40,0

25.0

20.5

50.0

314

19.5

2.5

36.4

62.2

5

49,2

2.0
2.2

5.5
14,4

5

2.3
14,0
25.5
20.3

6.4

3o2
25

18.6

l.l

N

1l.2

29.5
12.4

10.2

1.9
2.7

19.2

9.5

22‘1

333

71.7

28.3

83.4

16.6

131
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during lete auturn znd winter. The minnow (Phoxinus
phoxinus) wes eaten during sutumn,

(d) Focd in reletlon to see

x¢ test showed a significent difference in the
occurrence of rlecopteresn (x23 = 10,93, P £ 0.05 £ 0.,02),
coleopteran (x23 =1£,93, PL0,05 { 0.0z {0.01), end
serial and terrestrisl (x°3 = 10.0%, P £0.05 £ 0.02)
food items in different age groups of trout. As far es
the other food itcrs were concerneld there were no

significsnt changes in the diet of fish belonging to O+
to 4+ age groups (Table 7.8).

A totsl of 123 salrmon parr were collected from
Januery to March 1970, Of these, 14 stomachs were empty
(Table 3.7).

(2) Cormposition ¢f the diet (by volume)
Table 7.7 shows the composition of the totzl diet of

salmon parr. The rmost significant 1ters of benthic focd

were Gastropoda, Plecoptera and Epheneropterz nymrhsy
Trictopters, chironomld snd sinmuliid larvse. Oligocheete,
Colecpterz and other agquatic dipterzn larvese were Insignificant

in the diet.

pncylastrum fluvistile formed 2,67 of the diet.
Plecoptera were represented by’Cn;grgnerlg trirunetata,
Arohinemurs sulelcollis, Chloronerla torrentium, Leuctra SCDe
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and other unidentifiable Plecoptera nymphs in 5.87 of

the diet; Emhemeroptara.fepresented by Paralertorhlebi

submarcinats, Bogtls rhodani, Dedyonurus venosus,
Hapntarcnla lateralls end cther unidentifiasdle Iphereroptera

nymphs, formed 19.873 and Trichoptera, represented by
Plectrcenemin conspers~, Hrdrgsvehe instnbilis, Potarorhylex

ticennis, Sericostora rersonatim and other unidentifiable

Trichoptera larvae constituted 19,87 of the total diet,

Chironomid larvae were found in 17.47,

Among the insignificant benthie food were Latelmis
yglkmeg; and Felris maugel which together formed 0.37 of
the total., TFinally simuliid larvae were present in 1,67
of the total dlet,

The midwater food was composed of adult pPlatombug
maculatus (0.&?) and the bullheed (Cottus gobdio) (z.17).

Lerizal and terrestrial inscets belorg to Inpldae,
Pibionidee end Formicidae, and formed 8.4 of the total
diet,

lidscallanecus food formed 2,77 of the diet in vhich
1,77 was plant material snd 1,09 flsh eggs.

(b) Sessonal varistion in food intake

The paximun feeding activity was observed during

April to June and it gradually decreased in vinter (Flg.7.5).

{¢) Seazcnz2l chenpes in tho food

Figs. 7.8, 7.9 show the presence of Plecoptera,



Table 7.9

of salmon parr of each age group.

The average percentage composition of the food assessed by occurrence, volume, and numver methods

Name of Species

Salmo salar

Total No. Stomachs

123

Aze

O+

N
+

Total No. Sp . _in each age

13

\N
[s)}

0. Empty stomachs

~J

Methods of assessment

<

-4

<N\N¥l

Benthic food
Cligochaeta
Gastropoda
Plecoptera nymphs
Ephemeroptera nymphs
Trichuptera larvae
Coleoptera larvae
Chironomid larvae
Simuliiq larvae
Other gipteran larvae

Midwater food
Coleoptera adults
Fish

Aerial &terrestrial_food
Insects

Miscellansous food
Plant nmaterial
Fish eggs
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'Emhemeroptera, Trichoptera and Chirohoﬁidée throughout
the pericd. Most of the Plecoptera weré eaten during
winter and spring. Ephemeroptera nymrhs were most
frequent»in the diet during winter gnd Spring.. Trichortera
lexrvae were the dominant foed item during autumn and
winter, Considerable numbers of chironomid larveze were
eaten during summer end autumn, Gastropods, serial and
terréstrial insects, were confined mainly to summer and
guturn, . |
Among the food items of infrequent occurrence were
simuliid larvae and Coleoptera adults and larvae which
occurred in winter snd spring, Other diptersn larvae were

consuned in spring and fish, Cottus gcbio, in winter,

Lov values were reported for plant materisl except during

au tumn.

(d) Food inrelation to_sge

The fish of all ege groups hesd 2 similar diet (Table 7.9).

I found a significant differcnce in the occurrence of
Gastropods (x°3 = 10,47, P{0.05 { €.02), and Trichoptera
(x”3 = 9.61 PL0.05) 1n the fcod of trout of different

age groups,

(111) Itilis=*ion of the fzima

Fig. 7.1C snows the percentage comrosition by number
of the bottom fauna and benthic food 1tems utilised by

trout end salmon parr, Very few oligochaetes were caten
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by trout snd salmon perr, despité thelr abundance 4in the
fauna, The absence of oligochaetes from the dlet was
probably related to thelr burrowing habits, pgncylsst
fluviatile was the only mollusc eaten by trout and salmon
perr. It was consumed more by salrwen parr then trout,
Ascllus meridinus was the only crustacean esten by trout,
Maitland (1965) also found crustacea to be rore avalleble
to trout then to salmon parr, and frost and wWent (1%%0)
found very few crustscea in River Liffey salmon parr and
trout, desrite thelr sbundance in the fauna, Flecoptera

nymphs,rostly Chloroperla, Isonerla end Ar
corron and freguently consumed more by trout than by

hinemurs vere

gsalmon tarr, I found Trichopera larvse eaten more often

by salmon parr then by trout, as did Frost and Went (1940),
Coleoﬁtora larvae znd adults belenging to thQZSpecies

Latelrmis volkmarl and Helmis meuged were eaten more by

trout than by salmon parr. A significeant difference (t = 8.3,
P {0.05) vas observed between the nurbers of Coleoptera
present in the bottom fauna and in the trout food. ;=== . ..ie
Salmon parr utilised nore chironomid znd sirmuliid larvae

than trouty this suggests thot salmen parr feeds more on

botton founa than trout.

_ L, SIMMARY
(1) The btottom feuna of this stream at low end high

t1tude was 1427.3 end 15¢0.3 animals/m® respectively.

(2) The vercentage of Arphlpoda, Plecopters, Iphemeroptera,
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Megalopera and Dixldae Increzsed gradually from low
altitude to high, |

(3) Isopoda, Ceratopocgonldac, Tipulidae, Zimuliidae,
Chircromidsc and their pupas cccurred mére‘at low
altitude than at high, _'

(4) There was no change in the number of Turbellaria,
Eirudinea, 0Oligochaeta, Gastropoda, Trichoptera and
Coleoptera with elevation,

(5) €C.97 end 90,77 by volume of the total food of trout
end saloon pars reSpectLVe;y was benthic fsunea.

(6) Aphidae, fmpididae, Blblonidae snd Formicidae were
consumed rore {31.87%) by trout then by salmen parr (8,4

by volume),
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CHAPTER VIII

DISCUSSION (PART I)

(1) BOTTOM FAUNA
(2) FOOD AND FEEDING RELATIONSHIP BETWEEN TROUT AND SALMON

PARR.
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CHAFTER VIII

T ——————————

DISCUSSICN

Having considered the observations stream by strean
(Chapters 3 to 7 inclusive), they will now be discussed
under two headings s (1) Bottom fsuna, (2) Food snd

feeding relstionship between trout end salmwon parr,

(1) Bottom Feuna

Huet (1959) characterised the biotopes mainly by
neans of the slopes and width of the streams. Illies
(1952) and Dittmar (1955) characterised the different
strezr~-zones by means of the annuel temperature
emplitude, Schmitz (1955) preferred to characterice
then by the difference between water temperature snd
alr temperature., Macan (1961) objected to classifying
stream=-zones by mesng of temperature malnly becausc there
are no direct relationships between temperature, stream
and bottom conditions, Berg (1943, 1948) made a
classification of the stream on two ecological factors
vhich he thought were of major importance for the fauna,
namely the velocity of current snd the type of substratur.
The importance of the substratum has been stressed by
Percival and whitehead (19.9, 1930), Whitehead (1935),
Butcher, Longwell and Pentelow (1937), Moon (1939), Jones
' 1949a, 1949b), Macan (1957), Hynes (1961), Thorup (1966)
and Bgrlishaw (1969) vho sald that the type of substratunm
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(2) The number of benthic animals increases during
surtmer and decreases during winter,

(3) 68.0¢f and 97.8% benthic fauna were utilised as food
by trout and salmon parr respectively.

(4) 27.2 aerisl and terrestrial insects were eaten by
trout and C.17 by salmon parr. |



Table 8.1 Density (Av, no./mz) of the bottom fauna in all Llyn Tegid feeder streams.

Nature of bottom:-

A = Mud, sand and pebble. D = Gravel. C = Stones with scattered vegetations. D = Stones covered with moss.

1

| Streans Llafar Lliw Dyfrdwy Turch Glyn’

Nature of bottom A B C C A C D A B C
Height (m 0.D.) 175 177 200 200 175 183 216 176 183 500
Sampling sites 11 12 13 LIw D1 1D2 T a1 c2 G3
Turbellaria 0 53 0 (o] 0.7 (0] 0 1.0 0 0.7
Hirudinea 10.7 10.7 13,8 7.4 241 14,9 0.7 0.7 4,2 " 1.0
Oligochaeta b35.8 156.2 37.4 333.8 272.8 147.6 26.7 157.2 48,1 49,2
Gast!‘opoda 6.2" 201 6.1’ 302 6“"’ 23.5 5-3 . 1 oo 21',‘.6 1“09 ’
Lamellibranchiata 1.0 12.8 58.8 L,2 3.2 L2 18.1 0.7 71.6 2.1
Amphipoda 0 YR S 21 2. 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
Hydracarina 98.4 o] 7.4 1.0 1.0 2.1 2.1 0 o 2.1
Plecoptera 9.6 372.3 182.9 60.9 17.1 315.6 253.6 | 162.6 303.8 A11.9
Ephemeroptera C 3.2 202.2 189.3 535.0 149.8 184.0 269.6 1241 253.9 419.4
Hemiptera 988.6 144 ,5 2.1 202.5 422 ,6 L4o1.2 0.7 105.1 118.4 o]
Megaloptera 9.6 3.2 12.8 k2 1.0 7.4 21 1.0 5.3 8.5
Trichoptera 115.5 186.1 72.7 126.2 39.5 263.7 151.9 65.2. 208, 204,3
Coleoptera 55.6 12149 251.4 38.5 28.8 90.9 60.9 16.0 35.3 28.8
Diptera: . .

Ceratopogonidae Lo.6 26.7 9.6 8.5 53 6.4 0 7.4 © 7.4 2.1
Dixidae o] o] o] "0 0] 0 5.3 o] 0.7 55.3
Tipulidae 2.1 5.3 9.6 b2 6.h 7.4 1.0 7.4 b2 0.7

‘ Si’nuliidae 100 21.1* 1*2.8 . 2.1 0 9.6 3.2 0 1.0 1.0

Chironomidae 1166.8 L4, 1309.6 769.3 2153.9 863.4 3hh.5 647.3 269.6 64,4
Other dipteran larvae 2.1 34,2 374 13.9 2.1 22,k 25.6 214 87.7 735
Total no. animals Lo2h 2327 3019 . 2842 4313 31L4 1874 1785 1951 2068
Av.no.animals/month 287.4 166.2 215.6 202.9 308.0 24L 5 133.8 121.5 139.3 | 147.7
Av.no.animals/m* 3075.1 1778.3 2306.9 2171.0 3295.6 2402,.1 1431.6 136k4.2 1490,5 1580.3

b 1)

<bl
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1s one of the important factors in the distribution of

aquatic fezuna,

In the present study, four different types of
bottoms, namely (A) Mud, sand end pebbles, (B) Gravel,
(C) Stones with scattered vegetation and (D) Stones
-covered with moss, and their characteristic speciles are
- dlscussed. The densitles of specles found in all the
Llyn Tegid feeder streems are tabulated‘in Tebles 3,5, W,2,
5.3, 6.2 end 7., A comparison of the benthic fauna in
terms of groups of five unregulated Llyn Tegld feeder
streams shows the similerity of the 'animal inhabitants
though thelr numbers differ on different types of
substratum (Teble 8.1), The feeder streams have a dense
population (mean number of organisms 2382.8/h2) conmposed
of many species. ILphemeroptera, Hemiptera, Trichoptera,
Plecoptera, Chironomidae and Qligochaeta together formed
81,47, 89,27, 87.47, 85,47 snd 88.57 of the benthic
standing crop in Afon Llafar, Lliw, Dyfrdwy, Twrch and
Clyn respectively. |

Pharocats vitts was scarce and collected relatively
more ot G than G, (Tsble 8.1), Extensive sampling may
ravezl thelr presence at Ll end LD1 as they have an ' A!
type bottom, though Reynoldson (1967) showed a high
density of p, vitts in peaty ground. el ctoculet

s were comronly collected. These

appear to prefer stony substrata with scattered vegetation
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Table 5.2 The distribution of benthic fauna (expressed in averaga

percentages) according to the type of substratum in

Llyn Tegid feeder streams, + = (0.1%
A B c D
Mud and Gravel Stones with Stones
Types of substratum small scattered covered
pebbles vegetation with moss
Sampling stations L1, ID1, &1 2, G2 L3, Lw, G3 T
Turbellaria + - + -
Hirudinea + + 0.1 +
Oligochaeta 6.5 S 6.2 1.9
Gastropoda 0.2 1.2 1.0 0.k
Lamellibranchiata + 0.8 0.4 1.2
Amphipoda 0.2 Ul 1.0 - 0.7
Isopoda 2.1 - - -
Hydracarina 0.k + + 0.1
Plecoptera 3.8 8.0 16.3 31.6
Ephemeroptera 6.3 19.4 20.3 18.8
Hemiptera N 9.5 72 R +
Megaloptera 0.1 0.3 .5 041
Trichoptera 3.6 7.1 9.3 10.6°
Coleoptera 1.3 3.3 b 4,2
Ceratopogomidae 0.3 0.k 0.3 -
Dixidae - - 17 0 3
Tipulidae 0.4 oLl 0.1 0.1
gimuliidae . - 1.1 0.2 - 0.2
Chironomidae 57.8 3.8 |  25.9 24,0
Other dipteran larvae 0.k 1.5 2.8 1.8
Dipteran pupae 1.6 2.2 L1 3.0
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(Tables 8,1, 8.2, 9.3)« Similar observations were made
by‘ﬁann‘(l955).  Stylodrilus heringiasnus and Lurbriculus
varlegatus were most significsnt among the oligochaete
fauna in all the streams except Afon Twréh (Tables 8.1,
'9.,3). The obvious reason 1s the lack of a nmuddy bottom
in the stretch sampleﬁ. w‘Ihe molluscan fauna in the
feeder streams is varled. meea _pereger, Aneylastrm

fluvintlle in the Gastropoda snd pisidiym subtruncatum
in Lamellibranchiata are among the prominent specles

collected, These wvere found relatively more cormmonly in
Afon Tvurch and Glyn and less freguently in Afon Llafar,
Lliw, and the Dyfrdwy., This may be due to higher
concentrations of c¢slcium ions in the Twrch and Glmwaters
(Table: 3.4)." V.. The amphipod fauna though searce in
the feeder streams 1s represented by Gammarus pulex vhich
seems to favour thick vegetation and a higher calcium
concentration., These were recorded less frequently in
Llafar, Lliw and Dyfrdwy and more commonly in the Twrch

. and Glyn (Table 8,1), = Agellucs
from Ly, 1D, end G stations, the bottoms of which are of
sand, mud and pebbles. The commonest of the Hydracarina

Latus end Sperchon setiger., These

. were well represented at the stations near the lgke snd

eri disnmue wvere collected

their presence may be due to the slow current and more

sbundant marginal vegetation.

Chloroperls torrentium and Isoperla gr g@magicg are the chief
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representatives of the Plecoptera, Theseloccur in
considerable.numbers in Afon Twrch vhich has a thick
carpet of moss on the bdftom, at Gy vhere altitude may be one
of the factors; and are relatively less in number in other
fgeder streans, for which»shelter afforded by the stones
and avallability of food like moss, algae, détritus end
vegetable matter (Hynes 1941, iones 1950, Badeock 1949)
nay not be adequate. There 15 an Increase in plecopteran
nymphs from Ly, having a muddy Botfom, to L, and Ly vhere
the bottom is gravel and stones with scattered vegetation
as in the Afon Dyfrdwy and Glyn (Table.B.l), Nymphsg of

nita, Baetils spp, Centroptilum

luteglum, Heptagenia spp, Icdyonurus venosus, and Leptorhlebis
ata are predominant in the feeder streams (Tables 8.1,

9.3). These appear to favour By C and D types of bottom
(Tables &L, 8.2y 9.3). '
frequently in stoney bottoms covered with moss,
Parpleptophlebia spp, and gggxgggg;g_§pg. were comrion in
the upper resches of Afon Llafar, Dyfrdwy and Glyn

(Table 3.5, 5.3 and 7,4) as was also found by Macan (1957).

Fphemerella ismita occurs most

Baetis spp. and Centroptilum spp. were common in slowver
waters. It 1s not usual to find Centroptilum in rapid areas

where Bagtis 1s frequently sbundant. Baetis spp. eppears
in all stations, FEhithrogena semicolorata and Pedyonurus
yengsus frequently occur together.,_There is a gradual

increas2 in the number of mayfly nymphs from the muddy
bottoms of Ly, Lni and ql to Lz’ LD2 and G2 wvhere the
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botton is of gravel and finally to L and*G, vhere the

3

bottom is stony with scattered vegetaticns, (Tables 8.1,
8.2y 9+3)e Small round flattened Micronecta poweri are

an important constituent of the benthic community in al1
feeder streams except Afon Twrch. Probsbly their
carnivorous hablts and theusubseguent difficulty in
finding the food in the}thick carpet of moss may have
an important effect in Tegulating their nmumbers in this

stream. MicCronecta poweri is common in the dower waters

particularly L1 LD& and ql wherq there is a slow current
and more marginal vegetation, both submerged and floating.
Sialis spp. are scarce in the feeder streams (Tables 8.1,
8e2y 9¢3)e Larvae of the caddis flies Plectrocnemis
congpersa, Hydropsyche instsbilis, Potsmorhylax latirennis,
e;iﬁévdu;, Helesus digitatus and Sericostomsg
atim are plentiful in all the feeder streams (Table

?-1.)e Sllo spp. and Agapetus spp. are small and infrequently

found, The caddis larvae increase in number from A type bottoms

to B and C types in Afon Llafar, Dyfrdwy and Glyn

(Tables 8.1, 8.2y 9.3). Helmis msugel and Lateln
are abundant end widely distributed in the feeder streanms

(Table 8.1) though the larvae of these forms are more
frequent then adults, There 1s an increase in the number
of aquatic beetles from A type bottoms to B and C types in
Afon Llafar, Dyfrdwy and Glyn (Tables 8.1, 8.,2). gg;gLQ
' Spp. are scarce in the feeder streams except Llafar and
seem to prefer gravel end stony substrata (Tables 8.1, 8.2,

9.3). uberulp was 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 ty volume method in all
Llyn Tegid feeder streams.

+ =<0.1% 3 = .= No record

Streams L Lw 1D T G
Total No. Fish 136 93 122 77 109
Total No. Empty stomachs 6 11 9 5 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. - .1 0.1 0.1 1.1 O.4
Nemoura spp. V.6 - - - -
Protonemura meyeri 0.7 0.2 1.8 | 1.9 -
Chloroperla spp. : - - 2.4 1.0 1.9
Isoperla grammatica - - - 1.4 0.7
Other Plecoptera - - 1.0 2.5 146
Baetis rhodani 4,2 3.6 745 7.3 3.4
Ca'énis SPPe 1.1 2.1 2.1 - -
Ecdyonurus sppe 0.6 2.3 5.3 | 1.6
Ephemerella spp. 1.3 - - b4 Sk
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
Rhyacorhila dorsalis 3.6 - - 5.4 2.5
Hydroptila spp. 243 - - - -
Hydropsyche: spp. - - 5.2 4,3 3.9
Potamophylax spps - - 53 - 2.8
Sericostoma personatum - - - - 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 volkmari larvae + 1.1 0.3 0.3
Chironomid larva= 10.6 5.5 22.0 25,5 | 17.4
Chironomid pupae + 0.1 - - -
Simuliidlarvae 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 gobdio? - - - - 2.1
Aerial and terrestrial food 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) O.l - - - -
Fish eggs - . - 2.6 - - 1.0
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Table 8.4 The average percehtage composition of the total diet
of salmon parr assessed by numbor method in all Llynm
Tegid feeder streams.

+ =<O.1%; - = No record;

Streams L Lw 1D T G
Total No. Fish 136 93 122 72,1109
Total No, Empty Stomachs 6 11 9 5 14
Lumbriculus spp. 0.5 . - 0.7 - 0.1
Ancylastrum fluviatile 0.7 + - 0.3 3.2
Limnaea pereger 0.2 - 0.9 - -
Amphinemura sppe 0.9 0.9 1.6 1.0 1ol
Leuctra EPPe 007 0.‘& 0-5 2.6 0.6
Protonemura meyeri 0.9 0.6 1.5 1.3 -
Chloroperla sppe - - 2.1 1.1 2.0
Isoperla grammatica - - - 1.1 0.9
Other Plecoptera - - © 1.1 2.2 241
Bagtis rhodani 907 5.2 6¢‘+ L".} 6'8
Caenis spp. 2.8 9.1 3.1 - T -
Ecdyonurus spp. 0.5 - 4,2 7.5 8.6
Ephemerella spp. 3.2 - - 1.3 6.1
Heptagenia lateralis - - - - 5.4
Other Ephemeroptera 10.4 14.8 6.3 6.2 [14.2
Anabolia spp. 3.7 - - - -
Plectrocnemia conspersa 5.6 1.5 6.1 3.4 1
Rhyacophila dorsalis 1.0 - - 3e2 1.2
Hydroptila spp. 1.6 - - - -
Hydropsyche: sppe - - 4.1 5.2 2.9 -
Potamophylax sppe. - - 5.0 - 2.0
Sericostoma personatum - - - - 3.8
Other Trichoptera 16,7 17.1 13.5 7.2 | 6.2
Helmis maugei larvae 0.2 0.3 0.3 1.1 0.1
Latelmis volkmari larvae 0.1 + 0.4 0.6 C.3
Chironomid larvae 18.3 8.9 264 20.0 [22.0
Chironomid pupae + 0.4 - - -
5imuliid larvae 8.1 8.3 0.8 7.2 | 1.9
Tipulid larvae 1.0 - 0.1 - -
Other dipteran larvae 0.6 L,3 0.2 + 0.6
Dipteran pupae 0.1 - 2.3 0.1 -
Helmis maugei adults 1.0 - + 0.1 -
Micronecta sppe 1.6 - - - -
Latelmis volkmari adults - - 0.1 - +
Platambus maculatus adults - - - - +
Cottus gobio? - - - - 0.1
Aerial and Terrestrial insects 1.9 13.7 0.9 0.1 3.5
Miscellaneocus food :
Plant material 6.7 2.9 1.3 2.1 1.9
Stones (caddis cases) 0.2 - - - -
Fish eggs - 1.6 - - 0.1
Total % 99.0 100.0 99.6 99.2 [99.1
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Table 8.5 The avarage percentage composition of the total annual diet

of trout assessed by volume method im all Llyn Tegid feeder

streams, ' + = {0.1%
Streams L Lw LD T G
Total No. Fish _ 8 113 113 57 101
Total No. Empty Stomachs -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 O.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
Baétis rhodani T 642 2.2 5.1 3.1 | 3.7
Catnis spp. 0.3 1.0 | 2 - -
Ecdyonurus spp. - - 3.2 4,3 | " L4.5
Ephemerella spp. 6.1 - - 4,5 51
Heptagenia lateralis 6.7
Leptophlebia warginata 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
Rhyacophila dorsalis 0.8 1.0
Hydroptila spp. - ' - - - -
Sericostoma personatum - - 0.3
Potamophylax &pp. - - 2.2 - 1.8
Eydropsyche. spp. b, - 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.k 0.6 -
Latelmis volkmari 0.8 - 0.2 0.3 -
Chironomid larvae 2.1 1.0 3.2 3,1 3.3
Similiid larvae 0.7 0.3 - - 0.4
Simuliid 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 maugei adults 0.5 0.3 242 1.0 -
Micronecta spp. + - - - -
Latelmis volkmari adult 0.4 - 2.1 0.4 k.2
Cottus ;gobio | 15.8 34,7 11.3 17.2 1.1
Other Coleopteran adults 0.k ,
Platambus maculatus . 0.8
Aerial and Terrestrial insects31.8 1 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 81 113 113 57 |10
Total No, Enpty stomachs 2 9 7 6 5
Benthic food
Lumbriculus spp. Tl 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 pulex - - 03 - -
Asellus meridianua » 0.2
Amphinemura spp 1.5 0.4 1.1 1.2 0.7
Leuctra spp. C.1 0.1 1.1 1.0 241
Protonemura meyeri - 0.6 1.3 1.9 -
Isoperla grammatica - - - 2.2 1.3
Chloroverla spp. 0.k - 1.2 S 1eb 24
Other Plecoptera - - 1.2 4.2 2.3
Ba€tis rhodani 1.4 3.1 10.2 7.4 | 4.1
Ca¥nis spp. 1.0 4.8 2.2 -
Ecdyonurus sppe - - 3.3 2.4 5.2
Erhemerella spp. 8.2 - - 4,2 6.6
Heptagenia lateralis - - - - 8.6
Leptophlebia marginata 4.6 - - - -
Other Ephemeroptera 241 b 114 9.k 112.1°
Plectrocnemia conspersa 7.4 10.9 7.2 1.1 0.5
Rhyacophila dorsalis - - - 1.2 0.8
Hydroptila spp. - - - - -
Sericostoma personatum - - - - 0.6
Potamophylax spp. - - 1.2 - 1.0
Hydropsyche: spps 3.2. - 2.2 2.1 0.5
Glyphotaelius spp. 73
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 149 2.0 - - 0.8
Similiid pupae 1.6 - - - -
Tipulid larvae +
Other dipteran larvae 0.9 9.0 + 2.4 -
Dipteran pupae - - 2.7 0.5 0.3
Midwater food ‘
Hygrobates sppe. + :
Helmis waugei adults 0.5 14 1.4 1.k -
Micronecta spp. 0.1
Latelmis volkmari adult 0.h4 - 1.2 1.0 2.3
Cottus gobio _ 1.8 22,7 1.6 6.2 | 0.5
Other Coleoptera adult - 1.0 - -
Platambus maculatus - - 2.0
Aerinl and Terrestrial ingectsl5.5 13.6 25.3 23.0 |26.0
Miscellaneous food .
Plant material i 2.5 7‘7 3.8 2.7 403
Stones (caddis cases) 241 0.5 - - -
Fish egge - 1.2 - - 2.8
Total % 99.6 98.5 99.6 99.6 {96.8
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"Afon Lliw, Twrch and Giyn though secarce except in Glyn
(G3). The scarcity may be related to the high altitude
end fewer predators. Chironomid larvae, represented by
seventeen species (Tables 8,1, 9,3) are abundant in the
feeder strezans and found in a varlety of habitats., I
found then entangled in roots, and moss, hanging on by
thelr stumpy hooked appendages, sheltering in crevices,
and they frequently inhabit discarded caddis cases,

These are found frequently in A type bottoms and less in
B end C type bottoms, (Tables 8,1, 8.z, 9.3),  Similiidae
vhich were represented by seven species in the feeder
gtreams were not recorded from the A type of botton,
These prefer shallow swift flowing water and stable
habitats. Other dipteran larvae which includes Tipula spp.

ptherlx marginata, Dicronata robusta, Hermerodromig
1 h SDD.

end Lirmonia svp. appeared insignificantly in 21l types of
bottoms discussed above (Table 8,1).

My results (Chapter 3.4y 4.3, 5.3y 6e3, 7+3) show g
number of similar features in the food and feeding hadbits
of trout and salmon parr in the Llyn Tegld feeder strears
(Tables 8,3y 8.4, 8.5 and 8.6). The most obvious of these
1s the greater amount of benthic food eaten by salmon parr
compared to trout, which eal more midwater and aerig) ang
terrestrial food. Both consume similar amoumts gf
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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. +=4 0.1% - =No record

Methods of Assessment Volume Number

Name of fish _ Trout Salmon Parr Trout Salmon Parr

Total No. fish 465 537 Lés 537

Total No. empty stomachs 29 ks 29 4s

Benthic food (46.6) (86.0) (60.7) (90.8)
Oligochaeta (1.1 (0.4) (1.3) (0.2)
Lumbriculus spp. 1.1 0.k 1.3 0.2
Gastropoda (1.1) (1.3) (1.43 (1.0)
Ancylastrum fluviatile 0.8 0.8 0.9 0.8
Limnaea p:reger 0.3 0.5 0.5 0.2
lAmphipoda (0.2) (-) C+) ( -
Gammarus pulex 0.2 - +
| Isopoda (0.1) - (+)
Asellus meridianus 0.1 -
Plecoptera (4.3) (
Amphinemura spp. 0.6
Leuctra

Protonemura meyeri
Isoperla grammatica
Chloroperla spp.

Other Plecoptera
Ephemeroxtera

Baétis rhodani

Caenis sppe

Ecdyonurus sppe
Ephemerella spp.
Heptagenia lateralis
Leptophlebia marginata
Other Ephemeroptera
Trichoptera

Anabolia sppe
Plectrocnemia conspersa
Rhyacophila dorsalis
Hydroptila sppe.
Sericostoma personatum
Potamophylax sppe.
Hydropsyche< sppe
Glyphotaelius sppe.

Other Trichoptera
Coleoptera larvae

Helmis maugei

Latelmis volkmari
Diptera

Chironomid larvae
Chironomid pupae
Simuliid larvae e
Simuliid pupae

Tipulid larvae

Other dipteran larvae
Dipteran pupae
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Table 8.7 (contd)

Methods of Assessment Volume Number

Name of fish Trout Salmon Parr Trout Salmon Parr
Total No. fish L6s5 537 465 537
Total No. empty stomachs 29 4s 29 s
[Midwater food (18.4) (1.4) (9.3) (0.5)
Hydracarina

Hygrobates sppe + - +

Coleoptera adults (2.4) (0.6) (2.5) (0.2)
Lelmis maugei 0.8 0.5 0.9 0.2
Latelmis volkmari 1.4 0.1 1.0 +
Platambus maculatus 0.1 + O.4 +
Other Coleoptera 0.1 - 0.2 -
Hemigte!‘a ( ) (0.4) ( + ) (0.3)
Mi.cronecta spp. + 0.4 + 0.5
Fish

Cottus gobio (16.0) (o.4) (6.8) (+)
Aerial & terrestrial insects! (27.9) (7.3) (22.7) (4.0)
Miscellaneous food (6.8) (4.5) (5.5) (3.3)
Flant materials 5.3 3.7 4,2 2.0
Stones (caddis cases) 0.7 0.1 0.5 +
Fish eggs 0.8 0.7 0.8 0.3
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" miscellanecous food (Figs. 8.1, 8.2)., Similar features
have been demonstrated by rmany workers including Southern
(1935), Frost (1939, 1950), Frost & went (19%0),
Maitlend (1965), Thomas (1962), Sinha & Jones (1967),
Woolland (1972). The percentage of trout aznd salmon parr
of all age groups (here O+ to 3+) feeding on the principal
food types in each month and year in which sufficiently
representative samples were procured are given in

Figs. 8.1, 8.2, These tend to confirﬁ the variations
already noted in Figs. 8,3, 8.4, It is now evident that
salmon parr have a greater prgrerence for benthic foims

~than do trecut,

In Figs. 8,3, 8.4 the data have been‘grouped on a
monthly or seasonal basis in order to demonstrate any possibdle

seasonal variation in the nature of food, Ephemeroptera

s and Lentoghlebin

" appear to be taken less frequently by salmon parr than by
trout during late spring and summer but the opposite is
true in vinter (Fig, 8.,3). Caenis spp. in spite of thelr
mud dwelling habit (Maitland 1965) were consumed by trout
(0,74 by volume) and salmon parr (1,074 by volume),
Trichoptera larvae vhich include Plectrocnemis

» Sericostoma personatum, Potzmophvlax spo.
Hydropsyche spn, and othercaddis larvae were commonly eaten

by both the specles of fish, Ansbolig hervoss, Hydrortila spp.
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were taken by Salmon parr and Glyrhotaelius spp., by
trout, Frest (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 suﬁmer. I found that the caddis
larvae were eaten more by trout during the months from
Féerary to July but from August to January the_ ,
percentagé of thesé 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 were made by
Frost (1939), Maitland (1905), Egglishaw (1967), Elllott
(1967) and Woolland (1972). Plecopteran nymphs (u4.3% by
volume) in trout and (%.6%4 by volume) in salmon parr‘were

recorded and represented by Amphinemura spp,, Leuctra spp.,

protonemura meyeri, Isoperla grammatica and Chloroperla sop.

in both the species of fish in the feeder streams. Fig. 8.3
shows that these were taken more from February to July and
in December and January by salmon parr, In autumn the

percéntage of these was greater in trout than in salmon

parr stomachs, Asellus meridianus (0.2% by volume) and
Gammarus pﬁlex (0.1% by volume) were recorded only in the
dlet of trout, though Woolland (1972) observed them from
November to May in the stomachs of trout in the upper Dee
and found them particularly abundant in November,

Chironomid larvae were the most important dietary constituent
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to salmon parr of the feeder streans in all seasons

(Fig. 8.3). This may be becsuse of thelr abundance,
availability and small size, Simuliigd larvae were
consumed by salmon parr in all seasons (Fig, 8.3)

though these wére not common in the diet of trout,
Woolland (1972) found simuliid larvae common in July

and August in the diet of salmon parr vhereas Carpenter
(1940) found them most commonly eaten in July, I found
these larvae more in spring (Fig. 8.3)., Tipulg larvze
(0.84 by volume) were recorded only in the diet of salmon
parr of the feeder streams (Teble 8,7) though the trout of
thGIUpper Dee had been feeding on these larvae extensively
during sutumn snd winter (Woolland 1972). Gastropoda,
particularly Ancylastyum fluviatile, were eaten by trout
in very insignificant numbers (0,87 by volume), whereas
the trout of the upper Dee ate more of them in July and
salmon parr in August (VWollend 1972)., Terrestrial and
gerial insects were a more significant food item for trout
than salmon parr, This food was dominant in trout of 211
age groups in all seasons (Figs, 8,1, 8,4). Carpenter
(1940), Thomas (1962), Egglishaw (1967) and Woolland (197:)
found these organisms weré eaten during spring, summer and
gutumn, The Coleoptera, mostly the larval forms of Helris
fiougel and Latelmis volkmari, were eaten by salmon parr
and adults were consumed by trout, This again reflects the
bottom feeding behaviour of the former and midwater feeding

of the latter (Figs. 8.1, 8.2).



(LY

' d

-9l

" Table 8.8 Comparison of the total annual diet (expressed in percentages) of

trout and salmon parr of O+ age group asseséed 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
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 k9 0.6 4,5 0.5
Ephemeroptera 25.7 26.7 23.5 17.9 | 28.3 20.0
Trichoptera 7.8 k.2 2.7 5447 5.3 L8.2
Coleoptera 4,0 2.9 1.2 2.0 - 2.5 2.2
Chironomid 6.1 11.8 1.6 13.2 73 20.5
Simuliid 1.4 3.6 0.5 2.7 1.3 3.2
Other Dipt. larvae T S Ge3 3.6 0.3 8.8 0.1
Dipt. pupae - 0.3 - 0.6 - 0.2
[Midwater food (6.7) (-) (k.9) (-) (4.7) (-)
Coleoptera adult 6.7 - k.9 - 4,7 -
Aerial & terrestrialinsectéZO.Q) (k1) [(31.0) | (5.7) [(21.9) (2a1)
Miscellaneous food (9.2) (4.9) [(10.1) (2.5) (8.1) (1.8)
Plant material 9.2 L.o 10.1 2.5 8.1 1.8




Table 8.9 Comparison of the total annual diet (ekpressed 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% - =Ko record

Total No. of trout = 204 Total No. Salmon Parr = 302

No, Empty stomachs = No. Empty stomachs e 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)
Oligochaeta 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 - + -
Isopoda 0.3 - 0.k - 0.2 -
Hydracarina 0.1 - + - + -
Plecoptera nymphs 10.9 10.8 8.0 7.6 . 1.6 9,1
Ephemeroptera nymphs 29.4 32.3 16.4 244 24 .1 26.7
Micronecta sppe O.h 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.b 2.3 0.2
Chironomid larvae 6.8 15.9 L6 23.2 4.1 30.0
5imuliid larvae 0.3 3.0 0.1 2.8 0.3 k.1
Tipulid larvae - 0.2 - 0.3 - +
Other Dipteran larvae 2.4 0.9 0.5 0.4 1.2 Ok
Dipteran pupae 0.8 3.3 0.7 Tb 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 gobio 1.2 - 6.3 - 0.4 -
Aerial and terrestrial insects(23.1) (4,0) (37.5) (9.0) (30.6) (4.3)
Miscellaneous food (3.5) " (5.5) (4.3) (3.2) (1.k) " (2.5)
Plant material 2.6 L7 3.5 2.4 1.2 2.0
Stonea(cad(ns' cases) 0.9 0.8 0.8 0.3 0.2 0.5

hac U}
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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 streanms.

Total No. Trout = 139 +2{ 0.1% Total No. Salmon parr = 163

No. Empty Stomachs = 11 No. Empty Stomachs = 17

'Methods of Assessment Occurrence Volume Number

[Name of Fish Trout|Salmon Parr | Trout |Salmon Parr | Trout [Salmon Parr
Benthic food (62.6) (86.9) | (55.3) (83.2) (59.7)| (92.8)
Oligochaeta 0.3 C.7 0.5 0.9 0.3 0.7
Gastropoda 0.7 1.3 0.9 0.8 0.3 0.4
Amphipoda 0.4 - 0.6 - 0.2 -
Plecoptera 6.8 12.6 37 8.7 4.6 9.9
Ephemeroptera 21.b 32.0 14.8 b2 21.2 31.8
Trichoptera 23.8 15.6 29.5 24,2 23,2 141
Coleoptera 0.6 + 0.2 + 0.5 +
Chironomidae 5¢5 11.8 3.6 1543 745 22.3
Simliidae - 8.3 - 5.3 - 11.6
Tipulidae 0.3 1.4 0.1 3.1 0.1 0.8
Other Dipt. larvae 1.9 1.6 0.5 0.6 0.9 0.9
Dipteran pupae 0.9 1.6 0.9 0.1 0.9 0.3
Midwater food (7.1) (0.1) | 6] (1) | (55| (+)
Coleoptera adults 6.0 - 4,9 - 5.0 -
cottus gobio) 101 001 1.2 1.7 0.5 +
Aerial & terrestrial food {(24.0) (4.9) [(37.6) (8.3) (30.7) (4.6)
Miscellaneous food (6.2) (6.9) (3.2) (5.1) (3.3) (3.2)
Plant material Lu 6.7 2.5 4.3 2.5 3.1
Stones (caddis cases) 1.8 - 0.7 - 0.8 -
Fish eggs - 0.2 - 0.8 - 0.1
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Table 8.11 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 Stomachs = 9 ~ Total No. Empty Stomachs = &
Method of assessment Occurrence Volume Number
Name of fish Trout |Salmon Parr| Trout |Salmon Parr|Trout {Salmoan Parr
Benthic food (60.9) (89.2) | (33.2) (84.9) |(60.4) (88.1)
Oligochaeta 2.2 0.4 1.4 0.3 2.0 0.3
Gastropoda 1.0 2.5 10.8 0.6 0.9 0.3
Plecoptera nymphs L.9 3.8 2.3 1.8 k.9 2.1
Ephemeroptera nymphs 20.1 34,8 9.9 43,3 19.2 28.1
Trichoptera larvae 25.7 23.2 15.5 32.1 22.6 21.3
Coleoptera larvae .0 14 0.k 0.2 0.8 0.2
Chironomid larvae 2.6 16.2 1.3 14,7 3.5 20.2
gimuliid larvae 1.2 2.6 0.8 0.6 2.7 2.4
Other Dipt. larvae T1.3 L6 0.2 1.3 2.5 3.2
Dipt. pupae 0.9 - 0.6 - 1.3 -
Midwater food (14.8) (1.1)  [(43.7) (0.9) [(12.9) (0.4)
Coleoptera adults 3.2 1.1 0.6 0.9 1.9 o
Cottus gobio’ 11.6 - 43.1 - 1.1 -
Aerial & terrestrial food { (10.7) (4.2) |(15.6) (6.1) |(16.3) (5.6)
Aerial & terrestrial insects10.7 42 15.6 61 16.3 5.6
ﬁiscellaneous food (13.9) (5.1) (8.0) (7.3) (9.8) (6.1)
Plant materials 7.5 3.5 2.8 5.6 L1 Se1
Stones (caddis cases) 3.1 - 1.1 - 1.6 -
Fish eggs ' 33 1.6 4,4 1.7 k.1 1.0
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 Allen (19%41a) end Maitland (1965) have recorded a
~decreasing consumption of dipteran larvae in trout and
salmon parr with 1hcreasing age and greater consumption
of trichopteran larvae and -aerial insects by older fish,
Similar observations were made by Thomas (1962),

MeCormack (1962) and Woolland (1972). It has been shown
Tables 8.8, 8,9, 8.10 end 8,11) that the food of salmon
parr and trout in the feeder streams consists predominantly
of ephemeropteran nymphs, Irichoptera larvase, chironomid
larvae and aerial and terrestrial insects, The proportions
vary according to the age groups of the individusl species
gnd the ecology of the respective stream bottom, 1+ sge
group of trout, 2+ age group of salmon parr and trout and
3+ age group of trout predate on Cottus gobio,

Jones and King (19%9) found salmon parr feeding at
a water temperature of 2°C. MNcCormack (1962) reported
extensive feeding in trout even when the water temperature
was below 6°c. Elliot (1967) found no correlation
between water temperature and the amount of food in trout
gstomachs, Thomas (196Z) found that salmon parr and trout
feod ectivcly at all seasons regardless of temperature,
carpenter (1940) and Thomas (196z) found that an August
decrease in food consumption was due to low avallability
of food organisms at this time. Ball (1961) considered
spring rise in food 1lntake was due to day length,
temperature, appetite and availability of food supply.
Egglishavw (1967) considered the low winter feeding activity
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was due to physicel loss in the capability of the
slimentary cznal system of salmonids to digest food.

The seascnal verlations in food intske of salmon parr

and trout in the feeder streams are shown in Flgs. 3.7,6
4.2y 5.5, Gulty 7.5 in terms of fullnes index in relation
to water temperatures. These figurés show that the
feeding actiﬁity is at a minimum during winter =znd increases
during spring and rises to a maximum in summer. Feeding
intensity drops rapldly after August/September in

Afon Twrchy 4in November in Afon Glynj August/September
in Afon Llafarj September in Afon LLiw and September/
october in Afon Dyfrdwy. There appears to be a definite
correlation bétween food intake and water temperatures
(Figs. 3.7y %.2y 5.5, 6.4 and 7.5), Salmon parr =and trout
fod more during summer and less intensively in winter,

The period of maximum food intaxe coincided with the
maximum avallability of benthic feuns,

Any invéstigation of the food of fishes partiecularly
of the séme genus 1lnevitably leads to a consideration,
howeVer:brief, of the competition they encounter in their
quest for their favoured food types. Interspecific
competitibn, its importance and existence in nature have
been debated vigorously (Nicholson 1933, Andrewartha end
Birch, 1954, Birch 1957 and Milne 1961). Concluslons
reached on the basis of laboratory experiments are difficult
to apply to field conditiocns (Hairston 1951), and difficult
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to demonstrate adequately under natural conditions

because of the complexity of most ecosystems (Larkin 1956).
Weatherby (1963) defined competition as the demand
typically at the same time, of more than one organism

for the same resource of the environment in excesé of
immediate supply, Maitland (1965) assumed that when two
species ate the same food then that consumed by one specles
could be used to an advantage by the other, Andrewartha
(1961) has pointed out that no two species are‘ever

likely to have identical requirements., This may appesr
true of the two species Salmo trutts and Sslmo_salar in
feeder strears as far as food is concemed. SevYeral other
workers (Frost 1950, Thomas 1962, Meitland 1965 and
Woolland (1572) have found similar relationships between
these two species. It is certain that salmon and trout
have similar food requirements, and it is probable that
under certein conditicns at least there 1s competition

for food smong them though the signifiéance of this

- competition cannot yét be fully asssessed due to complex
ecosysten and features of behaviour, Some individuals

may be more avellable to one species than to another.

The main difference between the.diets of salmen parr
and trout in the present study is the greater smount of surface
food consumed by the latter speclies. This 1s in agreement
with Frost and Went (19%0), Frost (1950); Thomas (1962),
Mills (1963), Maitland (1965) end Menn and Orr (1969).
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There are few comparative studies of the bechaviour of
" young salmon and trout, Stuart (1953) found salmen to
be initially gregarious and spend nost of the time
resting on the substrate whereas trout are not gregarious
as fry and tend to keep up a constant position in midwater,
Stuart further states that trout are more spasmodic in
thelir feedipgvhabits than salmon, tending to gorge
tpemseliéé'and then fast for a period instead of eating
rgguiarly aéldo‘salmon. Kalleberg (1958) considers that
trcutlére.definitely the more aggressive and dominant of
the“two Specieé.

Despite the differences in the diet and bchaviour
as mentioned esbove, both have 2 common interest in certain
species of benthic food items (Table 8.7), The total
food essessed by volume znd number methods of both the
specles (Table 8,7, Flg. 8.5), sessonal variations of
significent food items (Figs., 8.3, 8.4), 2nd the total food
in each specles according to their age groups (Tahles 8,8,
8.9, 8.10y 8,11) suggests that the food and feeding arcas
of both the specles overlep as far as the aguatic invertebrates
are concerned, Both‘feed on the same kinds of organisms
fTable 8.7) and these organisms follow similar seasonal
patterns of occurrence in the stomachs of the two specles
of fish (Flg. €.5). This suggests similarities in feeding
habits of the two specles and hence there may be a
competition between the two for the same items on the

same ground.



22

The percentage saturation of oxygen and pH did not
gccount for eny significant variation in the feeding
intensity. Conductivity end turbidity both exhitited a
negative correlation with food intake of trout and salmon
parr.e The influence of turbldity on feeding intensity
could be related to visibility,

The observed influence of physical fectors on the
feeding ﬁeriodicities 1ndicatés a need for more
informaticn, A rore intensive study is desirable to find
cut the effect of the prhysical factors and also solar
radiation, hydrostatic pressure end light penetration

on the sezascnal varlation of the bottom fauma and the

feeding periodicities?dfﬁthe”f}dufPand”éalmon parr,
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CH&TER 1X

1, INTRODUCTICN

The recent history of regulation of the river Deo
begen in the nineteen thirties, when the River Dee
Catchment Board prepared a scheme to provide detention
storage in Llyn Teglid for reducing the extent of flooding
in the Dee valley. Detalled descriptions of the River Dee
regulating schemes were given by wright (1955), Boddington
et r1. (1962) and Blezard et_sl. (1970). The effects of

regulation on the Dee fisherles were discussed by Iremonger
(1971) who mentioned loss of spgwning grounds and obstruction
to salmon migration as the main fesctors involved after
regﬁlation, Similar observations were made by Lees

(personal communication) and Woollend (1972),

So far as 1 am awarey, no work has been done on the
benthic fauna of a regulsted stream in this country,
Very few papers have appeared from the U.S.A. and Canada
in which the bottom feuna of regulated streams has been
investigateds In 1969, I had an opportunity to study the
influence of regulation on the macroinvertebrates of the

upper Dee. The results of this study are glven herein,
< RONMENT

(a) Iopography

The river emerges from the north-gast end of Llyn

Tegid end flows as a wide swift streem in an east and
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PLATE 9.] BALA SLUICES,




Table 9.1 Monthly measured flow (cumecs) in the River Dee at Bala.
Month Total Mean Max. Min, Highest Lowest
monthly daily d.F. ~d.F. flow flow
flow flow
Oct. 1969 185.7 5.9 9.1 4.2 9.2 k.0
Nov. 561.0 1347 45,3 5.0 46.0 L.9
Dec. 506.5 16.3 39.7 7.0 1 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.k
June 171.5 5.7 14.8 3.8 18.1 1.8
July 224.8 7.5 23.5 L.7 25.6 4,6
August 21341 6.8 24,6 2.6 30.2 0.5
Sept. 355.0 11.8 54.2 4.5 553 4,5
Oct. 1970 397.0 12.8 48 .1 5.0 51.0 &,9

From the office of the Dee end Clwyd River Authority.

-

92T
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north-east direction, The geological formation of the
wvatershed shows that it 1s composed of shales, lirmestones,
mudstoncs, ignecus rocks, such as felsite, porphyrite and
andesites, voleanle ashes andycarboniferous areas wvith
shales &nd sendstcnes. On erosicn these formations would
contribute mainly linme, silicates, potash and some iron

to vater.

Afon Dyfrdwy, a small stream running into the lsgke
13 regarded ss the source of the Dee (Flg. 3.2). At the
eastern end of the lake stands the town of Bala, annd here
the Dee leaves the lake and recelves the‘Tryweryn; tvhich
passes through Llyn Celyn and 1s regulated, The waters
of Tryweryn and Dee unite in the flat meadows below the
lgke, For about 19.3km (Bala to Corwen) the river passes
through an alluvial tract formed of detritus brought from
the hills by several tributaries, notably among thege are
Tryweryn, Llenfor, Hirnant, Ceidiog and Alven, Sluices
vere constructed at the outlet of Llyn Tegld in 1956 by
the River Board to provide in winter short-tern flood
detention and in summer water storage for release to the
river to maintain the flow, Water flow measurements for
the River(Dee taken by the Dee and Clwyd River Authority
at a gauvging station below the Bala sluices (Plate 9.1)

are given in Table 9.1,

(b) Descrintion of the sampling sites

Four stations were selected in the upper Dee from Bala

to Corwen. As seen in Fig. 9.1 the first sampling site Dy
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PLATE 9.4 SAMPLIIG STATION D3
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was near the Bala sluices (Nat,Grid Ref. 93835%), the
D, near Llandderfel (Hat. crid Ref. 933372), the D3 at
Llendrillo (Nat. Grid Ref, 034371), and the D near

| . Corwen bridge (Nat, Grid Ref, 069434),

Ql was located at about 17m downstrean from the
sluices near the back Wafers. The stream here was Om
wide and l-2m deep near the bank, There was some

vegetation near the bank but the whole area of backwater

was covered with aquatic vegetation, (Elodea canadensis,
Cerstophyllun submersum, Csallitriche staenalis and
Ranunculus pouatilis). There were sheep ferms on either

gide. The water flows swiftly (except during summer) over
a bed of gravel, silt and coarse sand, Some large rowmded

stones and tufts of filamentous algae were also present

(Plate 90 2) .

D2 was Situated 4,8%m downstream from the lake, Here
the streom was sbout 25m wide end 0.5-1.5m deep, The
bottom vas of gravel and there were some patches of vegetation

on the bed, There were trees on either side (Plate 9,3),

D. wvas located 16,0km dowvnstream from the lgke.

3
Kere the substratum of stones snd scattered patches of

Ranunculus fluitens and Cerat

At this station the river was c7m wide and l1-2m deep near

ohyllum demersum were present,

the bznk., There were trees on either side (Plate 9.4),

D, wes situated near the bridge where the river was



Table 9.2 MEAN MONTHLY ESTIMATES OF PHYSICAL FACTOKS AT D1 SAMPLING STATION IN THE RIVER DEE.

VONTES A M J J A s 0 N D J F M A M

Water Temp. C 6.5 6.8 0.4 12.2 14,6 2.5 9.1 4.8 3.6 3.7 L2 5.2 5.8 5.1

Specific conduct~ 3

ance(migrombas ,/om 170 232 228 129 121 143 95 346 446 Lot 376 201 119 146
at 25 C)
Dissolved 02,% Sat. 96 98 95 95 97 37 101 98 119 115 117 98 101 95

Velocity of water
carrent{m/sec)

026 0.28 0.2k 0.24 0.22 0.29 0.36 0.50 0.72 0.81 0.71 0.59 0.53 0.35

P 7.2 7.1 6.9 6.8 7.0 7.2 741 T 7.8 7.6 7.8 7.2 7.1 7.2

Turbidity
(aa Fuller's Earth) 26.2 2b,1 28,2 19.8 18.2 28.2 26.1 63.2 85.1 79.3 91.1 78.2 42,2 28.2

cet¥



TABLE 9.3 MEAN

MONTHLY ESTIMATES OF PHYSICAL FACTORS AT D2

IN THE RIVER DEE.

’

¥onths A

[+]
Water Terp. C L.s

Specific conductance o

(micromhos Jem®at 25 C) 140

Dissolved C2, ¥ Sat. 96

Velocity of water

current { m/sec) 0.23
pH 71

Turbidity 20.1

{(as Fuller's Earth.)

5.0 9.6 13.8 13.0 8.4 6,5 4,5

216 23 119 128 167 186 342
95 103 105 97?7 96 a5 109

0.20 0,13 0.09 0.11  0.27 0,34 047

7.0 6.8 6.6 6.9 71 7.2 7.2

21.2  19.6 18.2 17.8 23.3 21.6 65.2

3.5 3.8 ka1

432 Lok 382
111 119 115

0.60 0.71  0.74

7-6 7-8 7-8

86.2 79.6 81.1

M A
b5 5.8
201 116
102 - 98
0.57 0.46
7.1 741

78.2  53.2

5.9

196

97

0.%6

7.2

24,6

A4



TABLE ¢9¢4 MEAN MONTHLY ESTIMATES OF PHYSICAL FACTORS AT D> IN THE RIVER DEE.

Months A M J J A s o] N D J F M A M

Water Temp. C 4.5 5.2 9.4 13.8 3.2 8.8 6.5 4.6 3.6 3.8 L1 46 5.8 6.1

Specific conductance » .

(micromhes . Jemat 25 3; 128 116 136 119 132 193 186 332 Ly 413 281 242 106 115

Dissolved 02, % Sat. 95 96 98 95 96 97 101 112 111 119 120 101 a7\ 98

Velocity of water ; .

current { m/sec.) 0.19 0416 0.10  0.09 0.10 0.21 0.28 0.50 0.56 O.64 0.67 0.51 0.60 0.29
FH ’ 7.2 6.8 6.6 6.8 6.9 71 7.2 7.1 7.6 7.8 7.9 73 7okt 71

Turbidity

19.6 20.2 21.4 18.6 17.2 19,1 21.8 55.2 5.2 88.9 73.6 85,2 42.8 21.8
(as Fuller's Earth)

Het




TABLE 9.5

MEAN MONTHLY ESTIMATES OF PHYSICAL FACTORS AT D4 IN THE RIVER DEE.

Months
o
Water Temp. C

Specific conductance o
(micromhos /em’at 25 C)

Dissolved 02, ¥ Sat.

Velocity of water
current (m/sec )

pH

Turbidity
(85 Fuller's Earth)

A M
L4 5.1
120 126

95 97
0.20 0.16
7.1 6.6

18.4  19.6

7 J
9.4 13.7
135 129
97 98
0.10 0.09
6.8 6.9

18.2  20.2

13.0 8.6 6.4 L6 3.6 3.8 3.8 k2 b

135 161 176 362 Lés 443 321 202 116

97 96 95 102 108 120 115 103 97

0.11 0,17 0.28 0.33 0.81 0.68 0.60 0.47 0.34

6.7 71 73 7.2 7.6 7.9 7.8 7.6 7e3

17.8 19.8 20.8 65.8 85.8 96.1 83.2 76.1 52.2

5.9

123

96

0.25

71

29.1

NAX4
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about 50m wide and 0,5-1n deep‘during low water. The
‘bottom was of gravel and scattered patches of Ranuneculus

arganium sinn

were corron, Thera were few trees on elther side of the

river (Plate 9.5).

(¢) Physical end Chenical Conditions

The mean monthly estimates of physical fectors at
each sampling site are shown in Tables 9.2, 9.3, 9.4 end 9.5,

The highest temperature measured in August was 14.4°C
and the lowest in December of 3,6°C, The concentration

-

of O,
Maximun velocity of water current was observed during

was relatively higher during winter than in sumer.

vinter and minimum in summer at Dy D2, D3 and Dh‘ The
pH range was between 6.6-7.9 throughout the sampling
period., Lower values for conductivity and turbidity wvere
obtained in summer and‘higher in winter a{ all the sampling
sites. o

'ater samples were taken from the river for chemical
analysis in the month of June 1969 and the results are

given in Table 3.k.

3, COVPQSITICN OF THE FAUNA

Collections were nade from the four stations over a
period of fourtecen months, from Karch 1969 to April 1970,
Each month the materlal was taken from the various
gecaessible parts of the bed by using the sampler (for

details of sampling methods, see Chapter II). At D,y D3



Table 9.6 The density (Av. No./mz) of the species identified in four sampling sites of the

upper reaches of the River Dee, Total is shown in bracket.

- = No. record

+ =" 0.17;

Sampling sites amm———

)

D

2
. Total| Av.No Av. N Total Av.Nog] Total

Density ——————y No. .'mé . /;é Ne. ﬁé/ No.
Turbellaria o)l (10.7) (12.8) (1) (1.0 (36) | (o
Folycelis nigra 15 10.7 12.8 1 1.0 36 0
Hirudinea (z2)} (23.3) (11.6) (8) (10.6), (72) | (0O
Helobdella stagnalis 7 S 4,2 5 2.2 23 0
Erpobdella octoculata 17 12.8 7.4 3 5¢3 38 0.
Glossiphonia complanata 6 4,2 - - 2.1 9 +
Fiscicola geometra 2 1.0 - - - 2 +
Oligochaeta (344) | (258.7) (366.8) | (549) (82.1)(1488) |(15.5)
Lumbriculus variegatus 223 170.7 50.2 113 26.7 | uL38 4.6
Stylodrilus heringianus 29 21.4 263.2 391 16.0| 767 8.3
Limnodrilus offmeisteri 17 12.8 32 13 24,5 105 1.1
Eiseniella tetrahedra 5 3.2 2.1 19 9 6.4 26 0.4
Homochaeta naidina 25 18,41 - - 2 1.0 27 . 0.3
Aulodrilus pluriseta 40 29.9 2.1 - - - i3 0.k
Stylaria lacustris 5 2.2 - 1 - - 16 C.1
Rhyacodrilus corcineus - - 17.1 - 9 6.4 %2 0.3
Psammonyctes- barbatus - - - 2 2 1.0 4
Gastroroda (15)1 (1.8)} (0.7) (3) ¢ (1.0)] (21) | (0.2)
Limnaea pereger h 10.7 - - 2 1.0 16 0.1
Ancylastrum fluviatile 1 0.7 - 3 - - 4 +
Potamopyrzus Jjenkinsi - - 0. - - T - 1 +
Lamellibranchiata (115)] (86.6) (23.4) | (18) (100) | (75.9)}(265) | (2.7)
Pisidiuw wilium 55 41,7 3.2 1 3 2.1 6k 0.6
Pisidium hibernizum &0 44,9 14.9 12 - - 92 1.0
Pisidium subtruncatum - - 5.3 5 97 73,8 | 109 1.1
Amphipoda (8 (5.3) (20.3) (8) (16.0){ (&4) | (0.6)
Gammarus pulex 8 5.3 20.3 8 21 16.0 64 0.6

Aez2




Table 9,6 (contd,)

Sampling sites —

Total

Density ——————

Total
NO.

Total
No.

Total

No.

Total

No.

-

Isopoda

Agellus meridianus
Hvdracarina

Eygrobates nigromaculatus
Lebertia porosa
Hygrobates fluviatilis
Sperchon setiger
Lebertia insignis
Plecovntera

Frotoremura meyeri
Amphinemura sulcicollis
Isoperla grammatica
Leuctra hippoypus
Chloroperla torrentium
Leuctra inermis
Chlororerla tripunctata
Isoperla cbscura
Nemurella picteti
Leuctra fusca

Leuctra geniculata
Amphinemura standfussi
Nemoura cinerea
Leuctra nigra

Nemoura avicularis
Protonewira praecox
Perloles microcephala
Brachyptera nisi

(269)
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Table 9.6(contd....)

Sampling sites ——p b ) Dy b Total
Density ———e——— Total | Av.Nos | Total {Av.Nos | Total | Av.K Total | Av.No|Total |%
No. prcl s prcl i /;1{ No. A/ No.
Evherercotera (157) | (115.7)1(279) | (208.5)1(439) | (33.1) | (L81) | (262.0){(1338) |(14.2)
Leptopnlebia vespertina 10 7.4 1 0.7 ? 5.3 5 3.2 23 0.2
Baetis rhodani ' Lo 29.9 | 60 Lh.9 | 118 89.8 51 2.5 | 269 2.9
Heptagenia sulphurea 20 14.9 5 3.2 - - - - 25 0.2
Ecdyonurus venosus 3 2.1 1 0.7 10 7.4 14 10.7 28 0.3
Paraleptophlebia tumida 1 0.7 | - - - - - - 1
Centroptilum luteolum 17 12.8 | 109 82.3 | 37 | 27.8 99 | 749 | 262 2.8
Leptophlebia marginata 9 6.4 ? 53 5 3.2 11 7.4 22 0.3
Caénis moesta b 10.7 2 1.0 27 20.3 12 8.5 55 0.5
Ephemerella ignita 3k 25.6 79 59.9 | 178 |135.8 219 166.9 510 5.3
Paraleptorhlebia submarginata 1 0.7} 3 241 6 4.2 - - 10 +
Baetis scambus L 2.1 - - 13 S.6 51 8.5 68 0.7
Siphlonurus lacustris S 2 1.0 3 241 3 2.1 - - 8 +
Heptagenia lateralis 1 0.7 - - 4 2.1 - - 5 +
Bagtis pumilus 1 0.7 2 1.0 31 23.5 2 1.0 36 O.4
Caénis horaria - 7 5¢3 - - - - 7 +
Ephemerella notata - - - - - - 13 9.6 13 0.1
Cloeon dipterum - - - - - - 3 2.1 3 +
Rithrogena semicolorata - - - - - - 1 0.7 1 +
[Hemintera (#18) |(317.5) (29) | (20.5)| (2) | (1.0) {(1€8) | (126.4)| (617) | (6.4)
lotonecta maculata 13 9.6 - - - - - - 13 0.1
Corixa panzeri 206 157.2 L 2.1 - - - 210 2.2
Notanecta .glauca 1 0.7 - - - - - - 1 +
Sigara falleni 35 26.7 - - - - - - 25 0.4
Sigara dorsalis L7 35.3 1 0.7 - - 2 1.0 50 | 0.5
Sigara distincta 114 86.6 20 14.9 - - 3 2.1 137 1.5
Micronecta poweri 1 0.7 3 2.1 - - 157 119.8 161 1.6
Velia nymph 1 0.7 - - - - 4 241 5 +
Sigara nigrolinaeta - - 1 0.7 - - - - 1 +
Sigara nygph - - - - 2 1.0 1 0.7 3 +

b2l



Table 96 (contd...)

Sampling sites —m———3y D D, Dy Dy, Total
Density ————————a, Total { Av.No | Total | Av.N Total| Av.N Total { Av.lo,{Total %
Nou | T2 | Now | =22 | Mo | T2 | Now | “RZ| No.
Callicorixa praeusta - - - - - - 1 0.7 1 +
Megaloptera (1)} (7.8 (1) | (7.8 (12) | B8] (17) | (1.7 (51)  [(0.5)
5ialis tuliginosa 5 2.2 4 2.1 2 1.0 2 1.0 13 C.1
Sialis lutaria 6 4,2 7 5.3 10 7.4 1 15 10.7 33 0.k
Trichoptera (326) |(245.9)f (562) |(L2k.3)!(513) | (389.4)1(335) |(248.8){(1736) {18.1)
Plectrocnemia conspersa 5 3.2 1 R 10 10.7 7 53 33 0.3
Sericostoma personatum 5 3.2 6 L.2 6 4.2 4 2.1 21 0.2
Potamophlax latipennis 9 6.4 S 2.2 38 28.8 Ly 331 g5 1.0
Eydropsyche: instabilis 31 23.5 33 24.6 1 155 117.7 41 29.9 260 2.7
Glyphotaelius pellucidus 272 207.51 ™ 145.5 55 4.7 23 171 541 5.7
Agapetus fuscipus 4 2.1 6 4,2 1 186 141.2 89 67.4 285 3.1
Anabolia nervosa - - 273 208.6 53 29.5 &5 64.2 | .4Mm 4.3
Halesus digitatus - - 13 . S.6 L 2.1 2 1.0 19 0.2
Limnephilus lunatus - - 8 543 -~ - - - 8 +
Mystacides nigra - - 16 11.7 4 2.1 18 12.8 38 O.b
Silo pallires - - - = - 1 c.7 - - 4 +
Diplectrona felix - - - - 1 0.7 - - 1 +
Rhycophila dorsalis - - - - - - 6 4,2 6 +
Stenophylax permistus - - - - - - 16 1.7 | 16 C.1
Coleopntera ' (71) | (51.1)] (82) | (58.2) [(143) 1(107.8) K112) | (83.6) | (4C8) |(k.2)
Helophorus flavipes 9 6.l 3 241 3 241 - - 15
Helmis maugei 12 9.6 8 5.3 8 5.3 16 11.7 45 C.b
Yaliplus lineatocollis 14 10.7 18 12.8 5 3.2 1 0.7 28 0.4
Hydroporus pubescens 2 .0 - - 3 2.1 - - 5 +
Gyrinus aeratus 1 0.7 - - - - - - 1 +
Laccobius bigattatus 1 0.7 1 0.7 - - - - 2 +
Deronectus depressus 5 3.2 T4 2.1 - - 1 0.7 10 +
Oreodytes rivalis 2 1.0 - - 1 0.7 4 241 7 +

onY



Table 9.6 (contd.)

Sempline sites —) D1 D2 D} D’+ Total
Fopulation density ——> nga.l AV.N/:{ nga:l Av.N/:Z x;;a:l Av.ﬁ:}z xg:'fl Av% nge.xl »
Latelmis volkmari 23 17.1 L6 zh.2 | 121 93.0 90 68.4] 280 3.0
Platambus maculatous 1 C.7 2 1.0 1 0.7 - - 4 +
Hydraena ripar’a - - - - 4 0.7 - - 1 +
Diptera

Ceratoroginidae (27) | (20.3)| (10) 7.5 (1M (0.7) (16) | (1.7 (54) (0.5)
Eezzia spp. 27 20.3 10 7.4 1 0.7 16 11.7 Sh 0.5
Tipulidae (4) (3.9)] (12) (9.5)| (15) (9.8)] (15) | (10.2% (L46) (0.5)
Tipula lateralis 3 3.2 1 0.7 3 2.1 1 0.7 8 +
Tipula paludosa - - 1 0.7 1 0.7 - - 2 +
Tipula vittala - - 4 L,2 - - - - h +
Tipula couckei - - 1 0.7 2 1.0 - - 3 +
Tipula montium - - - - 1 0.7 - - 1 +
Tipuia maxima - - - - - - 2 1.0 2 +
Dizranota robusta 1 0.7 5 3.2 8 5.3 12 8.5 26 0.2
Simuliidae (=) (-) (&) (2.4)1 (6) (3.9)| (10) (6.0) (20) (0.2)
Simulium naturale - - 1 0.7 - - 1 0.7 2 +
Simulium ornatum - - o1 0.7 - - 4 2.1 S +
Simulium angustitarse - - 2 1,0 - - - - 2 +
Simulium brevicaule - - - - 1 0.7 - © - 1 +
Simulium monticola - - - - 5 3.2 5 3.2 10 +
Dixidae (-) (-) (-) () (3) (1.72)| (1) (0.7} (&) (+)
Dixa puberula - - - - 1 0.7 1 0.7 2 +
Paradixa amphibia - - - - 2 1.0 - - 2 +
Chironomidae (309) |(233.3) [(489) {(371.0) [(512) [(388.1) [(571) [(430.9)1(1881) [(19.7)
Cryptockirconomus spp. 70 53.5 - - 140 107.0 L 2.1 214 242
Polypedilum nuberulosus 10 7.4 - - 52 29.5 | 185 141.2 | 247 2.6
Tanytarsus signatus 109 £2.3 60 Lt 9 | 114 86.6 93 70.6 | 376 3.9
Pentaneura monilis 6 4,2 L3 22.1 36 26.7 8 5.3 Y3 1.0

L&Y}
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Table 9,6 (contde..)

Sampling sites —————

Density o

Tatal

No.

fotal

No.

Trichocladius rufiventris
Procladius choreus
Chironomus anthracinus
Dicrotendipes pulsus
Brillia modesta
Metriocnemus spp.
Prodianesa olivacea
iiicrotendipes chloris
Other dinteran jarvae
Taphrophila vitripennis
Limnophora sppe
Hermerodromia unilineata
Pericoma pseudoexquisita
Atherix marginata
Dipteran puvnae

2e1
Oo?

(19:2)

Total No. of animals

2614

A7, No. animals per month

186

D,

T;tal Av:Eg2
Oe m
22 16.0

106 80.2
9 6.4
113 | 85.6
31 23.5
(3) (1.7
1 0.7
2 1.0
(8) (5.3)
2237
159

Av. No. animals/m2

1988.2

1701.3

Zhe
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and Dy, the bed was easy of access, but at 91 collecting
was limited owing to the nature of the bank and the
depth of water, |

The specles (Table 9,6) gathered at various stations

shov & grest similarity at D, D and”nu while the 21

2 3
fauna differs slightly because of its close vieinity to
backwater which was full of weeds. A total of 9531
organisrs of 83 specles was collecteds The average

nunber of animals per station/month was 170 ¥ 10.1 (2 s.D).

The animals found are listed in Table 9,6 vhich glves
a fairly complete picture of invertebrate 1ife in the

npper Dee.

(4) plptyhelminthes
(1) Turbellarig

Polveelis nigra which was common at Dl and scarce at
the rest of the stations formed 0.37 of the total benthic

fauna. The relative sbundance of this specles et Di nay
be due to availadility of food in the nearby backwater.

(B) Annellds
(1) Pirvdinea

0.77 of the limnetic invertebrates belonged to this
group in which Erpobdells octoculata was common,
(2) Qlirochzets

15,57 of the bottom fauna was formed by Lumbriculus

Yariepatus, Stylodrilus bheringienvs and Limnodrilus



( )Total number [ JAverage < 0-5% is not shown

1 T [og

Asellus 201
meridianus

N RPN A A ETS

207 T B | [-5]
Gammarus : 4

ulex - .
&54). 0 T T ‘[ T T I - I T I T
- T o 8]

Umnodrilus 20+

“hoffmeisteri ' :
(105) . I . I
. = T > T T T |

S - b
Stylodrilus = 207 _ | | o
herringian us 5 . o
(813) ST - i o , .[ ’
. g 0 T T_r T T T
| 20 - . A .
" Lumbriculus ] \ ' o ST
.variegatus . I - L |
(483) o 0. I _ T + 1T T T T T T

T [2:7]

~ Erpohdella
octoculata .1

(38) 'OTTITT'[T-T 1T
I

Polycelis )
nigra - T I
: I :
(36) 0 . T — T T Tr T T
. MTA M ST YATSsToTNTD TS TFTMNT A
19€9 MONTHS 1970
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2.4g

hgffmeistggi es common specles and the rest (Table 9,6)
were scarce. The zbove specles showed minima in zutum

end wvinter and maxima in spring and supmer (Fig. 9.2)

(C) Yollusea
(1) Gastroreds

This group was represented by 22 _mereger,

Ancylastrum fluviatile and Potzmovhyrgus jenkinsi which
formed 0.2 of the total maeroinvertebrates and all the

sbove species were scarce, Ancylastrum fluvistile can
tolerate a lov calcium content (Boycott 1936), but it was

not corrmon even on ¢lean stones, and all the above specles
were absent fronm the stones having muddly and algsel erusts
on, |

(2) Lzrellibranchinta

2,77 of the bottom invertebrates were forzed by this

group of vhich pisidium hibermnicum and pi un_subtnmesatu

wara comron in the stony and gravelly substratum of D2 and

Dy, respectively.

(D) Arthrovedg
(1) Crustacea
S (a) Amphipoda
4 corparng pulex, formed 0.07 of the total fauns. These

7 /were fornd in ll seasons, but I found relatively more in
surmer as did Badecock (1949) and Hynes (1955), becouse of
the appearance of young stages betwecn April to June,

(b) Iscroda
eridisnus though commonly present at zll the
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sampling sites, formed 5,97 of the total benthic fauna. These
were collected in abundance in every season but more €0 in
late suturn end winter (Fig. 9.5).

(2) Axachnida

(2) Iydracarins
This group was scarce, forming 0.2f. They seanmed to

favour stony bottoms with vegetation,

(3) Insectg

(a) pleconters |
7.2 of the bottom fauna belonged to this group in

-

vhich grchipemura suldeollis, Chloroperls torrentium and
Chloroperla tripunctata were common and the rest scarce

(Teble 9.6). Leuctra spp. were found in all seasons

(Fig. 9.3) because of a steady succession of specles and

long katching rerids (Hynes 1961). I did not find

Arrhinemura sulelcollis in summer, but Jsonerla premmetica

and Chloroperlsa torrentiuvm were nurerous in late spring as

found by Eynes (1961).

(b) Iphemgropters

This group formed 14,27 of the total botton organisms;
of thesc Centrontilum Juteolun, Leptorhlebls mgrein-ts,
Paetis rhodani, Fphemerella ienita, Bsetis scambus and
Eedyonurus venosus were common, Fige 9.3 shows the

presence of Baetls spp. in every season and fphemerella
i1gnita was recorded in large numbers during summer as

found by Mecen (1957b) end Pleskot (1958).

(c) Hgglggerg‘
6.1 of the bottom invertebrates were formed by this
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(- )Total number [ JAverage < 05% not shown
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group. Corlixs nanzevri, a very common specles at Dy

mainly céuc to the vicinity of backwater vegetation, was
scarce at other stations, This and other species (Tzble
9,6) were observed throughout the period,

(d) Manlontera

0.5/ of the benthic fauna were formed by Sialis

fulirinosa and Sialis lutaria, Both were scarce and were
collected from the stones with or without any vegetation

(e) Trichopters
18,17 of the bottonm fauna was formed by Glyrhotaclivs

pellucides, 0lis nervosa, Plectrocnerla congnorsa,
instarilis, which

were comron, Glyphotaelius pellucides was found relatively
more in spring and winterjy pnabplia nervosa in spring and
autunn and Potsmophylax lativennls in spring and autumn
(Fige 9180
| (f£) Coleopters

4,24 of the dbenthic fauna belonged to this group in

which Latelmis volkmari and Helmis maugel were comron and
recorded in large numbers in every season eicept autum
(Fig. 9.5).
(g) Dinrtera
(1) Ceratorogonidee
Thls fzmily was represented by Bezzia sprn, which
formied 0.5Y of the totel fauna in &ll staticns,
(2) Iirulldse ,
Seven specles of thls group formed 0,57 of the total
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macro-benthos, of these Dicranota robusts was common and
the rect (Table 9.6) vere scarce., These were found in all
four stations,

(3) Sirulidse

0.'» of the bottom fauna belonged to five species
of this farmily end are listed in the Table 9,6, All of

them were scarce end sbsent from the bottom of D,
' 1
(4) plxidae

Dixa ruberuvlg end Peradixa amphibls were collected from

the stony bottom of D3 end Dh'

(5) Chironcmidae
This group formed 19.87 of the benthic fauna znd was

represented by Cryptochironorus spp., Procladivg choreus,

T ;chgclgq;us ruf;VQn ris and pPolynedilum
pubeculosus., The sbove species were common and found to be
1ess abundant in the muddy bottom with thick vegetaticn,

The species belonged to the family Bmpididae,
Fhaglonidae, Limoniinae and Anthoﬁfiidae, presented a small
portion (0,27) of the total bottom fauna and few were
r@coraed from the muddy stretches.

These formed 1.1?«, of the total catch.

Y, COMPARISON OF THE ROTTQM FAUNA OF REGUTLATED
Drr VITH UNRECULATFD LLYN TEGID FFEDER STREAMS,

In order to study the resulting status of the benthic
fauna of regulated Dee (upper Dee), it is necessary to



Table g,7 Distribution of the caich between samples taken from the Unregulated

1lyn Tegid feeder streams and the Regulated Dee,

Catches Chi
Grovps and species ctrenns Regatea | o sauared ¥
Urresulated

Turtellaria (Total) (7 (38) (43) (19.4) ({0.001)
Folycelis nigra ? 36 43 19.4 <0.001
Hirudinea (51) (72) (123) (3.4) (>0.05)
Erpobdella octoculata 41 38 79 0.1 »0.C5
Glossiphonia complanata 1 9 10 6.k <0.05
Helotdella stagnalis 9 23 32 €. <0.05
Oligochaeta (899) (1488) (2387) {145.2) (<c.001)
Styloarilus heringianus 722 78 1508 - 2.6 20,05
Lvmbriculus variegatus 110 438 548 196,1° <0.001
Eiseniella tetrahedra i 36 77 0.2 ¥0.05
Auvlodrilus pluriseta 8 L3 51 2h {0.001
Homochaeta naidina Vi 27 3h 11,6 <0.CcO1
Gastroroda (73) (21) (94) (28.6) (<0.001)
Limnaea pereger 2 16 18 10.8 £0.001
Ancylastrum fluviatile 71 4 75 59.8 < 0,001
lamellibrenchiata (125) (265) (390) (50.2) (0.001)
Pisidaium subtruncatum 91 109 200 1.6 7C.05
Pisidium milium 20 64 94 12.2 0.001
Pisidium hibernicum 8 92 100 92.0 0.001
Amphiroda (30) (64) (g4) (12.2) (<0.001)
Gammarus pulex 30 64 Gl 12.2 {0.001
Isoroda (31) (565) (596) (478.4) (<0.co1)
Asellus meridisnus 21 565 596 L8 L £0.001
Hydracarina (6) 22) - (28) (5.0) <0.01)
Lebertia porosa 4 3 7 0.14 20.05
Hygrobates fluviatiles 1 2 3 0.2 70.05
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Table 9.7 (contd.)

Catches Chi
Feeder Dee Total sguared P
Groups and species streams Regulated
Unregulated

Plecoptera (1380) (697) (2077) (190.4) ({0,001)
Amphinemura sulcicollis 269 264 533 0.00k Y0.05
Nemoura cinerea 2 3 5 C.2 Y¥0.05
Aophinemura standfussi 150 59 209 29,6 {0,001
Leuctra hipropus Lso L Lo 3L0.6 ¢ 0.001
Nesoura avicularis 2 1 3 0.2 Y0.05
Protonemura meyeri 67 20 87 25.0 {0.001
Chloroperla torrentium 101 I 242 6.6 £0.05
Isoperla grammatica 71 83 154 0.8 0.05
Leuctra fusca 110 20 130 62.2 {0.001
Leuctra inermis 51 12 63 2h.0 £0.001
Chloroperla tripunctata 37 28 65 1.2 $0.05
Isoperla obscura . 3 4 7 0.14 $0.05
Ephemeroptera (1545) (1356) (2901) (12.2) ({0.001)
Ephemerella ignita 171 510 681 168.6 <£0.001
Ba€tis rhedani 144 269 413 37.8 {0,001
Ca¥nis horaria 2 7 9 2.6 $0.05
Calnis mosta 5 55 €0 41.6 £0.C01
Centroptilium luteolum 875 262 1137 3304 {0.001
Leptorhlebia vespertina 32 23 55 1.4 5 0.05
Paraleptophlebia tumida 5 1 6 2.6 50.05
Heptagenia lateralis 32 5 37 19.6 £ 0.001
Heptagenia sulphurea Lg 25 74 7.6 £ 0.0
Baétis pumilus 39 36 13 29.2 £0.001
Baétis scambus 29 68 97 15.6 {9,001
Paraleptophlebia submarginata 13 10 23 0.2 20.05
Ecdyonurus venosus 1 28 69 2ol $0.C5
Leptophlebin marginata 2k 32 56 1.1 0.05
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Table 9.7 (contd.)

Catthes Chi
Feeder Dee Total squared P
Groups ard species streams Regulated
Unrepulated
Knithrogena semicolorata 17 . 1 18 14,2 {0,001
Hemirvtera (1137) (617) (1754) (154) (<0.001)
Sigara nymph . L 3 7 0.1k 90.05
Micronecta poweri 114 161 1275 712,2 {0.001
Sipara distincta 1 137 138 134,0 £0.001
Corixa panzeri 18 210 228 161.6 <0.001
¥epalortera (29) (51) (8¢) (6.0) (€0.05
Sialis lutaria 29 51 80 6.0 £0.05
Trichortera (8g3) (1736) (2634) (266.6) (<0.001)
' {ystacides nigra 12 38 50 13.4 <0.,001
Plectrocnemia consrersa 222 33 255 140 £0.001
Hydropsyche instabilis 100 260 %60 71.0 <0.001
Potamophylax latipennis 48 96 144 16 <0.001
Silo pallipes 4 1 5 1.6 70.05
Anabolia nervosa 132 411 543 143,2 <0.001
Glyphotaelius pellucidus 262 451 713 50.0 £0.001
Agapetus fuscipus 10 285 295 246 .4 <{0.c01
Helesus digitalus 29 19 48 2.0 »0.05
Diplectrona felix 3 l 4 1.0 $0.05
Rhyacophila dorsalis 7 6 13 .03 $0.05
Colenptera (378) (408) (786) {1e1) y0.05)
Platambus macalatus 25 b4 27 13.2 {0.001
Decronectus depressus 1 10 1 7.2 .01
Huliplus lineatocollis L 38 L2 27.4 J0.00
Belmis maugei 102 45 147 22,0 £0.071
latelmis volkmari 220 280 500 7.2 <0.01
Hyéroporus pubescens 3 5 8 0.4 70.05
Helophorus flavipes 6 15 21 3.8 £0.05
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Table 9.7 (contd.)

Catches Chi
Groups snd species Feeder Dee Total squared P
streams Regulated
Unrepulated

Ceratoporonidee (67) (54) (121) (1.3) (20.05)
Bezzia spp. 67 sk 121 1.3 %0.05
Tirulidae (30) (46) (76) (3.3) (0.905)
Tipula maxima 5 2 ?7 1.2 v 0.05
Tipula montium 1 1 12 8.2 0.0
Tipula paludosa 3 2 S 0.2 v0.05
Tipula couckei 1 3 b4 1.0 +50.05
Tipula lateralis 10 8 138 0.2 50.05
Si-nliidze (48) (20) (63) 1.4 (¢0.,001)
S1aulium monticola 30 10 Lo 10.0 £0.01
Simulium ornatum 1 5 6 2.6 $0.05
Simulium brevicaule 10 1 11 7.2 (0.01
Simulium naturale 6 2 8 . 1.0 %0.05
Dixidae 1) (4) (5) (1.7) & 0.05)
Dixa ruberula 1 L 5 1.7 50.05
Chironomidae (3048) (1381) (4929) (276.2) (£0.001)
Pclypedilum nubeculosus 1690 247 1937 1C7%4.8 £0.0C1
Pentaneura mcnilis 350 93 Li3 149 {0,001
Prodiamesa olivacea Lkgo 202 692 119.,8 {0,001
Tanytarsus signatus 293 376 669 10,2 {0.01
Procladius choreus 84 377 461 18€.2 £0.,001
Ficrotendipes £pp. 6 31 37 16.8 £C.001
Trichscladius rufiventris 66 92 158 L2 £0.05
Cryctochironomus spp. 58 - 214 272 89.4 4C.0M
Brillia modesta 6 7 13 0.06 ~50.05




Table 97 (contd.)

Catches , Cni
. Feeder Dee Total squared P
Groups and species streans Regulated
Cnrepulated

Other ditvteran larvae (209) (27) (236) (140.2) (€0.001)
Dicranota robusta 159 26 185 95.6 {0.001
Hermerodromia unilineata 20 7 27 6.2 <{0.05
Limnophora spp. 2 14 16 9.0 £0.01
Tarhrophila vitripennis 11 2 135 6.2 {0.05
Atherix marginata 2 3 5 0.2 20.05
Dipteran pupae 254 109 403 84,8 {0.001
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Table 9.8 Average percentage composition of the total benthic fauna

" {evpressed in groups) in unregulated Llyn Tegid feeder streams and

regulated upper Dee. + =£ 0.1%

Condition " Unregulated ‘ Regulated
Turbellaria + 0.3 .
Hirudinea 0.1 0.7
Oligochaeta 7.9 15.6
Gastropoda Ok 0.2
Lamellibranchiata 0.5 2.7
Amphipoda 0.3 0.6
Isopoda 0.5 5.9
Hydracarina 0.1 0.2
Plccoptera 1149 7.3
Ephemeroptera 14,6 , 14,2 !
Hemiptera 7.5 6.4
Megaloptera 0.2 0.5
Trichoptera 6.9 ' 18.2
Coleoptera 31 - b2
Ceratopogonidae 0.2 0.5
Dixidae 0.3 o+
Tipulidae 0.2 : . 0.2
Simuliidae 0.1 0.2
Chironomidae 29.0 19.7
Other Dipt. larvae 1.2 : 0.5
Dipt. pupae 3.3 1.1
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- compare results obtalned during the same period =nd from
similar substrata in both the regulated Dece znd in the
unregulated feeder streams of Llyn Tegid. Investigations
were therefore rade in the same period by applying the

sane method of collecting,

Tzble 9.8 shows a quantitative comparison of the benthie
fauna of the unregulated feeder streams and regulated Dee,
Flotting the mean number of each group as a percentage of
the totel, reveals zn Increase in Hirudlnea, Oligochaets,
Lamellibdranchiata, Isopoda, Amphipoda, Megalopters,
Trichopera snd Coleoptera in the regulated Deej vheresas
Hemiptera end Diptera particulérly chirpgomid larvae, are
favoured trexendously by the unregulated conditions of the

feeder strean,

Tebles 9.7, 9.8 show that Turbellarin, Hirtdinea,
Oligochaets, Lamellibranchiata, Amphipoda, Isopoda,
Trichoptera, Hemiptera and Coleoptera were poorly represented
in tﬁe unregulated feeder streams. Aguatic diptera, vhich
includes Chironomidae, Dixidae, Tipulidae, Simulildae,
Ceratopogonidae, Psychodidae, Llmnobiidae, Ptychopteridae,
straticnyldae, Dolichopodidae and Empldidae ; Plecoptera
end Castropoda were quite distinct and abundant in number
of individuals and species in unregulated feeder streams,
The regulated or unregulated condition of the river appears
to have no effect on Hydraczrina, Ephemeroptera and

Megaloptera (Table 9,.8).
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9. DISCUSSION

Butcher (1933) vhile working on the Piver Lark, Suffolk,
found that a river bed of sznd ond gravél was wached away
bty 2 svdden flood along vith the plénts rooted in it,

He further recported that the mescrophytic vegetation, in
itself not a source of fcod for tﬁa great majority of
gnimels inhabliting a river, hasid great influence on thelr
quantity anl ddstritution by écticn (1) as-an area for

the growth of epiphytlc elgae which are the chilef source
of food of snmaller forms, (2) as a source of oxygen,

(3) as a chelter and habitation, end (%) as an egent for
cementing together stones and gravel where puch of the
fauna 1s fovnd. Percival and vhitehead (1930) showed that
the substratum controls the density of invertebrates. The
nore fixed the substratum and the greater amount of shelter
available, the denser is the fauna. KRavera (1951) pointed
out that the d ensity fluctuations of benthlc orgenisms
were directly or indirectly conditioned by the current
velocity. Thorup (1970) described the similar situation in
the Danish spring Rold Kilda. Blshop and Hynes (1969) found
a loss of organisns from the area after flood hzd scoured
the bottom in the Speed River, (ntario. Ertlova (1968)
while vorking on the River Danube in Czechoslovaliia, found
oligochzetes only where the current velocity reached '
s10cn/sec. Chutter (1969) shwed that the increcsed amount
of 811t znd sand in river beds eadversely affected the fauna

of Vaal Hver, Couth Africa. Radford snd Eowe (1972) have
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shown, in a prelirminary investigation of bottonm fauna and
invertebrate drift in an unregulated and a regulated streanm
in Alberta, that increased velocities of current during
high water not only dislodge the animals but also

settling becomes more difficult,

In the present study a comvarison of the benthic fauna
of the regulated river Dee (upper Dee) and Llyn Tezid
feeder strema shows a distinet variation in the number of

enimals (Tables 9.7, 9.8).

The fauna of Oligochaeta in the regulated Dee can be
considered sbundant because the number of oligochactes
"probably depends to a large extent on contributions from
tho s0l1l washed down. This soll has been mixed up with
docaying plant substances and has thereby formed a tlotope
which 1s favourable just for the oligochaetes. The
relative increase in firudinea in the regulated Dee could
be dﬁe to slow current and sbundant marginal vegetation.
- Gammarus pulex was recorded more in the regulated Dee than
in the feeder streams, perhaps due to the avallability of
more hiding places and the reletively slow water current
in the former, 7The zbundance of trichoperan lsrvac in the
regulated Dee was remarksble, and may be due to their
feeble stility of locomotlon, the slow water currents and
the greater avallability of the case building material,
There 1s en 1ncreazse in Turbellarla, Lamellibranchiata and

Isopoda in the regulated Dee as compared with the unregulated
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feeder streams. This may be attriduted to ' permenent!
substratun and sheltered zones, elther because cf the
need of these groups for cover or because they are

N'normally assoclated with vegetation,

There were relatively rore Plecoptera recorded in
unregulated feeder streams then in the regulated Dee
(Tables 9.7, 9.8), due presumably to the aveilability
of stony substrata with scattered vegetation, particularly
nacrophytes vhich the plecopteran nymrhs feed on (Hymes,
1941). 1In the D2e, the lack of suitable focd and proper
substrata wouvld probebly have bheen a limiting factor,
More hemipterans were racorded in unregulated fesder streams
than in the regulated Dee, This may be due to slower
currents, mora marginal vegetation, and the viecinity of the
lgke in tha lower reaches of the feeder streams, Greater
nuxbers of Gastropoda in the feeder streams may be due to
less silt deposition and relatively more calciuvm ions in
the water, Among the Diptera, Chircnowidae scemed to have
endured the unregulated condition of the feeder stfeams Qery
well (Tables 9.7, 9.8), Probably this is due to the presence
of a thin mud and silt layer on the botton,

There appears to be no difference in the relative
abundance of Ephemeroptera in the regulated Dee and
unregulated feeder streams (Table 9,8), though Harker (1953)
in a Lencashire stream found that flooding affected
Eedyonurus spp. and Heptsgenis spp. coﬁsiderably, bu£'

s spp. were not affected,




262

The presence of lover numbers of certain groups in
the unregulatéd feeder stresms may be dve to the fact that
the substratum, even vhen of stones and boulders, is
moved due to high velocities of water currents in flooding,
and much of the plant and animal life is insecurely
enchored in gravel end zmong stones, and 1s torn away
by the swirling waters. The. greater the volume of water,

the greater the damage done,

_ The regulation of the river Dse has favouTed certain
‘groups (Tebles 9.7y 9.8)s This may be due to considerable-
alteration in the banis and bottom of the river, The
stony substratum seems to be covered by silt and algae,
and conseguently the sheltered banks have become soft and
colcnised by vegetaticn. It sppears: that the controlled
flow has to a great extent minimised the physi€al dlsturbances
of the bottom by flood end conseguent bottcm scouring.’ For
the succoessful establishment and malntenance of animal or
plaﬁt colonies in the river constant conditlons mst -obtain
for a considerable period, whereas large fluctuations may
result in washing away of the entireafauna and flora,

Jones (1951b) reported that severe summer floods in the
Rlver Towy, West Wales, redvced the invertebrate population
from 1000 to 300/Sq.ms

The results discussed here agree to soms extent with
those obtained by Rawson (1S42) who observed that the
standing crop of the benthic fauna was uniformly low before

the development of the Pacaterra Dsm on the Kenanaskis River
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in Baskatchewan, Ceradaj Cronemiller (1955) showed that
the'production of food of trout had\increased by
construeting emall daxs to regulate the summer flow in
s stall trout stream in the U,S5,4A.3 and Radford and
Rowe (1972) made similar observatlons on the fauna and
invertebrate drift in an unregulated and a regulated

. stream in Alberta, Canada,

6, SUMMARY

(1) A preliminary investigation of invertebrates was
made of the upper regulated Des.

(2) The speclies composition and the seasonal trénds 6f
the common specles of the standing crops of the bottom
fauna ere discussed.

(3) A comparison of the benthic fauna of the regulated
Dea =znd unregulated Llyn Tegld feasder streams was made,
(%) Low standing crops in the unregulated feedsr st:eams ﬂ
could be due to flood and instabllity of sudbstratumj .
whereaé 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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CHAPTER X
INTRODUCTION

Although there is now a considerable body of
information available on the blology of various polluted
waters (Carpenter 1924, 1925, 19263 Jones 1940a, 19hbb,
194%1a, 1949b, 19583 Pentelow and Butcher 19383 Hynes 1960,
1961, 19623 Meann 19653 and Brinkhurst 1966, 1965) etc.,
there 1s no published information concerning the ecology
of bottom invertebrates and blology of trout in a polluted
stream of the Dee watershed, The following study describes
the ecology of a macrofaunal community snd the blology of
trout in the River Alyn, a polluted tributary of the Dee,

T DM DS

The sampler described in Chapter II was used for
collecting the bottom invertebrates from July 1969 to
JUIY 19700

(b) Fish

Fish samples were taken monthly from the upper'Alyn
between Al and A2 (Fig.10.,1) from July 1969 to July 1970.
All samples were collected by electrofishing between 10,00
end 15,00 hours. A Honda A.C. generator of 240V was
employede Stunned fishes were recovered by means of lending

nets, The catches were preserved in the deepfreeze and
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exsmined the next day.

First the frozen fish were thawed in warm water and
then each specimen wés dried, Surplus water was removed
from the body surface by filter paper and the weight was
determined to the nearest 0.1g. Length, from the tip of
the snout to the_fork was ﬁeasured to the neafest |
miliimeter; Sex determinsation of larger fishes was madé
maéroscopicnlly and the géhéds were weighed to fhe néérest
0.1lg. Sex determinations of immatuie fishes were made’by -
microspopic examination of squashed gonad tissue; The
conditions of the gonads Qere notéd according to brton,v

Jones and King (1938) and Jones and Orton (1940).

The method adopted for food analysis 1s mentloned in
Chapter III.

The scales of brown trout from particular British
hebitats have been descridbed extensively in the literature
( Southern 19353 Allen 19383 Went and Frost 1942§ Frost 19503
Jones 1953 and Ball and Jones 1960) ete. The procedures
adopted in scale preparation and reading was adopted from
the works of Jones (1949) snd Ball (1957, 1961), Scales
wvere taken from an area above the lateral line and just
below the dorsal fin, This was to offsét, as much as
possible, inaccuracies likely to arise from the variation
in the number of rings on the scales from different regions
of the body (Ehatla 1931)., Each scale was cleaned by
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rubbing bestween thumb and finer, About 10 scales were
then picked up with a blunt scalpel and mounted in
Euparal, Reading for age was done under the low pdwer
microscope, The scales I examined showed wide rings cn
‘their edge in early summer, vith 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 order to investigate the movement of fish at A#
(Fig. 10.2), 150 trout were tagged end released,
Tagging was carried out at Chirk hatchery on the day
before they were released. Fish were taken at random
fronm each size group (here 16-18, 18-:0, 20-2:cms) and
were tranquilised by placing them in a wesk solution of
MS222 Sandoz, A hybodermic needle was inserted into the
base of the dorsal fin at its anterior end. One arm of
the silver wire attached to the tag vas threaded into the
needle which was then withdrawn from the fish, The other
arm of the silver wire was brought over the back of the
fish and the two arms of silver wire were twisted together.
The excess sllver wire was cut off, The wire and the tag
were pressed close to the sides of the fish, The trout
were then placed in a plastic bucket half full of a solution
of mercuric chbride to prevent any 1nrection,‘before putting
then in the delivery tank, 50 trout of the length group |
16-18 cm were tagged and released at station A; 50 of 18«:0 cm
at B and 50 of L0-2z cm at C (Fig, 10.2). In the upper Alyn,
between A) and A; (Fig,10.1) Pan-jet imnoculetion techniques
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g (Hart and Pitcher 1969) using indisn ink were carried

out for the rovement determinations, | \

Congzds were removed as soon as possible, welghed and
preserved in modified Gilson's Fluid (Simpson, sited by
Bagenal 1960), consisting of 100ml 607 alechol, 15ml 807
nitric scid, 1fml glacial acetic acid, 820ml water and
20g nmercuric chloride, The fluid preserved and hardened
the eggs and helped to liberate them by breeking down the
ovarian tissuve, Before the egzgs weré counted the ovarian

tissue was removed and clumps of adhering eggs were

carefully separated,

The Fiver Alyn, a tributary of the Dee, risihg around
Cyrn-y-Brain 615.7 m O.Ds in Denbighshire, follows
approximately the outcrop of the basal carbonifercus
limestone for about 1l6km northward (Fig,10¢3), but then
suddenly turms to cut through the limestone belt in a
deep gorge of sand and shales, After this it flows southe
eastward through the cosl measures end finally it enters
into alluvium and peat to join the Dee at the Cheshire
border, Two major contributing streams, Afon Terrig and
Afon Cegrdog, enter the river near thg (Nat, Grid Ref,
261624) and Cefney-bedd (Nat, Grid Ref, 310562) iespectively.
The river follows a winding course of more than 45%r,

At Logﬂerheods (Nat, Grid Ref, 6.7195) some of the water



PLATE 10,1 SAMPLING STATION A1.
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flows intc the underground fissures and this also occurs
at Mold (Nat. Crid Ref, <40639) which results in low |

summer level end sometimes drylng out altogether,

Four collection sites, namely Ay Aa’ A3 and Ah,'were
established from the top to the bottom end of the streanm
(Fig. 10.1), These stations were selected not on the
basis of different types of substrafa but on the basis of
pollution by domestié sewage and 1ndustriai wastes (Fig.lo.l).

A (Plate 10,1) waé selgcted near the village of |
Llandegla (Nat., Crid Ref, 1935525) at en altitude of -65,6ém
0.D. lere the stream 1s 0,3-zm wide and 0,5-1m in depth,
with a hard bottom of gravel and mud at places, There were
no treces end bushes of eny kind on either side of the river,
It receives a small emount of domestlc untreated sewage,
the source of which was shovn to me by Mr, Williams, a local
farmer, , ‘
A, (Plate 10,2) was sitvated at an altitude of 115,3n 0.D.
near Mold (Nat, Grid Ref. £40639) above the Synthite and
| Sewage disposal works (Fig,10,1), Here thg&tream is from
0.5-1n in depth and the width varies from'3-5m;\ There were
Scots Fine trees on one side and rasture on the other, The
/bottom was covered wvith pebbles and sand, Sandy shoals were
found over wide areas which may be due to two sand and gravel
 works nearby (Fig.10,1). There were & few scattered patches |
of Fontinalls ahtipyretiéa end Rénunculus aoguatilis,

/‘\



PLATE 10.3

SAMPLING STATICON A3,
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PIATE 10.5 SCALE OF BROWN TROUT FROM RIVER ALYN AT A1.
LENGTH 8.1 cm. AGE 8+. CAUGHT AUGUST 1969.



PLATE 10.6 SCALE OF BROWN TROUT FROM RIVER
ALYN. CAUGHT IN NOVEMBER 1969
BETWEEN A1 AND A2. LENGTH 12.8 CM.
AGE 1+.

PLATE 10.7 SCALE OF BROWN TROUT FROM RIVER
ALYN. CAUGHT IN NOVEMBER 1969
BETWEEN A1 AND A2. LENGTH 15.6 CM.



pLATE 10.8 SCALE OF BROWN TROUT FROM RIVER
ALYN. cwmmlNomD%R1%9
BETWEEN A1 AND A2. LENGTH 18.6 CM.

AGE 3+.
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Table 10.] vater aamplga were taken on 25.,6,1970 and analysed by the pollution laborstoriea of the Dee and Clwyd River Authority
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\ >
3 & i
- -l » .
- ~ rd ©
o 9 < o °
L] . 8 © 3 g 1Y)
(=) b ) [ ot 8 3
(-] o et + < '™
5 = ! - B = B ° K] 2 %
Sazpling stations ——) 3 o 3 3 5 E sz' ® S % g =
' » F o . @ =~ > ] L °
o et £ ~ 7 ~ o ' e ~ o )
[ rt] o) o ot . Q ot He e/
s 2| 3| El |- 2)lal % el 2| 5| = 21 3| %
3| 21 2 f|S|'2| 8| = g «| 81 3| %] &] =
(.? g -3 4‘4’ . 3 . : 'g. : '(-)‘ "l: ) - 2
> b -t ol 3] ] =] ° ~ 2 Q S L3 + :4
O R - O - R - R O - R R - L
2|l a| Bl Bl el a2l<e] st a2 5] 5| £ 5| 2| ] 2
& S & Py « a « 3 a & it a S & < bt
Time 9.00 | 10.55] 10.25{ 9.45 | 9.35 { 9.25 | 9.20 11.10. 11.25 111.35 {11.50| 12.10 [ 12.30 [12.45 | 13.30} 13.50
Appesrance ™ T2 T5 ] T1 - T2 bl by T2 T2 T2 . ™ T2 T2 T2 T
T b4 ] Y1 G5 N4 ™1 N4 Y1 ¥N2 1 YGa2 YG2 Y62 YN2 N2 m2 W2
Cdour E1 E1 0.5 Em2 Em1 B2 4 E1 EBs2 | E2 Em2 0.8 0.5 E2 Ep2 E1
pH 7.8 7.9 {117 | 85179 |76 7.6} 77 §7.72 |} 7?7 |78} 79 |82 ]82]8.} 83
Temperature °C 13.0 4.5 1 45.0 | 15.0 [15.0 |18.0 |15.5 | 15.5 ]13.5 |14.5 |[15.0 | 14,5 |16.0 [|15.0 | 15.5 | 16.5
Dissolved 02 9.9 10.6 - 10.4 |10.5 7.1 9.2 7.7 7.4 8.7 9.0 9.7 110.1 |10.6 | 10.7 | 13.3
Lissolved 02, % saturatiou 97 103 - oy ho§ - |78 95 8o 70 88 92 o8 hob 08 111 140
B.0.D. (4 houra at 27°C) 1.1 3.0 |225.0 1.5 1.0 120.0 6.5 3.3 2.3 2.8 2.3 1.5 2.2 2.3 3.5 1.5
Permangenate value (4 houra at 27 %) 2.8 3.7 741 2.7 | 2.6 j21.9 4,8 | 3.4 3.8 3.9 5.1 3.2 2.b 2.9 7.3 3.5
€.0.D. (Dichromate value) - e 1374,0 - - - - - - - - - - - -
Nitrogen, es N, ammoniacal, free + saline 0.13 0.06[12.5 0.03 0.4h 13.5 6.0 0.14 | 0.21] 0.59 | 0.33{ 0.70] 0.24 | 0.43| 0.28] cC.09
Chloride, &s Cl 26 30 (216 33 3k 38 35 - 35 is 41 54 184 S4 43 59 60
Solids suspended . - - 1302 - - - - - - - - - - - - -

- Results, except where stated otherwise, as mg. per litre.

Key:~ U/S = Upstrean,

D/S = Downstream,

O.S = Organic solvent

For qualitative descriptions of odours and appearances sce code
ALY, A. 12¢h edition,

B4

L34 LA



“ymble 10.2 Seasonal veriations of the chemiocal conatituents of the River Alyn at Ithel's bridge,

analysed by the pollution laboratories of the Dee and Clwyd River Authority. Results,
" except where stated othervise, as mg. per litre.

" For qualitative descriptions of odours and appearances see code A.W.A. 12th edition.
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A PR I B NP I B O O |
- ] [ -3 a8 a of E] -] s
> g - ° © o 5 i ] - ©
3 3 o ® 2 o § ] 3 & g 5
) < 0 o = . a B > < 2 S
] ] ] < = . a - = x -] » e
+ o - -+ - Ead -+ 4 4 +3 w0 <+«
o 0 v in mn N o @© e c - =
[V} « L - - < .- -«
Time 9.55 9.5 9.10 9.10 9.5 8.10 | 11.45 11.55 13.15 | 11.50 | 11.45 11.50
Appearance T2 T2 T3 T3 T3 T3 | Th T3 T3 T3 T2 T2
. NG2 Y1 NG2 G2 NY3 G2 NY3 NY3 NY3 N3 YG1 1G2
Cdour E2 “E1 E2 E2 E/m2 E/m2 E/m3 m3 E/2 E/ch2{ E1 mn/m3
Specific Conductance (micromhos/3 cm. at 25 °c) 540 : 574 710
ot 7.8 8.1 7.9 7.6 | 7.8 8.2 7.4 8.1 8.3 8.4 8.2 8.3
Temperature °C : : : oo 16.3 1547 12.7 12.0 6.0 4.0 4,0 k.0 3.7 5.7 4.0 | 15.4
Dissolved 02 ‘ 9.6 9.4 9.2 9.4 1.4 | 13.0 12.6 12,7 13.0 12.4 12.1 41.0
Discolved 02, % saturation 97 - o8 86 50 95 102 99 98 102 102|120 |13
B.0.D. (5 davs at 20°0) ' 2.0 1.2 2.3 2.3 2.4 1.6 L7 1.8 3.1 3.3 1.6 3.1
Permanganate value (4 hours at 27 °c) ) 3.2 3,2 3.2 3.6 98 2.9 138 3.3 2.6 6.5 2.3 Sk
€.0.D. (Dichrcmate value) ‘ © 9.8 10.5 .} 13.7 -
N1troy»n. as N ammoniacnl, free + saline 0.06 - 0.19] . - 0.2 0.1 0.8 - 0.5 - 0.1 -
" nitrate ] 0.02 - 0.04 - 0.03 0.Ch 0.0k - 0.03 - 0.1 -
" ' total oxidised Lo 7.2 - - - - 4.2 -
Chloride, as Cl o 53 S0 s6 61 b5 3% - {7 36 &5 30 ks . | 53
Solids, dissolved . . . 355 a 511
" ° suspended % - 17 . 5
nardneas, as CaCo3, total 320 325 300 330 140 220 160 . ' [160 135 175 340 - |310
" ealeivm T 240 7hRS 265 250 130 200 135 80 125 145 270 250
" " " pagnesium 80 60 35 80 1 20 25 80 10 .| 30 70 60
Alkalinity, as CaCo3 ) : 145 16.2 {216
Sulphates, as Sok ) 38 24 -
Phenols, as C6HSOH ' : L - » - -
Detergents, Anionic ' : .1 0.06 ’ 0.05
Silicates, Reactive, &8 Si02 2.8 5.2
Phosphates, total as POk ] : . 0.5 1.6 0.6
Iron, total, as Fe ' - ; 0.6 0.4 0.5
"  solutle, as Fe : T 0.1 0.16 0.1
Manganese, total ss Mn 0.1 - 0.06
" goluble &#s Mn 0.06 - -
Formaldehyde . : - - - - - C- - - - - - -
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| A, (Plete 10.3) vas situsted at an altitude of
109, 3m 0D, near Molad below the Synthite end Sewage
disposel vorks, The width of the river bed was betveen
2;hm end vas covered with pebbles and gravel, The trees,
mostly Scots Pine and silver birch, covered the stream and
throughout the sampling periqd, except during flood,
decaying plants and debris were noticed everywhere on the
‘bottom, Here a pﬁtrid smell was noticed each time the site

was visited,

A, (Plate 10,4) lies in the lower reaches of the
stream near Rotsett (Nat, Grid Ref, 366573), This statioﬂ
was situated at en altitude.of 15m Q.D. Heie the strean
wae sbout l=m in denth and 5-7m in width, The bottom was
puddy but at places covered with stohes. The végetation

was poor on elither side but there were thick patches of

algae on the stones,

Tables Io.1 end 10,2 show the physical and chenical
conditions during July 1569 to July 1970, Thé'ﬁater
temperature renged from 3,7 = ¥°c 1n winter and from 14 -
16,3°C in sumrer, Maximum percentage satufation of oxygen
was recorded during summer and minirmum 1p'autumn; pH ranged
between 7,4 and 8,5. The dissolved chemicals indicated
stream conditions only at the time of sampling and occasional |
spills of wastes were not detected, Chémical testing hay'noti‘
:@vsal evident pollution qualities when wastes are highly '
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Table 10.3 The density (Av. no./mz) of the bottom fauna at

four sampling sites, based on ‘i monthl; samples.

+ -<0.1% -~ = No record
Above Synthite works| Below Synthite works
Bottom fauna M| a2 A3 Ab T?;i‘l
Turbellaria (Total) (-) (6.4) (5.3) (-) (+)
Polycelis nigra - 0.7 42 - +
Polycelis felina - 53 1.0 - +
Hirudinea (6.4)] (10.3) (9.6) (8.5) (0.2)
Glossiphonia complanata 6.4 9.6 5.3 21 0.1
Erpobdella octoculata - . 0.7 3.2 6.4 +
Helobdella stagnalis - - 0.7 - S+
Oligochaeta (37.80)] (82.3)| (19.2)| (26.7)] (1.4)
Stylodrilus heringianus 28.8 24,2 5.3 | 10.7 0.7
Lumbriculus variegatus 2.1 28.8 2.1 9.6 0.3
Rhyacodrilus coccineus 0.7 0.7 - - +
Aulodrilus pluriseta 0.7 16.0 - 0.7 0.1
Homochaeta naidina 241 0.7 - - +
Eiseniella tetrahedra 1.0 0.7 241 1.0 0.1
Limnodrilus hoffmeisteri - - 7.4 0.7 +
Peloscolex ferox - - - 2.1 +
Gastropoda (24.8)] (96.1) [(2347.5)| (81.0}|(1c.8)
Limnaea pereger 8.5 21.4 75.9 1.7 0.6
Ancylastrum fluviatile 14.9 51.3 18.1 19.2 0.8
Limnaea glabra 0.7 3.2 1.0 - +
Succinea pfeifferi 0.7 - 3.2 241 +
Limnaea truncatula - 7.4 | 1235.8 2345 5.0
Potamopyrgus jenkinsi - 12.8 | 1009.0 23.5 | k.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 0.7 241 - 25.6 +
Pisidium subtruncatum - - 1135.8 - 0.5
Pisidium milium ( h- e 8- e t.g) A 48- e +
Amphipoda 324,2) |€1058.2) [(2974.6) (1748.3) [(37.4)
Gammarus pulex 324.2 | 1058.2 | 2974.6 | 1748.3 | 37.4
Isopoda - - (10.7) (6.4)] (0.1)
Asellus meridianus C - - 10.7 6.4 0.1
Hydracarina (113.3)| (39.5) (1.0 (2.8)] t1.5)
Sperchan denticulatus - - - 0.7 +
Hygrobates nigromaculatus 11.2 37.4 - 2.1 1.4
Lebertia porosa 241 2.1 1.0 - T+
Plecoptera (193.6) | (148.7) | (23.1) (9.4)1 (3.5)
Leuctra hippopus 21.4 2.1 - 1.0 3.2 0.3
Leuctra geniculata 87.7 | - 16.0 21.b - 141
Amphinemura sulcicollis 27.8 29.5 - 1.0 | 0.7
Nemoura avicularis 10.7 60.9 - 1.0 0.7
Leuctra fusca 1.0 7ol 0.7 - 0.1
Isoperla grammatica 8.5 0.7 - - 0.1
Chloroperla tripunctata 0.7 - - - Y
Chloroperla torrentium 5.3 - - - +
Brachyptera risi 32 0.7 - - o+
Nemoura cambrica 2.1 - - - +
2.1 - ‘- - +

Nemoura cinerea
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Table 10.3 (contd.)
Bottom fauna A A2 A3 Ay | ToiaL
Amphinemura standfussi 13.9 16.0 - .2 0.3
Leuctra inermis : 1.0 - - - +
Leuctra nigra 1.0 1.0 - - +
Nemurella picteti - 0.7 - - +
Ephemeroptera (370.0) |(489.2) | (299.9)} (866.9)|(15.9)
Baetis rhodani 1005 95.2 60.9 178.6 | 3.4
Heptagenia lateralis 64,2 - - 2.1 0.6
Ecdyonurus venosus 4.9 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 1.7 0.7
Centroptilum luteolum 36.3 9%.3 0.7 4z .8 1.6
Ephemerella ignita 37.4 | 187.2 L, 551.0 | 6.3
Rhithrogena semicolorata L4 ,9 17.1 6.4 7.4 0.7
Paraleptophlebia submarginata 1.0 | = - - +
Baetis. pumilus 6.4 42,8 8.3 28.8}1 0.9
Baetis scambus 53 8.5 10.7 10.7 0.2
Caenis mosta 0.7 - - -
Ephemera danica » 1.0 1.0 - C.7 0.2
Babtis atribatinus - 2.1 - - +
Fphemerella notata - 0.7 - - +
Ecdyonurus torrentis - 2.1 - 3.2 +
Heptagenia sulphurea - 4,2 - - +
Megaloptera .17 (2.1 (5.3)] (2.1 (0.1
Sialis lutaria 241 " 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~ instabilis 241 - - 2.1 +
Potamophlax latipennis 321 39.5 7941 74 1.0
Sericostoma personatum 6.4 - - 24 0.1
Rhyacophila dorsalis 0.7 0.7 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 lineatoccllis 6.4 - 18.1 2.1 0.1
Helophorus flavipes 8.5 - - L2 0.1
Helmis maugei ’ 29.9 25.6 | 317.7 21.4 | 2.0 ¢
latelmis volkmari 35¢3 Ly, 9 40,6 23.5 1.3
Lacobius biguttatus 1.0 - - - +
Platambus maculatus 53 2.1 1.0 0.7 0.1
Hydraena riparia 0.7 - - 53 +
Hyphydrus ovatus 64,2 6.4 L - 16.0 0.8
Helodes marginata 0.7 - - - +
Dixidae 0.2 () (=) (-) (+)
Dixa puberula : 0.7 - - - -
Ceratoporonidae (34.2) | (16.0) (2.1) (3.2) | (0.5)
Bezzia spp. 34,2 16.0 1 T 24 S 3.2 0.5

H
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Table 16.3 (contd.)

Bottom fauna A1 A2 A3 Ab T?;§l
Tipulidae (5.3) (0.7) (=) (0.7)] (4)
Tipula lateralis 3.2 0.7 T - 0.7 +
Tipula paludosa 2.1 - - - -
Simuliidae (37.1) (3.8) (0.7) 8.8)] (1.1)
Simulium brevicaule 10.7 1.0 - 0.7 0.1
Simulium monticola 2546 2.1 0.7 5.3 1.0
Simulium ornatum 0.1 - - 0.7 +
Simulium angustitarse 0.7 - - 2.1 +
Simulium armoricanum - 0.7 - - +
Chironomidae (926.3) | (312.4)] (87.4)} (350.731(15.0)
Polypedilum nubeculosus 6.4 35.3 14.9 78.1 1.0
Pentaneura monilis 38,5 53.5 6.4 28.8 11
Trichocladius rufiventris 64,2 | 23.5 171 78 41 1.5
Tanytarsus signatus 2144 162.6 5.3 28.8 3.9
Prodiamesa olivacea 392.6 R 32.1 88.8 4,6
Procladius cioreus 1712 235 5.3 48.1 242
Orthocladius sppe. 34,2 0.7 2.1 - 0.k
Strictochironomus sppe. 2.1 - 2.1 - +
Brillia modesta 1.0 4.2 2.1 - +
Chironomus anthracinus 1.0 . 1.0 - - +
Cryptochironomus spp. 0.7 0.7 - - +
Other dipteran jarvae (95.00| (72.6)] (32.0)] (37.3)] (1.9)
Dicranota robusta 71.6 26.3 21.4 R 1.1
Hermerodromia unilineata 22.4 26.3 9.6 29.9 0.8
Pericoma pseudo exgquisita 1.0 - 1.0 - +
Dipteran pupae (63.1) | (64.2)] (5.3) (43.8)] (1.3)
Total no. animals 3361 3461 8489 Lyss

Av. no. animals/mgnth 240.0 247.,2 606.3 218.2

. (9
Av. no. animals/m

2568.0 | 2745.0 | 6437.4




Table 10.4 Distribution of the catches sampled akouve
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- (A2) and below (A3) the Synthite works,

Chi

Catches

Groups Syﬁzgzze Syi:ig:e Total S:S?:id P

works (42) | works (A3)
Turbellaria 9 8 17 O | )0.05
Hirudinea L 13 27 .02 | Y0.05
Oligochaeta 108 26 134 25.0 | <0.001
Gastropoda 131 3072 3203 |2700.0 | £0.001
Lamellibranchiata 50 206 256 95 0.001
Amphipoda 1385 3893 5278  |1191.6 | 0.001
Isopoda - - - -
Hydracarina 52 2 5k 46.2 | £0.001
Plecoptera 195 32 227 117 € 0.001
Ephemeroptera 647 397 1044 £9.8 (0.001
Megaloptera 10 ? 17 0.5 | >0.05
Hemiptera 2 1 3 0.3 0.05
Trichoptera 129 133 262 . W06 | D0.05
Coleoptera 107 509 616 262.2 {0.001
Diptera:
Ceratopogonidae 21 & 25 1.4 {0.001
Simuliidae 6 1 7 21.8 €0.001
Tipulidae - - - -
Chironomidae 413 120 533 161.0 | €0.001
Dipteran larvae 96 Lk 140 19.2 ¢ 0.001
Dipteran pupae 85 7 92 66.0 | £0.001
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‘ ,treated even though the recelving streanm may be adver ely
affected by such effluents because the effects may be
additive, The detoiled cherical analysis (Tables 10,1,

10.2) showiné seasonal varistions in the chemical constituents
of the river water was provided by the polluticn 1aboratories
of the Dece and Clwyd River Authority.

Collections from Al, Aoy A and Ah stations yielded
a total of 84, 80, 62 and 65 Species respeetiVely (Table 1o, R).
The number of specles found at Al and A, vere typical of an
unpolluted stream feuna (see Chapters ITII,IV,V,VI and VfI) .
but at A3 2nd Ay, the number decreased, Table lo.h'éﬁﬁmarizes ,
the relative abundance of different species collected \
durihg this period end 1s expréssed_in Av.No/m?, The
‘bottom fauna at stations A3 and Ay was reduced end hed a
~ gmeller number of species as compared to Ay aﬁd Aé, A
decrease in the density of aquatic:beatles,‘sfoneflies,
eaddisrlies, Dixidae, Cerétopogonidae, Tipulldae, Siﬁuliidae,
and Chironomidee was noticed from 4, to Ay (Tcble 10,4),
These may be called 'polluticn intolerant! organisms, = K
gtations A3 spd A, lqcated below the site of the spill |
(Fig.10.1) had a typilcal fpollution tolersnt' cormunity,
pPollution tolerant gastropods, isopods snd amphipods rmade
up the major part of the community, probably indicating the
additive effect of sedimentation and toxiéify from Fﬁe'spill;’

The cormmon specles collected are mentioned below (Table 10,3).
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(A) Platyhelminthes
(1) ZTurbelleris

Polycelis nigra and polvcelis felina were scarce at

(B) Annelida
(1) Hirudinea

0.« of the total fauna belonged to this group in
which Glessirhonla \

were collected from all the sites, o

. (2) Oligochseote |
1,4 of the benthic fauna was formed by this group,

of these

oligbchaetes below the splll et A3 was greatly reduced

glanue were common at Ay A, ond

lepatus at A2 and Ay The nmber&or

(Table 10,3) end may be due to the lack of a muddy bottom,

Specimens of Limodrilus sterl were frequent at Aq
end according to }I'ynes (19¢0) are found in large numbers in

grossly polluted water,

10,87 of the macroinvertebrates were represented by

were common in all stations,

ot Aq end Ay, and

‘  at Ay (Table 10.3).
The high number of Potsmopnyrus

{ may be due not only

to en ebility to survive the effluent from Synthite works
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at A3 but also to the sbsence of pregstors, Limnaes rereser

were recorded rore during spring and summer whereas few

ncylastrum fluviatile were collected during summer (Fig.1C.u4).
(2) Lgrellibranchiatg

This group made up 1.4’ of the total fauna., pPisidivm
einerivm was common at A,, Pisidium 1i11jeborgil at A, and

pisidiun subtrupcgtur at As,

(D) AM@.@
. (1) Crustscea
(2) Anphipeoda

ex conmon in all stations formed 37.5ﬂv

of the total benthic fauna end were collected in large’
numbers during every season (Fig,10.4), particularly at A3
end Ay, Similer observations were made by Jones (10h8a)
in the hard water strevm, the Clydach in west Wwales,

(b3 Isopeda

pidienus were comzon in Ay and Ay. This may

be due to the pféséncé of dead leaves,

(a) Hydracarina | |
1,57 of the benthic fauna belonged to this group in -

ém-b&cu atus was common at 4, and the

rest were scarce (Table 10.3).

(3) Insectz
(a) plecopters |
This group formed 3,47 of the total benthic fauna in
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| whipﬁ Leuctrs hipnopus, Leuctrs ggniculgtg, Arphinerura
8, Ilepoura avicularisg,
vere common at Al and llemouprn

@yggu]a;ig at A, (Table 10.3), Leugtra spp. were collected

more during spring and sumrer and Amphenenurs

gpn. during
winter and Spring (Figs. 10.4y 10.5)s I found Leuc ;za more
hinemurs at A1 near the source of organic pollution,
though jrphinervra seems to be the less affected by organic
pollution than are most other Plecoptera (Fynes 1941).
(b) gage@grggterg | ,
These amounted to 15,87 of the total macrobenthic
‘ community; Baetis rhodani were at Al’ A, and Ah’
aeenla oralis at Al, dixgnu;gg yenpgsus in Al’ A

a at A, and A%’ E&&Eﬁxgﬂﬁﬁﬁ
gsenico orate et Al and BQQ &g [gumglug at A3 and Al*(T&ble 10, 3)0
Baetls spp., were recorded more during spring and summer

(Figs10.5)s I recorded a decrease in Fhithrogena (Table lo. 3)
_as did Eutcher (1937) in the River Tees, a sewage-polluted

river,
(e)
.ﬁiﬂllg_l_ggggg were scarce in all the stations.
(d) Jeminters

Though scarce, they were recorded from A2 and A3 sites,

‘egnlontera
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s were common in all the staticns, Sericoston

personatym at Ay, Helesus digitstus at Ay and Glyphotnelius
pellucidus at A2 (Teble 10.3). I found \ ma persons
affected by pollution at A3 snd Au. Simller obscrvations

were made by Hynes (19t0) while working on the Dee poiluted
by effluents,

(f) Coleorters
Coleoptera were represented by 5.7” of the total bottonm

feuna. [elpis mavgel and Latelmis volkmord wvere corwon in
all the stations and were collected in every season (Fig.10.5).
Qreodvtes riv-1is oceurred at 4 and Ah’ Baliplus lineotocollis

1

at Aqy IHelorhorus flavives at Al end platambus maculztus were

common at Ay, S
'(g) Dinters
(1) Cerstororonidoe ‘

| Bezzig srp. though comron at Ay and Az’ formed only

0.57 of the total benthic fauna, |
(2) siruliidse
m brevicaule and Simulium monticols formed 0.57

of the total benthic feuna and were cormon at Al. |

(3) Chirenomidae
This group formed 15, of the benthic community; of

AN

and A, end P Chironomid laryae

A3
w@ré more often recorded during spring snd summer (Fig.lo.S);



Table 10.5 Average density (Av.No./u>) of the bottom fauna of the River Alyn and

above and below the spill (Synthite works).

hT

Above the spill : Below the gpill
A1 A2 A3 Ab
Av.No. Av.No. Av.No. Av.No.
Benthic fauna : No.spp. No.spp. No.sppe No.sppe.
/ rna / me / e / m2
Turbellaria - - 2 6.4 2 5.3 - -
Hirudinea 1 6.4 2 10.3 3 9.6 2 8.5
Oligochaeta 6 37.4 6 82.3 4 19.2 6 26.7
Gastropoda L 24.8 5 96,1 7 2347.5 6 81.0
lamellibranchiata 2 391 2 37.4 3 156.1 2 27.7
\ - Amphipoda 1 3242 1 1058.2 1 2974 .6 1 1748.3
N Isopoda - - . - - 1 10.7 1 6.4 -
Hydracarina 2 113.3 2 39.5 1 1.0 2 2.8
Plecoptera b 193.6 10 148.7 3 2341 4 9.4
Ephemeroptera 13 370.0 1 489.,2 9 299.9 12 866.9
Megaloptera 1 2.1 1 Tk 1 S5.3. 1 2.4
Hemiptera - - 2 o 1.b 1 0.7 - -
Trichoptera 10 58,9 | 9, 95.9 7 10043 6 17.6
Coleoptera 10 237.6 5 79.7 5 385.9 8 142.7
Dixidae 1 0.7 - - - - - -
Ceratopogonidae 1 34,2 1 16.0 1 21 1 3.2
Tipulidae 2 5.3 1 0.7 - - 1 0.7
Simulitdae 4 37.1 3 3.8 1 1 0.7 b 8.8
Chironomidae " 926.3 10 312.4 9 87.4 6 35047
_ Other dipteran Jarvae 3 ,  95.0 2 726 | 3 3240 2 373
Dipteran pupae 63.1 o 64.2 : 5.3 ' 43.8
: Total No. sppe 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
P Av. No. Orgms./month/m? 2568.0 2645,0 6487.4 340k .7
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~ 1 found chironomlids were reduced at A3 but reappeared in
greeter numbers at Ah (T-ble 10.5). This may be due to the
greater dllution of the effluents, Hynes (1961) while working
on the River Lee polluted by sewage snd cOppef salts, found

Orthocladiinge, Tenypodinae snd Tanytarsus spp., were quite

unafoCtedo

‘These formed :.17 of the total catch and were represented

by Dlersngta robusts common in 81l stations, and

pata common at A and Ah

BIOLOGY OF TROU

Fish samples were taken from June 1969 to July 1970,
Altogether 1078 trcut were caught during this period between
. 1 t cat ; .
Al end A2 I 414 not catch any trout between A3 end Au

There seered to be no physical barrier to prGVeﬁt
‘trout from migrating betveen upper snd lower réaches. Frenk
(personal communication), secretary of the VWrexham and 1
pistrict Angling Association (AA), reported that all the
f1sh died due to a sudden spill of formaldehyde in the
river below Pontblyddn (Nat. Grid Ref, 615:72) in 1967.,
A similar incldent was reported to me by Mr. Davis, |
secretary of the Rossett and Gresford Angling Association,
Lees (Pers,comrm,) also told me that the spill of formaldehyde

was so strong that all the bottom fauna disappeared. ' \
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March 1st was chosen as a convenient birth date in
view of Stuart's (1953) conclusions on the reﬁroduction ,
of loch brown trout, 7The opén (or 'summer') rings were
present on the edge of the scales during summer period
AprilMay to September/Cetober and the narfow 'winter'
rings during the period September/October to April/May.
This phenomenon has been descridbed fully in Ball # Jones
(1960).

4

Flgs, 10.6 and 10.7 show the length and weight
attained by each age group in the Alyn, In Fig. 10.8 the
data have been arranged 1n quarterly groups so as to show
seasonal as well as annual chenges in growth rate. 1In
age groups O+ and 1+ a large increase in length end weight
may be seen between June and November, but a small one
‘betwe@n December and May, Visual examination of the slope -
of the curve suggests that in age group 2+ there was more o
increase in length and weight betveen June ond Nbvember,
and less between December and May., In age groups 3+ and L«
the growth rates in length and welght decreased,

The relationship between body length znd the»anterier
ecale radil vwas calculnted to determine vhether growth of
trout scales vas proportional to growth of the body (Fig.ld.g).
A close correlaticn was found (r = 0,9205)e These data
demonstrated a linear relationship, indicsting that they

were subject to analysis by the linear regression formula
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Table 10.6 Length of trout in cm. as back-calculated from scales.

Year No. Age at Sex Mean calculated length at each
Class Fish Capture __year
I 11 11 1111
1968 362 1+ 1 5.6
3 5.6
&% 5.6
1967 350 2+ 3 5.0 10.7
? 4.8 10.5
2 4.9 10.6
196€ 149 3+ 1) 4,9 10.8 14.5
2 5.1 142 14,9
12 5.0 | 1.0 | 1.7
1965 b2 [ 3 5.2 | 10.5 | 15.1 17.8
$ 4.9 10.8 1.8 18.1
2 [s5a | 106 | 19 | 17.9
Total fish 903
Total mean calculated lemgth & 5.2 | 10.6 | 1.8 | 17.8
2 5.1 | 10.8 | 14,8 | 18,
82 |54 | 1007 | w8 | 7.9
Average increment t 5.2 Lok 4,2 3.0
¥ 5.1 5.7 4.0 3.3
g 5.1 5.€ b1 3.1
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| X =a +« bY, The calculated body scale regression is
r@presented by t L = =0, 5 + zol2S (See f1g.10.9), vhere .
L 1s the length of the fish (cm) and § the scale radius
(erbitrary units), These data reveal a straight-}ine
ralationsﬁip and deronstrate that scale length increases
proportionally with body length, This relationship allows
use of the Lee (1920) Method to calculate mean total
lengths of fish at annulus formation (Tsble 10.6),

(b) Length-veight relstionshing

The lengthe-weight relationship of the trout has been
~studled by plotting the logerithm of the mesn annual length

of each age group against the logarithm of the corresponding

mean enmual weight (Fig.10.10). The results lie in a
straight line, indicating no fundementel change in the
lengtheveight relationchp with age or locality, S

The Le Cren method (1951) was employed to calculate the
pirical mean length-waight relationship of the trout,
The savrle of 1078 fish was grouped into 10mm intervals of
rlﬁngth ranging from 5cm to 25cm for which‘mean lengths end
welghts were determined (Figs. 10.11,10,12), The meen |
* lengths and welghts for each length group were plotted, éndx
each sample exhibited a powere-law relationship, ~This. |
relationship 1s expressed by the'rormula $
W= ol when

W = mean welght in grams of each length group at capture,
'L = meen total length of a group, in millimetres,

a = empiricnl constant, n = empirical exponent.
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Empirical constents, log a cnd n were determined as follows:

: log W. (log L)€ - 1og‘L., (logL.log¥)
loga =

M. (logL)z_- ( logL)?

log W - (NJlog a)

log L

N = number of length groups, \
Log a end N vere substituted in the logarithmic fom of the
@;uatibn : '
Log W=1loga+nlogl
Log W = 1.8279 + 2,8708 log L
When plotted, the smooth curve 1s used to express
Jength-velght relationship (Flg,10.10).

(c) Condition

To cuote Ille (1936) *welght in fishes may be coﬁgidered ‘
a function of their length", Welght 1s proporticnal to the
cubé of the length in the ideal fish that does not change
in shepe with growth (Le Cren 1951), The Cube Law provides
a method of indicsting end comparing the condition or
well-bcing of fish between length groups, age groups, sexes .
end populations. The formula used here for determination of
the coefficient of condition is | |

|
W x 10"
C = Ln © where
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C = donotes thoe condition of the fishy W = weight of fish (gme)y
L = total length of fish (mn)s end n. 1s the slope or
regrcssion line of ﬁhog length x log weight graph, 1i.e.
length weight.rélationshp (Fig.lo.los. The.value of n
determined from Flg,10.1C, i1s close to 3 indicating that
if the fish's specific gravity remeins constant, the fish
grows isometrically (Teéch 1968), The figures obtained
justify the use of n = 3 in the usual equation
W x 4

K = L3

Values of K so obtained will fluctuate about 100 vﬁen using

the metric systen,

K was calculated for gll the trout sampled excluding
maturing and spent £1sh, Fig., 10,13 shows the seasonal
variation in mean condition for '1969-70, Thus condition
was at its highes in summer and low in winter,

The difference in values for the two curves (Figs.10.13, A
10.,1%) 1s probably accounted for by the fact that n was |
taken as 3 in the equation ﬁsed to calculate the mean K
for each ronth in place of 2,87, Females tend fo have

slightly higher values of K than males of the same agé.

Seasonal growth curves for esch of the year classes are
given in Fig,10.15 end 10,16 respectively, The curves. give
the mean length of each year class in each monthly sample,
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The growth curves show that the growth rate varied
seascnally, with rapid growth from May/June until Angust/
Septomber, The period of faster growth was between May .
and sugust in the 1966, 1967 end 1968 year ciasses;

~ vhereas little growth cecurred 1n'1965vyear class,

Growth ceases from August to November in 1968 Y,C,
(Year Class), from October-December in 1967 Y.Co and
" September-November in 1966 Y.C. fish, The growth |
curves show pronounced irregularities in the winter months,
probably partly due to the small numerical size of the
winter sample (rig.10,15) end the preponderance of females,
As females have a lower mean length than males, the total
mean length of the sample will be reduced the larger the

number of femeles in the sample,

Fig,10,16 shows the mean weight for each year class
each month from July 1969 to July 1970, Increase in welght
‘elosely parallels the increase in length as showﬁ in.

Figs, 10,15 and 10,16, It can be scen that the loss in
wight in 1966 and 1967 year classes between October-November,
presurablyias a result of Qpawning. ‘There‘was little lossv
1n weight at this time in the 1968 group ag only a gmall
perc@ntage of this year group were ripe (Table 10,8).

Le Cren (1958) found thet most trout remained in 30m
‘section in the small stream he studied, - Schuck (1945)

\
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Table 10.' 7 ''>Movementsrof marked .trout atnsSl, 52, and S3 stations,

Total marked = 29, Total unmarked = 22 Station 1:-
Age of fish 1+ 2+ I+ Total
No. Fish released in July 1 20 21 56
No. Fish recaptured in August No.| % INo.l % [No.] % |No.| %

Upstream of the place of release 5 |33.3] 8 [40.0] & §19.0]17 |30.3
Downstream of the place of release | 2 |13.3] 7 [45.0] 3 |14.2]12 {21.4

L1 *

Total 7 [46.6/15 |75.0| 7 |33.2]29 |51.7

: Station 2 :-
Total marked = 26 Total unmarked = 27 ‘

Age of fish 1+ 2+ 3+ Total
No. Fish released in September 10 27 14 51
No. Fish recaptured in October - INo.| % |No.! % [No.! % {No.| %

Upstream of the place of release 4 1b0.0] 3 [29.6] 6 [42.8({18 {35.2
Downstream of the place of release | 2 20.0{ 4 |14.8] 2 [14.2| 8 |15.6

Total 6 |60.0|12 [4h.4] 8 |57.0l26 [50.8

Station 3 :-
Total marked = 18 Total unmarked = 20

Age of fish 1+ 24 24 Total
No. Fish released in November ” 23 I8 38
No. Fish recaptured in December No.! % INo.! % INo.| % |No.! %

Upstream of the place of release 3 |42.8] 7 |30.4] 2 [25.0{12 [31.5
Downstream of the place of release | 1 [14.2| & [17.31 1 [12.5] 6 [15.7

Total 4 |57.0{11 [47.7] 3 [37.5]18 ju7.2

Point of release :
Z upstream JP downstream N
< rd
50m 50m
| J

100m

Total area fished at each station.
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recaptured 42 of the 46 trout he tagged in Crystal Creek, -
UeSele in thelr original sections which-were 650 long,

shetter (1937) workiné on brown trout in the Aﬁ Sable

River system, U.S.A.y fornd that 56-857 remained vithin

one mile of the release point, Stefenich (1952) recorded
little rmovement of trout in 91lm sections of Prickly Pear
Creek, lMontana, but those that did move generslly did so

in a downstresm direction,

In the present study a total of 56 young trout
belonging to leyc+ and 3+ age groups were collected from
station 1 between Al and A2 (Fig,10.1) in July 1970 over
the substratum of stones and gravel with marginal

cel evodplatsnus ) on elther

vegetation and few trees (4
side. These were marked black (Indian ink) by penjet on
the ventrel surface near the anus end released, In August
1970 51,47 of the total marked fish were recaptured; of
these 305 from uﬁktream and zl.hz fron downstream, At
this station I did not find eny significent difference
(p:>0;05)'1n the humber of trout moving upstrean and

downstreen from the place of release (Table,10,7),

At station 2, vhich was 4Om downstream from station 1,
a total of 51 trout were collected, marked on the ventral
surface betveen the anél and pectoral fins and released in
September 1970, Hers the bottom was of send end pebbles .
with 1ittle merginal vegetation. In Cectober 1 recovéred
50,87 of the marked fish, 35,2 from upstream snd 15.6
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- from downstrean from the point of release, No marked
fish from station 1 were Captured at station 2, There was
no significent difference (p» 0,05) in the number of trout

moving upstream and downstream from the place of releazse

(Table 1007)0

At station 3 (Fig.1C.1), which was 31n downst;éam'
from the station %, a total of 38 trout were collected,.
marked on the ventrsl surfsce between the pectoral fins and
releacsed in November 1970, Fere the bottom was of mud,
sand and gravel.with thick patches of Rsnuneculus gguggjjgg.'
There was no marginal vegetatlon and no trees, In -
pecexber 1570 47,2 of the totel -marked fish were recaptured,
31.5” from upstream and 15.7" from downstream. I did not
find eny rarked fish from stations 1 and 2 in this catch,
Ko significant difference (p)>0.05) was observed in trout

moving upstrean and downstream from the place of release

(Table 1(:.7)0

in the sbove experiments 100m of the river ﬁere‘fishéd
at each stétion having different types of Substrata, to c
study the localisgd movement, lhe present study showed a.
tendency to fornm home are=zs. w1thinlthe limitations 1mposéd
by low numbefs, it 1s suggested from the returns that trout
may remain in 6r'retvrn to the same loeality. There.is no
significant (p;>0.05) difference in the number of trout
moving up and downstream, the trout can be considered

fairly faithful to a restricted location,
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Table 10.8 Fecundity of 27 trout

from the River Alyn.

Age and Month Year | Mean Estimated Length Mean - { Welghy} Mean Range of | Egg per
Class | weight of | mean eggs| No. | range Length | range { weight] ova per | gram of |’
ovary per fish | fish| (cm) (em) (g) (g) female | ovary
(g) (No) ' (No) {No)
Age group 1+ 1968 :
Sept. 1.8 88 1 13 13~ 28- 28 - 88 T
Age group 2+ 1967
Sept. 3.6 123 3 | 15.6~17.5| 16.2 | k8-72 | 56.6 | 214-286 34
Age group 3+ 1966 | , ' ' | v
" Sept. 6.3 297 3 17-17.5 | 17.3 | 55-68 |61.6 260-320 4o -
Oct. 10.5 227 6 16.5-19.2 | 17.4 | 58-87 |68.5 | 124-370 22
Nov. 10.5 245 6 16.5-18.7 | 17.9 { 54=-87 {71.3 186-354 23
Dec. - 7. 200 1 19.8" 19.8 82 82 200 27 )
Age group 4+ 1965 .
Septe 6.0 166 2 15.4-17.2 ] 16.3 | k162 [51.5 145-188 27
Nove 18.2 328 1 20.7- 20.7 111 328 18

"M

Sl%
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(£) Sex ratio
~ The variation of the sex ratio with age was
irregular (Fig.10.17), It is apparent, however, that
femcles were predeominant at the higher ages, The
percentage of males varied more among the 0+ and 1+

age groups in the combined sample for all months, but’
nales becare less numerous at the higher ages (Fig,10.17).

(g) Fecundity

The number of eggs per individual varied
considerasbly (Table 10.8), The averages for the age groups
show low egg production among the l+ agevgfoup and
méximum production by 2+ o2nd 3+ age-groups, and slowly -
declining numbers among older age groups, In older fish.-
I observed en increasing amount of connective tissue,
hence they may produce fewer eggs per gram of ovary with
inerecse in age. Yield of eggs per gram of ovary was
highly variable even among the fish of the same age group )
(Table 10,8)s This may be due to varying stages of
dovelopment at the time the fish were captured,

(h) lortality

The mortality coefficlent were estimated from the
formulee deseribing the general felationships between
survival and mortality (Rousefell and Everhart 1953),
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Table 10,9 The total annual composition of the diet of 1076 trout

assessed by occurrence volume and number methods.

(+ = (0 01%)
Percentage represented
in the total sample
Food organisms (] v N
Benthic food
Oligochaeta 1 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 10.3 9.2
Sperchon spp. + +
Leuctra spp. 1.3 0.6 24
Amphinemura standfussi - 2.5 1.1 0.6
Chloroperla sppe 1.1 0.9 O.b
Other Plecoptera 2.6 1.9 3.1
Babtis rhodani 2.2 6.5 2.5
Ecdyonurus spp. 3.7 1.7 2.4
Paraleptophlebia spp. 4.4 1.2 L2
Other Ephemeroptera 5.6 7.8 10.1
Sialis lutaria + +
Rhyacophila sppe 0.8 1.8 0.3
Hydropsychez 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 L9 1.6 L,7
Chironomid larvae 10.6 8.7 19,0
Simuliid larvae 1.4 0.3 0.8
Tipulid larvae 243 1.1 0.9
Other dipteran larvae 3.3 1.2 2.4
Dipteran pupae 3.2 3.3 545
Midwater food ‘
Helmis maugei adults ?.0 3.7 b4
Hemiptera adults 0.5 0.2 - 0.3
Fish 1 o“l’ 21 t9 008
Aerial and Terrestrial foods 12.0 11.7 10.7
Miscellaneous food
Plants 7.0 2.6 l|..8
Stone (caddis cases) 0.4 0.6 0.2
l Eges + + +
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r=(1«8) or (1-53‘7)

A ={log 10 (1/5) (}/10g 209) ] = Log e (1/1-1')

n-10 | n
Log S =| = Llog f (y) =. Log £ (y)
¥=x3 Y=x+1
, 0 ‘

£(y) = ege frequency at any age (y) ‘

yx = age at vhich all of population becomes "catchable"
r = annual mortélity rate

8 = rate of survival

A = ingtanteneous mortality rate

1
. /10ge = 2,303

The computations ylelded an annual mortality coefficient
(r) of 0,481z, rate of survival (S) of 0,5188 and an o
- 4nstentsneous mortality rate of 0.7015,

Celculated Weighted

D = 07015 | 704157 | 0,6269
§ =  0.5188 51.887 045563
r =  0.,4812 48,127 0. 14437

‘he detalled rercentage composition of the diet by
occurrence, volume and number‘methods is shéwn in Table 16.9.
59,47 by volume end 79,37 by number of the total food |
consumed vere invertebrate bettom fauna, Plecoptera and

Epheneroptera nymphs, Trichoptera end chironomid larvae
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4 — — Mean fullness index
eesenes Day length (hours)

~— Mean weight of the food

Day-length (hours) —

-10

J Jy A SO NUD J F M A My J
1969 | 1970
Months

Fig.10-18 Seasonal variation in the food intake

of trout in the river Alyn

-
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x were the major food items, Plecoptera
.~ formed 4,57 by volume end 6,2° by nuq@r, end were

composed of Leuctra snn, Amphe
sppe cnd other unidentifisble stone fly nymphs, ‘

Irhemerortera represented by gggggg_;nggﬁg;, Eeyonurus spp.
nlentorhlebis srp, and other mayfly nymrhs formed 17.&7

by volume esnd 18,7 by numberlof the total food,
Trichoptera represented by Fhyscophila epv, pxdrgnﬁgghg\
SDD ovhylex ern. and other caddis larvae were noted
in 7,37 by volure end 5,87 by number of the total food,

Chironorid larvae were eaten by 10.6] znd Garna

9.4 of the total fish, Food items of rare occurrence
belonged to the Oligochaeta, Gastropoda, Siruliidae,
Tipulidse end other dipteran larvae and pupae,

Aerial end terrestrial food forned 11 77 by volume end
10.7; by nurber of the total food,

The ridwater food items, which included Coleontera
adults, Hemiptera and fish, formed 45.8’ by volume and
5,5/ by'number of the total food,

Plaent debris, filamentous algae and pebbles, grouped

as miscellaneous foods cecurred in 3,07 by volume and 5,07

by nurber of the total food,

Fige 10,18 shows a progressive ¢hange in the intensity

of food consumption, The amount of food in trout stomachs
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‘decreased from August to October and then suddenly
increased in Novemberjy agaln gradually decreased fronm

Decemter to March snd increased from April to July,

(kf Sopgonal chonges in the fbég :

, ~ Seasonal changes in the quantity of food eaten by
the fish are shown in Figs, 10.19, 10.20, 10,21, wvhere
data for each item are glven separately. Chi:joncmid :
la;:'vae, Ephermeroptera and Plecoptera nymphs were eaten
in all months (Fig.10,19), Trchortera larvae wére fou_rid
in food éuring winter and spring. Gastropods were
recorded more during epring and summer, 0ligochaetes we're‘
found in November and December only. Garmarus pulex were
consured in large quantities during winter and spring
(Fig.10,0). ColeOpterg larvae were eaten in all months,
Amongst dipteran pupae chironomid pupae were eaten in.
gfaater quyantity during spring and summer, other‘ dipteran

’ larvae, represented by Tipulidae and anmuliidaé, were rare

in the dlet except in winter,

“perial end terrestrial ingects were most numerous in
the food during summer and sutumn (Fig,10.21), Arong the
less common items of food, kColveOptera adults of aquatié
‘origin vere rostly eaten during springz and sunmér, Heriptera
in snall quentities during summer, fish rarely in winter
and summer, and finally filémentou; algae taken accidentraily

+ '

all the yeer,



Table “10.10 The average percentage composition of the food assessed by ocdﬁrrence. volume, and number

methods of trout of each age group.

(+ =20.1%)

Total No. Fish

tpe O+ 1+ 2+ 24 L4
[No. Fish in each Age group 32 2352 “?3 20k 104
No. Lmpty Stomachs 5 16 50 12 3

Mean lengthng%%gé)

6-9 (6.1-7.6)

11.7 (10,.8-12,3)

14,4 (14,3-14,8)

170"‘ (1606"’18.1)

20.4 (19,6-21.7)

Mean WeighEAIRa%ge)

19,0 (15.6-24,3)

Methods of Assessment

h '3 (3'2"5 -3)
) vV N

39,0 (35,3-43,8)
0 v

58.1 (31.6-68.3)
v

99.4 (19,6-21.7)
v N

Oligochaeta
Gastropoda
Lamellibranchiata
Amphipoda
Hydracarina
Plecoptera
Ephemeroptera
Megaloptera
Trichoptera
Coleoptera larvae
Chironomidae
Simuliidae
Tipulidae
Dipteran larvae
Dipteran pupae
Aerial and terrestrial
Coleoptera adults
Hemiptera

Fish

Eggs

Plant

Stones (caddis cases)

13.2 | 17.2 | 8.9

1.3]11.5 |10.4
28.3 1 38.4 |35.8

3.7] 3.8 1.4
3.7 3.8 6.7
13.2 | 11.5 |16.4
3.7] 0.5] 2.2

3.7 15| 2.9
1.8 1.8 | 1.4
7'5 706 70“’
3.7 15| 2.9

5.6 | 1.0 2:9

0 v N
0.71 1.2 +
1.8 095 1!5

1.8} 5.21190.3
0.1 + +
6.8 3.9| 4.3

20.11 10.1 ] 21.9
0.8 0.2
kel 2.1 2.1
L,31 1.2] 3.2

13,81 9.1]25.6
0.6{ 0.6 0.8
2.41 0.51 0.9
1.7 0.2
L1l 3.61 7.5

14,51 15.5 ] 10.8
3.6 2.4 1.9
2.5 13741 2.5
0.2} 0.6 1.5
Lot 3,5] 3.8
0.72] 2.11 0.2

N
1.4] 0.1 O.4
5.3] 4.6 5.1
o.k} 0.,2] 0.2
5.5) 8.2] 6.6
6.41 2.3]1 5.4

13,2} 20,2 { 15.4
0.2 + .
8.1 5.1 519
8.3]1 O] 7.6

10.6] 10.4 {1 21.5
1.3] 0.5]1 0.9
3.0l 1.1] 1.3
2.5{ 1.1} 1.5
Lol 8.4 9.3

12,1} 14.2 ] 10.4

10.3] 8.5] 6.3
0.71 0.3
0.3113.0
0.2 + 0.2
bt 1.1} 1.5
0.1 +

0 N
2.0] 3.1] 2.3
5.8} 3.9{ 5.0
8.5]11.2}10.5
0.1 + +
6.4} 2.2 4.6
8.7 6.0 7-9
0.1 +
9.9)112.9) 6.2
5.51 1.5| b.4

10,0| 7.2 119.9
0.2 + 0.2
207 2-5 0.5
3.81 0.2 1.6
Ll 2.11 7.5

13.2 ] 15.7 117.5
6,61 2.6 3.4
0.1 + +
2.1 2u08 006
8.4} 3.0 6.2
0.8] 1.0] 1.0

0

1.2 + 2
7.3]1 4.0} 5.9
6.7] 10.,0] 9.7
6.8| 3.0] 6.7
9.2 [ 1171131
o3 + 3
14,21 13.0 | 13.4
31 1.1 1.6
5.7| 5.5{11.8
54| 1.5 2.1
k.9 3.2 5.8
1.1 1.0 1.5
8.0 5.7 7.7
M2} 3.71) 7.7
2.0 1.1 102
2.2 {345 ] 1.3
52.1 3.6 | 9.8
0.5 + 0.2

9%
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;(1)|E§QG‘§QCQ;g;ng to age

Table 10,10 shows that similar types of food
orgenisms wvere eaten by the trout dbelonging to all age

~ groups (here O+ to 4+ age groups).

6, AL 7

In this section the results obtained during the
investigations of this workiwill 59 discussed in two
gub-sections s (1) Bottom fauna, (2) Blology of trout,

(1) Bottom founs ‘: | '

Carpenter's early studies (192h) on the rivers
Rheidol, Ystwyth and Clarch showed the disappearance of
erustaceans, worms, leeches, molluses and flstworms from

the éffacted gstreams with lead salts,

Jones (1938) recorded stoneflies, mayflies and sorme
chironomid larvae living in water containing nearly bOppm
of zinec, Vorms, leeches, crustaceans and molluscs vere

very susceptible,

Pcntelow and Butcher (1938), vhile working on the |
River Churnet polluted by organic matter, found Tubificidae,
Chironomus, Asellug, leeches and molluscs disappeared below -
the copper works effluent, Butcher et nl, (1937) found the
invertebrate fauna of the River Tees above and below the

outfall fron Barnard Castle sewage works differed{slightiy.
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Hynes (1960) showed the fauna of the unpolluted waters
of Ditton Brook congisted largely of marus, nayflies,
caddisworns, flatworms, leeches and snails. He observed
(1960) in the River Leey polluted‘by sewage and copper
~ salts, that the caddisworms, Hpliplus spp., Qrthoe ;

Tenypodinae were aprarently unaffected but Asellus,

aTe, Poetls, Tanytarsus and Limnaes were eliminated

for long distences,

Learner et al. (1571) surveyed the macroinVertebrates
and fish in the River Cynon in SOUQ3east Wales receiving
industrinl snd domestic wastes, He found a very varled fauma

upstrean and one dominated by chironomids ahd'oligochaetes

downstreon of the pollution,

The present studies of the stream have shown the number
-(Av.No/ha) of 0ligochacta, Hydracarina, Plecopters,
Ephemeroptera end Diptera (Dixidae, Ceratopogonidae, Tipulidae, |
Chironoridre and Simuliidae) to be drastically reduced and the
Gastropoda, Lamellibrenchiata, Amphipoda,nxsoﬁodé>and‘ /
Coleoptera showing increases immediately below the sources .
of pollution (Tables 10,3y 10,5). Low dissolved oxygen
concentrations, increased alkalinity, suspended solids,
high temperature snd chloride ions at Synthite Ltd., ¥old :
(Tablo 10.1), may be the factors responsibdble for commﬁhify
changes below the sources of pollution, "

‘The aquatic commmilty seecmed to show partial recovery -

\
\
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,;atfah about él.bkm below thelsourqe,of pollution, 3he

number of organisms in each group, like Cligochaeta,
Hydracarina, Plecopters, E@hemerOptefa end aquatic
Diptera, were greater than those st Ay (Table 1045),
These increases st Al+ nay probably ehow vhat Brinley
(1943) referred to as the 'fertilising effect! of domestic
sewage or may well be the complexity of the possible
interactions between factors of the environment (Jones 1958),’
I found 1mproved environmental conditions st Ah vhich may
" be due to greater dilution of the effluents and natural
recovery., Turbellaris, Hirudihea,'Megaloptera, Hemiptera~
: &nd Trichoptera were relatively unaffected (Table 10.5).
There was an indication of en inereased populaticn of
Turbellaria, Eirudinea, 0ligochaets, Gastropoda, Lamellibranche
iata, Amphipods, Zphemeropters, Megaloptera and Trichoptera
at A. as compared to Al. This may be due to mild polluéion

2
by the untreated domestlc sewage.

(2) Fish

Little can be said aboﬁt the blology of trout in a
polluted water, The growth of brown trout depends on many
environmental factors such as aVailable food fauna, and
population size (Frost 194%5), population size, available
f&od end temperature (Joneé, 1956,'w1ngfield 1940, Broﬁn
1946 and Pyefinch 1955) and egg size to a certaln extent
(D=hl 1918, 1919, and Rhudd 19%6),

The accelerated growth perlod of trout started durihg-



L 229

2pril eond ccincided with the rirst appeérancékqf vide
summer scale rings end the ineresse in feeding intensity.
These findings closely egreed with these of Jones’(19u9),
Ball ond Jones (19¢C) and Woolland (197g) in the Dee |
waterched and those of cther workers in different waters
(Frost snd Went 1540, Thomas 1964 and Egglishaw 19698).
The growth rate wes used to show whether there had been

a chsnge in the decline of the rate of growth with age

or sizec. The reduction in the growth rate 6f trout of all
ages as compared to that of vnregulated :lyn Tezid feodor
streams and the regulated River Dee (Figs, 10s.6y 1047) is
paralleled with the work of Learner'gg_g;. (1572) vho
surveyed the River Cynon, a trout strean in south-oast
wales polluted by industriel westes and coalrwashing, |
and found the growth rate in the catehment was low, The
“yelativaly poor growth. conditions of trout in the Rive#'
Alyn as ccrpared with the Llyn Tegld feeder streams end
the Dee (Figs;10.6,10.7), could be due to its physiesl and
chemical conditions (Tables 3.%4,1C,1,1C.2)$ or may ba
affected by the parasites as 1s shown in chepter XX fﬁat
43,77 end 3.67 of the total trout were infected fron the
River Alyn ond the feeder streams respactivelj.

I ¢1a not find trout below the spill of industrisl
wgstes betveen A3 and ALs Athis ﬁay be céused by the :
effluents, Slmiler observaticns were made by Avery (1970)
on the east Callatin river in U.S.A. polluted by domestic
sewages Jones (1940) on the River Fheldol polluted by |



230

dissolved lead saltsy and Learner et _al, (1972) on the v |
River Cynon polluted by coal washerles and industrial

wostes,

The seasonal condition cycle of Evown trout in fhis
investigation (Figs,10,13, 10.14) was similar to those found
by Ball & Jones (1560) end Voolland (1572), with a spring
increase to the maximum in July, followed by a decliné

thereafter, This decline in subsequent years was also

~ found by Allen (1951) and Thomas (1964),

thile studying the movement and territorial behaviour
of trout, I found that 30,37 of the total move upstrecam and
21,4 dovnstresn at 5y SFig.lO.l)ikSZS.eﬁ upstrean and
15.67 downstrecm at 5, and finallyx}l.Sﬂ urstream and 15,77
downstream of the rlace of release, The recaptures of fish
marked in three experimental stretches showed an indicaticn
that there tas a greater tendency to move upstream than down,
though there was no significant difference (P>>0.05) in the
nunber of trout moving upstream and downstrean from the
vélace of release (Table 10.7)s Franks (umpublished 1%68),
~ while investigating the movement of stocked trout in the
River Alyn at Pontblyddyn (Net,Grid Ref. 615:72) between
Ay end 4, found that 25%‘ot the total fish move downstream.,
end 1z, & upstrean, ‘

The trout of both sexes were found to be mature at
age 2+o 1 found one mature ferale of 1+ age group as did

Ball (1957).
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In the nild organically‘polluted énvironment, 1
found 59,4 by volume and 75,37 by number of the total
fdod conQUmed were bottom inverﬁebrates,‘ ?IGCOptera,.
Fpherereptera nynrhs, Trichpptera and chironomid larvae
X were the main portions of the identifigble

foods Aerlal and terrestrial food formed 11,77 by volume
end 10,77 by aumber of the total food,

The changes in the bottom fauna were reflected in the

nm, 8cen to have

diet of treut (Tig.10,22).
become more common 1tems of the trout diet (Fig.ll;lz).
1t was shown (Fig.10.18) that trout had consuned less food

during winter,

In conclusion it 1s evident from the above discussion
that there has been a change in the growth and growth rate
of trout. These changes seem mainly to be relsted to the -
changes in the fauna end pollﬁted‘ environment of the |
streem, but the data available to date do mot ellow the
making of categoric statements as to the causes of these
changes. Nevertheless the changes mey be of & temporary
nature snd may have been caused by the 1ncreased untreated

spills of industrial wastes in previous years. -

7, STMMARY

| - \ |
(1) Pollution has affected the bottom fauna below the spill
at A5 near Xold, lhese changes in the feuna consist of
‘differences in the number of animals rather than in the

species present,
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(2) The chironomids were reduced at A3‘but reappeared in

gr@ater number at AH' ”
(3) 3he chenges in the fauna are reflected in the diet

of the trout, .
(%) There was a greater tendency i1n trout to move

upstrean than downstream, _
‘(5) crowth conditions of trout in the upper Alyn were
relatively poorer than Llyn Tegid feeder streams‘and

the upper Dee, ‘
(6) The trout had consumed more food durlng summer than

in wvinter,
(7) The seasonal conditicnal cyele inereases to a nmaximum

4n July end declines thereafter,
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CHAPTER XI

INTRODUCTION

'
!

The earlier investigations of the parasites of
trout (Chaloner 1912, Brown 1927, Friend 1939, Duguid
& Sheppard 194# and Unsworth 194%4) and of freshwater
fish in general (Nicoll 192% Baylis 1928, 1939) were
concerned mostly with taxonomy, geographical distribution
and host specificity.

: Relatively little is known about the ecology of
helminth parasites of brown trout of any stream. The
only relevant works available when the present study
waa*commenced;were those of Thomas 1954, 1958, 196k and\
AwaChiyl965§ *55 these were concerned with unpolluted
streams, it was of obvious interest to investigate the
ecology of helminth parasites of trout in a stream polluted

by domestic sewage.n

studies ofzthe'parasites of the swimbladder, stomach
_and intestine of brown trout were undertaken on fish from
the polluted River Alyn, a lowland (main) tributary of
the Dee. |
o MATERTALS AND METHODS

The fish were carefully examined as soon as possible

after capture for their helminth parasites, When time did
vnot allow they were left overnight in a refrigerator; a

treatment which did not appear to be harmful to the parasites,



Table 11.1

The total percentage incidence and intensity of infection in brown trout with

Cystidicola farionis (C.F.), Echinorhynchus truttae (E.T.), Cyathocephalus truncatus (C.T.),

Protocephalus neglectus (P.N.), Cucullanus truttae (Cuc. T.) and Metabronema truttae (M.T.),

NUMBER AND PERCENTAGE OF FISH INFECTED

Parasites <> C.F E.T C.T. P.N. Cuc

Months Total No. )
Fish No. % No. % No. % No. % No. % No. %

examined
June 1969 2 1 50 o] 0 ) 0 0 0 0 0 , 0 0
July 70 0 0 30 2.8 o 0 0 0 0 0 0 0
Aug. 50 3 6 7 14 0 o} o] 0 0 o 0 o]
Sept. 4 o o] 0 0 0 0 0 0 0 0 0 0
Oct. 85 1 1.1 10 1.7 (o} o] 0 o} 0 0 0 0
Nov. Ly 2 4.5 0 o} 0 o 0 o] 0 o o o]
Dec. 23 3 13 0 o s} (o} o] o} 4] 0 2 8.6
Jan., 1970 22 L 18.1 7 31.8 9 4o - - 1 4 2 9.0
Feb. Lo 5 12.5 o] o] "0 0 0 o o 0 0 o |
Mar. 29 7 24.1 19 65.5 12 Ly o 0 1 3 o | -
April 32 7 21.8 0 0 2 6 0 0 0 (4] 0 0
ay 86 16 18.6 36 41,8 23 26 o] o] 1 1 0 o]
June 296 18 6 104 35,1 24 8 L6 15.5 2 0 0
July 263 14 5.3 32 12.5 10 3 12 4,5 1 0 0
Total 1083 81 7.4 22.6 8o 7 S8 5.3 6 L

Total No. fish infected = 474
Total percentage infection = 43,7

7¢e




Table 11.2 The average number of parasites per infected fish on monthly basis.

C.F. = Cystidicola farionis; E.T, = Echinorhynchus truttae; C.T. = Cythocephalus truncatus;

P.N. = Proteocephalus neglectus; Cuc.T. = Cucullanus truttae; M.T. = Metabronema truttae,

Paraaite-: C.F. . E.T C.T. P.N, Cuc,T. L M.T.
Total | Av, No. per| Total| Av, No. per | Total| Av. No. per | Total |Av. No. per | Total | Ave No., per |Total |Av. No. per
Months J | No. infected No. infected No. infected No. infected No, infected No. infected
fish fish fish fish fish fish
June 1969 1 1 0 0 (4] (o] o 0 (o} 0 (o] (o]
July o] 0 364 12.1 0 o] 0 o] 0 -0 o] 0
Aug. 10 3.3 67 9.5 0 0 0 0 0 0 0 0
Sept., o] 0 0 0 0 0 0 0 0 o) 0 o]
Oct. 2 2 60 6 0 0 0 0 0 0 0 0
Nov. 10 5 0 0 0 0 0 0 0 o] 0 0
Dec. 24 8 0 ) ) o) 0 0 0 o L ' 2
Jan. 1970} - 29 7.2 57 8.1 LV 5.2 -0 o] 1 1 6 3
Feb. 21 4,2 0 0 0 "0 0 o] o] 0 0 0
Mar. 79 11.2 88 4.6 55 k.s 0 o] o] 0 o] 0
April 22 3.1 0 0 18 9 o} o] 0 0 0 o]
May 201 12.5 550 15.2 250 10.8 0 o 1 2 0 o]
June 277 15.3 9l 9.1 159 6.6 Loz " 9.3 0 0 0 0
July k19 29.9 172 5.2 57 5.7 64 5.3 0 0 0 0
Total 1095 13.5 2299 9.3 536 7.3 hé? 8.0 2 3 10 2.5

-

Lec
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Each fish was examined for external parasites, wounds

or an abnormality which might be revealed under macroscopidj
observation., The complete digestive tract and swimbladder were
then removed for examination. In addition to these, liver,

heart and gills were also inspected.

Living wbrms on removal from the host were placed in |
5§-§;i§ﬁiop of‘Chloral hydrate to'facilitate_narcotizing.‘
(ﬁagstaff, pers.comm,). When the worms ceased to move or.
resﬁond to stimuli they were first fixedlin Bouint's fluid
andiéfofed in'70% alcohol after for further exémination."
All.fhejﬁematodes and Acanthocephala were first mounted in‘
poljvinyi lactOphénol and then examined, The cestodes |
weré:fi:st flatténed'apd then stained_in Meyer's
paracarmine for 5 to 15 minutes. The worms were then
returned to 70% alcohol for removal of excess paracarmine,
Dehydration was completed via 904 and absolute alcohol,

Finally the worms were cleared and mounted in Euparal,

The number of Cythocephalus truncatus, Proteocephalus )
neglectus, Cystidicola farionis, Cucullanus truttge,

Metabronema truttae and Echinorhynchus truttae encountered

in individual trout was recorded and the ages of the trout
determined by scale examination, Consequently it becamé |
possible todraw up tables 11,1, 11.2 which show the
percentage of trout infected and the average number of
parasites per infected fish on a monthly basis. The latter

was used to express the intensity of infestation.
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Table 11.3 Cestodes, nematodes and acanthocephala

found in 1083 trout.

Perasites Reglon infected gg;;ciiih in?eggion hgzé/ﬁg;th
Cythocephalus truncatus | Pyloric caeca 8o 7.4 5.7
Proteocephalus neglectus| Pyloric caeca 58 5.3 4.1
Cystidicola farionis Swim bladder 81 7k 547
Cucullanus truttae Stomach (3 0.5 O.it
Metabronema truttae Stomach 4 b.} 0.2
Echinorhynchus truttse Intestine 245 22.6 1745
Total L4 43,7 5.6




Table 11.4 The relationship between the length and the incidence and intensity

of infection with Proteocephalus neglectut in male and feizle trout.

(D - ®
Length [Total No.| Total No.| % Infected | Total No.| Av. No. Total No. { Total No.| % Infected| Total No. Av. Moo
(cm) " Trout Infected trout parasites| parasites per| Trout Infected trout parasites | parasites per
infected fish infected fish
5 =99 60 - - - - ‘ 35 - - - -
10 - 14,9 236 S 2.1 20 b 208 6 2.8 29 4.8
15 = 19.9] 194 10 Se1 57 5.7 261 30 1.4 281 9.3
20 - 24,9 39 5 12.0 66 13.2 37 2 Selt 12 6.0
Total 529 20 3.7 143 71 541 38 7.0 322 8.4
' & A
Sourcea of veriation Degree of freedom’ Sum of squares Mean squares Variance ratio P
Total 20 1708.6 - - -
Size groups in trout 1153.7 576.8 18.7 (0.001
Individuals in size groups 18 554.9 30.8 _
% .
Total 38 2167.5 - - -
Size groups of trout 32 115.6 57.8 1.01 ) 0.05

Individuals in size groups

‘ 2051.9

5649

ohe



Table 11,5 The relationship between the length and the incidence and intensity of

infection with Cythocephalus truncatus in male and female trout.

LA
Length 20 99
(cm) Total No. | [otal No, | # Infected |Total No. Av, No, Total No. | Total No.] % Infected | Total No. }ve Noo
Trout Infected trout |parasites | parasites per|Trout Infected trout | parasites | parasites per
infected fish infected fish
5 =9.9 60 2 3.3 b 2.0 35 - - - -
10 = 14,9 236 12 5.0 97 8.0 208 8 3.8 51 6.3
15 - 19.9 194 20 10.3 202 10.1 261 25 9.5 127 5.0
20 - 24,9 39 4 10.2 38 9.5 37 8 21.6 - 6k 8.0
Total 529 38 7.1 342 9.0 541 49 7.5 242 5.9
~m Y
00

Scurces of variation

Total

Size groups of trout

JTrdividuals in size groups

Total

Size groups of trout
Individuals in size groups

Degrees of freedom

Sum of squares
2429.0

1

33.2

2295.8

R

576.5

539

522.6

Mean squares

Lty 4
65.5

26.9
13.4

Variance ratio

1.‘*

\he

Y0.05 _‘



Table 11.6 The relationship between the length and tbe incidence and inteasity of

infection with Echinorhynchus truttae in male and female trout.

() ’ ®
Length [Total No.| Noe. Trout| % Infected | Total Noe Av. No, Total Noe| Nos Trout| % Infected | Total No. Av. No.
(cm) Trout Infected trout Parasites | Parasites per|! Trout Infected trout Parasites| Parasites per
infected fish infected fish
5 -~ 9.9 60 10 16.6 Lo 4,0 35 L 1.4 15 3.7
10 - 14,9 236 35 14,8 215 6.1 - 208 33 15.8 173 5.2
15 - 19.9 194 51 26,2 552 10.8 261 92 35.2 955 10.3
20 - 24.9 39 12 30.7 205 16.9 37 9 24,3 142 15.7
Total 529 108 20,4 1010 9.3 541 138 25.5 1285 9.3
&
| o -
Source of variation Degrees of freedom Sum of squares Mean squares Variance ratio P
Total 108 o 15922.7 - - -
Size groups in trout ‘ 3 1443,9 4 481.3 3.'4 €0.05
Individuals in size groups of trout (error) 105 14478.8 137.8
%
Total 138 21749.7 - - -
Size groups in trout 3 1151.5 383.8 2.5 0.05
Individuals in size groups of trout (error) 135 152.5

20598.2

- zhs



Table 11.7 The relationship between the length of trout and the incidence and intensity of infection with Cystidicola farionis.

Length (ca) 1Y) €%
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 0 2 3e3 9 4,5 35 3 8.5 15 5.0
15 = 19.9 194 20 10.3 210 10.5 261 21 8.0 Leg 22.3
20 - 24,9 39 6 15.3 148 27.0 37 4 10.8 94 2345
Total 529 39 7.3 b2 11.3 Sh b2 7.7 653 15.5 -
33 ) : . \
Sources of vai‘iation Degree of Sum of _ Mean Square Variance . P
freedonm - Squares ' : ratio
Total 38 3750.1 - - L -
 Size groups of trout 3 1307.0 k35,5 . ' :
. 't 6.2 <€0.01 -
Individuals in size groups 35 A _ 2443,1 69.8 ,
. v
Total “‘l 1&&.5 - - -
Size groups of trout 3 3023,6 ‘ 1007.8 '

Individuals in size groups 338 . 10036.9 264.1 3.8 ‘ <0.05

<he
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This account of séasonal cycles of the helminth
parasites mentioned above are based on the examination of
io83 trout of which 81 were invaded'by C&stiglgolaffar;phis,
245 by Echinorhynchus_ truttse, 80 by Cyjhoceghglus;igggggzgg,
58 by ProteOCephalus_gegléctus, 6 by Cucullanus truttae and

finally 4 by Metabronema truttae (Table 11.3). The fish

were collected by electric fishing apparatus from the River
Alyn during the period June 1969 to July 1970,

RESUTIS

The parasites taken from the fish may be listed as

follows ¢
Group " Name of the species
1. Cestodas (a) Cythocephalus truncatus (Pallas 1781)
(b) Proteocephalus neglectus La Rue 1911
2. Nematoda: (a) Cystidicola farionis Waldheim 1798

(b) Cucullanus_truttae (Fabricicus 179%) .

(c) Metsbronema truttae Baylis 1935

3; Acanthocephalas (a) Echinorhynchus truttae Schrank 1788

Mrs., Anita Thomas of Zoology Department and Mr, -
Stephen Prudhoe of the British Museum (N.H.) have kindly
confirmed my identifications,

Six species of helminth parasites were recorded

f throughout the period., All the fish examined were in thé~‘
slze renge of 5-25cms (Tables 11.4%, 11.5, 11,6, 11,7)° o
‘474 of the fish (43.74) harboured parasites of at least one‘
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species. The greatest number of species in any one
host was four (Tableé 11.1, 11.2). All of the above
mentioned species have been observed by earlier workers
in the British Isles (Shipley 19083 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 below, 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, 11.7) of the

male and female trout.

1, Cestoda
(a) Cythocephalus truncatus (Pallas, 1781)

7.4 of the total trout of upper Alyn were infected
with this worin inhabiting the pyloric caeca (Table 11.1).
The incidence of this parasite 1n its hosts is summarised
in Fig.11.3., It may be seen from this figure that the
pattern of the rate of infection in trout is indicative of
seasonal periodicity., The rate was high from January to
June (Fig.11.3). It may also be observed from Figs.1l.1,
11.2 and Table 11.5 that the dynamles of the totél 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 Janﬁary to
‘March when the water temperature was between 4-6°C. The

rapid rise of t emperature from April to July corresponded
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Table 11.8 The percentage incidence and intensity of infection
in trout and salmon parr of the unregulated Llyn Tegid
feeder streams.

Name of the

stream 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. truttal 3+ 13 15.3

7 - 69 " 1+ 1 12 8.3

9 = 69 " o+ 2 18 11.1

9 - 69 &, salar 1+ 1 27 3.7

Total No. Fish examined=122 ; Number of fish infected=6; ¥=4.8:vtisn

Name of the
stream

Afon Glyn

Name of Parasite

Cyathocephalus trunca‘us

Months Name of Age No. fish | Total % of

fish of fish | infected | No. fish | infection
6 - 69 S. truttal 1+ ? 12 58.3
7 - 69 " 1+ 4 11 6.3

Total Fo,Fish examined=123; No.Fish infected=z11 5 %28,9



PLATE

PIATE

11.1 PROTEOCEPHALUS NEGLECTUS 1IN THE INTESTINE OF TROUT.

11.3. ECIINORHYNCHUS TRUTTAE 1IN THE REGICN

11,2 CYCTIDICOIA FARIONIS IN THE SWIMBALDDER OF TROUT.



with the deéreaée‘in‘the occufrence of worms in fish
(Fig.11.4). Figures 11.1 and 11.2 shov that 3+ and 4+ age
groups of the feﬁaleé}were more infected than the males
of the same age. The reverse was true for thé'trout
belonging to 0+ to 2+ age groups. It was also noticed
in Figures 11.1, 11,2 that percentage of infection snd
mean nﬁmber of parasites per infected fish increased
graduaily in both the sexes from O+ to 4+ age groups of
the fish., |

'“' In quh Dyfrdwy 15.3% trout belonging to 3+ age group,
8;3g 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
salmén:parr of 1+ age group were also infected by thé‘same

parasite (Table 11.8).

cythocebhglus truncatus were collected from the pyloric

caeca of trout belonging to 1+ age group in Afon Glyn,
The infectionrwas observed in 58,3% and 36.3% of thé total
trout in the month of June and July respectively (Table 11.8).

(b) Pfotbéebhglus neglectus La Rue; 1911

/

‘Tﬁis parasite was found in the anterior end of the
1ntestine in a large sample of trout collected during June
and July and formed 5.4% of the total infection (Table 11,1).
The trout bélﬁnged to 3+ and 4+ age groups, and were infected
by this'para51te (Figs. 11.1, 11.,2). 1In few older‘trout theée 
were packed‘in the anterior end of the intestine (Plate 11.1).  j



Cadnean  a—enae. b AL L e P B T R, T S e ¥ S G e BETMTCENL BR =S Ao s SRS ey Sh ks e

s 4L+ Fish examined ‘ | .
'100— $ g. -8 "— ]
4 99 =56

3+ Fish examined | o
54 =10 | .
g 2 =164 ~

)
@

1

o
<

L

2+ Fish examined D ,
b8 ~199 | |

_? ? =224

PERCENTAGE FISH INFECTED
5 3

0- ] I T 1 ! I ﬁr P_l ; l ;.:;.‘ &) , :
JJA S ONDIJ FMAMIJJ"
1969 MONTHS 1970 f

70 50 41 85 L4 23 22 40 23 22 86 295 263
TOTAL NUMBER OF FISH EXAMINED EACH MONTH

Fig.1.5” The percentage incidence and seascnal intensity
of infection in trcut of various ages with
Lystidicola farionis

;j
=
L

.




384

«sessse Percentage infection
- == Maximum number in one fish
Mean number per fish

Water temperature

-

1£29-9
-15 =
m
>
28170 L =
&
26+ 13 S
w
24160 R n;a
-
22" "“ EB ‘
L =
520~—so %
O 18- -9 O
w m i
w | O
Z 16140 .
. n
1 g ~7
2 14 X
= 12130 2 -
w
2104 3 -5
o = .
8120 < - m
e <
6 = -3
' >
—’ .
4110 E
Y]
24 = m
; O-+—1—7T— T 711 1 T 1 — 19
J J A S O N D J F M A M J )

1969 MONTHS 1970
2 70 S0 41 85 44 23 22 40 29 32 86 286 263
TOTAL NUMBER OF FISH EXAMINED EACH MONTH

Fig. N.6 Season.al variations in the Cystidicola farionis
infection in swim bladder cf trout

P S PP - P e o«




258"

There was a tendency for longer male trout to békmore
infected (Table 11.4), This was not pronounced in larger
females belonging to 20-2%,9cm length group, and may be
due to less number of fish caught in that group.

2. Nematoda
(a) Cystidicola farionis Waldheim, 1798

. Roundworm infestation of the swimbladder of trout
was found to be at a comparatively low rate (Tables 11,1,
11.2). 7.4% of the total fish were infected with this
parasite inhabiting the swimbladder (Plate 11,2), The
seasonal fluctuations in the rate of infection;by this
worm are shown in Figs., 11.5, 11.4. These graphs show that
the intensity of infection was higher during December-March
and then it gradually decreases 1ln summer months, Tﬂe
seasonal occurrence of the parasite was rather similar in
male and female trout of various age groups (here 1+ to L4+)
(Fig.11.5). 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.11.1, 11,2). If
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 (Fig,11.6). The percentage
of infected fish and mean number of parasites per 1nfe§ted
fish gradually increased from lower length group to higher
in male and female trout (Table 11.7),
(b) Cucullanus 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
Broups (Figs. 11.1, 11.2). 0.57 of the total fish were
infected by this parasite between January to July (Table 11,2).
(c) Metsbronema 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 1nfected by this worm
which was observed during December and January. Thesé
. were Qery scarce in the stomachs of older trout (here>3+

and 4+ age groups) of both sexes (Figs, 11,1, 11,2).

3. Acanthocephals

(a) Echinorhynchus truttae Schrank, 1788

This parasite inhabits the intestine, It is a fairly
coﬁmon parasite of brown 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 ofithe intestinal wall, and
frequently established all over the entire length of the
intestinal tract including pyloric caeca (Plate 11.3). No
worns were found in the stomachs, The mean numbér.of
parasites per infected fish and the percentage of infected
fish were higher in L4+ age group in both sexés of trout
(Figs. 11.1, 11.2). A gradual increase in infection from
O+ to 4+ age groups was also noticed, Thé seasonal
1ncidehce and intensity of infection in each age group
has rather similar patterns in both sexes (Figs.ll,Z).
More infected fish with this parasite were observed froﬁ
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October to March than in any other months (Fig.l1l1.%).
Chubb (196%4) postulated that temperature may play a major
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 thh sexesl
(Table 11.6), This may be readlly 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 December,

Awachl (1963) observed that C, truncatus was the only one
specles of cestode ocourring in the brown trout of Afon R
Terrig. He further reported Gammarus pulex as an intermediste
host of this parasite.

In the current survey of the River Alyn 7.4% of the
total fish were found to be infected with C, truncatus

(Tables 11,1, 11.,2). This parasite was recorded from
January to July in which the mean number of parasites per
infected fish attalned a peak in May (Fig.11.3), and were
slightly greater in males than in females (Table 11.5).
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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 (Figs.11l.1l, 11.2).

This may be due to feeding activity of the trout and their
choice of food (here Gammarus pulex) which may affect the
degree to which they become infected. No clear picture of
seagsonal variation emerges from the data (Fig.1l1.4#).
Fig.11.3 does, to some extent, show an increased intensity
of infection in winter and spring (January-May)/in all age
groups (1+ to 4+), ‘his may be due to feeding oﬁ benthic
invertebrates including Gammarus pulex (Fig.11.9) which is

an intermediate host (Awachi 1963). Yhis parasite inhabits
principally the pylorlc caeca and is only occasionally
taken 1n 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 functionally mature., This reflects
that C. truncatus establishes in the fish in late autumn,
depending on the time of infeftion. Awachi (1963) pointed
out that they mature in late winter and Spring and disappear

in late summer,

The ecology of the bottom fauna with reference to the
food and feeding hablts of salminids, in the Llyn Tegid
feeder streams are reported in the present work (Chapters

III-VII). furing the course of this investigation any
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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 Dyfidwy

and Afon Glyn was C._truncatus. These incidences may be

because Gammérus 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 11.1, 11.2). These were distributed in
the trout belonging to Z+ to L+ agé groups in both sexes
(Figs.11.1, 11.2), A Very high significent difference

was found in the mean nnmbers of parasites per infefted
male trout (F = 18,7, df = 2/18, P {0.001) between the
different length groups (Table 11.4).

While studying the nematode parasite fauna of brown
trout Shipley (1908) appears to have been the first British

worker to record¢Cystidicola farionis in the lumen of the

swimbladder of trout sent to him from Royston in Herts,
» He further stgtes‘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). C. farionis has recently been

reported in the swimbladder of trout of Chirk hatchery
(Aderounmu 1966), Hampshire and Hertfordshire (Béylis 1928),
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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 (Fligs.1l1l.1, 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 11,7) in male trout (F = 6.2, df = 3/35,

P 0.01) and female (F = 3.8, df = 3/38, P{0.05) trout.
It was noticed that female fish were more heavily infected
than the male (Table 11,7). 7The large increases in the

incidence and intensity of Cystidicola farionis infection

in the older fish may have occurred because the parasites
accumulated as the older fish ate infected Gammarus 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 loolo),. Baylis (1931) reported
the larvae of C., farionis in the body cavity of Gammarus SPBo

Bauer and Nikolskaya (1952) have also reported another
amphipod Pontoporeia affinis as the intermediate host of

this worm in Lake Ladoga in U.S,S.R., Table 10.10 showed
that 8.9% (by number) of the total food were Gammgrus pulex
eaten by the fish belonging to 0+ agé group, 10.3% by 1+,
6.6% by 2+, 10.5% by 3+ and finally 9.7% by Y+ age groub.
The”infection thﬁs increased progressivély with the ag¢€

and length of the fish as more parasites were acquirede
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- The rise 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

Ammunity as a result of previous infestation, although

the problem of immunity to Co_iarionis'remains doubtful,

I think that a more intensive and critical inveétigation
in this problem would be profitable. A similar seasonal
cycle (as mentioned above) 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. farionis. The increase

in the degree of infection during winter snd spring and
gradual decrease in summer may presumably be related with
the water temperature (Fig,11.6) or may be due to the
fact that the trout have been feeding relatively more on
Gammarus pulex along with other benthic invertebrates
(Fig.11.9). Awachi (1963) pointed out that the parasite
-establishes in late fall and winter in the intermediate

host (Gammarus pulex).

Cucullanus truttae was recovered by Baylis (1928)
during September and by Stranack (1966) in the trout of
River Avon (Hampshiré). 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 C, truttae in the gut of trout in Llyn Padarn.

I found 0.5% of the total fish were infected by

C, truttae. ~These occurred in the stomachs from January
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to July (Tables 1l.1, 11.2) in 3+ and 4+ age groups in
both sexes of the fish (Figs. 11.1, 11.2).

Baylis (1939) reported the occurrence of Metabronema

truttae in the intestine of trout in April. Rawson (1952)
recorded the same parasite from Lzke Windermere in August
and October, Awachi (1963) showed the occurrence of

M. 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 parasite, Tﬁese 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 Tegld feeder streams.

Echinorhynchus truttae has been reported to occur in

a number of fish., Baylis (1939) found trout Salmo trutta,
grayling Thymallus thymallus, eel Angujlla anguilla, roach

roach Rutilus rutilus and dace Leuciscus leuciscus as

recorded hosts of this parasite in Britain. The commonest
final host from the polnt of view of incidence and

intensity of infection is the trout. More recent contributions
to the knowledge of life cycle of thils 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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Hoffman 1954 and FPetrochenko 1956) show that the G. pulex
is the uéual intermediate.host. A detalled study was made
by Awachi (1963) who, while working on the trout of Afon
Terrig, showed the developmental history of E, truttae in
both. its hosts. Aderounmu (1966) reportéd E, truttae in
the intestine of Chirk hatchery&gaging 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 E. truttae throughout

the year in the intestine of trout of the River Teify.

In my study 22.6% of the total trout were found to be
infected by E, truttae that established in all parts of the
intestiné (Table 11.1). Similar findings were made by
Awachi (1963). Thetseasoﬁal cycle of the intensity of
infection does not rise with the rise in water temperature
(Fig.,11.8). Chubb (1964) and Awachie (1963) also found
no cyclic fluctuation in the incidence of Acanthocephala
E. _clavulg and E. truttae in 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 (Fig.11.8),
which.may be'due to the lack of Gammarus pulex in the food

auring summer (Fig.11.9). The mean number of parasites per
infected fish was slightly higher in males (9.2) than in
females (8.2) (Figs. 11,2, 11.3). A significant difference

was observed in the mean numbers of parasites per infected
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male (F = 3.4, df = 3/105, 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 O+ to 4+) in both the sexes show a
similar pattern (Fig.11.7). The percentage of fish
infected and the m=n number of parasites per fish
progressively increases from 0+ to L4+ age and 5-9,9cm to
20-2%.9cm length groups in both the sexes (Figs. 11.2,
11.3, Table 11.6), thodgh Robertson (1953) found that only
trout greater than ih°5cm in length were infected by E. truttae.

I found young trout as small as 7.4cm to be infected by
this parasite in the River Alyn,

In all fishes observed from the Llyn Tegld feeder
streams, I did not record E. truttae, probably due to the
scarcity (Table 8.4, Chapter VIII) of the intermediate host
(G. pulex),

SUMMARY

(1) Six species of helminth parasites were found in the
alimentary tract and swimbladder of the trout of the
"River Alyn,

(2) The incidenCe and intensity of infestation gradually
rise from O+ to 4+ agfe groups in both sexes,

(3) 22.6% of the total trout were infected by Echinorhynchus

truttae, 7.4% by C, farionis, 7.4% by Cyathocephalus truncatus,

503% by Bs neglectus, 0.5% by Cucullanus truttae and 0.3¢ by
Metabronema truttae. '
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(4) The cycliec fluctuations in the intensity of infections
were discussed.

(5) 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 feedér stfeams.
(6). It seems likely that the intensity of infestation of
trout by most of these parasites is determined by consumption

of Gammarus pulex as intermediate host.
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