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Abstract•
This study investigated the interactions between feral rainbow trout 
and the native fish species of Loch Awe, Argyll, Scotland, with the 
relationship betvreen rainbow trout and brown trout receiving particular 
attention.

Rainbow trout are found throughout Loch Awe but under normal 
circumstances they are only found in large numbers aroimd the fish 
farms. The distributim of brown trout around the fish farms is only 
adversely affected vrtien the rainbow trout to brown trout ratio exceeds 
a high but undefined threshold. Away from the fish farms rainbow trout 
are found in such low numbers that it is unlikely that they could have 
a significant impact on the native fish species. The highly localised 
distribution of the rainbow trout around the farms is related to the 
high dependency that they have on the uneaten pellets that pass through 
the cages. When they move away from the cages they consume large 
quantities of non-conventlonal prey items, this is due to the low 
z'«parcoire of search prey Images chat they encounter in the fish farms. 
The native species largely consume conventional prey at and away from 
Che fish farms depending upon its seasonal availability.

No evidence was found of rainbow trout spawning in the catchment. 
However on a small number of occasions sexually mature rainbow trout 
were found in the spawning burns, and their progeny were shown to 
survive at least to the alevln stage. In interspecific interactions in 
the first year of their life brovsi trout socially dominated the progeny 
of spring spawned rainloow trout.

An attempt was made to compare the present and historic catch per 
successful rod day <CPSR) on Loch Awe. This was complicated by 
differences in the recording systems, and the absence of information
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Xk in tr o d u e t io n .
The rainbow trout Qncorhvnchus ntykiaa (Walbaum) is a Pacific salmonid, 
whose home range extends from Alaska to north Mexico. It has two main 
life history strategies. The anadromous steelhead spends part of its 
life at sea returning to freshwater to spawn. The freshwater rainbow 
or kamloops trout may also undertake a migration from the spawning 
streams to the lower parts of river systems, but remains in freshwater 
throughout its life cycle.

A degree of confusion existed regarding the classification of rainbow 
trout, it was originally known as Salmo aairdneri. Richardson, but 
recently this was changed to Oncorhynchus mvkiss (Walbaum) (Kendall, 
1988) . The change of generic name occurred because new data suggested 
that all native Pacific-drainage trout were more closely related to 
Pacific salmon Qncorhvnchus than to the Eurasian species. The
specific name was changed because taxonomists now believe that rainbow 
trout and the -Kamchatkan- trout Salmo mvkiss form a single species, 
for which mvkiss has nomenclatural priority (Kendall, 1988) . Prior to 
the change, different races were known by other specific names 
including irideus. kamloops and shasta (stone!) . The variant
originated from the coastal streams of California whereas the ghflSta 
and kamlooDs came from more inland streams, the former from rivers 
rxinning from Mount Shasta southwards in particular the McCloud river, 
and the latter from the Fraser and upper Columbia river areas of 
British Columbia. Until the late 1960's shasta and iri'agUS the
names used for the autumn and spring spawning strains of rainbow trout. 
It is now generally accepted that the autiann spawning behaviour is a 
feature developed through selective breeding programmes in hatcheries, 
and that the ancestral form of rainbow trout spawned in the spring 
(Bromage a Cumaranatunga, 1988).



Th» sp«ci«8 has been used extensively In Britain and other parts of the 
world in stocking prograittnes and by the aquaculture industry, largely 
due to a superior growth rate and tolerance of poorer environmental 
conditions cwnpared to Britain's native salmónida.

Rainbow trout have been farmed continuously on Loch Awe since 1968. It 
has recently been claimed that the loch's brown trout fishery is in a 
state of severe decline and the role of escapee rainbow trout in this 
has been questioned. The aim of this study is to determine if the 
fishery is in decline, and to describe the ecological relationships 
between rainbow trout and the native fish species in the loch. This 
will be established by examining the distribution and feeding behaviour 
of feral rainbow trout and the native fish species in the loch. Also 
considered are the early life history interactions between brown trout 
and rainbow trout; and the current rod catches of brown trout are put 
into a historical perspective by comparing them with records from three 
hotels around the loch. The <^portunity 1s also taken to present data 
on a variety of biological parameters collected from fish during the 
course of the study. This was done as the study was not intended to be 
an end in itself, but rather the start of a larger ongoing examination 
of the fish populations in Loch Awe.

Rainbow trout were first introduced to Britain in 1884, and to Scotland 
in the following year by Sir James R- G. Maitland at Howietoun fish 
farm (Worthington, 1941). The number of introductions increased slowly 
throughout the 1900's and more rapidly in the mid 1960's in response 
to the increased demands from angling. At about the same time, the 
potential for using rainbow trout in conmercial fish farming was 
realised. Farming Increased through the 1970's, and rose dramatically 
during the 1980's. Associated with this increase has been a rise in 
the number of escapes of fanned stock into the wild. Losses of 5t per



annxjm (2.5% of total cage production) have been recorded (Phillips 
al. . 1985). Their potential for ranching in Scottish freshwater lochs 
has also been investigated by Phillips (1982).

By 1971, rainbow trout were present in 558 British and Irish waters 
(Frost, 1974), and although there are no current statistics on their 
distribution, it is generally accepted that it is considerably greater 
than the 1971 level. Evidence of sea run rainbow trout (steelhead) 
have been reported by Shearer (1975) .

There are 3 fish farms currently operating on Loch Awe. one small land* 
based unit on the Clachan Dubh burn (a tributary entering the loch at 
Ford) and two larger cage farms at Braevallich and Tervine (See Figure 
1). There have been small losses of farm stoc)c since 1968 due to 
grading and other fish handling processes, and larger losses resulting 
from storm damage and vandalism. Munro et al. (1976) reported the
earliest losses in the loch in 1970.

Recently fears have been raised that rainbow trout released in stoc)cing 
progreunmes and those escaped from aquaculture Installations may )3e 
having an adverse Impact on our native salmonids. The fears are based 
on two premises:
1. That they are able to establish self-sustaining populations, and 

conste on the spawning grounds with native brown trout and 
Atlantic salmon Salmo salar. Linnaeus.

2. That they out-compete our native salmonids in feeding 
interactions, and thereby marginalise them.

In common with many species that have been Introduced outside their 
home range, rainbow trout have been largely unsuccessful in 
establishing self-sustaining populations, particularly in Europe.
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Nilsson (1967) reported that in spite of thousands of introductions in 
Scandinavia they %^re only breeding successfully in two or three 
locations, similar findings were reported in France (Vlvler. 1955). 
In Britain and Ireland, Frost (1974) reported that self-sustaining 
peculations had only been established in five places. Other evidence 
of them breeding in the United Kingdom has been reported by Stuart 
(1967) in the Lake of Hentelth, Lever (1977) in an Inverness-shire 
loch, by Brown and Diamond (1984) in a river in Wales and in Loch Fad 
(Phillips et al.. 1984) . Although the precise mechanism for this poor 
success rate is unknown, competition at the juvenile stage by earlier 
hatching brown trout has been Inplicated, with successful spawning 
occurring either where brown trout are not present or are found in low 
nxunbers (Frost, 1974; Lever, 1977; Phillips et al.. 1984 fc 1985). The 
lower survival of rainbow trout milt in acid waters such as that 
predominating in the Scottish uplands has also been implicated. Seamans 
fc McMartin (1962) demonstrated that the survival of their milt was 50% 
lower in acid water than in the harder water that predominates in their 
home range. Despite this concern has now been raised about the 
deleterious effect that feral rainbow trout are having on Indigenous 
British salmónida (Mills, 1982; Phillips et al., 1984 & 1985; Maitland, 
1984; Mills, 1989). The continual release of adults from commercial 
fish farms, stocking programmes and potentially ranching, allows the 
establishment of an adult population without the need for successful 
reproduction in the wild.

Every species requires the use of a set of resources in order to 
survive (Grlnnel, 1904). This idea was developed into the niche 
concept through a series of papers by Lotka (1932), Cause (1934), Elton 
(1946) and Hutchinson (1957). It became apparent, particularly in 
fisheries science, that Individual species very often share the same 
resources (Forbes, 1914; Hartley, 1948; Starret, 1950; Nilsson, 1955;



Larkin, 1956), a phenomenon known as niche overlap. Further research 
highlighted the differences ):>etween a species fundamental niche (its 
potential niche) and its realised niche (that which it uses). 
Differences between them arise as a result of con^etltion which 
increases as resources become limiting, described as interactive 
segregation by Nilsson (1978). He elegantly defined the concept as 
cohabiting species being forced by interaction to refine their virtues 
when resources are at a minimum (Nilsson. 1965). Ccxnpetition only 
occurs when resources are limiting. Such con^>etltlon was shown to have 
two conqponents; Interference, when two species harm one another in the 
process of securing a resource; and exploitation, resulting from one 
species having an innate behavioural or morphological advantage for 
utilising a resource. Due to natural selection these differences will 
develop between co-existing species or groups of sub-species. Although 
species initially segregate interactively by interference, successful 
co-existence requires fundamental differences to exist between their 
realised niches, differences that are reinforced by co-evolution. 
Therefore, %rtien two closely related but geographically isolated species 
are brought into unnatural syxnpatry by man the potential for conflict 
is large. Such species may have considerable niche similarity but 
possibly not the mechanisms required to alleviate interspecific 
coirpetition, as would have occurred with competitors in their native 
range (Hayes, 1984).

Nilsson (1985) outlined four possible outcomes when an exotic species 
is introduced to a community:
1. it is rejected because there is no vacant niche;
2. it hybridises with closely related stocks;
3. it causes the elimination of an ecological hcxnologue;
4. it finds a vacant niche.



Such an «xairpl« is ths introduction of rainbow trout into watsrs 
holding brown trout in Britain. Wherever these species co-exist 
throughout the world examples of scenarios 1» 3 and 4 have been 
described. It is therefore clear that the interactions between the two 
species are complex, and that local environmental conditions will play 
a part in determining the outcome of any inter-specific interaction.

In the following chapters the stuc^ of theses interactions will be 
described and discussed.





Morahc— try
Loch Aw« at 40.99kn long is tha longest freshwater loch in Scotland. 
It lies to the west of Oban in Argyll on a NE, SW axis (See Figure 1) . 
It is, however« an extremely narrow loch and in most places only about 
1km in breadth. The mean breadth is only 2.3% of the length which is 
the lowest percentage observed in any of the 562 lochs surveyed by 
Murray and Pullar (1910). Its surface area is 38.5 km’ which makes 
Loch Awe the third largest in Great Britain in this respect. It has 
a mean depth of 32.0m, a maximum of 93.6m and volume of 12.304 x 10*m’. 
In common with Loch Lomond, it has two main basins both of which are 
deeper than 30m, one occupies the northern arm (with two separate 
depressions) and the other occupies most of the long axis of the loch 
fr<xn the northern islands south (Maitland. 1981).

»«c«nt «nd g«oloale«l ht»tory.
The land forms in the Loch Awe area were created during the Caledonian 
mountain building period. The valley in which the loch sits was gouged 
out of the rocks during one of the three previous ice ages, and lies 
on a HE/SW syncline in a fault aligned valley. During the last ice age 
which ended 10,000 years ago, the ice extended down the major valleys 
present in Scotland, unlike previous ice ages when the whole of 
Scotland was covered in a massive ice sheet. In the valley now 
occupied by Loch Awe the ice cap only advanced as far as Ford (See 
Figure 1). Its forward mov«nent was probably arrested by a series of 
basalt diorite dykes, which emanated from Mull, and ran perpendicular 
to the glacier's flow.

At the end of the ice age the glaciers went through a period of melting 
and re-advancement, before they completely melted. Once all of the ice 
had disat^eared from the land there was a period of rapid uplifting 
which continued until around 5,000 years ago, vdien the rate of uplift



decelerated. The west coast of Scotland is still in this uplifting 
mode. This resulted in Loch Awe enqptylng into the sea at the Ford end. 
However, as a result of a build up of glacial material at that end, the 
water in the loch ponded back until the watershed at inverawe was 
breached, and the loch then flowed out to sea through the Pass of 
Brander and down the River Awe.

At that time the loch's surface area was considerably larger than it 
is today. Evidence of this is seen in the small raised beaches along 
the sides of the loch, whose height indicates that the water stretched 
as far back as Inverlochy in Glen Lochy. Since then the height of the 
loch has fallen by between 5-lOm and continues to flow out to sea along 
the Pass of Brander.

In 1817 the Pass of Brander was blasted to make it deeper. This 
resulted in the depth of the loch being dropped, and the land at the 
north end of the loch being released for agriculture. In 1963 the Loch 
Awe barrage was constructed as part of the Ben Cruachan punp storage 
hydro electric schöne. This did not affect the mean level of water in 
Loch Awe but it has reduced the extremes in loch levels.

There is a marked contrast in the geochemistry of Loch Awe's four sub
catchments (see Table 2.1) . The River Orchy catchment is very highland 
in character with a high mean altitude (392m and slopes 249m/km) and 
a base poor geology. The three other catchments, in contrast, are much 
lower in altitude (all with means of less than 2S0m) with gentler 
slopes (all less than 170m/km) and a nwch richer geology. Thus, it 
would be expected that the southern basin is richer than the northern 
one. This is borne out in the water quality and phytoplankton analysis 
performed by the Institute of Aquaculture's routine monitoring of the 
loch, (see Tables 2.1 and 2.2; site 1 and site 6 are at the S.W and N.E
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Tabi« a.l Analysis Of Loch Awa's rour Main 8ub-o«tcbasnts, 
Maitland, 1981).

Area (km^)
Mean Altitude(m)
Mean Slope(m/km)
Land Use(km^)

Rough
Water
Arable
Urban
Forest
Other

Rock(% Base Rich) 
Aspect(% Composition) 

North 
South 
Bast 
West

Lochs
Stream Junctions
Waterfalls
Houses
Metalled Road()un)

Awe Sub-catchments. Total
Karnes Avich Cladich Orchy

148 118 116 398 780
234 199 245 392 307
140 163 147 249 198

104.4 50.8 99.8 341.9 596.9
2.7 5.2 2.2 4.4 14.5
4.2 1.8 3.8 2.7 12.5
0.5 0.4 1.2 0.8 2.9

36.2 59.4 8.6 48.3 152.5
0.4 0 0 0 0.4
50 60 55 20 41
30 22 26 26 26
20 27 24 24 24
20 28 23 26 24
30 23 27 24 26
74 28 10 44 156

196 157 95 801 1249
1 1 2 3 7

102 87 122 96 407
41 38 36 58 173



•nds of th« loch rospectlvely), and by George fc Jones <1987) in their 
study of the spatial variation In phytoplankton production.

Wt«r au«.n«-. «leoloov.
Both of the above studies have demonstrated that the nutrient status 
of the loch increases along Its NE/SW axis (see Tables 2.2, 2.3 and 
Figure 1). There are two reasons for this difference:
1. the majority of the water that enters the northern arm of the 

loch from the main Inflow (the River Orchy) is discharged through 
the loch's outflow which is also at the northern end (George & 
Jones, 1987) , this results in the majority of the loch being 
short circuited;

2. the higher percentage of base rich rocks in the land 
surrounding the southern basin.

The results of the Institute of Aquaculture's routine monitoring of the 
water quality shows Loch Awe to be a typical mesotrophlc type loch with 
above average productivity for Scottish freshwater lochs. The pH, 
alkalinity and conductivity measurements show that Loch Awe is slightly 
acid, with a relatively low buffering capacity typical of many 
freshwater lochs in the Scottish highlands. As with the nutrient 
status these parameters are higher at the south end of the loch 
compared with the north. The slight decrease in pH with depth is 
typical of stratified water and results from photosynthesis in the 
surface layer. The temperature profiles show that Loch Awe stratifies 
during the spring/early summer, and this is likely to remain for the 
whole stunner. Hie implication of this is that water exchange is likely 
to be limited to the surface layers of the water column throughout the 
spring and summer. Dissolved oxygen was high at all sites and depths. 
Indicative of well oxygenated water. Secchl disc depths were similar 
at all sites, with average turbidity for Scottish freshwater lochs.
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Wat«r Quality Zn l«och Awu On Th« 24/5/S9 (fron 
Znatituta of AQuacultura contract report« 1999).

Site 1 a 3

Depth (m) 0 30 75 0 30 90 0 30 45

pH 7.22 6.98 6.97 7.2 6.98 6.95 7.2 6.98 6.97

Alkalinity(meq/1) 0.2 0.17 0.19 0.2 0.19 0.19 0.2 0.18 0.18

Conductivity(uS/cm) 64 64 64 62 63 64 62 63 63

Total Anvnoniacal 
Nitrogen(ug/1 as N) 9 19 10 15 14 24 35 10 8

Nitrite(ug/1 as N) <1 <1 1.0 1.3 1.5 1.1 <1 <1 <1

Nitrate(ug/1 as N) 122 121 137 88 - 130 - 182 -

Dissolved Reactive 
Phosphorus(ug/1 as p) <1 <1 <1 <1 <1 <1 <1 <1 <1

Total Dissolved 
Phosphorus(ug/1 as p) 6.3 6.3 7.0 3.5 6.3 6.3 1.4 8.4 5.6

Total
Phosphorus(ug/1 as p) 15.8 15.8 15.8 16 15.8 15.8 16 - 16.3



Tabi« 2.3 continuai.
Site 4 5 €

Depth (m) 0 30 45 0 30 45 0 30 45

pH 7.18 6.96 6.97 7.1 6.96 6.72 6.9 6.75 6.86

Alkalinity (meq/1) 0.17 0.18 0.18 0.2 0.16 0,12 0.1 0.14 0.16

Conduct i vi ty (uS / cm) 62 63 63 60 62 66 57 57 51

Total Airanoniacal 
Nitrogen(ug/1 as N) 16 20 17 27 22 29 69 57 21

Nitrite(ug/1 as N) 1.3 <1 <1 - 1.1 1.3 1.3 1.5 1.6

Nitrate(ug/1 as N) 91 120 86 58 77 107 74 124 133

Dissolved Reactive 
Phosphorus(ug/1 as P) <1 - <1 <1 <1 <1 <1 <1 <1

Total Dissolved 
Phosphorus(ug/1 as P) 4.2 9.0 5.6 3.5 4.9 2,1 6.3 2.1 6.3

Total
Phosphorus (ug/1 as P) 16.9 15.8 18.0 17 14.1 16.9 19 12.5 11.4

1. Site 1 is at the southern end of the loch, and site 6 is at t:
northern end.



Thés« results ar« in broad agraamant with the findings of Maitland 
(1981). Gaorga & Jonas (1987) wara abla to damonstrata In^rovad mixing 
between the north and south basin after a storm that blew from the NE.

The following fish species are present in Loch Awe: Atlantic salmon 
Salmo salar Linnaeus 1758, brown trout Salmo trutta Linnaeus 1756, 
Arctic charr Salvelinus aloinus (Linnaeus 1758), rainbow trout 
Qncorhvnchus siykiaa (Walbaum), pl)ce Esox lucius Linnaeus 1758, minnow 
Phoxinua phoxlnua (Llnnaaua 1758), eel Anguilla anguilla (Linnaeus 
1758) , three splnad stlc)cla bac)c Qastarostaua aculeatus Linnaeus 1758; 
perch Perea fluviatilia Linnaeus 1758i broo)c lamprey Lampetra planeri 
(Bloch 1784) and roach Rutilus rutllus (Linnaeus 1758). Roach and 
broo)c lamprey ware the only species not listed by Maitland (1981) . A 
roach was ta)cen in the course of the present research during some 
preliminary sampling. It is most IDcely that the species has Iseen 
introduced to Loch Awe by pl)ce anglers who use them as live bait, 
discarding them after their day's fishing. This is thought to be the 
source of the many coarse fish species found in Loch Lcxnond. it is 
IDcely that broo)c lamprey were present at the time of the earlier study 
but as it was restricted to the loch and the present study only found 
them in Loch Awe's tributaries it is not surprising that they were not 
listed. There are t%^ types of Arctic charr in Loch Awe, the benthic 
and pelagic morphs. It has been demonstrated that clear ecological and 
morphometric differences exist between them. Early taxonomists 
originally classified Arctic charr into a number of distinct species, 
but through the 1900's this idea was rationalised. More recent studies 
have shown that there are Indeed a number of distinct morphs of charr 
in Britain (Maitland at al.. 1984; Partington 6 Mills, 1988; Wallcer et 
Ai. , 1988).



2 ^
Maitland (1981) descrlbad the various land use practices In the 
catchment (see Table 2.1). By far the largest percentage Is rough 
grazing (76.5%), the second most Important land use being forestry 
(19.6%). The exception to this pattern occurs In the Avlch catchment 
where more than half of the catchment Is under forestry. It is li)cely 
that the nutrient run-off from this will contribute to the greater 
concentration of nutrients found in the loch's southern basin. Water 
supply, arable land, urban area, and other uses are all below 2%. 
Forestry Comnlsslon figures show that planting of forestry increased 
through the 1900's with pea)cs occurring between 1951-55 and 1971-75 
(see Figure 2.1) (D. Henderson pers. comm.).



Flgurt 2.1 Th« eumulativ« total araa (ha) of now plantationa in Loch 
Awa'a oatehmont 1900-90 (para. eomm. 0. Hontforaon. 1999)
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3.1 IntrodiictloB
FlBh farms have been shovm to act as attractants to native fish
populations in freshwater lochs. The aims of this chapter are:
1. to describe the distribution and population structure of rainbow 

trout and the native fish species in Loch Awe:
2. to study the arowth rates of brown trout and rainbow trout at and 

away from the fish farms in the loch:
3. to examine the effect of fish farms on the distribution and 

growth rates of the fish populations.

This was achieved by a series of gill netting studies, following a 
pilot survey in 1986 which agreed with the findings of Phillips 
(1985) . The distribution of fish in each of the major habitat types was 
studied in 1987 to allow any seasonal variation to be determined, and 
in 1988 the area imnediately adjacent to the fish farm at Braevallich 
was examined. Following storm damage in 1989 the opportunity arose to 
investigate the effect of a single large loss of rainbow trout on the 
loch's native fish species.

Conventional tagging studies in Loch Fad, a small Scottish looh, have 
shown that stocked rainbow trout rapidly distribute themselves 
throughout the water body after stocking. Interacting with the 
indigenous fish population in the process Phillips et 8l- (1985).
By contrast the same authors demonstrated in larger lochs that the 
distribution of rainbow trout was highly localised around fish farm 
cages, and that the distribution of brown trout was unaffected 
Attraction to cage sites has been noted in a number of instances. 
Collins (1971) described dense populations of blue gill sunf ish LePOTiP 
msrrochirus RaflneSQue near channel catfish ISttlUtUt PunttatMI 
(Rafinesque) cages in the USA. Loycano i Smith, 1976, Kilambi Pt fti- ■ 
1978 and Hays, 1980 noted that many species at predatory and non
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predatory fish were caught In greater nximbers adjacent to channel 
catfish and rainidow trout cage farms.

Phillips et al. (1985) have demonstrated that the cage production of 
rainbow trout in two Scottish lochs increased the nutrient status of 
the water, and subsequently the growth of the fish in them. Munro 
(1961) demonstrated increased growth in brown trout following the 
fertilisation of Scottish lochs, in Canada a similar response was 
reported by Hyatt & Stoc)cner (1985), and Mills (1986) in Pacific salmon 
and coregonids respectively.



3.2 «nd — tbod»,
3.2.1 M t C l M  «if».
Multimesh «urv«y gill nets 55m long x 1.5m deep were used in the study. 
These consisted of eleven 5m panels, with knot to knot (bar) mesh (mm) 
sizes arranged in the following random order, 62, 21, 36, 84, 104, 66, 
54, 16, 78, 48.

The above mesh sizes wore selected for two reasons. It was anticipated 
that they would catch the size range of fish present in the loch, using 
a variety of mesh sizes reduces the size selectivity inherent in gill 
net design (Hamley, 1975). As no record was made of whether the fish 
were caught )oy gilling, tangling or t>y their mouth, it was not possible 
to construct selectivity curves for brown trout or rainbow trout.

Duo to Loch Awe's very steep sides and restricted littoral zone the 
nets at each site wore set parallel to the shore. This was preferred 
to the perpendicular arrangement recommended by Craig (1977) . The nets 
were set and lifted in the morning, after one night. The position of 
the gill netting sites are shown in Figure 1.

3 .2 .1 .1  1212
In 1987 twelve sites were fished at monthly Intervals in a variety of 
habitats at set distances from the fish farms for 24 hours. As only six 
nets were used, the netting was performed over two 24 hour periods with 
sites 1-6 being netted one day and sites 7-12 on the other, with 24 
hours between each. The same habitat types were sampled in each 
period. There was approximately the same distance between Tervine, 
Mayfield, Coillalg, Ballimeanoch, Port innisherrich and Braevalllch. 
Details of the sites are given in Table 3.1.



T a b l «  3 .1  And B n b ltn ta  Snaiplnd By O l l l  Xn 1 M 7 .

Site No* Name Description Position Depth N.O.R

1,12 Tervine, Fish Farm
Braevallich Littoral

2,11 Mayfield & Port
Znnisherrich Littoral 
Littoral

3,10 Mayfield t Port
Znnisherrich Pelagic 
Pelagic

4,9 Mayfield & Port
Znnisherrich Benthic 
Benthic

5.6 Coillaig &
Ballimeanoch Littoral 
Shallow

6.7 Coillaig C
Ballimeanoch Littoral 
Deep Littoral

Bottom 3m

BottOTi 3m

*Surface 45m

Bottom 45m

B o t t ^  3m

Bottom 10m

tW 082262 
m  953076
M« 079236 
m  967111

»1 085230 
m  970110

NN 065230 
m  970110

M9 016196 
006154

1« 016196 
tl9 006154

The surface nets were set 2.5m below the surface to avoid 
interference from passing boats.



3.2.1.2 1211
in 1988 th« nets were set for 24 hours in March. May, July and 
Septetidser. In March they were set at Braevallich In two series of five 
nets which were set in a line moving along the shore in a n e and sw 
direction from Braevallich. They v#ere set parallel to the shore in 3m 
of water with at least 15m between each station. Due to the similarity 
in the catch from the north and south series it was decided only to 
fish the former in the remaining months.

3.2.1.3 1999
On the 27th February and 20th April 1989 gill nets were set at six 
sites to assess the distribution of rainbow trout lost from the farm 
at Tervine during a storm on 13th February 1989. On the 27th February 
1989 Hayfleld Littoral, Tervine and four other littoral sites between 
them were fished. On the 24th April 1989 site 4 was replaced by Port 
Innlsherrlch Littoral, to determine if there had been an increase in 
the abundance of rainbow trout throughout the loch as a result of the 
loss. All of the sites were fished for the standard 24 hours.

3.2.2 Fish processine
In 1987 and 1988 all fish were processed on the morning that they were 
landed, with the site of capture, species, fork length (mm), weight 
(g), mesh size (mm) captured in, sex, state of maturity, weight of 
gonads (g) and any visible signs of disease being recorded for each 
fish. For ageing studies the scales of rainbow trout and brown trout 
were removed from the area just above the lateral line on a line from 
the anterior edge of the anal fin to the posterior margin of the 
dorsal fin. They were stored in a scale packet prior to ageing. Due 
to the problmis associated with scale reading a sub-sample of otoliths 
were also removed to cross check the ages determined by the above 
technique. The stomachs of all fish sampled were removed for feeding
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scudlea (see chapter 4). In 1989 only the species composition at each 
site was recorded.

3 .2.3 «tetietics
3.2.3.1 tietiel TerietioB In the distribution ot »P<Ciei

iirrirn] « i f .
The variation in the distribution of species between sites was assessed 
by X*. In 1987 this was performed on an annual basis and included data 
from the shallow littoral sites at Tervine, Braevallich, Hayfield. 
Balllmeanoch and Port Innisherrich. Colllaig was omitted from the 
analysis as the presence of pike resulted in an abnormal distribution 
of the salmonid species. In 1988 the analysis was made on a monthly 
basis and included all of the sites sampled, in 1989 both sampling 
sessions were analysed for all of the sites sampled.

3.2 .3.2 The eeen eenthlv oefceh of brown trout and rainbow trout at 
the littoral end gieh fere eitee.

In 1987 and 1988 the mean monthly catches (m mC) of rainbow trout and 
brown trout at the fish farm, and littoral sites were calculated. In 
order to calculate a mean value that was representative of the shallow 
littoral zone, only data from the shallow sites at Hayfield, 
Ballimeanoch and Port Innisherrich were used. The results from the two 
fish farms were analysed independently. As no gill netting was 
performed at Tervine in March 1987, the data from that month has been 
excluded from the other sites. As the variance exceeded the means in 
the experimental groups it was necessary to normalise the data. This 
involved a log 10 (x+1) transformation, the inclusion of the (x+1) 
component was necessary to allow transformation of the data in months 
when no fish vrm  caught. The normalised means were then compared by 
one way analysis of variance (ANOVA).



3.2.3.3 variation in fi«h ahundano#.
The seasonal variation in species abundance was measured by X̂ . In 1987 
this was done on a site basis. Due to the low monthly catch of some 
species in 1987 it was decided to pool the data into three time periods 
January until April« May until August and September until December. 
Owing to the proximity of the sites in 1988 it was decided to assess 
the variation by pooling the data« and no analysis was made on the data 
collected in 1989.

3.3.3.4 variation uae bv juvenile and adult

Variation in the habitat use by juvenile and adult brown trout and 
rainbow trout was assessed by X’. Age classes O* to 2* were termed 
juveniles (age group A) and ages classes 3+ to 6+ were termed adults 
(age group B). In 1987 the habitats were classified as littoral and 
open water« the former being the pooled data from all of the littoral 
sites (Including the fish farms) and the latter being the pelagic 
sites, in 1988 no open water sites were sampled and so the movement of 
fish was examined by considering changes in the proportion of juveniles 
and adults in March« May« July and September in the littoral zone only.

3.a.3.5 aex retios.
In 1987 and 1988 deviations from 1:1 sex ratios in brown trout« rainbow 
trout« Arctic charr and perch were tested by x̂ . In the case of rainbow 
trout this analysis was performed as their sex ratio would have a 
bearing on their ability to establish a self-sustaining population. In 
the case of the other species it was performed to provide basic 
biological statistics about the fish in the loch.

variation umm bv eale and
trout. re<"»ww Aretie nharr and perch.



seasonal variation in habitat use by male and females of the above 
species was assessed by X*. in 1987 the habitats were classified as 
littoral and open water, as described in 3.2.3.4. For benthic Arctic 
charr the open water sites included the pelagic and benthic sites. In 
1988 no ^ e n  water sites were sartpled so the movement of fish was 
examined by considering the changes in the littoral zone as described 
in 3.2.3.4.

3.a.3.7 aeKuel maturity.
The age at which raint>ow trout and brown trout first reached sexual 
maturity was considered, and the timing of maturity in brown trout, 
rainbow trout, and Arctic charr was examined by comparing their mean 
monthly gonad weight. Only data from 1987 were used, as this was the 
only year for which a complete data set existed. In the case of rainbow 
trout this analysis was performed to determine if those inhabiting Loch 
Awe spawned in the spring or autumn. In the case of the other species 
it was performed to provide basic biological statistics about the fish 
in the loch.

3.2.3.» qrgwth.
The annual instantaneous growth rate was calculated using the back 
calculated lengths from the scales of the brown trout and rainbow trout 
caught in 1987 and 1988 using the formula described by Bagenal (1978) t

X 100

G«slnstantaneous Growth Rate, L» Length(mm) and t«Time.
The gro%rth rate of brown trout and rainbow trout in Loch Awe was 
compared with that from other systems.

The length at capture of brown trout and rainbow trout in the same age 
class, caught at the fish farm and littoral sites in 1987 and 1988 were



compared by the Hann-Whitney test. In order to maximise the number of 
fish in each experimental group, the variation in grovfth between male 
and female fish, and between the sites that conprised the habitats was 
measured using the Mann-Whitney test. Where no consistent significant 
diffarence existed between them the data were pooled. Only brown trout 
were examined in the littoral zone as there were Insufficient rainbow 
trout to perform the analysis.



3.3
3.3.1 tefctial diatribtttioo of th< — jor fiah at th* fl»h

farm n d  «hallow littoral » i f  in
3.3.1.1 eatflh.
It is shown in Figure 3.1 that the highest combined annual catch for 
all species was recorded at Tervine. followed by Braevalllch. with 
lower but similar amounts being recorded at Mayfield, Ballimeanoch and 
Port Innisherrich. Table 3.2 shows that the variation in the annual 
catch between all of the sites, and between the two farm sites was 
highly significant at (P< 0.001 X**231.6) and (P< 0.001 X*»37.9)
respectively. There was no significant variation between the shallow 
littoral sites (P> 0.05 X’«4.9). These results suggest that the fish 
farms act as an attractant to the fish in Loch Awe.

3.3.1.a ef each species in 1917.
The highest annual catch of brown trout was recorded at Mayfield 
followed by Port innisherrich. the next highest catch being recorded 
at Braevalllch (Figure 3.1). The lower than expected catch at 
Balllmeanoch was probably due to the close proximity of the deep 
littoral net. When this result is combined with those from the shallow 
site a similar result to that recorded at Mayfield and Port 
Innisherrich is obtained. The lowest catch was recorded at Tervine. The 
variation between all of the sites, the two farms and all of the 
littoral sites was highly significant at (P<0.001 X2« 54.7), (P<0.001 
X*-18.9) and (P<0.001 X^>11.0) respectively (Table 3.2). It is
interesting to note that the variation between the sites excluding 
Tervine was only slightly higher than it was between the littoral sites 
on their own. Excluding Balllmeanoch less brown trout were caught at 
the fish farms than at the other littoral sites. This was most 
pronoxinced at Tervine where coincidentally the highest catch of rainbow 
trout was caught.
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The highest annual catch of rainbow trout was recorded at the fish farm 
sites» with considerably more being caught at Tervine than at 
Braevallich (P<0.001 X*»96.0) (Figure 3.1 & Table 3.2). The annual 
catch at the littoral sites away from the farms was very low with the 
highest» 19» being recorded at Hayfield; the variation between them was 
not significant <P>0.05 X**5.7) . The variation between all of the sites 
however was highly significant (P<0.001 X*»314.0).

The low annual catch of benthic Arctic charr at the shallow littoral 
sites was restricted to Hayfield, Ballimeanoch and Braevallich, the 
highest catch of 22 being recorded at the former (Figure 3.1). The 
variation in catch l^etween all of the shallow littoral sites, Tervine 
and Braevallich» and the littoral sites excluding the fish farms were 
all highly significant (P<0.001) with respective X* values of 34.4, 
10.0 and 15.9 (Table 3.2).

Pelagic Arctic charr were caught in low numbers at each of the sites 
(Figure 3.1). The small sample sise at each site precluded testing 
their distribution by x̂ .

Perch were caught at each site with the highest number, 73, being 
recorded at Ballimeanoch (Figure 3.1). Their distribution was only 
marginally affected by the presence of the fish farms. The variation 
in catch between all of the sites was (p<0.001 x*»18.8) (Table 3.2), 
which although being highly significant was the lowest recorded for all 
of the species that were examined. There was no significant difference 
in the catch bet%#een the t w  farm sites (P>0.05 x*«1.9), and the 
variation in the catch at the sites excluding the fish farms was 
significant (P<0.05 X’a8.4).

Atlantic salmon %^re only caught at the two farm sites and at Port
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lnni*h«rrich (Flgur« 3.1). Those at the latter were two spent adults 
and will not be considered further. The variation between the two farm 
sites was not slonificant (P>0.05 X^-1.9) (Table 3.2). These results 
suggest that the juvenile salmon are attracted to the farm sites, 
however this is \inli)cely and there are probably different reasons for 
the catches at the two sites. The catch at Braevallich may be due to 
the farm's proximity to the Braevallich burn in which adult salmon 
spawn. The time that the yoxing fish were caught coincides with the time 
that they start their migration to the sea. As the fish move from river 
to loch it is IDcely that s«ne of them will be caught in the net which 
was set at Braevallich. It is the position of the site at Tervine which 
is responsible for the catch of young salmon. As the outflow from Loch 
Awe to the sea is approximately 2 )on downstream from the fish farm 
every salmon smolt that migrates frcxn the loch will have to pass the 
site at Tervine. This therefore Increases the likelihood of catching 
migrating juvenile salmon.

As the specific aim of the 1988 gill netting was to examine the 
<ji*tributlon of the fish species in relation to the fish farms, the 
data was examined on a monthly rather than an annual basis.

3 .3 .2.1
The 113 fish caught in March consisted of 94 brown trout, 17 rainbow 
trout, and 2 juvenile salmon caught at N3 (Figure 3.2). The highest 
catch was recorded at N2. in contrast to the pooled data from 1987 the 
lowest catch of all species was recorded at the fish farm site.

There was a large amount of variation in the numbers of brown trout 
caught at each site with the lowest and highest being recorded at



Braevallich and N2 (the site closeat to Braevallich) respectively 
(PlBure 3.2). The variation between all of the sites was highly 
significant (P<0.001 x“-31.2), and at the sites excluding Braevallich 
it was only slightly lo%#er (P<0.01 X*«18.1) (Table 3.3).

Rainbow trout were caught at Braevallich. N3, N4, N5 and N6 with the 
highest catch being recorded at the fish farm, although this was lower 
than expected (Figure 3.2). The catch at the littoral sites away from 
the farm was similar to that recorded at littoral sites in 1987, 
therefore it appears that rainbow trout are only found in large numbers 
in the iirmediate vicinity of the fish farm. The sample was too small 
to perform statistical analysis.

3.3.2.2 MBX
The 149 fish caught in May consisted of 84 brown trout, 8 rainbow 
trout. 44 benthic Arctic charr, 13 perch, 1 pelagic Arctic charr and 
1 8tic)clebac)c (Figure 3.3) . Contrary to the previous month the highest 
catch was recorded at Braevallich. and it declined with distance from 
the fish farm.

Brown trout were caught at each site with the highest catches being 
recorded at Braevallich and N2; although fewer were caught at the other 
sites there was no significant variation in the catch between them 
(Figure 3.3 and Table 3.3). In this instance it appears that the brown 
trout showed a slight preference for the sites closer to the fish farm.

The catch of rainbow trout was low, with the largest catch occurring 
Braevallich, and smaller numbers being recorded at N2 and N6 (Figure 
3,3). The catch was too small to perform statistical analysis.

Benthic Arctic charr %^re caught at each site but showed a very strong
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T a b i «  3 .3  Th a  if rm lu M  « a d  t h a l r  a ig a lC le a a a a  £0«  th a  T a s la t lo a  
l a  th a  d la b rlto ttb lo a  o£ b ra v a  b re u b , ra la b e v  b r o a t , 
b a a th lo  b r e t l o  o b a r r ,  p a la g io  A r e t l e  e h a rr ,  p a re b  aad 
A b la a t le  a a la o a  a t  B r a a v a ll le b ,  M2, M3, M4, MS, and MS 
la  Marob, M ay, O U ly  aad Saptaabax o£ 13SS.

Brown Trout
March SIG 
31.2 ***

May SIG 
7.6 NS

July SIG 
20.8 ***

September
6.6

Rainbow Trout STS STS STS STS
Benthic Charr _ 57.2 *** STS STS

Pelagic Charr STS _ STS
Perch _ STS STS STS
Salmon STS STS STS
*-P<0.05, **-P<0.01, ***-P<0.001, N.S-Not Significant, 
STS " Sample too small«





pref«r«nc« for th« fish farm (Figure 3.3). The variation between all 
of the sites was highly significant (P<0.001 X**57.2) (Table 3.3). Such 
a large mov«nent into the littoral sone at this time of the year was 
unexpected, as the seasonal variation in 1987 showed that their 
movement into the littoral zone was largely restricted to slightly 
deeper water and occurred later in the year when they were spawning. 
Therefore the reason for the high catch in this month is unclear.

Pelagic Arctic charr were caught in small numbers at Braevallich, N3 
and N6. Perch were caught in small numbers at each site showing no 
preference for the farm or littoral sites and sticklebacks were caught 
at N2.

3 .3 .2.3 July.
The 94 fish caught in July comprised 46 brown trout, 13 rainbow trout, 
11 salmon, 22 perch, and 2 benthic charr (Figure 3.4). In common with 
the results from the previous month the highest total catch was 
recorded at Braevallich, with lower and similar catches being recorded 
at N2 and N3. and still lower catches being recorded at N4, NS and N6.

The highest catches of brown trout were recorded at Braevallich, N2 and 
N3 (Figure 3.4). The most likely explanation for this is that these 
sites caught the suinner migrants as they moved from the Braevallich 
burn to the loch, the size and age of the fish supports this. These 
sites are particularly sensitive to this migration as they are closest 
to the burn. The low catch at N4, NS and N6 could be explained by the 
seasonal movmnent of adult brown trout from the littoral zone to the 
open water (see later section). The variation in the catch between the 
sibes was highly significant (P<0.001 X’«20.8) (Table 3.3).

Rainbow trout were caught in small numbers at Braevallich, NS and N6,
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again tha largast catch was recorded at the former (Figure 3.4). The 
aanvle of raink>ow trout was too small to perform statistical analysis.

Atlantic salmon %^re caught at each site except N4 and N5, with the 
highest numbers being caught at the sites closest to the Braevalllch 
burn (Figure 3.4). These sites will be sensitive to the lochward 
migration of juvenile salmon, similar to that described for juvenile 
brown trout. The san^le was too small to perform statistical analysis.

The catch of perch was restricted to Braevalllch, N2 and N6, with only 
a small number being caught at the latter (Figure 3.4). The highest 
catch was recorded at the fish farm, the reason for this being unclear. 
The sanple was too small to perform statistical analysis.

Benthic Charr were caught in small numbers at N2, N3, N6 and a small 
number of stlc)clebac)cs were caught at Braevallich.

3.3.2,4
The 75 fish caught in September consisted of 40 brown trout, 20 rainbow 
trout, 10 salmon, 2 benthic charr and 4 perch (Figure 3.5). The 
distribution of the total catch between the sites was similar to that 
recorded in the t%^ previous months, with the highest being recorded 
at Braevalllch.

Brown trout were caught at each site with more being caught at the 
littoral sites than at the fish farm (Figure 3.5). This is in contrast 
to the results from the two previous months when more were caught at 
the farm, but in agreement with the results from March. The between 
site variatim was not statistically significant (F>0.05) (Table 3.3).

Rainbow trout were caught at each site except N3. Although they were
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only cauffht in small numbers« it Is still clear that they showed a 
preference for the fish farm, with more being caught there than at the 
other sites combined (13 as opposed to 7)(Figure 3.5). The sample was 
too small to perform statistical analysis.

The catch of salmon was restricted to Braevallich and N 3 « with the 
highest catch being recorded at the latter. This catch of salmon 
coincides with the period of their autumn migration.

Perch were caught in small numbers at Braevallich and N5, this catch 
represents the small number of perch remaining in shallow water after 
the majority have migrated to the deeper water where they overwinter.

Pelagic charr were caught at N2 and N3, and the catch of benthic charr 
and stlc)clebacks was restricted to N5 and Braevallich respectively.

3.3.3 of falmbow tifout aftex
February 1919.

On the 27th February 1989 the catch at each site was dominated by 
rainbow trout (Figure 3.6). The highest catch 98 was recorded at 
Tervlne. it declined to site 3 where 31 rainbow trout were caught« with 
a similar number being caught at the remaining sites. The catch of 
rainbow trout at ttM fish farm and littoral sites was considerably 
higher than it had been in the two previous years. At the sites closest 
to the farms original position very few brown trout were caught« 
however« at site 5 and Mayfield Littoral the catch of brown trout was 
at a level one vfould have expected for that time of the year.

By thè 20th J^ril 1989 thè catch of rainbow trout at each site was 
cMislderably lower than it had been during thè previous netting (Figure 
3.7), At Tervine It was lower than in thè same month in 1987, and at
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sites 3, 5 and Hayfield Littoral the catch was as expected had there 
not been a large release of fish. At site 2, 21 rainbow trout were 
caught. This was higher than would have predicted from the 1988 
results, but is probably due to the earlier loss of fish. It is also 
possible that the littoral areas around the site at Tervine have always 
held a higher nximber of rainbow trout, as then mean monthly catch of 
rainbow trout in 1987 at Tervine was higher than at Braevallich. As 
only one rainbow trout was caught at Port Innlsherrich the site 
furthest fr«n Tervine, it can be concluded that they did not spread 
through the loch in large numbers. The catch of brown trout at the 
littoral sites away from the fish farms was at the expected level had 
the loss of fish not occurred. Therefore it would appear that the 
distribution of brown trout had been adversely affected by the large 
numbers of rainbow trout that were present in the littoral zone 
inmedlately after the escape, but by ^rll when their numbers had 
declined the brown trout distribution had reverted to its normal 
pattern.

3-3.4 of mmmn ...itch of brown trout «ad niabum
trout «t f«r» and llttor»! « i f .

In 1987 the mean monthly catch (MMC) of rainbow trout was significantly 
higher than brown trout at Braevallich and Tervine (P <0.01 and P 
<0.001 respectively) (Tables 3.4*3.6), with more rainbow trout caught 
at Tervine than Braevallich (P<0.001) , the opposite was true for brown 
trout (P<0.01). It is possible that the high number of rainbow trout 
around the farm site at Tervine caused the lower catch of brown trout. 
Further evidence of this is seen when the brown trout MMC at each farm 
site is cocipared with the MMC at the littoral sites away from the fish 
farms. The catch of brown trout at Tervine was significantly lower (P 
< 0.CX31) than at the littoral sites, whereas at Braevallich the 
difference was not significant. A comparison of the rainbow trout
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MMC's at each of the fish farms, and the littoral sites shows that 
their distribution is highly localised, in both instances the rainbow 
trout MMC was significantly higher <P<O.OOl) at the fish farm sites. 
This is confirmed by c«nparing the brown trout and rainbow trout MMCs 
in the littoral zone. The difference was highly significant (P< 0.001), 
with a greater number of brown trout being caught.

The 1988 gill netting survey was designed to determine how localised 
the distribution of rainbow trout around the fish farm at Braevallich 
was. In common with the results from 1987 the rainbow trout MMC at 
Braevallich (the fish farm site) was significantly higher than at the 
littoral sites (P<0.001), 8.3 as opposed to 1.3. There was again no 
significant difference in the brown trout MMC between Braevallich and 
the littoral sites, 9.3 as opposed to 10.3; and the brown trout MMC in 
the littoral zone was significantly higher than the rainbow trout's 
(P<0.001), 10.9 as oc^osed to 1.3. The major difference between the two 
years was that there was no significant difference between the MMCs of 
brown trout and rainbow trout at Braevallich, 9.3 as opposed to 8.3. 
In the previous year the rainbow trout MMC had been significantly 
higher (P<0.01).

Therefore it is clear that rainbow trout are only found in large 
numbers in the iimediate vicinity of the fish farms, and that they only 
adversely affect the distribution of brown trout when the rainbow 
trouts bro%m trout ratio is high. It was not possible to establish the 
threshold value beyond %dilch this occurred.

The 535 fish caught at Tervine comprised 24 brown trout. 354 rainl>ow
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trout, 4 pelagic Arctic charr, 19 juvenile salmon, 34 perch, 2 sea 
trout, 99 sticklebacks and one minnow (Figure 3.8).

The seasonal variation in the catch of rainbow trout, salmon, perch and 
stlcklel>acks was highly significant (P<0.001); brown trout also showed 
seasonal variation, but the significance was slightly lower (P<0.01). 
The other species were not caught in large enough numbers to perform 
statistical analysis (Table 3.7).

The highest numbers of brown trout were caught in the spring with only 
a few individuals being caught after that. There was considerable 
monthly variation in the catch of rainbow trout, but a seasonal trend 
was still apparent, with more Iseing caught in the spring than in the 
Sumner. It was unclear if this pattern was related to food 
availability, or whether it was due to the pattern of losses from the 
fish farm.

The highest numbers of juvenile salmon were caught in July, with only 
a few Iseing caught after that in August, Novwnber and Dec«nber. The 
number of perch caught increased from 1 in May to a maximum of 10 in 
July and fell in the autumn. A small number were caught in the early 
winter months after the majority of the population had migrated J»ack 
into the deeper water. Sticklebacks showed a bimodal distribution with 
peaks in early summer and November.

3.3.5.2 Mayfield Littoral
The 198 fish caught at Mayfield Littoral comprised 110 brown trout. 21 
rainbow trout, 22 benthic charr, 44 perch and one juvenile salmon 
(Figure 3.9). The catch of brown trout, rainbow trout. k>enthlc charr 
and perch all showed highly significant seasonal variation (P<0.001) 
(Table 3.7).
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T*bl« 3.7 Vh« X* and tlMlr algaKleaaea £or thm mm^monmX
Tarlatlea la eatoh o£ brown troub, rainbow tronb, 
bantble breble ebarr, Atlanble salaoa and Vareb at 
e£ tba altaa In 13t7.

Brown
Trout

Rainbow
Trout

Banthlc
Charr

Salmon Parch

Tervina 9.7 31.5 . 14.4 25.2** *** - *** ***

Hayflald 38.9 10.9 42.0 _ 38.5
Littoral *** ** *** - ***

Hayflald 7.7 _ STS _ _
Palaglc * “ - - -
Hayflald STS - 40.8 _ STS
Banthlc - - *** - -
Colllalg STS STS STS 83.4
Daap - “ ***

Colllalg STS STS STS 83.4
Shallow - - - - ***

Balllmaanoch 37.6 STS STS 103.4Shallow *** - - - ***
BallImaanoch 62.1 STS 47.2 _ STS
Daap *** *** - -
Port Innlsharrlch _ _ 1.2 _ _
Banthlc - - MS - -
Port Innlaharrlch STS STS STS _ _
Palaglc - - - - -
Port Innlaharrlch 37.9 STS STS STS 39.1
Littoral *** - -
Braavalllch 6.3 8.1 STS STS 14.7** ** - * **•

STS^Sanqpla too small 
Significant•

„ *-P<0..05, **-P<0..01, ***->P<0.001, N.,S-Mot



Brown trout %^r« caught in graataat numbars in tha lata wlntar/early 
spring and in tha lata autumn« and wara only caught in small numbars 
during the summer. Rainbow trout followed a similar pattern, but the 
seasonal variation was lass pronounced.

The catch of 22 benthic charr was restricted to November and December« 
with the majority being caught in the former. They are thought to spawn 
in the littoral zone at this time (see maturation section).

The majority of perch were caught in the siimmer months, with only a few 
being caught later in the year. This is further evidence of their 
incomplete winter migration to deeper water that was observed at 
Tervlne« and r^orted by Craig (1977). one juvenile salmon was caught 
in March.

3.3 .S.3 Bayfield Pelagic
The 35 fish caught at Hayfleld Pelagic comprised 21 brown trout, 2 
rainhow trout, 9 benthic charr and 3 perch (Figure 3.10). Only the 
catch of brown trout showed significant seasonal variation (P<0.01) 
(Table 3.7). It pealced in the summer months, coinciding with the 
period of least abundant at the littoral sites. The other species were 
not caught in sufficiently large numbers for any seasonal trends to be 
discerned.

3.3 .S^4 Mayfield Benthic
The 121 fish caught at Hayfleld Benthic comprised 4 brown trout, 1 
rainbow trout, 1 pelagic charr and 114 benthic charr (Figure 3.11). 
Only benthic charr were caught in numbers large enough to perform 
statistical analysis. They were caught in small numbers in the first 
half of 1987, their numbers rose to a maximum of 26 in September and 
fell to 9 in December, the seasonal variation was highly significant

33





Figur* 3.12 Monthly variation In th* eateh of aach 
opaci** at Calllaig Shallow Littoral In tM 7 .
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(P<0.001) (Tabl« 3.7). The decline in their catch at the end of the 
year coincided with their spawning migration to the littoral zone.

The other species were not caught in large enough numbers for any 
seasonal trends to be discerned. It is possible that the brown trout« 
rainbow trout and perch were caught while the net was being set or 
lifted, as their presence in the deep benthic zone was unexpected. The 
highly distended swim bladders found in the benthic charr Indicated 
that they had been brought rapidly to the surface from a great depth, 
and the eel damage to some of them indicates that they were caught when 
the net was on the bottom. The other species did not have distended 
swim bladders, and showed no signs of eel damage.

Coill«la «hallow Littoral
The 85 fish caught at Colllaig Shallow Littoral coii¥>rised 10 brown 
trout. 11 rainbow trout, 4 benthic charr, 1 pelagic charr, 1 salmon, 
53 perch and 5 pi)ce (Figure 3.12). The perch catch showed highly 
significant seasonal variation (P<0.001) (Table 3.7). The other species 
were not present in large enough numbers to perform statistical 
analysis.

As with the other littoral sites the catch of perch was largely 
restricted to the sunmer months, but contrary to the results from the 
two previous littoral sites, they were not caught after September.

eoiii«!« p—  LittcMfi
The 65 fish caught at Coillaig Deep Littoral comprised 4 brown trout, 
4 rainbow trout, 37 benthic charr, 1 pelagic charr, 21 perch and 6 pi)ce 
(Figure 3.13). The seasonal variation in the catch of benthic charr 
(P<0.001) and perch (P<0.01) showed significant seasonal variation, the 
samples of the other species %^re too small to perform statistical

34



analysis (Table 3.7).

The abundance of benthic charr peaked In December, but occurred In 
small nvunbers throughout the year. The peak in December is in agreement 
with the findings fr<Mn the other littoral sites. It is noted that the 
peak was more pronounced in the deep littoral site than at the previous 
shallow sites.

The summer increase in perch abundance was of a lower magnitude, and 
occurred September, later than at the other sites. Conq?arlng the two 
Colllalg sites it was shown that perch preferred the shallow littoral 
habitat in the summer and that the winter spawning of benthic charr was 
largely restricted to the deep littoral zone.

The catch of brown trout at the two Coillalg sites was surprisingly 
low. The most likely reason for this was the presence of pike. It was 
only after part of the sanqpllng programme had been con^leted, that I 
learned that what I had been calling Coillalg was known locally as 
"Pike Bay".

3t3i?t7 Littoral
The 171 fish caught at Balllmeanoch Shallow Littoral con^rised 66 brown 
trout, 73 perch, 17 benthic charr, 10 rainbow trout, 3 pelagic charr, 
1 stickleback and 1 pike (Figure 3.14). Only brown trout, perch and 
benthic charr were present in sufficient numbers to perform statistical 
analysis. The seasonal variation in abundance of brown trout and perch 
was slightly more significant than benthic charr, (P<0.001) as osmosed 
to (P< 0.05).

The brovm trout catch fell from January through the spring to a minimum 
in mid*summer, it increased again to the end of the year, but to lower
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level than In the previous January.

The main period of perch activity was again largely restricted to the 
late spring and summer months. Their maximum catch was In May and in 
common with Tervine and Hayfleld Littoral a few were caught In the late 
autumn and early winter.

In common with the other littoral sites the benthic Arctic charr were 
caught In November and December, however they were also caught In 
January. Those caught In January were probably late spawners from the 
previous year.

3.3.5.1 ---- Littoral
The 148 fish caught at Balllmeanoch Deep Littoral comprised €5 brown 
trout, 67 benthic charr, 7 rainbow trout, 5 pelagic charr and 4 perch 
(Figure 3.15). Only brown trout and benthic charr showed significant 
seasonal variation (P<0.001). The samples of the other species were 
too small to perform statistical analysis (Table 3.7).
The catch of brown trout showed the same seasonal variation that had 
been observed at Balllmeanoch shallow. The benthic charr were caught 
in small numbers throughout the year, with a sharp rise occurring In 
November and December. Individual perch were caught throughout the 
year, and did not show the surtwner maximum that had been found at the 
shallow littoral sites. The catch of perch and benthic Arctic charr 
showed a similar pattern of capture at the deep and littoral sites at 
Colllalg and Balllmeanoch, benthic charr predominating In the former 
and perch predominating in the latter.

a .J .a . »  rtwti i M l i i w r r i r t  ■— TiM b

The 70 fish caught at Port Innisherrlch Benthic ccxrprlsed 64 benthic 
Arctic charr, 4 pelagic Arctic charr, 1 brown trout and 1 rainbow trout
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(Pigur* 3.16). Only th« catch of benthic charr showed significant 
seasonal variation (P<0.001) (Table 3.7). In coniinon with Hayfield 
Benthic they were caught throughout the year, with a peak occurring in 
the autunm prior to their decline in November and December, which 
coincided with the timing of their spawning migration into the deep 
littoral zone.

T h e  a b u n d a n c e  o f  t h e  o t h e r  s p e c i e s  w a s  t o o  s m a l l  f o r  a n y  s e a s o n a l  

p a t t e r n  t o  b e  o b s e r v e d .  A s  a t  H a y f i e l d  B e n t h i c  i t  i s  p o s s i b l e  t h a t  t h e  

r a i n b o w  t r o u t  a n d  b r o w n  t r o u t  w e r e  c a u g h t  a s  t h e  n e t  w a s  b e i n g  s e t  o r  

l i f t e d .

3.3.5.IQ Pm-t lnnA»h«r«-leh Pelaeic
The 21 fish caught at Post Innisherrich Pelagic conprised 7 brown 
trout, 2 rainbow trout, 9 benthic charr and 3 pelagic charr (Figure 
3.17). None of the species were present in large enough numbers to 
perform statistical analysis (Table 3.7).

3.3.5.11 p«-*̂  TMieherrieh Littoral
The 162 fish caught at Port Innisherrich Littoral comprised 88 brown 
trout, 50 perch, 12 rainbow trout, 3 pelagic Arctic charr, 3 salmon (1 
juvenile and 2 adults), 2 benthic Arctic charr, 1 pike and a minnow 
(Figure 3.18). ^ l y  the catch of brown trout and perch showed 
significant seasonal variation (P<O.OOl). The samples of the other 
species were too small to perform statistical analysis (Table 3.7).

The brown trout catch Increased frcxn January to ^ril, fell to its 
minimum in August, then Increased to its highest level in November. 
In this respect Port Znnisherrich Littoral differs from the previous 
littoral sites where more were caught in the earlier part of the year 
than at the end. A possible explanation for this an^naly is that Port
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Innlsherrlch was used as an exploratory gill netting site in November 
and DecMiber 1986. when catches of brown trout conv>arable with the 
sites mentioned above were recorded. This may have lowered the 
population in the area prior to the start of the 1987 survey.

Perch abundance was again restricted to the middle part of the year 
with their numbers peaking in late suirener. rather than early summer as 
in the other littoral sites.

The 290 fish caught at Braevallich con¥>rlsed 75 brown trout, 147 
rainbow trout, 44 perch, 11 juvenile salmon, 10 benthic charr, 2 
pelagic charr and 1 minnow (Figure 3.19) . Only the semqples brown trout, 
rainbow trout and perch were large enough to perform statistical 
analysis. They all showed signlfic^mt seasonal variation, rainbow 
trout, brown trout (P<O.01) and perch (P<0.001) (Table 3.7).

The seasonal distribution of brown trout at Braevallich was slightly 
different from that described at the other shallow littoral sites. 
Instead of the blmodal distribution pattern peaking at the start and 
end of the year, their numbers peaked in the spring and autximn.

The seasonal distribution of rainbow trout is markedly different from 
that at Tervlne. Again there was considerable variation between 
months, but the lowest catches occurred at the start of the year rather 
than the summer. It is unclear if this seasonal pattern is due to fish 
losses from the farm or whether it is under natural control. Another 
explanation is that like Port Innisherrich Littoral, Braevallich was 
an exploratory gill netting site at the end of 1986, \^en large catches 
of rainbow trout %#ere recorded. Ihe perch catch was again restricted 
to the summer m^ths peaking in mid-suimner.
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3-3.« ■tr**” *'' dlatributlen of timh in l»tt.
Th« variation In tha numbar of brown trout caught In each month was 
highly significant (X*«33.1, P < 0.001) (Tabla 3.8). They were most 
abundant In Harch, and thalr numbers declined until September (Figure 
3.20). This Is In agreement with the findings at the littoral sites 
from March to SeptMnber In 1987. Presumably If netting had continued 
past Septend^er an Increase In the brown trout catch would have iDeen 
recorded.

The monthly catch of rainbow trout was considerably lower than brown 
trout, more l>elng caught In March and September than In May and July 
(Figure 3.20), although the difference was not significant (X^«5.6 
P>0.05) (Table 3.8) .

The monthly variation In the catch of benthic charr was statistically 
significant (X^«120.3 P < O.OOl) (Table 3.8). The motivating force for 
the large mov«nent Into the shallow littoral zone in May cannot be 
explained (Figure 3.20), as no similar trend was observed In 1987.

The monthly variation in the catch of salmon was statistically 
significant (X’sl5.4 P< 0.01), with most being caught In July and 
Sept«nber. As none of those caught showed any signs of smoltlng it is 
IDcely that they migrated Into the loch from the nursery streams prior 
to smolting In the spring of 1989.

The monthly variation in the catch of perch was significant (X^«29.4 
P < 0.001) . The Increase In their numbers In the littoral zone In late 
spring was follo%^ed by a decline In the autximn, similar to the pattern 
described In 1987. This migration pattern Is as described by Giles & 
Tippet (1987) In Loch Lomond and Allen (1935) In Windermere.







Th«r* ar* Inaufflciant data for any monthly variation in tha captura 
of palagic Arctic charr and aticklabacks to ba aacartainad.

3 . 3 . 7 M-hl... trr »»« mOuXt brpi« trout «nd r«lBboir

Aga group A Includad fish in aga claaaaa 0<*’-24’, and aga group B 
includad fish in aga classas in 1987 tha abundanca of brown 
trout in aga groups A and B in tha littoral zona daclinad from wlntar 
to suirmer, and incraasad from suinnar to wintar (Figura 3.21). Tha 
sximmer dacllna was mora pronouncad in tha oldar aga group. This 
variation in tha distribution of tha t%^ aga groups was statistically 
significant (P<0.05 X’«20.95). It is probably dua to a combination of 
tha oldar fish moving offshora, and an influx of juvanllas from tha 
loch's afferant streams to tha littoral zona during tha summer months.

The two age classes of brown trout ware caught in small nximbers in opan 
water throughout 1987. Both age classes were caught in small numbers 
in the early part of tha year. During tha summer there was a small 
increase in tha catch of oldar fish« which coincided with tha period 
of low abundance in tha littoral zona (Figure 3.22). Due to the low 
catch it was not possible to perform any statistical analysis.

Thera was no distinct seasonal pattern in tha distribution of juvenile 
or adult rainbow trout at tha littoral sites in 1987 (Figure 3.23). 
However whan tha catches from tha fish farms are removed a slight drop 
during tha summer in tha aga group A was observed. Dua to tha small 
catch of aga group B. no statistical analysis was possible.

In tha pelagic habitat rainbow trout %^ra only caught in small numbers 
in tha wintar of 1987. (Figure 3.24). Tha sample was too small to 
perform statistical analysis.
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FIgur* 3.23 Annual distribution of rainbow trout In aga elaasaa A (0^-2^) and B (3 f-3 ^) at tho littoral oltoa In 1M7.
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In 1988 th« variation in tha distribution of juvanila and adult brown 
trout at tha littoral sitas in March, May, July and September was 
highly significant (P<0.001 X** 27.4). Again there was a summer 
migration of older fish from tha littoral zona, and contrary to the 
previous year's results tha abundance of juvenile fish increased at 
this time {Figure 3.25). The sites fished in 1988 would have been 
particularly sensitive to such a migration of juveniles as they were 
all close to the inflow of a large spawning stream.

No similar pattern was observed for rainbow trout in the littoral zone 
in 1988. Juveniles dominated the catch in each netting period (Figure 
3.26). It is li)cely that the relative conv>osition of juveniles and 
adults is dictated by the pattern of loss from the fish farm, due to 
its close proximity to the netting sites. It was not possible to 
perform a X’ test as the sanple of the older age class was too small.

3 .3.8 lex ratios of b r o w  trowt, rainbow trout. Arotio oharr. end 
pereh.

In 1987 there was a greater number of females than males caught in all 
species except perch. In brown trout and rainbow trout the difference 
was significant but in benthic charr it was not. In the case of pelagic 
charr and perch the samples %^re too small to derive firm conclusions 
(Table 3.9).

The sex ratio for brown trout is similar to the findings of Haraldstad 
a Jonsson (1983) «irking in La)ce Myrkdalsvatnet. The very high 
percentage of feaiale rainbow trout to males is due to the fish farms 
using all female stock. The technique used to produce all female stock 
is not completely successful and it is for this reason that a small 
number of males will always be found. The sex ratio found in the 
benthic charr is consistent with that foxind by Le Cren a Kipling
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FIgur* 3.2S Monthly distribution ol brown trout caught In ago groups 
A (0 «-2 * ) and B (I'T-B-t ) at ths littoral altsa In 1PM.
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Figura 3.26 Monthly distribution of rainbow trout caught In ago 
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Table 3.9 Tbe sex ratios of brown trout« rainbow trout« Arctic 
charr perch in the coavlete aaaple of fiah caught in 
1997« with X* teata on deriationa frcw ratios of Itl.

Hale
No. %

Female 
No. % Significance

Brown Trout 167 42.0 231 58.0 10.3 * *

Rainbow Trout 86 29.7 204 70.3 48.0 * * •

Pelagic Charr 7 24.1 22 75.9 7.8 **
Benthic Charr 133 46.5 153 53.5 1.4 N.S

Perch 51 68.9 23 31.1 10.6 **
*-P<0.05« **• P<0.01, P<0.001, N.S-Not Significant.

Table 3.10 The aex ratios of brown trout« rainbow troi
Arctic charr and perch in the coa«>lete aaaple of 
fiah caught in 1999« with X* teata on deviations
froa ratios of Itl.
Male
No. %

Female 
No. % Significance

Brown Trout 104 41.6 146 58.4 7.1 **
Rainbow Trout 8 15.7 43 83.4 24.0 * « •

Pelagic Charr 3 25.0 9 75.0 3.0 N.S
Benthic Charr 13 31.7 28 68.3 5.5 •
Perch 2 20.0 8 80.0 3.6 N.S

*«P<0.05, •** P<0.01,, ••••P<0. 001« N.S«Not Significant.



(1963) in wlndexmere.

In 1988 th«r« was a graatar munbar of famalas than malas caught in all 
spaclas (Tabla 3.10). Tha brown trout and rainbow trout sax ratios ware 
similar to that obsarvad in 1987, but tha catch of tha lattar, as with 
tha othar spaclas was too small for firm conclusions to ba drawn.

In both yaars it Is possibla that tha data wara blasad by the position 
of tha netting sites, and further in 1988 by the san^llng being 
restricted to tha spring, summer and autumn. This is due to ten^oral 
and spatial variation exhibited by tha two saxes in each species. This 
is investigated in tha following sections.

1  T M l a t le a  < - u m  b y  i|i ] t  m il  t — 11 tirniH

trout, rairtvr lyont- Aret«"
The habitats are classified as littoral and open water, the same 
criteria used whan loo)cing at tha variation in tha distribution of age 
classes, in 1987 there was a greater proportion of finale brown trout 
caught in tha littoral zone than males, in tha summer tha situation was 
reversed with a graatar proportion of males being caught (Figure 3.27). 
However tha dlffar«ica was not significant (P>0.05 X*«9.3). Throughout 
1987 a greater niimbar of fMoala brown trout ware caught in open water 
than malas, but tha small sanple size precluded any statistical 
analysis.

In 1987 tha monthly variation in the distribution of mala and female 
rainbow trout in tha littoral habitat was statistically significant 
(P<0.05 X*a28.4). lha proportion of females in tha catch declined over 
tha susmar, but it is unclear if this was due to tha pattern losses 
from tha fish farms or idtathar it was due to a sax based variation in 
habitat use (Figure 3.29). Due to tha low number of rainbow trout





Figura 3 .M  Tlm  menlhly diatribulien of mala and lamala 
ralnaaw traul eaughl In Iha llttaral aana In igdT.
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Figura S.30 Tha monlhly dlalrlbutlan a l mala and tornala 
ratoibow traul eaughl In tha palagle aana In ig g r.



caught in p«laglc habitat In 1987 no diacamabla trand was apparent and 
no statistical analysis was performed (Figure 3.30).

Due to the low catch of male and female benthic charr, pelagic charr, 
and perch In the littoral and open water habitats In 1987 it was not 
possible to examine any sex based variation In habitat use (Figures 
3.31-3.35).

In 1988 there was a greater catch of male than female brown trout In 
the littoral zone in May and July» with the opposite being true in 
March and September (Figure 3.36). The variation in monthly 
distribution of the two sexes was statistically significant (P< 0.01 
X*a7.l), similar to that observed in 1987 and is further evidence of 
a female off-shore summer migration.

In the months sampled in 1988 there was a greater catch of female than 
male rainbow trout in the littoral zone. In cwnmon with brown trout 
their abundance declined in the summer (Figure 3.37). E>ue to the low 
number of males caught in each month no statistical analysis could be 
performed.

The catch of benthic charr in the littoral zone in 1988 was almost 
entirely restricted to May» when the sex ratio strongly favoured 
females (Figure 3.38). Due to the restricted distribution of the catch 
no statistical analysis was performed.

The low numbers of pelagic Arctic charr and perch caught precluded any 
meaningful analysis.



Figura 3.31 Monthly diolribullon of molo and tomolo bonthle 
Arene charr eaughi In Iho lllteral tona In 1307.
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FIgur* 3.33 Jtf mprittily dlptrtbutlon of molo and fomolo 
polaglo Arctic chcrr In the littoral cone In 1M7.
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Figure 3.34 The monthly diatrlbutlon of mala and fan 
pdaglc Arctic charr caught Hi open water In 1M7.
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Figura 3.35 Tha monthly dialribullon af mala and 
•amala pareh caught In tha llttaral zona In I t t r .
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FIgur* 3.** Th* Bumb»f ol mal* and tamala bfoam 
trout caught In the littoral lona In 1333.
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3.3.10 »««u»l »«turltv.
3.3.10.1 A M  of ■» " — 1 — Kuritv in brown trmir. «bJ gotatW» ttSHtj.
In Loch AW* iwl* and fmala brown trout roach aaxual maturity at 2+ and 
3+ raapactlvaly. In rainbow trout both saxaa bacama aaxually matura at 
2-f. Only 8.4% of tha rainbow trout caught during Sapterober - December 
ware malaa, of which only 2.9% ware mature. During the same period 
only 28.8% of tha total catch were positively identified as females of 
which 5.0% ware matura. No evidence was found of rainbow trout becoming 
sexually mature in the spring.

3 .3 .1 0 .2  T i e i i u  o f  e e M a l l y  — t a r it lf . ..

In both male and fmala brown trout visible gonad development started 
at the end of July (Figure 3.39). The mean gonad weight expressed as 
a percentage body weight in males Increased until August, then fell 
until November, and increased again in December, In females it 
increased until (3ctober falling in NovemJser before increasing in 
Decmber. The decline after cx:tol>er could be due to the most gravid 
fish moving into the loch's tributaries to spawn first, leaving the 
ones with the lower gonad weight in the loch to spawn later.

The quality of the rainbow trout data is affected by the small sample 
size. However it was still possible to measure an increase in their 
gonad weight expressed as a percentage of body weight in both sexes in 
age classes 2+ and 3+ from Septemkser - Decemlser. As no sexually mature 
fish were found in the spring, it would suggest that the rainbow trout 
in Loch Awe are the autumn spawning race (Figure 3.40).

In male and female benthic Arctic charr it increased from mid summer 
to its maximum in December. In conmon with the other species the female 
gonads %sere heavier than the male (Figure 3.41). contrary to the 
findings for brown trout the mean gonad weight of benthic chart did not







d«clin* in October or Nov«mb«r. Th« most likoly rsason for this is that 
ths charr ramain in tha loch to spawn. Tha maan gonad waight of mala 
and f«nala palagic charr incraasad from «July until Dacerobar (Figure 
3.42), it is likaly that tha data for this morph is again adversely 
affected by tha small sample size. The Dacambar spawning behaviour of 
the two morphs in Loch Awe is different to that reported in charr 
populations elsewhere in Britain where autumn spawning is the norm 
(Maitland et al.. 1984), except Windermere where a spring spawning 
population has been reported (Frost, 1965). Arctic charr show marked 
variation in the timing of their spa%mlng throughout their distribution 
(Johnson, 1980).

3.3.11 growth.

Each year class of brown trout caught in 1987 and 1988 showed the same 
pattern in the decline of their annual instantaneous growth rate 
(Figures 3.43 and 3.44). In their first year it was between 95*110 (% 
annum'*), falling to between 50*60 (% annxuir*} in their second. The 
small increase or check in the decline that occurred during the third 
year represents the Improved growing conditions that young trout 
encounter when they enter the loch. After their third year it declined 
steadily through the remainder of their life. In both 1987 and 1988 the 
l-f fish caught in the loch had a higher gro%/th rate than the other year 
classes. This early migration of the faster growing individuals in the 
population has also been recorded by Jonsson (1985) and Jonsson 6 
Gravem (1985).

It is shown in Figure 3.45 that the growth of brown trout in Loch Awe 
compares favoxurably with those in other Scottish lochs. The range 
selected is representative of the growth cMkdltiOTS that are available 
for trout in Scotland.
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FItfur« 9.49 T h «  ifiM n annual Inatantanaowa flrawth rata (♦ t.P ) 
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Ftgur* 3.45 A eomparlaen el the beck ealeulaled lengths ef breem treut 
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Th« growth rat« o£ rainbow trout caught in 1987 and 1988 showed a 
similar pattern to that of brovm trout, however the rainbow trout's was 
considerably higher (Figures 3.46 and 3.47) . There are two reasons for 
this, rainbow trout have spent at least part of their life in a fish 
farm being fed a high energy diet, and they have a higher innate growth 
rate than brown trout. This is one of the reasons why they are 
preferred by the aquaculture Industry.

Although rainbow trout have a high growth rate in Loch Awe, it is 
interesting to note that higher rates have been recorded in the wild 
in north America. However in the northern part of their range. Lake 
Babin«, their gro%/th is considerably slower (Figure 3.38) . Their growth 
in Loch Awe is very similar that of escapee rainbow trout in Loch Tay.

3-3.11.2 thm orwftli of brown trout «nd ralnfcpw 
ttta ftrt lletorml hatilff.

There was no CMisistent sex based size difference in brown trout caught 
in 1987 or 1988 (Tables 3.11 a 3.12). in the 37 ccxiparisons possible 
males were larger on 19 occasions. t%i« of which were significant 
(P<0.05). females were larger on 17 occasions, and in the other they 
were the same length.

There was no consistent sex based size advantage in rainbow trout 
caught in 1987 or 1988. In the 16 comparisons made each sex was larger 
on eight occasions, and in m e  instance which favoured the females the 
difference was significant (P<0.05) (Tables 3.13 & 3.14). As there was 
no consistent sex based size advantage held by either species, the data 
for male and female trout in each habitat was pooled.

There was no consistent pattern in bro%m trout grovrth betvreen the 
littoral sites at Hayfield, Ballimeanoch and Port innlsherrich





Flour« 3.4« A comparison of lha back calculatod lanoths of
lU o h  Awo (1P§4 YC), Lake MMna (Paacham A McDonald, ib i l) ,  Manlalaa fllvar, 
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Tabi« 3.11 A eoflparlBon of tho m m m n  longth (■■) of M i o  and 
fonala brown trout agaa by tba Mann-Whltnay 
taat at tha tina of captura in 1907 •

Age Sex J/F M/A M/J J/A S/O N/D
1+ M 154 96 109 107 - -

F 147 - - - 155 153
S N.S

2 + M 190 196 163 165 171 213
F 173 158 139 100 179 188
S • • N.S N.S N.S N.S

3 + M 249 227 235 232 249 254
F 249 220 222 221 250 255
S N.S N.S N.S N.S N.S N.S

4 + M 292 202 305 327 299 288
P 295 279 283 255 286 295
S N.S N.S N.S N.S N.S N.S

5+ M 331 308 407 315 - 348
F 312 320 433 364 312 -
S N.S N.S N.S N.S

6-f M - - - - - -
F - 483 387 - 505 -

SsSignificance. N.S«Not significant. **P<0.05, MsMale, FsFemale

Tabla 3.12 A eoapariaon of tha naan length (nn) of naia and 
fonala brown trout agaa by tha Nann-whltnay
taat at tha tina of captura in 1900.

Age Sex March May July September
1-f M _ 105 136

F - 113 131 150
S N.S N.S

2 + M 170 163 160 161
F 158 167 165 140
S N.S N.S N.S N.S

3 + M 222 221 227 224
F 226 227 213 269
S N.S N.S N.S N.S

4 + M 247 257 . 300
F 264 274 261 295
S N.S N.S N.S

5+ M 297 _ _ 325
F 284 354 - 365
S N.S N.S

S*Significance, N.S*Not significant. *«P<0.05. M>Male, F>Female



Tabi« 3.13 A coapariaon of tha m m m n  langth (wm) of sala and 
fattala ralnbow trout agaa 1 -̂3-f by tha Ma~ 
Whltnay taat at tha titta of captura in 1967.

Age Sex J/F M/A M/J J/A S/O N/D

0+ M 171 _ _ - - 181
F 194 _ 181 - - 170
S N.S N.S

1 + M 260 232 250 - 255 336
F 268 243 226 256 238 273
S N.S N.S N.S N.S N.S

2 + M 310 314 281 335 326 367
F 333 319 296 317 386 362
S N.S N.S N.S N.S * N.S

3 + M 974 _ 324 - - -

F 520 421 425 - 531 493
S N.S N.S

S*Significance« N.S»Not significante *»P<0.05, M«Male, F«Female

Tabla 3.14 A coapariaon of tha ttaan lang^h (att) of ttala and 
fattala ralnbow trout agaa 1<*>*34 by tha Mann- 
ifbltnay taat at tha titta of captura in 1966.

Age Sex March May July September

0 + M - _ - -
F 157 - - -
S

1 + M _ _ -

F 286 236 243 230
S

2* M _ _ 313
F 363 334 291 348
S N.S

3 + M _ -
F 435 - - 412
S

S>Significance, N.S>Not significante *«P<0.05, M»Mals, F»Female



(Tabl* 3.15) . In th® 22 comparisons possibla, best growth was achieved 
on 12 occasions at Ballimeanoch and at Port Innlsherrich and Hayfield 
on 5 occasions each, none of the differences being statistically 
significant. This test assumes that fish remain in the same area of the 
loch throughout their life. If trout ranged throughout the whole loch 
their gro%/th %^uld not be representative of the area in which they were 
caught, and the need for this analysis would be negated. The findings 
are inconsistent with the water quality data presented in the previous 
chapter, which show that the loch's nutrient status increased in a 
north south direction. This is due to a combination of large 
differences in the rate of water exchange between the north and south 
ends, and the slow weathering nutrient poor roc)cs found in the loch's 
northern catchment.

The above results allowed data from the littoral sites to be pooled. 
Due to the small number of rainbow trout caught away frc»n the fish 
farms the data had to be pooled without testing.

In the limited number of brown trout comparisons possible in 1987 
between the two farm sites, best growth was recorded at Tervlne in five 
out of the six comparisons and in the other better growth was achieved 
at Braevalllch. None of the differences were statistically significant 
(Table 3.16).

In the 17 rainbow trout comparisons possible in 1987 between the two 
farm sites, best growth %#as recorded at Braevallich on 14 occasions. 
3 of which were significant, 2 at (P<0.05) and 1 at (P<0.01), and at 
Tervine on 3 occasions (Table 3.17). it is xinlDcely that these 
differences reflect differences in productivity bet%#een the two ends 
of the loch, but are due Instead to the sises at which the fish escaped 
from the cages.
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T«bl« 3.16 A ooeperleon of ttao — >n lonv^b (■■) of bro«m trout ouuffbt at Braavallieb and Tarvina in 1987 
by tba nann-whltnay taat.

Age J/F M/A M/J J/A S/0 N/D
!♦ T 143 - 117 - - -

B - - - 134 155 174

2 + T _ 161 _ _

B 148 182 156 159 156 189
S N.S

3 + T _ 334 - _ -

B 272 221 229 235 245 232
S N.S

4 + T 313 262 313 _ _ -

B 293 385 292 - 299 290
S N.S N.S N.S

5+ T _ 430 _ _ _

B 311 323 365 - 312 -

S N.S
T«Tervina, B«Braevallich, N. S«Not Significant.

Tabla 3.17 A eonparison of tba naan langtb ( M )  O f rainbow
trout caught at Braarallleh and Tarvina in 1987
by tba Mann^Whltnay taat.

Age J/F M/A M/J J/A s / o N/D

0 + T 187 144 154 126 148
B _ 157 - • 143 187
S N.S **

1 + T 245 227 222 363 209 348
B 368 339 330 228 336 237
S * N.S N.S N.S N.S N.S

2* T 304 298 276 298 339 343
B 380 333 300 339 373 348
S N.S N.S * N.S N.S N.S

3 + T 521 320 - 533 -

B S47 472 533 430 489 461
S N.S N.S N.S

T*Tervina, B«]Braavallich, *■:P<0.05, •**P<0.01.



As n«lth«r sp«ci«s h«ld a growth advantage at Braavalllch or Tarvina, 
or in tha littoral sites away from tha fish farms the data within each 
was pooled. The growth of the two species at the littoral and fish farm 
site in 1987 and 1988 was then tested.

In the 23 brown trout conparisms made in 1987 between the fish farm 
and littoral habitats those caught tn the littoral zone were larger on 
12 occasions, 2 of which were statistically significant. (P<0.05) and 
(P<0.01), and at the fish farms they were larger on 10 occasions, one 
of which was significant (P<0.05). In the remaining one the fish in the 
two habitats had the same mean length (Tables 3.18). in the 10 
coRparisons made in 1988 those caught at the fish farms were larger on 
6 occasions, one of which was significant (P<0.01), at the fish farms 
they were larger on 4 occasions none of which were significant (Table
3.19) .

In the 10 rainbow trout comparisons made in 1987 between the littoral 
and farm habitats those caught in the littoral habitat were larger on 
€ occasions one of which was significant (P<0.05), and in the rmaining 
4 there was better growth at the fish farm habitat, none of which were 
significant (Tables 3.20 & 3.21). In the 8 conparlsons made in 1988, 
best growth was achieved in each habitat on 4 occasions, none of which 
were significant.

In conclusion, there was no consistent significant size difference in 
either species caught in either habitat.





Tstele 3.20 A co«p*ri«on of th* *esn longth (mm) of rainbow 
trout in ago olassaa 04>>3<» caught in tha flah 
farm and littoral habltata In 1987 by tha Mann 
whitnay taat.

Age Site J/F M/A M/J J/A S/O N/D

0 + FF 187 _ 144 154 128 155
L - - ■

1 + FF 255 229 224 250 220 248
L 272 207 - 273 - 305
S N.S N.S N.S

2* FF 323 307 286 328 356 357
L 320 31« - 321 405 384
S N.S N.S N.S N. S N.S

3 + FF 534 477 391 430 504 493
L - 312 - - -
S N.S

FF» Fish Farm, L»Littoral, N.S-Not Significant, *»P<0.05

Tnbla 3.21 A coaparlaon of tha maan langth (na) o£ ralnbow 
trout In aga olaaaaa 04'3^ caught in tha flah 
farm and littoral habltata In 1988 by tha Mann 
whltnay taat.

A g e Site March May July September

0 + FF 157 - - -
L - ■ •

1 + FF 2 2 2 209 199 230
L 194 227 150 -
S N.S N.S N.S

2 + FF 388 327 292 354
L 340 364 327 357
S N.S N.S N.S N.S

3 + FF 464 - - -

L -
FF» Fish Farm, L»Littoral, N.S-Not Significant



3 .4  D l» e u « « l< n i.

3 . 4 . 1  D l a t r l l i u t l o n .

3 . 4 . 1 . 1  i i a s n - t t a i i L .
The eeasonal variation in habitat use shown by brown trout in Loch Awe, 
at and away from the fish farms was similar to that reported in other 
laroe nutrient poor lakes of glacial origin where rainbow trout are not 
found (Dahl. 1917i Allen, 1938j Ball 4 Jones. 1961; Svardson, 1976; 
Haraldstad & Jonsson, 1984; Jonsson 4 Gravom. 1985; Jonsson, 1989; 
Hegge er. al.. 1989). The brown trout overwinter in the littoral zone 
and in the late spring start to move offshore assuming a pelagic 
existence during the summer. There is a suirplus of older female fish 
Involved in this migration. In Loch Awe this was demonstrated by 
examining the pattern of slimmer catches in the pelagic zone and noting 
the surplus of male and younger fish in the littoral zone at this time. 
During the suinner juvenile brown trout move from the nursery streams 
into the loch and in the autumn the pelagic migrants move back onshore 
in preparation for their spawning migration into the loch's tributaries 
in November and December. Also at this time there was a small Increase 
in the catch of adult and juvenile brown trout at the pelagic sites, 
but the reasons for this are unclear.

It is likely that the winter and suinner gill net catches of brown trout 
in the littoral zone were respectively under and overestimated. This 
is due to seasonal variations in water temperature and its effect on 
fish activity. In the winter when it is low fish activity is low and 
in the suiwner when it increases fish activity increases (Swift. 1962). 
As gill nets sanple fish populations passively the likelihood of fish 
capture increases with fish activity, therefore as water temperature 
increases the probability of capture will Increase.

intraspecific segregation of food and habitat by sise/age occurs to
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minimise con^etition (Keast, 1977, Werner. 1977, Mittlebach, 1981) and 
occurs when resources Income limitina (Nilsson, 1967, Pyke -
1977, and wemer et al.. 1981). The intraspecific segregation by 
age/size found in boch Awe was also reported in brown trout by 
Haraldstad a Jonsson (1984), Graven a Jonsson (1985) and Jonsson 
(1989). Similar findings have been described in bluegill sunfish by 
Mittlebach (1981) and Werner K  fli- (1983).

Small juvenile fish find more cover and visual isolation in the 
heterogeneous environment found in the littoral zone (Stuart, 1953). 
Larger fish with fewer predators are free to move offshore exploiting 
the zooplan)cton, pelagic pupae and terrestrial insects that are trapped 
on the water surface. Jonsson a Haraldstad (1984) and Graven a 
Jonsson (1985) explained sexual segregation in terms of foraging 
profitability. Reproductive success in female brown trout Increases 
exponentially with size. As small opportunist male parr have been shown 
to successfully fertilise female eggs oven in the presence of a large 
dominant male there is no size selective pressure on them. Therefore 
it is females that have to maximise their foraging net energy gain by 
moving to the areas of greatest foraging profitability. li)te the open 
water in the suismer (Hinder i. Jonsson, 1982, Haraldstad 4 Jonsson, 1983 
and Jonsson 4 Oravem, 1985). Although sexual maturity occurred earlier 
in male brown trout, and habitat segregation by sex occurred in Loch 
Awe, no difference in male and female growth was observed. Jonsson 
(1989) demonstrated there could also be a genetic component controlling 
the migration of brown trout in la)ces.

------- ealnbow trout.
in Loch Awe rainbow trout were caught in greatest numbers around the 
fish farms, and were only present in small numbers away from them. At 
the farm sites the catch of rainbow trout declined over the summer in
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a similar manner to that described in brown trout, however it was not 
possible to determine the influence of seasonal variation in habitat 
use, and stock losses from the farms in this observation. There low 
catch in the littoral habitat away fr«n the fish farms precluded any 
analysis. Allc^atric populations of rainbow trout elsewhere show a 
preference for pelagic feeding during the summer (Rowe, 1984). May 
(1973) demonstrated that their distribution in the pelagic habitat was 
limited by the 21*C isotherm and as it is unlikely that such 
ten^>erature8 would occur in Britain it is clear that rainbow trout 
could feed freely in the surface waters of Loch Awe. Evidence of this 
is seen in the rainbow trout's quicker use of surface prey when it 
becomes available in the late spring. (See Chapter 4 for a full 
discussion of the rainbow trout's dietary habits).

As with brown trout it is likely that the winter and summer catches of 
rainbow trout in the littoral zone would have been under and 
overestimated respectively.

No attenpt was made to assess the genetic fitness of rainbow trout in 
Loch Awe. However it is highly likely that in common with domesticated 
rainbow trout elsewhere that the Inbreeding associated with hatchery 
prograiranes has reduced their genetic base (Donaldson & Olson, 1957; 
Kincaid, 1976 6 1983; Klupp at al.. 1973). It is also likely that as 
with salmónida elsewhere such breeding programmes have diminished their 
success in the wild (Brauhn 6 Kincaid, 1982; Dwyer 6 Piper, 1984; Flick 
Ct Webster, 1964 6 1976) and possibly even reduced their ability to 
breed.

3 .4 .1.3 Arctic Charge
The two distinct ecological morphs of Arctic charr described by Walker 
at al. (1988) and Gardner at al. (1988) in Loch Rannoch were also found
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in Loch Awe. Electrophoretic analysis demonstrated that the benthic 
morph in Loch Awe were genetically similar to those found in Loch 
Rannoch, but that the pelagic morph were quite different (S. Hartley 
pers. cocnn. ) . Only a small number of the pelagic morph were caught, and 
it was not possible to discern any seasonal pattern in their movements. 
The benthic morph as its name suggests was caught most consistently in 
the benthic sites, although they were also caught at the littoral sites 
particularly in November and December; this coincided with the period 
of their highest mean gonad weight. Exploratory gill netting in 
December 1986 revealed a very high number of benthic charr in spawning 
condition on the bottom in 10-20 m of water. A similar pattern of 
behaviour was described by Walker et al. (1988). However, contrary to 
their findings, this gathering did not occur adjacent to running water 
and occurred slightly later in the year. Further evidence for this 
preference for the deeper littoral zone at this time is seen in the 
higher numbers of benthic charr caught at the deep conpared to shallow 
littoral sites. The only exception to this occurred at the shallow 
littoral site at Hayfield where 17 were caught in November. The 
predominance of males in the littoral sample at this time, and of 
females in the benthic sample agrees with the findings of Johnson 
(1980), who suggested that this could )̂ e due to the males staying 
longer in the vicinity of the redds.

A S  w i t h  b r o w n  t r o u t  i t  i s  l i k e l y  t h a t  t h e  w i n t e r  a n d  s u m m e r  c a t c h e s  o f  

A r c t i c  c h a r r  a t  t h e  l i t t o r a l  a n d  p e l a g i c  s i t e s  w o u l d  h a v e  b e e n  u n d e r  

a n d  o v e r e s t i m a t e d  r e s p e c t i v e l y .  I t  i s  u n l i k e l y  t h a t  s u c h  a n  e f f e c t  

w o u l d  h a v e  o c c u r r e d  a t  t h e  b e n t h i c  s i t e s  a s  t h e  t e m p e r a t u r e  d o e s  n o t  

s h o w  t h e  s a m e  l e v e l  o f  s e a s o n a l  v a r i a t i o n  i n  t h e  d e e p e r  w a t e r  ( T a b l e  

2 . 2) .



3.4.1.4 Mtffb.
The seasonal distribution of porch in Loch Awe is similar to that 
described by Allen (1935) and Craig (1977) in Windermere and by Giles 
a Tippet (1987) in Loch Lomond, where perch moved from their deep water 
winter habitat into the shallow littoral zone in the late spring. Giles 
a Tippet (1987) demonstrated that their migration into shallow water 
coincided with the period of maximum day length, and suggested that it 
was under photoperiod control. Perch are also sexually mature at this 
time, spawning on vegetation in the shallow littoral zone. The small 
number of perch caught at the deep littoral sites is evidence that 
their vertical distribution st this time is very restricted. The 
incomplete migration away from the littoral zone in the autumn, 
presumably to deeper water described by Craig (1977) , was also found 
in the present study with a few individuals being caught at the 
littoral sites between the autumn and December. As with brown trout it 
is IDcely that the winter and summer catches of perch in the littoral 
zone would have been under and overestimated respectively.

3.4.2 Interaetlep betwi m  ritr*^ trout end the MtiT« tilll ■BtgiM*. 
3.4.2.1 »rown trout.
The present study suggests that rainbow trout only have an adverse 
effect on the distribution of brown trout when the rainbow trout ibrown 
trout ratio is very high. At the two fish farms in 1987 the mean 
monthly catch of rainbow trout was significantly higher than the catch 
of brown trout, with more being caught at Tervine than at Braevallich. 
There was no significant difference in the mean monthly catch of brown 
trout between Braevallich and the other littoral sites, however at 
Tervine significantly fewer brown trout were caught than at the other 
littoral sites. There are two possible explanations! it could be due 
to the rainbow trout actively excluding the brown trout from around 
Tervine, or it could be due to there only having ¡seen small numbers of



brown trout around Tarvin« prior to the fish farm being established. 
Evidence collected in April 1989 supports the former hypothesis. In the 
gill netting survey performed to assess the impact of the large escape 
of rainbow trout in February 1989 a mean catch of 7.33 brown trout was 
obtained at three sites within 600m to the east of Tervine. As this was 
only slightly lower than the mean catch at the littoral sites in April 
1987 of 1 0 .6 7 , it is concluded that the rainbow trout excluded brown 
trout from the imnediate vicinity of fish farms when the rainbow trout 
¡brown trout ratio is high.

In the 1988 survey the mean monthly catch of brown trout at Braevallich 
exceeded that of rainbow trout, although the difference was not 
significant. More brown trout were caught in the littoral zone than 
at Braevallich, but the difference was not significant. The reduction 
in the catch of rainbow trout between 1987 and 1988 at Braevallich 
coincided with the site being run more efficiently. Farm records 
indicated that feed conversion rates improved over this period, which 
would result in less uneaten pellets passing through the cages. This 
in turn could make the fish farm a less attractive feeding station for 
the escaped rainbow trout and result in them feeding elsewhere.

At the littoral sites away from the fish farms rainbow trout were only 
caught in small nximbers. The difference was statistically significant 
in both 1987 and 1988. The highly localised nature of their 
distribution was most acparent in 1988, when all of the littoral sites 
were within 600m of the fish farm.

Phillips (1982) dmonstrated that up to 90% of the rainbow trout 
stocked into a loch were attracted at times to within 11m of a feeding 
station. This attraction of fish to cages was also noted by Collins 
(1971), Loycano a Smith (1976), Kllambi et al. (1978) Hays (1980). and



Phillip* at al. (1985) . Contrary to thair findina* thia attraction did 
not extend to Loch Awe'* native species. A partial explanation of this 
is their low utilisation of the uneaten fish farm pellets that pass 
through the cages (see Chapter 4 for a full discussion of this 
subject).

Therefore in Loch Awe it would appear that moderately large losses of 
rainbow trout from the fish farms can be absorbed without adversely 
affecting the distribution of brown trout. It is only when the rainbow 
trout :brown trout ratio rises above a high but undefined threshold 
that it is affected.

3.4.a.a ftnrttT
No evidence was found to suggest that the distribution of the two charr 
morphs was being adversely affected by the presence of rainbow trout 
in Loch Awe. However, if the number of rainbow trout increased 
significantly during a large escape it is likely that the pelagic form 
would suffer more than the benthic one as they would share the pelagic 
habitat with the rainbow trout in the summer. It is unlikely that the 
benthic form would be affected due to the niche segregation that exists 
between them and rainbow trout.

3.4.2.3 Perch.
It is unlikely that the rainbow trout at their present level are having 
an adverse effect on the distribution of perch in Loch Awe. This is 
due to them utilising different habitats throughout the year.

3.4.3 aeeuml eetiiritv.
Loch Awe's indigenous salmonids are all autumn spawners, although the 
Introduced rainbow trout can spawn in the autumn or the spring. The 
gill netting survey revealed that rainbow trout matured in the autumn



(a condition thought to have been developed through hatchery breeding 
programmes) but found no evidence of successful spawning. This is most 
likely explained by the very small numbers of sexually mature male and 
f«iiale rainbow trout found by the survey. The low survival of their 
sperm in acid waters has also been inplicated by Seamans & McMartin 
(1962) in their lack of success in establishing self-sustaining 
populations outside their home range. So long as the fish farmers on 
Loch Awe continue to use all female or triploid stock, the chances of 
a self-sustaining rainbow trout population being established will 
remain at its current low level. However if rainbow trout were to start 
spawning and their progeny survived it is possible that with their 
faster growth rate they could adversely affect Loch Awe's indigenous 
species.

3.4.4 growths
The grovith of brown trout in Loch Awe is comparable with that from 
other Scottish freshwater lochs of a similar nutrient status as 
reported by Campbell (1971) . 'Typically their mean annual instantaneous 
growth rate is high during the first year, and declines throughout the 
remainder of their life. When the young fish enter the loch there is 
a check in the decline of their mean annual instantaneous growth rate 
(Figures 3.43 t 3.44). 'There was no discernable reduction in the growth 
rate of rainbow trout after they had escaped from the cages, in 
agreement with the findings of Phillips (1982). After escaping many 
rainbow trout remain near the cages and feed heavily on uneaten pellets 
that pass through them. Beveridge (1984) estimated that 5-30% of the 
pallets fed to fish can pass through the cages uneaten, when the growth 
of feral rainbow trout in Loch Awe is compared with their growth in 
north America it is seen to be similar to the high levels recorded in 
some waters. There are two principal reasons for this. The stock used 
in fish farms are selected for a fast growth rate, and they have been



f®d a high protain diat to aatiation throughout their lives. It is 
also evident that the domesticated stock die at an earlier age than 
those in wild populations. In the present study no rainbow trout older 
than 3+ were found, whereas elsewhere fish aged 7+ and older are 
caught. The shorter life expectancy in Loch Awe's rainbow trout maybe 
due to the selective breeding programmes in the aquaculture industry.

Fish farming has the potential to increase the nutrient status of a 
water body (Phillips et al. , 1985) . The nutrient loading comes in the 
form of excreta, egesta, mucus, scales, mortalities and uneaten pellets 
(Beveridge, 1984). Kllambi et al. (1978), Forbes (1981) and Phillips 
et al. (1985) have all reported that increased nutrient loading from 
fish farming has resulted in increased fish growth. While Munro 
(1961), Mills (1985) and Hyatt a Stockner (1985) recorded a similar 
response in brown trout, coregonid and Pacific salmon growth simply by 
adding fertilisers to lakes as a fishery management tool to boost 
productivity. In the case of fish farming growth of native fish can 
also i>e inproved by direct feeding on the uneaten pellets. Evidence 
of this behaviour has been recorded in brown trout by Phillips (1982) 
and De Rocha a Mills (1984), and to a limited extent in the present 
study, but in this case without any effect on growth; and in rainbow 
trout by Forbes (1981), Phillips (1982), and Flores-Nava (1983); and 
again in the present study.

It is not possible to compare the present water quality and fish growth 
in the loch, with that prior to the start of fish farming in 1968. 
However it is possible to determine if there is any difference in fish 
growth at and away from the fish cages. Neither brown trout nor rainbow 
trout showed a consistent growth advantage or disadvantage at or away 
from the cages. Suggesting that the differences in water quality were 
insufficient to improve fish growth. The lack of a consistent



^ifferenc« in •ithsr specltts growth in the two habitats also confirms 
that the high rainbow trout ;brown trout ratio at the cages has no 
adverse effect on brown trout growth; and that the low rainbow trout 
thrown trout ratio in the littoral zone has no adverse effect on 
rainbow trout growth.

Further evidence of this is seen when the growth rate of brown trout 
is coit^ared between Tervine and Braevallich. If rainbow trout were 
having a serious effect on the brown trout's growth one would expect 
it to Joe most apparent at Tervine where the rainbow trout thrown trout 
ratio is considerably higher than it is elsewhere in the loch. However 
the results show that in 5 of the 6 conparisons possible better growth 

recorded at Tervine, although none of the differences were 
significant. This is further evidence that fish growth is not affected 
by the spatial variation in water quality. The loch's nutrient status 
increases in a NE-SW direction, but no consistent difference was seen 
in brown trout growth between Hayfield, Ballimeanoch and Port 
Innisherrich. There are two possible explanations for this anomaly. 
Either the spatial differences in nutrient status are insufficient to 
stimulate fish growth; or contrary to the findings of Tytler & Holliday 
(1984) brown trout do not maintain a station and remain in that area, 
but instead move throughout the whole loch. They would therefore be 
unli)cely to reflect the spatial variations in nutrient loading in their 
growth. As the study did not include any tagging studies it is not 
possible to conment further on the latter possibility. The significant 
difference recorded in brown trout growth in Loch Charn (Phillips sL. 
Al., 1985) was due to a 15 fold increase in the dissolved reactive 
phosphorus concentration (the limiting factor in production in most 
Scottish freshwater lochs) after the start of fish farming, in Loch 
Awe, the difference in the dissolved reactive phosphorus concentration 
between the north and south ends was only 1-3 mg\l. It is therefore



unlikely that this would produce a detectable difference in fish 
growth.

3 .4 . 5  R e a ch .
One roach was caught during a preliminary netting survey in September 
1986 in a bay just to the south of Mayfield at NGR NN 073 230, and 
there was also some anecdotal evidence that they had been caught by 
anglers in small numbers in 1987 and 1988. This is a concern as it has 
demonstrated in Ireland kv Fitzmaurice (1981) that they can expand 
their range rapidly, due to their very high rate of fecundity (Mann, 
1973) . Roach generally feed on detritus, but they have also been shown 
to have prey in common with brown trout. In some Irish lochs they are 
caught on a regular basis by fly fishermen, and as such are considered 
a great nuisance (Fahy, 1989). At present they are only a potential 
threat to the brown trout fishery on Loch Awe, but if they were to 
realise their full breeding potential, it is possible that they could 
pose a real threat to trout fishing on the loch. It is generally 
accepted that such introductions of coarse fish arise fr«n pike anglers 
disposing of live bait at the end of their day's fishing.

To sumnarise, the distribution of rainbow trout in Loch Awe was highly 
localised with large numbers only being caught around the fish farms. 
It was only around the farm at Tervine that their density exceeded the 
high but unguantified threshold, that caused the distrikxjtion of the 
brown trout to be affected. There was no evidence of the other species 
distribution being affected, and on a few of occasions there was 
evidence that the cages may even act as an attractant for benthic 
Arctic charr and perch, but no mechanism could be found to explain this 
behaviour. Roach were recorded in the loch for the first time.

Sexually mature rainbow trout were only found in the autumn, with only
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2.9% of the males and 5.0% of females caught in 1987 being in this 
condition.

T h e  g r o w t h  o f  b r o w n  t r o u t  w a s  c m r p a r a b l e  w i t h  t h a t  f r « n  o t h e r  l a r g e  

S c o t t i s h  f r e s h w a t e r  l o c h s ;  a n d  t h e  g r o w t h  o f  r a i n b o w  t r o u t  w a s  s i m i l a r  

t o  t h a t  r e c o r d e d  i n  s o m e  n o r t h  A m e r i c a n  w a t e r s ,  a n d  h i g h e r  t h a n  t h e  

b r o w n  t r o u t  i n  t h e  l o c h .  N e i t h e r  s p e c i e s  h a d  a  c o n s i s t e n t  g r o w t h  

a d v a n t a g e  a t  o r  a w a y  f r o m  t h e  f i s h  f a r m s .  R a i n b o w  t r o u t  i n  L o c h  A w e  h a d  

a  s h o r t e r  l i f e  e x p e c t a n c y  t h a n  i s  n o r m a l l y  f o u n d  i n  w i l d  p o p u l a t i o n s .
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IntrodttCtlt»
An organism raquiras the use of a set of resources in order to survive. 
In an established cotwnunity the species show a degree of niche 
divergence, this variation in resource utilisation facilitates their 
co-existence. The relationship that exists between species is dynamic, 
changing throughout their life cycle. It has been shown mathematically 
and d«nonstrated in nature (Brian, 1956) that two organisms cannot 
continue to utilise an essential conwnon resources that is in limited 
supply. This situation results in either one of the species being 
excluded from the habitat, or one of them utilising another resource, 
an idea fully discussed by Nilsson (1967) who outlined such a 
relationship between Arctic charr and brown trout (Nilsson, 1955; 1960; 
1963; 1965).

This phenomenon is most readily observed in fish in their feeding 
relationships with other species. Such feeding niche divergence has 
been widely reported between fish species e.g. cutthroat trout 
Qneorhvnehu« elarkii (Richardson) and bull trout Salvelinus malma 
(walbaum) by Andrusak fc Northcote (1971), Schütz 6 Northcote (1972), 
and Hindar et a l. (1988); rainbow trout and cutthroat trout by Nilsson 
k Northcote (1981); blue gill sunfish, pumpkinseed sunflsh LeD<xnis 
Qibbosus (L.) and green sunfish Lepomis cvanellus Rafinesgue by Werner 
k Hall (1976).

If an exotic species is released into a habitat the effect on the 
established feeding relationships can be profound. In the present study 
the feeding behaviour of the major fish species in Loch Awe after the 
introduction of rainbow trout is examined, with particular attention 
being placed on its impact on brown trout.



4 .a Mathoda
4.a.l rl«h u»«d In th« «tudy.
Flsh collected in the 1987 and 1988 gill netting surveys, and from the 
1987 angling cnrpetitions were used in the study. The 1987 gill 
netting data was pooled into consecutive two monthly periods, and the 
1987 angling competition data and the 1988 gill netting data was 
assessed on a monthly basis. The habitat descriptions, and the number 
of fish caught in each one are given in Tables 4.1*4.5.

«•»■a Fl«h DrQCMjIna.
The alimentary tract from the oesophagus to the constriction just 
before the pyloric caecae was used in the analysis. It was removed 
shortly after the catch was landed and stored in 10% formalin. The 
st^nach contents were dissected from the stomachs and analysed in the 
laboratory using a dissection and compound microscope, with 
identification of the prey being made to species where possible. For 
each stomach the presence or absence of food, the stomach fullness 
index (Ball, 1961; see Table 4.6) and the volume of food was recorded.

Distended st^iachs containing no food were also recorded. According to 
Treasurer (1988) this state Is characteristic of the stomach after 
regurgitation. Although his work was based on perch and pl)ce the same 
phen^nenon was observed in salmonlds in the present study, and was 
therefore used to measure the occurrence of regurgitation.

4.a.a v«rl«tioii in di«t
In 1987 the stomachs of all fish caught were examined, and in 1988 a 
maximum of ten brown trout and rainbow trout were examined from each 
site.

The diet exposition of each species in each sampling period in each
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Tabi« 4.1 Th« fi«b fax»/ littoral« palagio« and banthic aitas 
aaavlad in tba 1907 gill natting aurray.

Habitat
Fish Farm

Pelagic

Daaoription sitaa
Littoral areas at Tervine, Braevallich
the fish farms.
Littoral areas away Hayfield littoral« Coillaig
from fish farms. shallow and deep littoral«

Ballimeanoch shallow and deep 
littoral« Port Innisherrich 
littoral.

Surface water away 
from the littoral 
zone.
Benthic areas in 
>40m of water.

Hayfield pelagic« Port 
Znnisherrich pelagic.

Hayfield benthic« Port 
Innisherrich benthic.



T m b l m 4.a Th* total nuaibar, tha nuabar of aapty, and tha nuabar 
of atoaaoba containing food aaaiplad in 19t7# split 

I into apaoiaa« habitat and tha oonaacutiva two aonth
I parioda in which thay wara caught.

T w o  M o n t h  P e r i o d
J/F M/A M/J J/A S/O N/D

R T T 89 37 75 41 72 103
E 38 6 25 12 18 26
F 51 31 50 29 54 77

BT T 19 19 27 _ 13 6
E 8 6 6 - 7 2
F 11 13 21 - 6 4

PE T _ 16 28 5
E _ - 0 7 2 -

F - - 16 21 3 ■
BC T 5 _ _ _ - 2

E 2 • - - - 1
F 3 - - - - 1

PC T _ _ _ 1 2 -

E _ _ - 0 1 -

F - - 1 1 -
S T _ _ 7 5 4

E _ _ - 3 1 2
F - - - 4 4 2

RT T 17 16 _ 5 5 11
E 4 4 - 0 1 4
F 13 12 - 5 4 7

BT T 108 78 16 9 35 64
E 35 11 2 0 1 4
F 73 67 14 9 25 28

PE T _ 19 50 31 -

E - • 3 7 2 -
F - - 16 43 29 -

BC T 11 _ 2 _ 4 74
E 2 _ 2 - 3 71
F 8 - 0 - 1 3



nbl* 4.3 oontlnuad.
Two Month Period

J/F M/A M/J J/A S/0 N/D
T • 3 - 1 -
E _ - 0 - 0 -
F - - 3 - 1 •
T _ _ _ - - 4
E . - - - 2
F - - - - - 2

T 2 1 _ _ 1 _
E 2 0 - - 1 -
F 0 1 “ - 0 “
T 1 _ _ 14 3 8
B 1 _ - 3 1 6
F 0 - - 11 2 2

T _ 2 8 2 3
E _ - 0 4 1 2
F - ■- 2 4 1 1

T 1 _ 1 _ 2 2
E 1 - 0 - 1 2
F 0 - 1 - 1 0

T 12 14 8 44 50 29
E 2 1 1 9 18 22
F 10 13 9 35 32 7

FF.Fish farm, L«Littoral, P-Pelagic, B»Benthic, RT-Rainbow trout, 
BT-Brown trout, P-Perch, BC»Benthic charr, PC-Pelagic charr, S- 
Salmon, T-Total, E-Empty, F-Containa food



T«bl« 4.9 T h m  total miabor, tlio miabor of and tha niunbar
of atoMCha containing food In tha aaapla of rod 
caught brown rain)»ow trout in tha angling

atitiona in April« May and J\ma 1947 •

Brovm trout

Rainbow trout

April May June
T 23 67 6
E 0 2 0
F 23 65 6
T 8 19 9
E 0 3 0
F 8 16 9

Tabla 4.4 Tha fiah farm and littoral aitaa aamplad in 1988.
Habitat Description Sites
Fish farm

Littoral

Littoral area at 
Braevallich.
Littoral area away 
from Braevallich

Braevallich

N2. N3, N4. N5 and N6

Tabla 4.S Tba total numbar« tha nuabar of empty« and tha nuabar 
of atomaeha containing food samplad in 1988« split 
into apaciaa« habitat and thair month of captura.

Habitat Species No
March May July September

FF RT T 6 5 9 10
E 1 1 1 3
F 5 4 8 7

BT T 3 10 8 2
E 0 1 1 1
F 3 9 7 1

L RT T 9 3 4 7
E 0 0 2 0
F 9 3 2 7

BT T 62 45 28 32
E 6 10 0 16
F 56 35 28 16

FF-Fish farm. L-Littoral, RT-Rainbow trout,
BT-Brown trout. T-•Total, E-Empty, F-Contains food



Tabl« 4.C TIM PulliMSS inOmx ua^d la tba dlat analyaia.

State of Stomach 
Bnpty 
1/4 Full 
1/2 Full 
3/4 Full 
Full
Distended

Points
0

1
2

3
4
5



habitat was axpreaaed as percantaga occurranca, parcentaga number and 
parcantaga volume. It was necessary to use all three to avoid the 
conceptual Inadequacies that each on their own suffers which can bias 
the results (Hysl^. 1980). The occurrence of each prey item was 
expressed as a percentage of the stomachs examined and the volume and 
numbers as a percentage of their respective totals.

Volumes were measured by the displacement of water In a series of 
measuring cylinders (5ml - 1 litre). Smaller prey items were measured 
in 1 and 2ml syringes. The volumes used in the analysis are those 
measured from the stomachs and do not represent any reconstructions 
from partially digested prey. Before being measured each item (where 
possible) was dried on a tissue paper to remove surface moisture. The 
data is described to the species level« and in the following broader 
prey categories: Molluscs, Peracarida, aquatic insects, pelagic pupae, 
zooplan)cton, fish, aerial insects, fish farm pellets, ground bait and 
miscellaneous. The ground bait category included maggots, sweet corn 
and large earth worms, obviously of terrestrial origin, which are 
thrown into the water by anglers to attract fish. The miscellaneous 
category included vegetation, stones, cigarette filters and fish eggs.

Overlap in the diets of brotm trout and rainbow trout caught at the 
fish farm and littoral habitats in each of the data sets was assessed 
by calculating Schoener's (1970) overlap index. The calculation was 
based on percent volume of the broader prey categories described above.

^  «1-0.5(rtX.\P>«i-pyi| )
where,
pxl ■ pr^>ortion of species i in the diet of species x, 
pyi ■ proportion of species 1 in the diet of species y, 
and n « number of food categories.

64



Schoener'8 Index was used in preference to others available, as reviews 
by Wallace (1981) and Linton et al. (1981) demonstrated that it suffers 
from less inadequacies than others that are available. In particular 
Linton et al. (1981) demonstrated that Schooner's Index estimated 
overlap most adequately over the majority of the potential range.

In the diet analysis the excessive contribution of some large prey 
items would have been reduced had the average volume percentage been 
calculated, however familiarity with the data set as it was calculated 
prevented the bias that such items introduced being misinterpreted.

4.2.4 Food availability.
In 1987 it had been intended to assess food availability in the loch, 
however pilot studies on the littoral benthos and zooplan)cton 
demonstrated that too many samples would have to be collected in order 
to provide representative sanples. The sampling intensity required for 
each species was assessed using the formula described by (Elliott. 
1977)X 
where.

n » required number of sairples. 
ŝ  « variance,
D « ratio of standard error to the mean, 
and. X m mean.
In the above D«0.2 (20%)

The results for littoral invertebrates and zooplanicton are given in 
Tables 4.7 4 4.8 respectively.

Sanples w r m  collected as it was thought that they would provide useful







information on general trends in prey abundance. The results are not 
presented but they are available from the author on request. Littoral 
invertebrates %<ere collected by lifting stones from a 0.25m* q^iadrat 
for 2 minutes and removing any invertebrates on them. A shortage of 
manpower meant that more representative saunples collected by a 
Freshwater Biological Association air lift sampler could not be 
attempted, zooplankton were sampled using a zooplankton net, diameter 
SOOitm, mesh size 125 \m. The sampling schedules for littoral 
invertebrates and zoc^lankton are given in Tables 4.9 & 4.10 
respect ively.

4 . 2 . 5

Variation in the percentage of brown trout and rainbow trout with empty 
stomachs caught in each sampling period in the littoral and fish farm 
habitats and the angling competitions in 1987 was compared by the non 
parametric Kruskal-wallis test.

4 . 2 . 5 . 2  A n « l « l «  o t  t h «  « . u M t l t y  o f  to o d  CO M U — A .,

The mean fullness Index (MFI) was calculated for each species caught 
in the gill netting survey and for brown trout and rainbow trout caught 
In angling competitions in 1987. This was plotted to show seasonal 
variation in food consumption. In 1988 the KFI was only calculated for 
brown trout and rainbow trout.

The mean volume per stomach <MVS) was calculated for rainbow trout and 
brown trout caught at the fish farm and littoral sites in 4 length 
classes: 0-199mm, 200-299iran, 300-399mm and 400mm4>. This approach
removed any bias due to samples containing fish of different sizes. 
Length classes were preferred to age classes as brown and rainbow trout
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Tabi« 4.9 Th« miab«r of a«oroinv«rt«br«t« ««api«« coll«ct«d «t 
•«oh «it« in 1997•

Month T«r May Coll Bai Port Brae 
January - - - - - -
February 4 4 4 4 4 4  
March - - - - - -
J^ril - - - - - -
May 4 4 4 4 4 4
June 4 4 4 4 4 4
July 3 4 3 4 4 4
August 4 4 4 4 4 4  
SeptenODer 4 4 4 4 4 4
October 4 4 4 - - -
November 4 4 4 4 4 4  
December 4 4 4 - - -
TersTervine, Hay>Hay£ield Littoral, Coil«Coillaig Littoral, 
BalsBallimeanoch littoral, Port«Port Innisherrich Littoral, 
Brae«Braevallich





hav« different growth rates (See Chapter 3)« and It is size rather 
than age that determines food intake. CcmiparIsons were made between 
species and within habitats; and within species between habitats by one 
way analysis of variance (ANOVA). When the data failed to meet the 
pre-requisites of the test a log (100.x) transformation was performed 
(Sokal a Rholf. 1981) to normalise the data« and when it failed to do 
so« the non parametric Mann Whitney test was used Instead.

The same comparison was made between brown trout and rainbow trout 
caught in angling competitions« with a further test being made to 
determine if there was any difference in the volume of food consumed 
by fish caught in gill nets and by angling.



4.3 » « u l f
4.3.1 i>4«.-
4.3.1.1 fMlffMl diat of fi«h ought in th> 19t7

»ill n«ttlng marrUY.
A d«tall«d dascriptlon of the diet of all fish species in each habitat 
is given in J4 >pendix 1 by percent occurrence, number and volume; a 
breakdovm by broader prey groups as percent volxime is presented in 
Figures 4.1-4.12.

Brown trout littoral.
The diet of brown trout in the littoral zone comprised a wide variety 
of conventional trout prey. Insect nymphs, Peracarida (large 
Crustacea), Molluscs, zooplanicton, aerial insects and pelagic pupae, 
with a small amoxint of non-convent Iona 1 items such as stones and 
vegetation also being consumed. Their feeding behaviour can be divided 
into two distinct periods. In winter/spring the diet is almost 
exclusively based on bottom-living prey whereas in the summer/autumn 
prey found in the surface/pelagic zone predominates. However a small 
amount of bottMn-dwelling prey was retained in the diet throughout the 
sumner (Figure 4.1).

In January/February the brown trout diet was almost exclusively based 
on bottom-living invertebrates. The most important group were the 
Peracarida, of «dilch Gammarus lacustris Sars occurred in 21.8% of 
stomachs (% occ) and contributed 9.9% to the total volume (% vol), and 
Asellus aouaticua (L.) which occurred in 47.3% (% occ.) of the stomachs 
and made up 47.3% of the volume (% vol.) (Appendix 1). Insect 
nymphs/larvae wmrm the next most inportant group with Plecoptera, 
Ephemeroptera, Coleoptera, Trichoptera and Dlptera all being consumed. 
No single order of Insects made a greater contribution to the diet than 
any other. A limited range of Mollusca were consumed in small
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quantities« the most In^rtant being Lvmnaea oereora (Muller) and Phvsa 
tontlnallB <L.).

In March/April the majority of the brown trout diet still comprised 
bottom-dwelling prey, however a small amount of surface/pelagic prey 
was also eaten. (Figure 4.1 a J^pendlx 1). The three main groups 
Molluscs. Peracarlda and the Insect nymphs/larvae retained their order 
of importance, but the amount of Insects consumed increased at the 
expense of the Peracarlda. This Increase could be related to the 
Increased levels of activity found in insect nymphs and larvae at this 
time (Llllehammer. 1973). associated with their preparations prior to 
emergence (Ball. 1961). The broadening of the diet to include 
surface/pelagic prey coincided with the start of the main flying period 
for adult Insects. An unidentified Daphniidae (most likely Daohnia 
hvallna Leydlg) was the species of zooplankton eaten, the deconposed 
state of the individuals prevented a more precise identification. The 
pelagic pupae Included unidentified Chlronomidae. Tanypodinae and 
Orthocladlus sp. and the aerial insects included Diptera. Psocoptera 
and Hymenoptera. Aerial Insects get trapped on the water surface and 
become concentrated along foam lines that develop on the water surface 
parallel to the shore in strong winds (Norlin. 1967). This 
concentratl<x) provides a ready supply of food for trout that are 
surface feeding.

In May/June the diet of brown trout was in transition from winter to 
suiTiner feeding mode with bottom-dwelling and surface/pelagic prey both 
contributing to their diet (Figure 4.1 and Appendix 1). In terms of 
volume the importance of fish is probably overstated and by implication 
the importance of the other categories is understated, in the bottom- 
dwelling component L. oereara was the only Mollusca eaten (% occ 26.6 
and % vol 9.8). In the Peracarida a . aouaticus were consximed in
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greatest quantities (% occ 13.3, % vol 3.1), with G. lacustrls l̂ eing 
less liiportant. The Trlchoptera larvae Serlcostoma personatum (Spence) 
was the most lnc>ortant Insect larvae In their diet (% occ 13.3 and % 
vol 3.0). Of the surface/pelaglc prey consumed aerial Insects were the 
most lnc>ortant. Díptera (% occ 26.7, % vol 2.3) and Hymenoptera (% occ 
20.0, % vol 3.6) were consumed In the largest quantities with small 
amounts of Ephemeroptera, Hemlptera and Coleóptera also k>elng eaten 
(Appendix 1). D.hvalina and Bvthotrephea lonalmanus Leydig were the 
principal species of zo^lankton eaten, with small amounts of 
Orthocladius sp. and Macrooeloola sp. pupae also being consumed. The 
change in feeding behaviour is driven by the change In food 
availability at this time of the year.

In July/August their diet was split between surface/pelaglc and bottom
dwelling prey, with the former ):>elng the most inportant. The 
surface/pelaglc c^iponent comprised zooplan)cton, aerial Insects and 
pelagic pupae, In that order of Importance (Figure 4.1). B. lonoimanus 
made the largest CMitrlbutlon of any species (% occ 44 and % vol 50.4), 
but Eurvcercus lamellatus Muller and D.hvalina were also present in 
smaller quantities (Appendix 1). The contribution of zooplan)cton to 
the diet was greatest when It had passed Its period of maximum 
a)^ndance In the late spring. The volume of aerial insects In the diet 
was low at 3.6%, due possibly to the poor weather conditions prior to 
netting which depressed the activity of flying Insects. The pelagic 
p\^ae represented by an unidentified Trlchoptera only made a small 
contribution to the diet (Figure 4.1). The bottom-dwelling prey largely 
comprised Peracarida with smaller amounts of Molluscs and Insect nymphs 
also being eaten. The higher than expected contribution of the 
Peracarida was mostly of A. aouatlcus (% occ 55.6, % vol 24.7). The 
appearance of Ephemeral la ianlta (Poda) In the diet coincided with the 
period just prior to Its emergence. The rmnalnder of the Insect
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component comprised larval and adult stages of Coleóptera and 
Trlchoptera larvae. Mollusca were represented in small numbers by Xu. 
oereara. Potamoovrous ienklnsl (Smith) and Ancvlus fluvlatllls Muller 
(Appendix 1) .

In September/October the brown trout diet appeared to be dominated fcy 
Mollusca, however the results were strongly biased by the stomach 
contents of one fish. This stomach contained considerably more food 
than any of the other brown trout examined in the study, it was highly 
distended and contained only l . oereora and P. fontinalis (Appendix 1) . 
If the stomach contents of this unrepresentative fish are excluded from 
the calculations, it is clear that the overall diet was still dominated 
by surface/pelaglc prey. Unlike the previous two month period no 
pelagic pupae were present in this sample (Figure 4.1). In all other 
respects the diet was similar, B. longimanus being the most important 
species (% occ 23.5, % vol 6.6%), and the aerial insects being 
comprised of Díptera, Hymenoptera and Ephemeroptera. The inportance and 
diversity of the insect nynph and larvae conponent increased at this 
time. No preference was shown among the macro-invertebrates consumed. 
Mollusca consumed included L. peregra. P. fontinalis and Planorbis 
contort us (L.) . The Peracarida were less important than in previous 
periods, however Gammarus pulex (L.) was eaten as well as the two more 
common species G. lacustris and A. aouaticus (Figure 4.1) .

By November/E>ecember the diet of brown trout was dominated by littoral 
macroinvertebrates, as occurred in January/February, although small 
amounts of zooplankton and aerial insects were also consumed. In the 
miscellaneous category, fish eggs and vegetation were eaten (Figure 
4.1). In the littoral invertebrate component the insect nymphs and 
larvae, and the Peracarida were of equal importance with the Mollusca 
being less important. Trichoptera made the largest contribution to
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their diet in the insect category, Lepidostcana hlrtxan (Pabricius) (% 
occ 14.7, % vol 10.7%), and L. pereora were the Mollusca consumed in 
greatest quantities, with smaller amounts of P. fontinalis, Planorbis
laevis Alder, Valvata cristata Muller, __-ienjcinsi and Plgidlum
obtusale (Lamarck) also being eaten (Appendix 1).

Brown fcreut-fleh fame.
The diet of brown trout at the fish farms largely con^rised 
conventional trout prey, and the seasonal variation described in the 
littoral zone was again as^arent. However in a few of the sanpling 
periods the results were strongly biased by a few individual brown 
trout feeding heavily on unconventional prey items (Appendix 1 & Figure 
4.2) .

In January/Pebruary the conventional component was dominated by 
Mollusca, P. fontinalis (% occ 17.7, % vol 20.3) and L. pereora (% occ
29.4, % vol 7.7), with smaller amounts of other species also eaten 
(Appendix 1). Peracarlda were only represented by G. lacustris {% occ
17.4. % vol), no A. aouatlcus being consumed by brown trout caught in 
any of the sampling periods at the fish farms. This was surprising as 
A.aouaticus are often associated with light organic enrichment (Moss, 
1980), which can be found around fish farms. The remainder of the 
conventional component included the nynphs and larvae of aquatic 
insects, (% vol 2.7) (i^pendix 1). By volume, non-conventional prey 
appear to be the most important source of food for brown trout feeding 
close to the cages. Ho%^ver, the occurrence shows that they are only 
found in a few stomachs, and are therefore less Important on a 
population Isasls (Appendix 1) . In this category, fish eggs, vegetation, 
and fish farm pellets were all consumed. The most likely source of 
eggs was from sexually mature rainbow trout in the cages. The cages are 
also the most likely source of the fish farm pellets.
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in March/Aprll th«ir dl*t was still dominated by littoral invertebrates 
(Figure 4.2). There was a rise in the iirportance of insect nynqphs and 
a decline in the iiroortance of Mollusca and Peracarida. In particular 
Anabolia nervosa Curtis (% occ 22.2, % vol 35.9) made a significant 
contribution to their diet (Appendix 1). The unidentified Chironomidae 
pupae eaten by one fish was the first sign of their surnner/autumn 
feeding behaviour.

By May/June the shift in feeding behaviour from winter to summer was 
almost coiqplete. The majority of conventional prey was obtained from 
the surface/pelagic zone but a small pr<^ortion of Joottom-dwelling prey 
was retained in their diet. In common with earlier samples there was 
a large volume of fish farm pellets in the diet« but they were only 
eaten by a few individuals, so once again they are less important in 
terms of the whole population than they first appear (^pendix 1 and 
Figure 4.2). Pelagic pupae and aerial insects were consumed in the 
surface/pelagic zone, with the former being the most important. 
Unidentified pxipae of Chironomidae and Trichoptera. and adult Diptera. 
Psocoptera. Hymen^tera and Trichoptera were all eaten. The bottom* 
dwelling component comprised Insect larvae and Mollusca, with the 
former only being half as important as they had been in the previous 
sampling period. Ground bait occurred in the stomach of one fish. This 
item is more c^rmonly found in the stmiachs of fish caught aroxmd the 
cages than those in the littoral zone. A small amount of vegetation was 
also eaten. No brown trout were caught at the fish farms in 
July/August.

In September/October bro%m trout vwre only caught at Braevallich. They 
had been feeding almost exclusively on prey associated with the 
surface/pelagic zone, however small amounts of bottom*dwelllng 
Invertebrates and ground bait vrere also eaten (Figure 4.2).
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ZooplanktMi, aerial insects and pelagic pupae were all consumed, with 
the former being the most important. The zooplankton was largely made 
up of an unidentified Daphniidae (probably D. hvalina). The aerial 
cor^nent (% vol 15.2) comprised unidentified Diptera, and a 
caterpillar, which presumably fell from overhanging vegetation. Of less 
inportance viere the unidentified Trlchoptera and Chlronomidae pupae (t 
vol 2.1) . All of the laottom-dwelllng categories were present, but only 
in trace amounts. The importance of ground bait in terms of volume was 
overstated as it only occurred in one stomach and consisted of four 
large terrestrial earthworms (Appendix 1).

In November/December the sample was very small (n«4) and was again 
restricted to Braevallich. Their diet had narro%«ed to the winter/spring 
faedlng mode, with Mollusca, Insect nymphs and fish eggs all being 
eaten. In terms of volume and number the diet was dominated by fish 
eggs, however in terms of occurrence they are no more important than 
other prey items. The source of eggs is unclear, but could have come 
f r ^  sexually mature rainbow trout in the cages or from brown trout or 
charr spawning in the loch or in one of its tributaries (Figure 4.2 and 
Appendix 1).

Brown trout•pelegle sone.
The stMnach samples that contained food were restricted to July/August, 
September/October and November/DecenUser. The diet was almost entirely 
based on zooplankton except in July/August when a few other 
surface/pelagic prey were also consumed (Appendix 1 6 Figure 4.3).

In July/August B. lonoimanus and D. hvalina were consumed in the 
greatest quantities, with a small amount of Lentodora kindti (Focke) 
also being eaten. Unidentified Diptera adults and Chironomldae larvae 
were also consximed in small amounts, in September/Octoiser and
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November/Decttmb«r their diet was restricted to b . lonolmanus and 
kindtl (Appendix 1).

Keinbofir trout littoral sone.
Rainbow trout consumed a higher proportion of non-conventlonal prey 
than brown trout. Most of these Items were of limited nutritional 
value. The conventional portion of their diet followed a similar 
pattern to brown trout but was consumed in smaller (quantities (Appendix 
1 a Figure 4.4)

January/February was very typical of the non-convent ional diet. It 
included vegetation, stones, a cigarette filter and fish farm pellets, 
with vegetation being most important <% occ 33.3, % vol 37.7) (^pendix 
1). The similarity of the cigarette filter's shape to a fish farm 
pellet may explain its inclusion in the diet. The fish with pellets 
in its stomach was caught at Port Innisherrich which was the furthest 
distance away from the cages that such a fish was caught. The distance 
)3etween Braevalllch (the closest farm) and Port Innisherrich Is well 
within the daily swimming capability of salmónida (Holliday et al.. 
1974; Phillips. 1982). It is therefore possible that the fish could 
have fed on pellets at Braevallich and have Iseen caught at Port 
Innisherrich. Rainbow trout consumed far lower (quantities of 
conventional prey than brown trout in the seune habitat at this time, 
but in cornmon with them, Peracarida. insect nymphs and Mollusca were 
eaten. A. aouaticua was consumed in the largest quantities (% occ 16.7, 
% vol 1.4) (^)pendlx 1).

In March/April their diet was dominated by ground bait and 
miscellaneous prey items with small amoxints of Peracarida and insect 
nymphs/larvae also being eaten (Figure 4.4). Although ground isalt 
dominated the diet in terms of volume (73.4%) it was only found in two

75



stomach«, wharaas the miscellaneous category (stones and vegetation) 
was found in six stomachs, but only contributed 21.8% in terms of 
volume. It is clear that fish feeding on the maggots and sweet corn 
had foxxnd it in si^^r abxindance and gorged themselves on it, accounting 
for its high volume to occurrence ratio (Appendix 1). Rainbow trout 
may be attracted to maggots because of their similarity to fish farm 
pellets as they pass through the water column, this being one of the 
few food search images that they have learned in the cages prior to 
their escape. The bright yellow colour of sweet corn may ma)ce it 
particularly conspicuous. No rainbow trout were caught in the littoral 
zone in May/June.

In July/August there was a mar)ced shift in the rainbow trout's feeding 
behaviour from non-conventional to conventional prey. within the 
surface/pelagic category they fed most heavily on aerial insects (% vol 
65.2), withDiptera, Cole<^tera, Hemiptera, Plecoptera, Hymenoptera and 
Trichoptera all being consumed. Only two species of zooplan)cton were 
eaten b . lonoimanua and D. hvalina (% vol 20.6). The pelagic pupae 
wcfe represented by an unidentified Chironomidae, and the bottom
dwelling invertebrates by insect nymphs which included St 
(Appendix 1). Their appearance in the rainbow trout diet coincided with 
the period »rtien they were found in the brown trout's diet.

In September/October the scope for meaningful analysis was limited by 
the small nximber of stomachs containing food (n*4). Their diet largely 
con«)rised non-conventlonal prey, with the conventional component having 
changed from summer back to winter mode (Figure 4.4). The miscellaneous 
group consisted of vegetation (% occ 60.0, % vol 51.3) and stones (% 
occ 20 %, vol 3.4). Pish appear to dominate the conventional component 
of the diet, but when their occurrence is considered they are seen to 
be no more Important than the other items. A small amount of adult



Dlpt#rA Also consumed (Appendix 1) . Molluscs« Perscsrida and Insect 
nynphs were all consumed during bottOTi feeding.

In Nov«nber/December their diet was almost entirely based on 
conventional prey, the most Important being the Mollusca; L .Pereora (% 
occ 20.0, % vol 57.5), with smaller amount of Insects also eaten. 
Fish, zooplankton and a small amount of vegetation were also Included 
In their diet (Appendix 1).

Raiabow trout^fieh fan.
The diet of rainbow trout caught around the fish farms was dominated 
by uneaten pellets that pass through the cages. Ground bait, vegetation 
and stones were also eaten, but in smaller quantities. Only a small 
amount of conventional prey was consumed and it followed the seasonal 
pattern described previously (^^>pendix 1 a Figure 4.5)

In January/February their diet was based almost entirely on non- 
conventlonal prey items ie; fish farm food, vegetation, stones and fish 
eggs. Only trace amounts of conventional prey were consumed (Figure 
4.5). Fish farm pellets were consumed in the largest quantity (% occ 
51.2, % vol 83.1), occurring in 87.5% of the stcxnachs that contained 
food. The miscellaneous category comprised fish eggs, stones and 
vegetation, the most important being the eggs (% occ 4.9, % vol 13.4) . 
The high volume:occurrence ratio for eggs indicates that only a small 
number of fish had been feeding heavily on them (Appendix 1). It is 
highly likely that the eggs in their diet came from maturing rainbow 
trout in the cages. A small amount of ground bait and conventional prey 
was also eaten.

In March/April their diet was again dominated by fish farm pellets, and 
the very small cmiventional component showed the first signs of
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transition from wintor to auiranor fooding mode. The pellets made up 
93.9% of the total volume of food consumed and occurred in 75% of the 
stonachs examined (Appendix 1) (90% of those containing food). This 
high reliance on a single food source was not observed in any other 
species in any habitat. The slight increase in consumption of ground 
bait coincided with the start of the angling season. In the 
miscellaneous category a small amount of vegetation was consumed. It 
is xmclear if rainbow trout feed on plant material when it is attached 
and living on the bottom, or whether they consume fragments that are 
floating on the surface. In conwnon with rainbow trout in the littoral 
zone they do not Increase their utilisation of Insect nyn^hs at this 
time, this being contrary to the behaviour of brown trout in the two 
habitats. Hils result suggests that they spend less time than brown 
trout foraging on the bottom. Alternatively it could be explained by 
rainbow trout at the cages securing enough food from fish farm pellets. 
In )ceeplng with the loo)clng* feeding behaviour required to consume 
pellets a small amount of pelagic pupae were eaten (Figure 4.5).

In May/June their diet was again dominated by fish farm pellets, but 
compared to the previous sampling period it was found in fewer 
stomachs. The conventional ccxtponent largely comprised prey found in 
the surface/pelaglc zone (Figure 4.5). Fish farm pellets contributed 
90.1% to the volume of food consumed, however there was a mariced 
decline In its occurrence 28.6% (Appendix 1) (42.6% of those containing 
food) . Although no water quality measurements were ta)cen it is 
generally acc^ted that it declines in the Immediate vicinity of the 
cages at this time of year, this may have acted as a deterrent to fish 
feeding around the cages. Alternatively it is possible that the 
Increased feeding activity of rainbow trout in the cages reduces the 
number of pellets that pass through the cages xineaten. Small amounts 
of ground bait, vegetation and stones were also eaten. The conventional
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cofT9 >on«nt mostly c«rprlssd prey found in the surface/pelaglc zone, with 
Chlronomldae p\qpae being consumed in the largest quantities (% occ 
31.4, % vol 3.7). This was the largest conq>onent of conventional prey 
in their diet in any of the sanf>ling periods at the fish farms. A wide 
variety of aerial Insects Including; Díptera, Coleóptera, Ephemeroptera 
and Trlchoptera were consumed along with the zooplankton species 
D.hvallna and L.kindti. Each of the bottcwn-living groups were 
consumed, but only in very small amounts (Appendix 1).

In July/August the pattern of food consximption was similar to the 
previous period. Their diet being d«nlnated by non-conventlonal food, 
principally fish farm pellets, but again its occurrence was 
considerably lower than previously. The conventional con^>onent mainly 
consisted of surface/pelagic prey (Figure 4.5). Pish farm food 
contributed 91.5% to the total volume of food eaten, however it only 
occurred in 37.8% of the stomachs examined (53.1% of those containing 
food). The possible reasons for the lower summer levels were discussed 
previously. Aerial insects were the most Inportant conventional prey 
in their diet, and both zoc^lankton and pelagic pupae declined in 
importance (Af^endlx 1).

In September/October their diet was almost entirely con^sed of non- 
ccxiventional prey (% vol 99.4). The small amount of conventional prey 
eaten largely consisted of surface/pelagic prey (Figure 4.5). The 
occurrence of fish farm pellets increased from the low summer levels 
to 56.8% of the fish in the sample (Ai^endlx 1) (73.7% of those
cMitalning food). The low consumption of conventional prey items 
coincided with their period of lowest availability. The insect eggs 
laid in the loch are just starting to hatch, the number of px^ae in the 
surface/pelagic zone has greatly declined, and the main insect flying 
period has ended.
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In Novemb«r/D«cefnber their feeding pattern had returned to that found 
at the start of the year with non>conventional prey dominating their 
diet and the conventimial component consisting of bottom>dwelling 
invertebrates (Figure 4.5) . Fish farm pellets made 95.4% of the food 
eaten, occurring In 58% of the stomachs in the sample (76.3% of these 
containing food). iTiis result shows that more fish are feeding under 
the cages than in the summer (Appendix 1) . The conventional corrQ>onent 
had again reverted to the winter/spring feeding mode, reflecting the 
seasonal changes in food availability. Small amounts of vegetation, 
stones and ground bait were also eaten, the latter indicating that 
anglers were still fishing in the close season.

Aainbow trout'pelegio.
Only one rain)30w trout was caught in the pelagic zone with food in it's 
stomach. This occurred in March/Aprll, it had been feeding on Caonia 
sp. nymphs, and the larvae, p\^ae and adults of Chlronomidae suggesting 
that it had been feeding on bottmn-dwelllng prey in the littoral zone 
as well as feeding at the surface (Appendix 1 k Figure 4.6).

Benthic Arctic cherr-littoral.
The diet of benthic Arctic charr was similar to that of other wild 
salmónida in the littoral zone, following the changes in seasonal 
variation of the major salmonid prey items. (Appendix 1 k Figure 4.7) .

In January/February their diet consisted of )30ttom-dwelling prey, some 
of which were associated with stony substrates, others with soft 
sediments. Chlron<xnldae larvae v̂ ere consumed in the largest quantity 
(% occ 63.6, % vol 37.4), with an unidentified Trlchoptera larvae being 
the only other insect eaten. The Peracarlda were represented tv 
A.acruaticus and Q.lacustris. The bivalve P. obtusale and the benthic 
zo^lanlct«) Cvelops vlridis (Jurine) were the species associated with

80





soft sediments found consumed (Appendix 1). These species were not 
found In the diet of brown trout, end only In the st<»nach of one 
rainbow trout. The fish eggs found In their stmnachs were a similar 
size to those found In sexually mature charr, suggesting that they 
feed on eggs from their redds that are being constructed at that time.

No benthic Arctic charr were caught In the littoral zone In 
March/J^rll. In May/Jxine the analysis was based on a small number of 
stomachs. Even with the limited data set It was clear that their 
feeding behaviour had changed from winter to summer mode. The 
surface/pelaglc component consisted of D. hvallna and Chlronomldae 
pupae. In common with the two trout species at that time a small amount 
of bottom-dwelling prey was retained In their diet, with A.aouaticus. 
Sialls lutaria (L.) and c.virldis being consumed (Appendix 1).

No benthic Arctic charr were caught In the littoral zone In 
July/August. In September/October only one stomach contained food, 
which consisted of Burvcercus lamellatua Muller, a Crustacea species 
associated with loch and pond margins.

By November/Dec^nber their diet had reverted back to the high 
dependence on bottom-living Invertebrates. In terms of volume their 
diet was dominated by fish eggs, although when occurrence Is 
considered. It Is seen that their Importance was overstated. The 
littoral Invertebrates Included Molluscs, ^hemeroptera and 
Chironomldae, and there was evidence of feeding In soft sediments 
(Appendix 1 and Figure 4.7).

Beathio Arotie ebarr-fleh ferns.
The analysis was based on four stomachs caught In January/February and 
November/December, %dien they had been feeding on Molluscs Peracarlda,
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ins*ct larva«, fish farm pallats and fish eggs. There was no evidence 
of any variation betvreen the two sanv>ling dates (^>p>endix 1 k Figure
4.8) .

Beathlo Arotle oharr-pelegio.
Their diet followed the seasonal pattern described previously. In 
winter they fed on bottom-living invertebrates e.g. c. viridis. 
Qbtuaale and rvrnug flavldus. In the summer they fed on zooplankton 
hvalina. B. lonolmanus and a Chironomidae larvae. (Appendix 1 k Figure
4.9) .

Benthie xretie oharr>b«athio.
A feature of the l^enthic morph's diet in the benthic habitat was their 
high dependence throughout the year on invertebrates associated with 
soft sediments in water at least 50m deep. Superimposed onto this was 
the consumption of prey foxind in shallow water depending upon their 
seasonal abundance (Appendix 1 k Figure 4.10).

In January/February their diet was almost entirely based on 
invertebrates associated with soft sediments. They included 
Qbtusale. an unidentified Chironomidae larvae and C. viridia. The fine 
sediments in the stomachs of charr are further evidence of the prey's 
association with it. A small amount of pelagic zooplankton was also 
consumed, but it could only be identified to Daphnlidae. It is highly 
likely that it was D. hvalina (Appendix 1).

In March/April their diet largely consisted of invertebrates associated 
with soft sediments. Although a . aouaticua. COPflifl 
lamsilatus which are associated with the littoral zone were also eaten. 
This indicates that benthic charr make regular forays into this habitat 
from the deep water where they were caught (Appendix 1) .
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In May/Juna thair dlat was similar to that observad in March/April, and 
in common with tha two trout specias thair diat also includad tha 
Chironomidaa pupaa Macropelopia sp. and Psectrotanypus sp.. The 
Trichoptara larvaa aatan by charr wara all casalass wharaas thosa eaten 
by tha two trout spacias wara almost all casad. Tha undarlying reason 
for this selectivity is unclear and would require further 
investiqat ion.

In July/August thair high dependence on P. obtusala. C. viridls and 
Chironomidaa larvaa continued. They also consumed bottom*dwelling 
Invertebrates associated with the shallow littoral areas, and in common 
with the two trout species zooplankton and pelagic pupaa ware also at 
this time. Tha absence of aerial insects in their dlat is noted. The 
zooplankton consximed were D. hvalina. B. lonoimanus and L. kindti, and 
the Chlronomidae pupae included Procladius sp.« Aspect rot anvpus sp. and 
Arctopelopia sp. (Appendix 1).

In September/October they again had a high dependence on prey 
associated with soft sediments. No Chlroncmiidae pupae were eaten and 
there was a reduction in the number and diversity of shallow littoral 
invertebrates and pelagic zooplankton in their diet (Appendix 1). These 
findings are in agreement with tha seasonal decline in their abvmdance.

By November/December their diet had reverted to the narrow range of 
prey items consumed at the start of the year. Prey normally associated 
with loch margins %^re present in the stomachs of fish caught in the 
benthic zonm indicating that they still undertook migrations f r ^  deep 
to shallow water.

Pelegie Arotie oherr.
Only a small nundder of this morph were caught in the survey. They were



caught batwaan January/Fabruaxy and Saptambar/Octobar in tha littoral, 
Cish farm and palagic habitats. Throughout tha parlod thalr diat was 
rastrlctad to palagic zooplankton. Appandlx 1 glvas a datailed 
braakdown of tha dlat by spaclas.

Faroh'-littoral •
Throughout tha parlod of thalr sunvnar migration Into shallow water 
thalr dlat coiqprlsad fish, bott«n-llvlng Invartabratas, palagic pupae, 
zooplankton and aerial Insects, with tha relative Importance of each 
group being subject to seasonal availability. Tha complete absence of 
Molluscs In thalr dlat Is noted (Appendix 1 a Figure 4.11).

In May/June thalr dlat was dominated by fish In terms of volume, but 
If occurrence Is considered It Is clear that the littoral Invertebrates 
are of greater Importance at a population level. The high Incidence of 
E. lonlta In tha diet Is consistent with the period prior to Its flight 
period, Caenis horaria (L.) and an unidentified species of Coleóptera 
larvae was also consumed but ware lass lnv>ortant. The limited seasonal 
as^earance of e . ionlta In the diet of fish in Loch Awe is due to the 
timing of Its life cycle. The zooplankton species D. hvalina. B.
lonoimanuB. and to a lesser extent £,__lamellatus and Polyphemus
oedlculus L. all occurred In a high percentage of stomachs but only 
contributed a small amount to the total volume eaten. The absence of 
Cyclopoldea Is again noted (Appendix 1). In July/August fish, mainly 
sticklebacks ware tha most important food source for parch. In tha 
remainder of thalr dlat tha emphasis changed frcxn littoral 
invartabratas to zooplankton, tha most Important of which ware 
lonalmenus. D. hvsllna. with a small amount of Bosmlna coreaonl Baird 
also being consumed (Figure 4.11). Tha decline In tha Importance of tha 
littoral Invartabratas was typified by tha reduction In tha Importance 
of E. ionlta. Thera was also a marked decline In tha consumption of

84





Chlronomlda« pupa«.

In S«pt«n^r/Octob«r the tr«nd8 which had started to appear in 
July/August became more apparent. Littoral Invertebrates were dropped 
from their diet and the contribution of fish rose (% vol 65.5). The 
volume of zooplankton dropped slightly to 32.7%, and the consumption 
of pelagic pupae remained at a low level (Figure 4.11).

Peroh-fieh farms.
Their feeding pattern at the fish farms followed a very similar pattern 
to that dascrl]3«d for perch in the littoral habitat. Fish dominated 
their diet and the other conventional prey were eaten in accordance 
with their seasonal availability. In May/June and September/October 
the scope for analysis was limited by the small sanple sizes (Appendix 
1 fc Figure 4.12).

In May/June fish were consximed by 37.5% of the perch in the sairple and 
they contributed 75.4% to the total volume eaten. The remainder of the 
conventional component consisted of littoral invertebrates and 
surface/pelagic prey. In terms of volume the importance of ground bait 
was over stated as it was only eaten by one fish, if it is excluded 
fr<xn the analysis it is seen that fish were the most Important 
conventional prey consumed (% vol 16.9). The diversity of littoral 
invertebrates consumed Increased but their volumetric contribution per 
fish r«nain«d at a similar level. The surface/pelagic category 
cofi^rised pelagic pupae, zooplankton and aerial Insects (As^endix 1). 
In the non-conventlonal component vegetation and ground )Mit were 
consumed. In September/October their diet comprised pelagic pupae, 
fish, zooplankton and ground bait.
Atlaatle ealawe-llttoral.
The analysis was based on two stomachs containing food in
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Nov«nb«r/D*c«inb«r. Both fish had bean feeding on cased Trlchoptera 
larvae (Appendix 1).

Atleatio Selaoe-fleh fexme.
The analysis was based on a small number of stomachs collected In 
July/August, S^tember/October, and Nov«nber/Dec«nber (Appendix 1 & 
Figure 4.13). in July/Auguat their diet was d<xninated ty prey foxind in 
the surface/pelaglc zone, the moat Important of which was zooplan)cton, 
although there was also some evidence of feeding on bottom-dwelling 
prey. In September/October their diet was again restricted to prey from 
the surface/pelaglc zone. The zooplankton species d . hvalina being the 
moat important. In November/December they had been feeding on bottom
dwelling invertebrates e.g. P. lenkinsi and larvae of Colvmbetes sp., 
a water beetle.

o f  h ro itn  frmit- «iMl ralnimw trait 4 b  th« 
f i « h  f « r -  1 I n  1 « 1 T .

Overlap indices (Schoener, 1970) were calculated to determine the 
overlap in the diets of brown trout and rainbow trout at and away from 
the fish farms. A score of O indicates completely different diets, and 
a score of 1 indicates ccmplete overlap.

Brown trout littoral va rainbow trout littoral.
The main difference in this instance was the high proportion of non- 
conventlonal prey items found in the rainbow trout's diet, whereas the 
majority of the brown trout diet included conventional prey.

In January/February the overlap index was 0.24 (Table 4.11) indicating 
little similarity in their diets. The diet of rainbow trout largely 
comprised vegetatiMi and stones whereas, the diet of brown trout almost 
entirely comprised littoral Invertebrates (Figure 4.1 and 4.4). Only





Table 4.11 Orerlep index ▼alues for the dieta of brown and rainbow trout caught in the gill netting aunrey 
in 19S7 at away free the fiah farma.
J/F M/A M/J J/A S/O N/D
0.24 0.02 0.14 - 0.05 0.04
0.24 0.05 “ 0.31 0.14 0.23
0.25 0.55 0.09 - 0.17 0.15

LI vs FF, RT 0.45 0.05 - 0.02 0.01 0.03

3'Pk B ĵ owti Trout, Rt»Rainbow Trout, LI*Littorol, FF«Fish Farm

BT vs RT, FF 
BT vs RT, LI 
LI vs FF, BT

Table 4 . i a Overlap index values of brown and rainbow trout 
caught in the 19S7 angling coapetitions

Brown trout vs 
Rainbow trout

J4>ril
0.45

May
0.28

June
0.17



a small numbar of rainbow trout consumed littoral invertebrates.

In March/April the overlap index was 0.05 (Table 4.11) lndlcatin9 even 
less similarity in their diets than there had been in the previous 
period. Rainbow trout ate vegetatlw« stones and a small amount of 
Peracarlda and Insect nyirphs, whereas the brown trout's diet almost 
entirely comprised conventional prey, the majority of which were 
littoral invertebrates (Figures 4.1 and 4.4).

No rainbow trout %#ere caught in May/June therefore no comparison was 
made. In July/August the overlap index was 0.31 (Table 4.11), this was 
the highest index value achieved in this group. However, it may be an 
artefact of the small sample of fish involved in the comparison. The 
diet of the two species largely comprised conventional prey. Rainbow 
trout consumed surface/pelaglc prey, whereas the brown trout although 
securing some of their diet from the surface also retained a proportion 
of bottom-dwelling invertebrates in their diet (Figures 4.1 and 4.4). 
This small degree of niche divergence is xinlDcely to be a result of 
interspecific segregation. Rainbow trout are present in very small 
numbers in the littoral zone and are therefore unlikely to exert any 
real pressure on brown trout.

In September/October the overlap index was 0.14 (Table 4.11) indicating 
very little similarity in their diets. The quality of the data may have 
been adversely affected by the small sample of rainbow trout. The brown 
trout diet only contained conventional prey, whereas more than half of 
the food eaten by the rainbow trout included vegetation and stones 
(Figures 4.1 and 4.4). The overlap that existed in the conventional 
con^onent is unlikely to result in competition, as it was only found 
in small quantities in a few of the rainbow trout stomachs examined.



In Novefuber/Deceinber there was little overlap in the two species diets, 
the overlap index being 0.23 (Table 4.11). Although the two species 
diets were almost exclusively based on conventional prey, they fed on 
^iff^rent groups. This could be considered as evidence of coin>etition 
for limited resources, but as stated previously it is unli)cely that the 
low number of rainbow trout foxind in the littoral zone could exert any 
real pressure on the brown trout population.

The rainbow trout's lac)c of experience in foraging wild prey could 
explain the difference found in the relative utilisation of 
conventional and non-conventional prey by the two species, rather than 
the rainbow trout being marginalised by brown trout. It is possible 
that when rainbow trout escape from cages that they only have a limited 
repertoire of prey search images and this results in them consuming 
objects that are reminiscent of fish farm pellets.

Brown trout oages vs rainbow trout cages.
The differences in the relative importance of conventional and non- 
conventlonal prey in the two species diets at the fish farm sites is 
more apparent than at the littoral sites. This is largely due to the 
rainl^ow trout's continued high reliance on fish farm pellets after 
escaping. The results of the overlap index for each sampling periods 
are sho%m in Table 4.11.

In terms of volume the lowest contribution of fish farm pellets to the 
rainbow trout diet was 83.1%. The remainder of their diet comprised 
ground bait, stMies, vegetation and cwjventional prey. The small 
amount of conventional prey was consumed according to the seasonal 
variatim in its abundance. In contrast the diet of brown trout was 
based almost exclusively on conventional prey. When large volximes of 
novel prey %^re consumed it was usually due to one individual gorging



on it. Thi* im verified by th« high stomach fullness index, and the 
lack of other prey found in the stomachs of such fish.

As cmly a small number of brown trout altered their feeding behaviour 
at the cages compared to those at the littoral sites, it is clear that 
their feeding behaviour is unaffected by the large number of rainbow 
trout found around the cages. This point is investigated further in 
the next section.

Brown trout oages re brown trout littoral.
In January/February their diets would have been very similar had it not 
been for the consumption of fish farm pellets and fish eggs by three 
fish caught at the cages. Therefore, the differences between their 
diets can be accounted for by variations in food availability between 
the sites, the eggs and pellets only being available at the fish farms. 
The fact that the brown trout were able to feed under the cages (the 
preferred rainbow trout feeding area) suggests that their opportunistic 
feeding behaviour is unaltered.

In March/April the highest overlap index, 0.54 for any of the 
comparisons was achieved (Table 4.11). In the two habitats brown trout 
diet consumed largely conventional prey. The differences between the 
sites being due to the greater importance of Peracarida at the littoral 
sites. Both groups also showed the first signs of transition from 
winter to summer feeding. The similarity i.e. the high utilisation of 
bottom-dwelling invertebrates, indicates that brown trout at fish farms 
do not suffer from interspecific ccxrpetition.

In May/June the comparison of diets between the sites was skewed (in 
terms of volume) by the consxinption of pellets at the fish farm, and 
of fish in the littoral zone. If these data are excluded from the
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analysis thsrs is a greater similarity between the sites. In each 
habitat conventional prey from the loch bottom and the surface/pelagic 
rone was eaten, with those caught in the littoral habitat consuming 
more of former and those caught at the fish farms consuming more of the 
latter. The design of the survey does not allow the mechanism behind 
such subtle differences to be explained. As rainbow trout at the cages 
v^re also feeding on surface/pelagic prey, it is likely that the 
differences are due to variations in food availability rather than 
con«>etition. In July/August no brown trout were caught at the fish 
farms, therefore no coci^arlson was made.

In September/October the overlap index {Table 4.11) was strongly biased 
by the contents of the largest brown trout stomach examined in the 
survey, which was full of Molluscs. If this is excluded from the 
analysis the only other large difference between the feeding in the two 
habitats was the inclusion of ground bait in the diet of those caught 
at the fish farms. As variation in their diets can be explained by 
differences in food availability, it is again concluded there is little 
difference in the diet of brown trout at the fish farms and littoral 
sites.

in Nov«nber/Dec«nber the data quality was affected by the low number 
of fish with food in their stomachs. in both habitats they had 
reverted to feeding on littoral invertebrates, however fish eggs were 
also consximed. This was particularly apparent at the fish farms where 
their importance was exaggerated by the small sample size.

Once the biases found in the data sets have been considered it is clear 
that there was considerable similarity in the types of food consumed 
by the brown trout in each habitat, with most of the variation being 
accounted for by differences in food availability. The high nxunber of



rainbow trout found aroxmd the fish farms do not cause brown trout in 
the same habitat to alter their feeding behaviour.

Rainbow trout oagea va rainbow trout littoral.
The results of the diet conv>arison of rainbow trout in the two habitats 
are shown in Table 4.11. In both habitats their was a high dependency 
on non-conventional prey e.g. fish farm pellets, stones, vegetation and 
ground bait, the small amount of conventional prey eaten was determined 
by the seasonal variation in its availability. Within the non- 
conventlonal component there was a large difference in the relative 
utilisaticm of prey categories between the two habitats, this being due 
to differences in food availability. The scope for meaningful analysis 
is limited by the low nximbers of rainbow trout caught in the littoral 
habitat, particularly from July onwards. The main difference in the 
diets between the two habitats was the very high utilisation of fish 
farm pellets at the cages. Vegetation, stones and ground bait made the 
largest contribution in terms of volume to their diet at the littoral 
sites. The Inportance of the conventional component increased as the 
diet changed frotn winter to summer feeding mode. This could be due to 
the conventional food that is available in the surface/pelagic zone at 
that time requiring the same “upward looking" foraging technique that 
is used in the cages. It appears that the diet of rainbow trout in the 
two habitats was determined by their lack of expertise in foraging wild 
prey and that the differences between them were due to the differences 
in food availability in the t%^ habitats, rather than the rainbow trout 
in the littoral habitat being marginalised through interspecific 
cofTpetitiOT by brown trout.

4.3.1.3 variatiae 1« the diet ef brown trout a gS|tay>f̂  *̂*‘**“*

Brown trout caught by anglers displayed similar feeding behaviour as
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chostt caught in tha gill nats ovar tha sama parlod. Their diet 
consiatad of littoral invartabratas, surfaca/palagic prey and a small 
amount of miscellaneous prey. This is typical of feeding behaviour 
switching from winter to summer feeding mode (^pandlx 2 & Figure 
4.14) .

In J^ril insect nymphs and larvae were the most important group of 
littoral Invertebrates in their diet (%vol 39.6), with cased 
Trich<^tera being particularly inportant. The Peracarida and Molluscs 
made up 16.7% and 12.5% vol. respectively, with the largest 
contrilDutlon made by one species being A. aouaticus (% occ 39.1, % vol 
15.5) (Appendix 2). The surface/pelagic prey accounted for 27.0% of the 
volume in their diet. Pelagic pupae made the largest contribution (% 
vol. 16.9) many of \dilch were unidentified Chironomldae, however those 
that could be identified further Included Tanvtarsus sp. and 
Tanypodinae. Trichoptera pupae and Ephemeroptera nymphs just prior to 
mnergence were also eaten. The ground loalt consisted of earthworms and 
maggots (Appendix 2).

In May a greater proportion of littoral invertebrates were consximed (% 
vol 74.3), this was largely at the expense of surface/pelagic prey 
whose share of the diet fell to % vol 21.3, and the miscellaneous 
component remained at a similar level (% vol 4.3) (Figure 4.14). within 
the littoral conc>onent the entphasis changed f r ^  insect nymphs to 
Molluscs, this change almost «itlrely l^eing due to the elevated 
Importance of L. pereara. (% occ 64.6, % vol 33.9). In the Insect nymph 
coRponent a larger range of Plecoptera and Ephemeroptera were consumed, 
this was probably due to the larger sample size. Cased Trichoptera 
larvae were again Important with A. nervosa. S. oersonatum and 
Lepidostoma hirtum (Fabrlclus) all ma)clng significant contributions.



Figur« 4.14 Monthly variation in th« dMt of brown trout caught 
by «ngiora In 1M 7, axpr«a««d aa porccntag« voium«.

□ M M C E L U d C O U S

e Q R O U N O B A IT

■ A E R IA L

■ F IS H

□ Z O O n A N K T O N

P E L A G IC  P U P A E

■ IN S E C T  N YM P H S

■ P E R A C A R O A

■ M O L L U 8 C A

Figur« 4.IS  Monthly variation In th« dl«t of rainbow trout caught 
by anglcra In I9d7« axpraaaad aa porcantag« voium«.
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In th« surfac«/p«laglc cofnponent tha amount of palagic pupa« consumed 
increased, and the proportion of aerial insects decreased. Most of the 
ChironMividae pupae could not be identified, however those that could 
included Arctooelopia sp., Orthocladius sp., Cricotopus sp. and 
Paratriehocladius sp.. The most important orders in the aerial 
conponent were the Diptera and Sphmteroptera. The small amount of 
zooplankton eaten consisted of D. hvalina and b . lonoimanus (Appendix 
2 )  .

In June only six fish were caught, therefore the scope for analysis was 
limited. There was a small decline in the inportance of littoral prey 
% vol 69.7, and an Increase in the importance of the surface/pelagic 
component % vol 31.2 (Figure 4.14). Of the littoral invertebrates 
consumed Peracarida were the most Important followed by Molluscs and 
insect nymphs. The elevated status of Peracarida was due to the 
Increased consumption of A. aouaticus (%vol 50.0, % occ 37.5), the 
largest contribution made by a single species, a small amount of 
pulex was also eaten. Mollusca were only represented by L. oereora and 
p. fontinalia. and in the Insect nymph category each species was 
consumed in similar quantities (Appendix 1). In the surface/pelagic 
component pelagic pupae were consumed in greatest quantities. The 
remainder of their diet was made up of aerial Insects and zo^lankton.

The major difference between the diets of brown trout caught by gill 
netting and angling was the lovmr utilisation of surface/pelagic prey 
by those caught by the anglers. This was unexpected as most of these 
fish would have been caught in the surface/pelagic zone on lures 
designed to mimic the prey found in that habitat.

In April 50.9% (volume) of the rainbow trout diet consisted of 
surface/pelagic prey, 31.7% (volume) of littoral prey, and 17.5% (%



voliune) of non-COTventional pray. The importance of the unidentified 
fish in the aurface/pelagic co«i)onent was overstated, as it was only 
eaten by 2 rainbow trout. In the littoral invertebrate component 
Peracarida and Mollusca were of similar importance, (% vol 15.5) and 
(% vol 14.8) respectively. The insect nymphs were less Important, (% 
vol 1.4). The non-conventional c«sponent largely comprised ground bait, 
however some vegetation was also consumed (^>pendlx 2 & Figure 4.15).

In May their diet was dominated by non-conventional prey (% vol 61.8), 
with smaller amounts of surface/pelagic pray (1 vol 26.5) and littoral 
invertebrates <% vol 9.8) also being eaten. The ground bait component 
was dominated by one large earth worm, (% vol 23.9) (Appendix 2) . The 
surface/pelagic component consisted of pelagic pupae, aerial insect and 
zooplankton in decreasing importance. In the pelagic pupae. 
Chironomidae were consumed in the largest volume, with Chironomus sp. 
being particularly important. Also included were Ephemeroptera exuviae 
which are of little nutritional value. The Diptera made the largest 
contribution {% occ 21.0, % vol 5.6) of the aerial insects, with 
HMiiptera, Trichoptera and Plecoptera also being consumed. Zooplankton 
only contributed a small volume to the diet, although d . hvalina was 
found in 36.8% of the stCMnachs examined. All of the littoral 
invertebrates groups were consumed in similar quantities.

By contrast in June littoral invertebrates were the most important 
group in their diet (volume 62.1%), the remainder consisting of 
surf ace/pelagic prey (% vol 21.4) and non-conventional prey (% vol 
16.5%). Insect i^niphs were the most important group of littoral 
invertebrates consumed with Ephemera dflnir* Muller (% occ 100, % vol 
61.3) being the most Important species, trace amounts of Plecoptera, 
Cole<9tera and Trichoptera were also eaten (Ac^endix 2) . Aerial insects 
were the most important group in the surface/pelagic component with



Dipt*ra and Ephameroptara being consumed in the largest quantities. The 
pelagic pupae were only represented by Chironomidae, of which 
rhirenomus sp. was the most important. Only vegetation was consumed in 
the non-conventional cwnponent (% occ 22.2, % vol 16.4).

in each month except June rainbow trout caught by angling had been 
feeding most heavily in the surface/pelaglc zone. Although the amount 
of non-conventional prey consumed was lower than those caught by gill 
netting it was still considerably higher than the amount consumed by 
brown trout.

« ■ 3 . 1 . «  t a » B « r l K > n  o f  b r o n  t r w i t  «iirt r«<n>wwr t t g u t  « t t t  B l M h t  far

tn 1««7.
The similarity in the diets of brown trout and rainbow trout was 
measured by Schoener's Overlap Index (Schoener, 1970). This 
demonstrated very little similarity in the months examined (Table 
4.12) . In general terms brown trout obtained the majority of their prey 
by feeding on the bottom, and rainbow trout from the surface/pelagic 
zone, the only exception to this occurred in June when rainbow trout 
consumed a large quantity of E. danica. They were all final instars and 
their exuviae had been eaten by rainbow trout in the previous month. 
It is therefore highly likely that they were close to emerging and 
behaving in a manner that made them more obvious to the feeding trout. 
In coiwnon with the results of the gill netting survey rainbow trout 
consumed a greater proportion of non-conventional prey than brown 
trout. This is again attributable to their limited range of prey search 
images.

These results show that rainbow trout have a preference for 
surface/pelagic prey when both this and bottom-dwelling prey are 
available. Brown trout show a marked preference for bottwn-dwelling
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pr«y. Further ttxperiiMntatlon %rauld ba raqulrad to ascartaln If this 
is an axampla of nlcha divarganca shapad ty intar-spacifIc c<Mnpatition, 
or whathar tha diffaranca la dua to tha feeding behaviour learned by 
rainbow trout in tha cages.

4.3.l.S ■— nnal T«rl»tlen In tha dl«f| p* .~i
t r o n t  a ~ . - l . l -  4 «  M i .  1 « « 1  a l l !  « . t t l a «

Brown trout^littoral.
Tha diet of brown trout in March was based entirely on bottom-dwelling 
Invertebrates; Molluscs. Paracarida and insect nymphs/larvae all being 
consumed. Tha most In^rtant of these %/ara tha insect nynqphs which 
included Plecoptera, Trichoptera and Dlptera. £. lenkinsi were the most 
important Molluscs in the diet (%occ 33.0» % vol 15.3). and
lacuBtris ware tha most important Peracarida (% occ 13.0» % vol 9.7). 
A small amount of vegetation, stones and anglers maggots was also 
consumed (Appendix 3 fc Figure 4.16).

in May their diet was in transition frcxn winter to summer feeding mode, 
with both surfaca/pelagic and benthic organisms being consumed (Figure 
4.16). P. ^enkinsi and Q. Iscuatris were again consumed but were less 
inportant than they had been in March. The diversity of Insect nymphs 
and larvae in their diet was slightly lovrer than it had Iseen the 
previous month. Athriosodes aterrimus (Stephens) occurred in 27.7% of 
the stomachs but due to its small size made up 7.1% of the diet by 
volume. The pelagic pupae were entirely represented by Chironomus sp. 
and %^re the most Important conponent in the diet. A small amount of 
zooplankton, d . hvalina was eaten, and in the non-conventional category 
stones and mggots %«ere consumed (Appendix 3).

In July, the brown trout's diet was based almost exclusively on 
organisms found in the pelagic zone, however in common with 1987 a





small proportion of bottom-dwelling invertebrates were retained (Figure 
4.16). Zooplankton was the most important single group in their diet 
with the following »peciea-D. hvalina (% occ 82.1, % vol 38.9); 
oedleuluB (% occ 71%, % vol 8.2)i and B. lonaimanus (% occ 75.0, % vol 
37.9)-being the most important. The pelagic pupae were of less 
significance than they were in May with Macropelopla sp. and an 
unidentified Trichoptera species replacing chironorous sp. Insect nyrrphs 
whose adult stages have flight periods in the late summer and the 
Mollusca and Peracarida, P. ienkinsi and G. lacustris. made up the 
bottom-dwelling component (^pendlx 3).

In September the brown trout diet was in transition from summer to 
winter feeding, with an equal preference being shown for bottcxn and 
surface/pelagic components. The only category not consumed was fish 
farm food (Figure 4.16). The small range of bottom-dwelling 
invertebrates in the diet at this time is a reflection of their low 
availability. In the surface/pelagic component zooplankton, pelagic 
pupae, aerial insects and fish vrere all consumed. The importance of 
fish in the diet in terms of volume is overstated as only one was 
consumed. Ground bait was also eaten.

Brown trout-Braevnllioh.
Their diet in March was entirely ccmposed of bottom-dwelling 
invertebrates/ Mollusca and insect nyxiphs/larvae (Figure 4,17). The 
Mollusca were represented by L. oereora <% occ 66.7, % vol 35.0) and 
p. ^^riklnsi (% occ 100.0, % vol 14.0). the most important insect larvae 
in the diet was the Trichoptera a . nervosa (% occ 33.3, % vol 31.1) 
(Appendix 3). The quality of data in March was adversely affected by 
the small sample size.

The transitional month of May was again marked by an Increase in the
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consunptlOT of surfac«/p«laglc pray and a dacreasa in bottom^dwellln^ 
pray (Flgura 4.17). l . oareara and P. 1en)clnsl wara again in^rtant, 
and in comnon with brown trout feeding in the littoral zone ^  
atarrlmuM was also consumed. Pray fr«n the surfaca/palagic zone were 
dominated by pelagic pupae, the most important of %<rhich was Chironomus 
sp. (% occ 80.0, % vol 10.5), a small amount of unidentified 
Chironomidae pupae and one unidentified adult Diptera were also eaten. 
Fish farm pellets contributed the largest volume to the diet (% vol 
83.2), but occurred in only 20.0% of the stomachs, therefore in terms 
of the populations feeding behaviour their importance is overstated 
{Appendix 3).

In July the diet was dominated by organisms foiind in the pelagic zone, 
but in CMimon with the brown trout diets discussed previously a small 
proportion of bott<xn-dwelling prey was retained. The pelagic part of 
the diet largely comprised zooplankton, aerial Insects and pupae 
(Figure 4.17) . The benthic conponent consisted of the stone fly Nemours 
avieuiaria Morton and the leach Erpobdelia octoculata (L.) and an 
unidentified Chironomidae larvae. In September only one stomach was 
examined and it contained zooplankton.

Rainbow trout-Xittoral.
In March the diet was dcxninated by non-conventlonal prey with fish farm 
food occurring in 50.0% stomachs and contributing 54.4% to the total 
volume, smaller amoxints of ground bait and miscellaneous prey items 
were also consumed. The littoral Invertebrate component consisted of 
p HTikinai. Q. lacuatrls. L. hirtum and an unidentified Chironomidae 
larvae (Figure 4.18 and App«idlx 3).

In May the change from summer to winter feeding in the small number of 
rainbow trout caught was more abrupt than was observed in brown trout
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•t that tima (Fioura 4.18). Thay had only consumed conventional pray 
with pelagic pupae dominating their diet. ChtrgnOTOia »P- occurred in 
two of the throe stomachs saitplad and contributed 95.0% of the volume. 
The benthic consonant consisted of Mollusca, Trichoptera larvae and 
large Crustacea (Appendix 3). The <iuality of the data was adversely 
affected by the small san^le size.

in July the majority of their diet was again obtained by foraging at 
the surface, the enphasis changing from pelagic pupae to aerial insects 
(Figure 4.18) . In common with brown trout caught in July the Chtrongfoyg 
sp. were replaced by Trichoptera pupae. Vegetation and a small amount 
of benthic organisms were also consumed. The data quality data was 
adversely affected by the small sample size.

In Septandser their diet was dominated by fl«h farm food (% occ 42.9, 
% vol 97.2) (Appendix 3). The remainder of the diet comprised aerial 
insects and miscellaneous prey.

Rainbow trout-BraevmIXieb.
in each of the months sampled fish farm food dominated the diet by 
volume. However its percentage occurrence was lower than in the 
corresponding period in 1987. The consumption of conventional prey 
followed the seasonal pattern outlined previously (Appendix 3 4 Figure

4.19) .

In March their diet was dominated by fish farm food (% occ 33.3, % vol 
59.8), Stic)tlebac)cs were consumed but their importance was overstated 
as they were only consumed by one fish. The conventional component of 
the diet conprlsed bottom-living invertebrates.

In May the diet was almost exclusively based on fish farm food (% occ
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60.0, % vol 99.0). Th« only convontional food consumed was the pupae 
of rhironemus sp, from the surface/pelaglc zone (Appendix 3).
In July the diet was dominated by fish farm food (% occ 44.4, % vol 
93.1). The conventional component was again pred«ninantly pelagic 
p\U>ae, with rhironomus sp. being replaced by Trichoptera pupae. A 
small amount of bottom-dwelling invertebrates was also consumed. 
Including e . ianita. chironomus sp. larvae and E. octoculata (^pendix 
3). Hirudinea were rarely eaten by brown trout or rainbow trout in Loch 
Awe, however Hunt C. Jones (1972) reported that they were of major 
dietary significance for brown trout in Llyn Alaw.

in September fish farm food dominated the diet in terms of volume but 
only occurred in one stomach. The other fish had been feeding on prey 
f r ^  the surface/pelagic zone and the littoral zone. Mollusca, 
Peracarida and Insect nymphs were all consumed from the littoral zone. 
Pelagic pupae, aerial insects and zooplan)cton were all consumed from 
the surface/pelagic zone. In the zooplan)cton component C. viridis and 
C. abvasorum were present. This Is Interesting as the former had 
previously only l^en found in the stomachs of Arctic charr 
alpinus) , and the latter had been consumed by fish on only a few 
occasions despite being the most abundant zooplan)cton species found in 
Loch Awe. A small amount of ground bait and miscellaneous prey were 
also consumed.

«■a.1.6 Plat OTT l M  In bronn troiif f«<nhn« trout e«uaht «t
.fca ltttor.1 .if« in Itll. 

uram trout t « rainbow trout*littoral.
Tha ovarlap Indax of tha 2 tpaclaa dlat. in March was vary low (0.09) 
(Tabla 4.13). Tha dltfaranca lias in tha ralaciva iirportanca of 
convancional and non-convantional food, brown trout having a graatar 
dapandanca on tha formar and rainbow trout a graatar dapandanca on tha





Th« low utilisation of convantional pray by rainbow trout 
means that it is highly unlikely that they will have a deleterious 
^ff^ct on the brown trout. The consumption of fish farm food shows that 
there is movement by rainbow trout away from the immediate vicinity of 
the fish farm. Their high utilisation of ground bait and miscellaneous 
prey categories compared to brown trout is further evidence of their 
lack of experience in foraging wild prey.

The overlap index in the two species' diets in May was comparatively 
high 0.69 (Table 4.13)* indicating a degree of similarity in their 
diets* although it has to be rmnembered that there were only three 
stomachs in the rainbow trout sample. Both species fed most heavily on 
Chironomus sp. pupae, with rainbow trout having the greater dependence 
on them. The main difference in their diets was the brown trouts' 
greater dependence on bottom-dwelling invertebrates. The more complete 
utilisation of surface/pelagic prey by rainbow trout when it became 
available is noted. It is unlikely that the two species would have been 
competing for the Chironomidae pupae as competition only occurs when 
a resource is limited, and it would appear from the level of 
consumption that pupae were in superabundance, probably just prior to 
a large hatch. The small number of rainbow trout found in the littoral 
zone will also reduce the potential conflict between the two species.

As only 2 rainbow trout were caught in the littoral habitat in July the 
scope for meaningful comparisons between the two species' diets is 
limited. ‘The value of the overlap index was low, 0.11 (Table 4.11)* 
indicating little similarity. ‘The diet of brown trout was dominated by 
zooplankton* %diereas aerial Insects were the most inportant conponent 
in the rainbow trout diet. Subtle differences of this type can be 
indicative of interspecific conpetltion* but it is unclear if it could 
be implicated in this situation. Again it is highly unlikely that the



low nuiTtbor o£ rainbow trout would adversely effect the brown trout 
population at this time.

in Septmber the value of the overlap Index was again low, 0.03 (Table 
4.13). The conventional coin>onent of the brown trout diet was in 
transition from sunnier to winter feeding mode, but small amounts of 
miscellaneous prey items and ground bait were also consumed. By 
comparison the rainljow trout diet was dominated by non-conventional 
preyi fish farm food and miscellaneous prey. They also consumed a small 
amount of adult Diptera. These differences reflect the brown trout's 
greater reliance on bottom prey, even when there is still prey 
available in the surface/pelagic zone; and the rainbow trout's greater 
reliance on non-conventional prey and conventional prey from the 
surface/pelagic zone.

Brown trout vs rainbow trout-Braevallioh.
The overlap index for the two species in March at Braevalllch was very 
low 0.01 (Table 4.13). The brown trout diet was )sased entirely on 
Molluscs and insect nymphs, compared to the rainbow trout's which was 
composed of fish farm food, fish and Ixjttom-dwelling Invertebrates. The 
two species fed on the same bottom-dwelling invertebrates but they were 
of greater significance in the brown trout diet. The rainbow trout's 
high dependence on fish farm food and low utilisation of conventional 
prey means that it is unlDcely that interspecific competition will 
occur.

In May tha scope for meaningful analysis was limited by the small 
sanc>le sizes. The comparatively high overlap index value 0.94 (Table 
4.13) masks the real variation in the diet of the two species. The fish 
farm food eaten by the two species dominated the results in terms of 
volume» however In terms of occurrence it is clear that it is of



greater insortane« to tha rainbow trout (%occ 60), than to the brown 
trout (%occ 20.0) (Appendix 3). The diet of brown trout was in 
transition from winter to suittner feeding, whereas the conventional 
continent of the rainbow trout diet changed abruptly from winter to 
sumner with only pelagic pupae being eaten.

in July there was little similarity in the two species' diets. Fish 
farm food was the largest single ce»nponent in the rainbow trout's diet, 
with smaller amounts of pelagic pupae, vegetation and insect nymphs 
also l>elng eaten. The brovm trout diet was largely made up of prey from 
the surface/pelagic zone, but insect nymphs were also consumed. Pelagic 
pupae, and insect nymphs were consumed by the two si>ecies. Because 
conventional prey contriiaute such a small part to the rainbow trouts' 
diet it is unlilcely that the overlap between the two species diets 
would be sufficient to create interspecific competition.

In September only one brown trout was caught therefore no comparisons 
can be made l>etween the two species.

Brown trout Braevallich vs littoral.
The 4 overlap indices were March 0.68, May 0.13, July 0.95 and 
September 0.13 (Table 4.13). The low values obtained in May and 
September were due to a small number of brown trout consuming non- 
conventional prey. 'The diversity of conventional prey in the brown 
trout diet at the cages was considerably lower than it was in the 
littoral habitat. A possible explanation for this was the small sample 
caught at the fish farm site. Their diet in both habitats followed the 
winter and summer feeding modes discussed previously. Therefore it is 
clear that the brown trout diet is not adversely affected by the 
presence of rainbow trout at the cages.



Rainbow trout Braawallieh to littoral.
Tha ovarlap indax valuaa in March« May« July and Saptambar ara 0.55« 
0.01« 0.07 and 0.91 raapactlvaly (Tabla 4.13). In March« fish farm food 
was tha largast coirponant of tha rainbow trout's diet in both habitats, 
indicating that there had bean movement between Braavallich and 
littoral sites. Bottcxn-dwelling invertebrates were also eaten in tha 
two habitats. In May there was a sharp contrast in their diets between 
the two sites, those at the cages fed almost entirely on fish farm 
food, vrtiilst those in the littoral zone fed almost exclusively on 
pelagic pupae. The mar)ced change fr«n winter to sxuraner feeding is noted 
in tha rainbow trout caught in the littoral zone. Again in July there 
was a marked difference in the diet of rainbow trout at the two sites. 
Those at tha cages fed most heavily on fish farm food, whilst those 
caught in tha littoral zone fed most heavily on bottom-dwelling 
invertebrates, surface/pelagic prey, and vegetation. These results are 
indicative of the differences in food availability between the sites, 
although the rainbow trout sample from the littoral sites was small and 
may ba unreprasantative. In September the broad similarity in their 
diets was due to the high proportion of fish farm food consumed at both 
sites, this again being indicative of fish movement away from the fish 
farm. At the littoral sites small amoxuits of aerial insects and 
miscellaneous prey items were also consumed, whilst at the cages their 
diet included bottom-dwelling prey.

nwahar of brc mmA

The number of Miipty stomachs expressed as a percentage of all the brown 
trout and rainbow trout stomachs examined at the fish farm and littoral 
sites in tha gill netting survey are shown in Table 4.14.



A 1 4 The mmtoer of brown troub *nd mlnbow brout in tbo fi«b far» and littoral babitata with anpty ato»aeha aatprasoad aa a parcantaffa of tha nunbar of ato»acba axa»inad in aaeb aaaplinp pariod.

J/F
Brown trout 42.1
Cages
Rainbow trout 42.7 
Cages
Brown trout 32.4
Littoral
Rainbow trout 23.5 
Littoral

M/A
31.5

16.2

14.1

25.0

M/J
2 2 . 2

33.3

12.5

J/A S/O
30.4

29.3 18.0

0 28.6

0 2 0 . 0

N/D
33.3

25.2

56.3

36.4

Table 4.15

Brown Trout 
Rainbow trout

The nu»bar of brown trout and rainbow trout caught by anglara in 1987 with aapty stonacha •xpraaaad aa a parcantaga of tha nuabar of 
atoaaeha axaninad in April, May and June.
^ r i l  May June
0 3.0 0



Both spocies in th« littoral zone and the brown trout caught at the 
cages all had a lo%#er proportion of enqpty stomachs in the sunwner than 
the winter. This is in agreement with the seasonal variation in 
feeding activity described by Swift (1961) in brown trout. The rainbow 
trout caught at the fish farms had a greater than expected proportion 
of empty stomachs during the summer. This coincided with the period 
when rainbow trout were least successful in securing fish farm pellets. 
It iitplies that rainbow trout find it difficult to feed on other prey 
when they are not feeding on the pellets that pass through the cages. 
In both species a greater proportion of empty stomachs was recorded at 
the fish farms than at the littoral sites, although the difference was 
not significant (P>0.05).

In each month examined both species caught by angling had a low 
percentage of empty stomachs (Table 4.15), this being attributable to 
the fact that they were actively feeding at the time of capture. This 
inplication can be drawn as the lures used by anglers are designed to 
imitate the invertebrates that they feed on. In May, the only month 
when Mpty stomachs %rare recorded rainbow trout had a greater 
proportion than brown trout.

4 .3.2.a Beasonel verietlon in food oeuaht In
the 1M7 »111 nettlBC n r w .

The seasonal variation in the feeding activity of brown trout, rainbow 
trout, Arctic charr, Atlantic salmon and perch was examined by plotting 
their mean fullness index (MFl) in the two monthly sampling periods. 
The fullness index was preferred to volume as it conpensates for any 
bias that may be incorporated into the data set by the samples being 
conprised of different sized fish. The feeding of brown trout and 
rainbow trout was considered further by examining the mean volume per 
stomach (MVS) in length classes 0-199, 200-299, 300-399 and 400*mm.



Brotm trout littoral Moan rullnaaa Indar (MTI).
The MFI rises from January/February to its maximum In May/June, after 
which it declined steadily throughout the year to its lowest level in 
Nov«nber/December (Figure 1.20) . The timing of the pea)c coincided with 
the longest day; similar findings were reported by Swift (1961). Ball 
(1961) and Hunt t Jones (1972), the latter also reiported a pea)c in 
January. Although no pea)c was observed in the Loch Awe data set, the 
trend at that time was upwards. The Increase in feeding at this time 
was prot>ably due to the fish regaining condition after spawning.

Brown trout littoral Mann volume Per Btciuch (HV8).
When the MVS of individual length classes was examined, length classes 
0~199mm (except for a small decline in July/August) and 200-299mm 
followed a similar pattern to the MFI (Figure 4.21), there was 
considerable variation in the amount of food consximed by the 200-299i«n 
length class in May/June. A very erratic picture emerged in the 300-399 
length class (Figure 4.22). It had two high paa)cs in May/June and 
September/October with a large drop occurring between them in 
July/August. As the data ]points in May/June and September/October were 
only )oa8ed single observations it is highly unli)tely that they 
accurately represent feeding behaviour in the population.

Brown trout fish farms Mean Fullness Index (HPI).
The MFI was at its highest level in January/February and May/June 
(Figure 4.20) . This was similar to the pattern outlined by Hunt t Jones 
(1972). The first pea)c as stated previously was probably related to 
fish inproving their condition after spawning and the second one to 
tlielr seasonal feeding pattern which is controlled tv temperature and 
day length. Mo data was available for July/August, and the increase 
that occurred between Septsmber/October and November/Decamber was 
contrary to the findings in the littoral habitat. The sample in
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Nov«mb«r/D*c«nber was small and llkaly to hava boon unreprasantatlva. 
Tha hlghar standard deviations associated with the fish farm MPl's 
cofnparad to tha littoral ones is explained by tha smaller samples in 
tha former.

Brown trout* fiah fan* Mean volume Bar stomach (NVS).
Tha MVS for individxial length classes did not follow any distinct 
pattern, it is likely that the MVS's and their standard deviations were 
affected by a small number of fish in the sarrples consuming fish farm 
pellets or ground bait, which have a higher unit volume than 
conventional prey (Figure 4.23).

Brown trout pelagic* Mean Pullneaa index (NPZ).
Data was only available between July/August and November/DecenUser. 
There was a slight increase from July/August to September/October 
followed by a large decline in November/December (Figure 4.20). These 
findings are in agreement with seasonal food availability in the 
surface/pelagic zone, and with the diminution of appetite found in 
salmónida as the water tmnperature falls.

Bainbow trout littoral* Mean Pullneae index (NBl).
The rainbow trout MFI followed a similar seasonal pattern to brown 
trout feeding in the littoral habitat, it Increased from winter to 
spring and declined from summer to winter (Figure 4.24). (Jnfortunately 
no data was available for M/J.

welnbo» trout littoral* Mean Volume Bar ftemach (MVB).
When the MVS was examined )ay individual length class it was difficult 
to ascertain any meaningful trends due to the small sample size in some 
sampling periods (Figure 4.25). This was also reflected in the high 
standard deviations associated with some of the means.
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RaiBboir trout £l»b fur*, Muuu rulluuu Uutex ( W I ) .
in contraut to th* clearly defined MFI suiuner peaks described 
previously, rainbow trout caught at the fish farms fed less 
successfully at this time than in the spring and autumn (Figure 4.24) .

Mlnbow trout fish far*. Mean volu*a Far stooeoh <MV»).
The MVS of length classes 0-199nr>, 200-299mm and 300-399mm followed a 
similar seasonal pattern to their MFI. each showing a reduction in 
sunmer feeding activity (Figure 4.26). The data set for the 400.mm 
length class behaved in quite an erratic manner, the most likely reason 
for this being the small bimonthly samples that it was derived from 
(Figure 4.27). Contrary to the feeding pattern observed in brown trout 
and in agreement with rainbow trout caught in the littoral zone each 
length class fed heavily in November/Decomber. The high standard 
deviations associated with many of the MVS-s in this group indicates 
a larga amount of variation within the san^jles.

The sunmer trough in their MVS and MFI corresponded with the period 
when rainbow trout caught at the fish farms had a high proportion of 
anuty stomachs. This suggests that not only do fewer rainbow trout feed 
in the sunmer, but those that do are less successful. Implying that 
there is a shortage of their preferred food at that time and that they 
have difficulty switching to other food types.

Kainbow trout palaglo.
insufficient rainJsow trout consumed food in the pelagic zone for any 
meaningful analysis to be performed (Figure 4.24) .

Paroh littoral, Mean Pullaeas Indes (MFI).
Thelr MFI increasad from May/June to July/August and remalned at that 
levai until they mlgrated back to daaper water at the end of October.
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In Sept«mber/Octob«r thnir MFI was 2.5 which was higher than any other 
species at that time of the year in Loch Awe (Figure 4.28).

Parch fish faxa. Mean Pullnass Index (MPI).
The data was again restricted to the summer months when perch inhabit 
the shallow littoral zone. In contrast to porch in the littoral zone 
their feeding was at its highest level in May/Juna, after which it 
declined and then stabilised prior to their migration back to their 
wlnt«r habitat (Figure 4.28).

Xretio eharr.
Each category except benthic charr caught in the benthic zone suffers 
from a paucity of data, this being reflected in the high standard 
deviations associated with some of the means, this limits the scope for 
analysis. No analysis is made on the pelagic charr data.

Benthic Arctic chnrr-benthlc. littoral, fish farm and pelagic habitats. 
Meet! rullneae Znd«jc <MFZ> •
in each habitat their feeding behaviour followed a similar pattern. 
Their MFI was at its highest level in the summer and fell to its lowest 
level at the end of the year (Figure 4.29). This reduction corresponds 
with an increase in their mean gonad weight. Similar to the 
relationship observed in brown trout.

Atleatio littoral Ween Fullness index (WFZ).
No analysis performed, due to the small sample size.

Atlantic salaoa Clsh faxBp Mean rullneea Index (NFI).
Stomach samples were only available between July/August and 
November/December. Contrary to the findings for other indigenous 
species there was no decline in their MFl in early winter, however
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FBHFARM



th«ir MFI in Nov*fiib«r/D«c«inber also had tha highest standard deviation 
(Figure 4.30). Metcalfe (1986) demonstrated that juvenile salmon
can maintain their sxixrroer levels of food intalce over the winter prior 
to smoltlng.

4.3.a . 3 A comperieon ot tht fff aoamvmmA Inf brown trottt
— I ^ 4 , . ^  urout a.u»l»t= in thm flU farm »ad llttor«!

1««7.
Brown trout ts rainbow trout, littoral.
Ten con^arlsons were performed» brown trout had a higher MVS in four 
of them and rainbow trout a higher MVS in six of them. None of the 
differences were statistically significant (Table 4.16) . The comparison 
in the 300-3991WH length class in September/October was heavily biased 
by a large fish which had been feeding heavily on Mollusca. Therefore 
in terms of volume neither species had a feeding advantage in the 
littoral habitat.

Brown trout vs rainbow trout, fisb Cams.
In the twelve coct9>arison8 performed» rain)DOw trout and brown trout had 
a higher MVS on 10 and 2 occasions respectively. Three of the 
comparisons in which rainbow trout had a higher MVS were statistically 
significant, two at (P<0.05) and one at (P<O.OOl) (Table 4.17). The 
high MVS recorded in rainbow trout is a reflection of their high 
dependence on fish farm pellets which have a higher unit volume than 
conventional prey items consumed by brown trout. Therefore although 
raln)9 0 w trout consumed a greater volume of food they were feeding on 
different prey types.

Fisb C a m  vs littoral, brown trout.
There was no consistent trend in the amount of food consumed by brown 
trout in either habitat. Zn the twelve comparisons performed each had



Flaur* 4.30 Th# mMn fulInMS Indmit (MFI) d
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Tabi« 4.1«

LC (nvn) 
0-199

A coi9 «rl«on b«tw««n tb« m m m n  roliUM (ml) of food 
eonsuMd by th« rainbow trout and brown trout 
caught in th« littoral habitat in aach langth 
claaa in 1947.

J/F M/A M/J J/A S/0 N/D
RT _ 0.17 - - - -
BT 0.19 0.15 0.34 0.10 0.20 0.24
S - NS - ■
RT 0.43 1.10 _ 1.04 - 0.20
BT 0.56 0.52 1.02 0.59 0.44 0.39
S NS NS - NS " NS

RT 0.49 4.02 _ 0.79 1.49 2.21
BT 0.55 0.31 19.00 1.23 30.00 0.86
S NS NS - NS NS NS

RT _ _ - - - 0.06
BT - - - - " “
S - - - ■ ”

L C » L « n g t h  c l a s s ,  R T » R a i n b o w  t r o u t ,  B T « B r o v m  t r o u t ,  S » S i g n i f i c a n c e

Tabla 4.17 A eosiparison batwaan tha naan voluna (nl) of food
consunad by tha rainbow trout and brown trout 
caught in tha fish fans habitats and in aach 
langth class in 1947.

LC (Iran) J/F M/A M/J J/A S/O N/D

0-199 RT 0.74 1.50 0.39 0.10 0.97 1.26
BT 0.08 - 0.63 - 0.13 -
S NS - NS - NS "

200-299 RT 2.73 5.10 4.29 2.62 5.24 4.45
BT 3.06 0.22 0.77 - 0.56 2.21
S NS * * • NS - * *

300-399 RT 8.59 6.76 10.33 6.36 4.53 10.45
BT 3.17 0.45 3.87 - 0.8 -
S NS NS NS NS •

400-f RT 2.61 6.93 0.80 21.33 7.91 36.67
BT - - 14.40 - - -
S - - - - " ■

LC*L«ngth class, RT»Rainbow trout, BT.Brovm trout, S»Significance 

J/F 0-199, t-test



a gr«atar MVS on six occasions, only one of which was statistically 
significant (P<0.05), in favour of those feeding at the cages (Table 
4.18) . The results show that the large number of rainbow trout around 
the cages do not adversely affect brown trout feeding success in that 
area.

Fish fare vs littoral, rainbow trout.
In each of the eleven coxrparisons performed rainbow trout caught at the 
cages had a higher MVS than those in the littoral zone, four of which 
were statistically significant, one at (P<0.05) and three at (P<0.01) 
(Table 4.19). The results give a clear indication of the high food 
availability, and utilisation of it by those around the fish farms. The 
high feeding success that they have around the cages compared to the 
littoral sites, is reflected in their highly localised distribution 
aroxind the fish farms.

Brown trout. Mean Fullness Index <NFZ).
Their MFI declined from April to May before increasing by a small 
amount in June (Figure 4.31). This is contrary to the findings of the 
gill netting survey in v^ich their MFI increased over this period.

Brown trout. Mean Volume Fer BtosMOh (MVB).
Contrary to the results of the MFI where an overall decline was 
observed, an overall increase in the MVS of each length class was 
recorded (Figure 4.32). A possible explanation for this discrepancy is 
that the fish in June within each length class were larger, this would 
result in a disproporti«iate increase their MVS over their MFI.



«reble 4.it A  coaperleon between tbe M e n  volune <■!> of f o ^  consuasd by bbA brown broub cnuobb In bh# 
littoral ana flab t a n  habitaba In aach langth 
elaaa In 1987.

LC (nm) J/F M/A M/J J/A S/0 N/D

0*199 FF 0.08 0.43 - 0.13 -
LT 0.19 0.15 0.34 0.1 0.20 0.24
S NS - NS • NS “

200*299 FF 3.06 0.22 0.77 - 0.54 2.21
LT 0,56 0.52 1.02 0.59 0.44 0.39
S NS NS - NS NS

300*399 FF 3.17 0.45 3.87 - 0.8 -
LT 0.55 0.31 19.00 1.23 30.00 0.66
S NS NS NS * • *

400 + FF _ - 18.80 - - -
LT - * * ” " “
S - * “ ■ “ "

LC=Lenoth class, FF-Fish farm, LT=Littoral, S»Signi£icance
J/F 0-199 & M/J 300-399, t-test.
J/F 300-399 t N/D 200-299, Mann Whitney test

Tabla 4.19 A covarlaon batwaan tba m m m n  voluM (■!) of food 
cons lined by tha rainbow trout caught In tha 
littoral and fish farm habitats In aach langth 
class In 1987.

LC (mm) J/F M/A M/J J/A S/0 N/D

0-199 FF 0.78 1.5 0.39 0.10 0.97 1.26
LT - 0.17 - - “ “
S - NS " “ " ■

200-299 FF 2.73 5.10 4.29 2.42 5.24 4.85
LT 0.63 1.1 - 1.08 - 0.2
S • • • - NS ■ NS

300-399 F F t.59 4.74 10.33 4.34 8.53 10.45
LT 0.49 4.02 - 0.79 1.49 2.21
S • • NS - NS NS • *

400 + F F 2.61 6.93 0.80 21.33 7.91 34.47
LT _ - - - 0.06
S - * - - - NS

LC-Length class, FF-Fish farm, LT«Littornl, 
M/A 0-199 a N/D 200-299 t-tast.

SvSignificance



Flyura «.»1  T h »  monthly moan fullnost Indoa (MFI) (» t -D )  of 
brown trout and rainbow trout eaught by anglara In ib tT .
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Igur* 4 .9t Jh9 m M n velunw/ttomach (♦S.D) of 
broom trout eouflHt by onglor»  In 1M7.
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Ralabew trout. Moan PuXlaoaa Xndox <NFI).
in comnon with brown trout, tha rainbow trout MFI also showed slight 
decline betvfoen April and June, with the lowest level being recorded 
in May (Figure 4.31).

Rainbow trout. Moan Volune Per stOMob OCVS).
When the MVS was divided into length classes it was shown that the 200- 
299iwn group declined from April to May before increasing to its highest 
level in June (Figure 4.33) . In the 300-399nmv length class it decreased 
from April to J\me (Figure 4.33) . The low level in June is probably due 
to the sanple only being conprised of one fish.

A oo^arieon of the volune of food eonauaed by brown trout and rainbow 
trout caught by angling in 19S7.
Comparisons were made by one way ANOVA, with log (100.x) 
transformations being performed when the data failed to meet the tests 
requirements. In the six comparisons made brown trout had a higher MVS 
than rain)30W trout on five occasions, one of which was statistically 
significant (P<0.01) (Table 4.20). This shows that rod caught brown 
trout had been feeding with greater success than rainbow trout, 
although the lac)c of significance in the majority of comparisons is 
noted. This is in contrast to the 1987 gill netting survey results 
which showed that neither species had a distinct feeding advantage in 
the littoral zone.

A ocaparisea of the velume of food consumed by rainbow trout and brown 
trout caught by angling and gill netting in 1987.
Conparlsons between the MVS of brown trout caught by angling and gill 
netting sho%ied that in four of the six comparisons those caught by 
angling had a higher MVS, one of which was statistically significant 
(P<0.001) (Table 4.21). This is in agreement with expectations as the



Tsble 4.30 A  eoaparison of tbo t o I u m  (•!) of food conouBod 
by tbo brown trout ond rainbow trout caught by 
aiMfling in 1907.
J^ril May Juno

LC (Iran)
0>199 BT - - -

RT - - -
S - - ■

200-299 BT 1.73 1.15 2.07
RT 0.95 0.61 1.26
S NS * NS

300-399 BT 2.29 i.»a 2.50
RT 3.30 1.85 1.20
S NS NS NS

400 + BT _ - -
RT - 0.12 -
S - - -

LC«Length class, RT«Roinbow trout, BT*Brown trout, 
S«Significance, NS*Not Significant, **P<0.05.







fish caught by angling ara actlvaly feeding whereas those caught in the 
gill nets do not have this selection criteria. It could also be argued 
that this was evidence of regurgitation or digestion while the fish 
were in the gill nets unfortunately there is no way of separating these 
effects in the present survey. In the two instances where those caught 
in the gill nets had a higher MVS, one included the large fish that had 
been feeding very heavily on Molluscs at Coillaig, and the other was 
based on a coitiparison between one individual from each sampling 
technique.

The opportunity to make comparisons between the volume of food consumed 
by rainbow trout caught by the two techniques was limited due to no 
rainbow trout being caught at the littoral sites in May and June in the 
gill netting survey. In the two comparisons made no trends were 
apparent (Table 4.22). Neither were statistically significant, and 
were based on only a small number of fish.

4.3.2.8 ireriatioa la the TQlg—  Qt tPOfl CTaM t a  bY rttBfrgg
trout and brown trout ceuff**» f««** *»irm awd littoral
habitats In 1928.

The sunmer peak in feeding activity of brown trout caught in the 
littoral zone was similar to the pattern observed in 1987 (Figure 
4.34) . Ho%^ver there were two slight differences, the maximum MFI was 
higher, and it occurred slightly later than in the previous year. The 
later peak could sinply be an artefact of the sampling schedule, as no 
samples were collected in June the month in which the highest MFI 
occurred in 1987.

The feeding activity of bro%m trout at the fish farm was at its highest 
lavel in March and July. The reason for the decline in May is unclear, 
but the decline In September is in line with seasonal expectations
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Ftaun 4.34 T h . mMn lullnM* Ind«« (MFI) (»t -D ) of 
trout eou«ht In ttio littoral and «oh form habltata In 13M.

IMRCH m ay JUtY 3EPT

Figura 4.83 Tho moan fullitoaa Indox (MFI) (*S.D) of rainbow 
trout caught In the littoral and flah farm habllata In 18M.



(Figure 4.34).

was an apparent decline in the suininor feeding activity of rainbow 
trout in the littoral zone (Figure 4.35) . However the variation can be 
explained by the different food types consximed in the different months. 
In March and September fish in the saitple had been feeding on uneaten 
pallets that pass through the cages, whereas in the other months they 
had consumed conventional trout prey. As most of the pellets sizes used 
on the farm have a greater \init voliame than the conventional prey their 
inclusion in the diet will result in a greater fullness index than if 

same number of conventional items had been consumed. Also in May 
and July the sample sizes were small and may not have been 
representative of the whole p^ulatlon.

The feeding activity of the rainbow trout at the cages pea)ced in May 
and declined in July. This is similar to the pattern observed in 1987 
(Figure 4.35).

4.3.3.6 A onM^rleon of tl|t TftlMr r,rmmtmmA bv rainbow
trom  trout eaunht ia thft end fieh farm

Although there were fewer cmparlsons than in 1987, and the littoral 
and fish farm sites %^re very close to each other, some of the trends 
observed in 1987 ytmv again apparent.

In the littoral zone rainbow trout had a higher MVS than brown trout 
in four of the six comparisons, three of vrtiich were significant (Table 
4.23). At the fish farms rainbow trout and brown trout each had a 
higher MVS on three occasions (Table 4.24).

Xs expected rainbow trout consumed more food in the fish farm habitat
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Tabla 4.33

LC <nm) 
0-199

A  ooivarlBon of tba v o l u M  (ml) of food conaiiaad 
by brown trout and rainbow trout caught in tba 
littoral Bona In 1 9 a t .

LC^Length

RT
March
7.00

May
0.20

July
0.18

September

BT 0.28 0.4« 0.54 0.13
S • * * NS NS “

RT _ 3.04 - -

BT 0.33 1.03 1.58 0.11
S - * • ■
RT 7.00 0.19 - 10.80
BT 0.14 - - 0.41
S • * - “ NS

RT 8.80 _ - 11.98
BT - - - "
S - ■ " "

class. RT»Rainbow trout, BTsBrown
canee , **P<0..05, ***P<0..01, ***P<0..001.

Tabla 4.34 A  oo^arlaon of tba TOluaw (nl) of food conaunad by brown trout and rainbow trout caught at tha 
flah fama In IftS.

LC (mm) March May July September
0-199 RT 0.11 - 0.20 -

BT o . a o 0.18 0 . 8 5 0.1
S NS - NS “

200-299 RT 3 . 7 5 1.25 4 . 4 1 1.71
BT 1.91 4 . 8 0 3.00 -
S NS NS NS "

300-399 RT 10.35 5 7 . 3 5 0.80 40.41
BT _ 11.82 - -
S - NS - “

LC»Lenath class. RT»Rainbow trout. BT«Brown
SvSionificance , **P<0,.05, **«P<0..01, ***P<0..001.



than th«y did in the littoral zone (Table 4.25). whereas brown trout 
did not exhibit a greater degree of succès* in either habitat (Table 
4.26). These results again demonstrate that brown trout feeding is not 
suppressed in the iirmediate vicinity of the fish farms, and that 
rainbow trout feed more successfully at the fish farms than they do in 
the littoral zone.

4 .3 . 3  eh content requraitstiga in fith C W h t
I n  the e l l l  nets i n  end

Gill nets have often been criticised for their use in feeding studies 
as the fish caught in them reportedly regurgitate the food that they 
have eaten. Such a phenomenon would obviously bias any results used 
in such studies. In the present study the number of fish that showed 
evidence of partial or complete regurgitation was measured using the 
method outlined by Treasurer (1988). This author described stomachs 
that food had been regurgitated from as being thin walled, distended, 
having little internal ridging, and being empty or partially empty, and 
found that regurgitation in perch occurred in leas than 9.0% of the 
stomachs he examined. On the basis of this analysis Treasurer (1988) 
concluded that gill netting was a legitimate means of sampling perch 
in feeding studies, in the present study the highest level of 
regurgitation was 6.3% in pelagic Arctic charr (Si fllPinufl) . «nd it 
occurred to a much lesser extent in the other species (Table 4.27). As 
this is lower than the level recorded by Treasurer for perch (£^ 
f luvlatilis), it is CCTicluded that gill netting was a satisfactory 
technique for collecting fish for the feeding studies in the present 
study. It 1* also likely that the stomach contents of fish caught by 
gill netting %rauld have undergone a degree of digestion if they had 
been in the nets for the full 24 hours, particularly during the summer.



T a b i «  4 . a s

LC (mm) 
0-199

A ooi^rlflon of th« toIu m  (ml) of food con«um«d 
by ralnl>ow trout cauvbt lo bbo flab farm and 
littoral habitats In IttS.

CA
LT
S
CA
LT
S
CA
LT
S

March
0.11
7 . 0 0

10.35
7.00
NS

May

1.25
3 . 0 4
NS
5 7 . 3 3
0.19
NS

July
0 . 2 0
0.16
NS
6.41

September

4 0 . 4 1
10.80
NS

400-f CA -  -  "  r .
LT 8.80 - • 11.89
S -

LC*Length class, CA-Cages, LT«Littoral, S*Significance 
*«P<0.05, **»P<0.01, ***P<0.001.

Tabla 4.26 A com>arlson of tha TOluma (ml) of food
by brown trout caught In bha fish ]
littoral habitats In 1900.

LC (mm) March May July September
0-199 CA 0.20 o.ie 0.85 0.1

LT 0.28 0.4« 0.54 0.13
S NS NS NS NS

200-299 CA 1.91 «.80 3.00 -

LT 0.33 1.03 1.58 0.11
S * * • NS NS

300-399 CA . 11.82 - -
LT 0.14 - - 0.41
S - “ " ■

LC-Length class, CA>Cages , LT*Littoral, S»Significance.
**.p<0.01, * * •P<0.001.





DlacttMion.
4.4.1 Bl«t ot •mah
Th« f««dlng behaviour o£ brown trout in allopatry, or at least in the 
absence o£ closely related species in large ollgotr<^hic lakes in their 
home range is characterised by two distinct feeding periods. In 
winter/spring they feed predominantly on zoobenthos in the littoral 
zone, and in summer when older members of the population migrate 
offshore their diet shifts to aerial insects, pelagic pupae and 
zooplankton. The smaller fish that remain in the littoral zone feed 
on similar prey, but also retain a small amount of zoobenthos in their 
diet (Haraldstadt 6 Jonsson, 1963; Dauod ct al.. 1986; Jonsson, 1989).

The seascmal variation in their habitat use has been shown here to be 
driven by the seasonal variation in food suc^ly. In the early spring 
there is a high abundance of invertebrates in the littoral zone, while 
the biomass of zooplankton and availability of aerial insects is low 
(Hinder k Jonsson, 1982). Also at this time semi-aguatic insects are 
close to emerging and show high levels of activity thereby making 
themselves more conspicuous to predatory fish (Lillehanzner, 1973). 
During the suntner, food availability in the rocky littoral zone 
decreases and in the surface/pelagic zone it increases with the 
appearance of pelagic pupae and a rise in zooplankton productivity. 
Aerial insects are also most active at this time.

In the autuB« when surface/pelagic prey abundance declines and the 
littoral zoobenthos abundance starts to increase the larger fish move 
back to the shallows prior to spavming (Hlndar k Jonsson, 1982). After 
spa%ming fish regain condition by feeding in the littoral zone before 
xmdertaking the same migration into the pelagic zone in the spring.

in standing water bodies with a higher nutrient status a change in
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behaviour between winter and sunvner is also found. In winter 
they still feed on littoral invertebrates, but in the sxonuner they feed 
predominantly on mid water prey, with aerial insects being largely 
absent from their diet, apart from isolated incidents associated with 
large hatches. Hiis situation has been described in Llyn Alaw. Wales 
by Hunt ft Jones (1972) and in Lough Derg, Ireland (Southern, 1935).

In Loch Leven (Thorpe, 1974) showed that brown trout wintered in open 
water and moved to the littoral rone in the suirmer to feed on fully 
aQuatlc Invertebrates vrtilch are present at that time, particularly A. 
aouaticus. He demonstrated that bottom feeding was the preferred mode 
for brown trout, as those netted from there were in better condition 
than fish caught at the same time in the surface waters by anglers. He 
suggested that trout feeding on benthos held the preferred territory 
and those that were displaced moved to the surface.

Therefore it is clear that brown trout can prey on a wide variety of 
prey organisms, and show a degree of plasticity in their feeding 
behaviour depending upon the type of water that they inhabit.

The diet of brown trout in Loch Awe was similar to their diet in 
allopatric situations in other large oligotr^hic la)ces. In winter and 
spring they fed primarily on bottom-dwelling invertebrates, and as 
spring changed to summer so their diet gradually shifted to pelagic and 
surface living organisms. It is at this time the larger fish move 
offshore, unfortunately the sc^e for analysing this group's diet is 
limited by the small number of stomachs examined. The younger fish that 
remain in the littoral zone retain some bottom-dwelling organisms in 
their diet. As autumn passes to winter so their diet reverts to a 
bottom-feeding mode as the larger fish move bac)c onshore.



Rainbow trout feeding behaviour has been described as <^portunistic, 
versatile and being capable of exploiting a variety of food sources, 
with their diet at a particular time being dictated by their size and 
food availability (Bernard fc Holstrom, 1978) . In the Rotorua lakes. New 
Zealand, Rowe (1984) demonstrated that rainbow trout fed on fish, 
insects. Molluscs, fish larvae and Crustacea, with the preference at 
different ages being dictated by a number of con«>l«x inter-related 
factors including turbidity and t«nperature. In large North American 
lakes ^ e r e  no forage fish are present McAffee (1966) showed that 
rainbow trout fed mainly on insects and planktonic Crustacea. Where 
forage fish were present Mottlely (1947) and Larkin et al. (1957) 
showed that when rainbow trout reached 350itin and 300mn fork length 
respectively they adopted a piscivorous habit. This is very similar to 
changes descrl):>ed by Campbell (1979) in brown trout feeding behaviour 
when they reach a similar length in the presence of Arctic charr.

In extensive aquaculture systems similar behaviour has been recorded. 
In Lake Kuakkingarvi, Russia, Arendarenko & Zabolotskiy (1977) 
dononstrated that their diet ranged from zooplankton at O-»̂, to large 
benthos and small roach at age 2*. In the winterkill lakes in western 
Manitoba, Canada, Bernard & Holstrom (1978) demonstrated a similar 
progression with age, they also noted a greater degree of piscivorous 
behaviour in hatchery stock.

The diet variation described above is due to the variations in food 
availability in the different habitats that have been considered, the 
fish in each one consigning prey that requires the least expenditure of 
energy. In this respect the diets of rainbow trout and brown trout are 
very similar. There is also a broad similarity in the diet of the two 
species in running water.



Th«r€ is a marked difference betvieen the diet of rainbow trout in Loch 
Awe and those found in other systmis, the main difference being their 
high utilisation of non-conventional prey. At the littoral sites away 
from the cages vegetation, stones and ground bait contributed a large 
percentage to their diet. At the fish farms they had an even greater 
dependence on non-conventional prey, with their diet largely consisting 
of fish farm pellets. Rainbow trout do not have the enzymes and micro
flora required to break down cellulose in the plant cell walls 
therefore they are not able to derive any nutritional value from the 
vegetation that they consume (Lindsay a Harris, 1981) . The small amount 
of conventional food in the diet of rainbow trout is similar to that 
of brown trout. This type of diet is common in fish reared under 
artificial conditions when they have been released into the wild 
fSoslak et al.. 1979; O'Grady, 1983). Such fish have been shown to have 
a lower survival rate than the indigenous stock once they have been 
released (O'Orady, 1983; Ersbak a Masse, 1983; Bachman, 1984; Johnsen 
a Ugedal, 1986). As all of the rainbow trout caught in the course of 
this study spent at least part of their life in a fish farm, similar 
behaviour is anticipated in Loch Awe.

A number of researchers have attempted to elucidate the mechanism 
responsible for this greater mortality rate. The one that has received 
most attention has been the ability of stocked fish to forage wild prey 
after they have been released. The studies have provided a wide range 
of results. Some have shown that stocked fish start feeding on wild 
prey immediately after release, whereas others have shown that there 
is a difference In the diet of stocked and wild fish even after one 
year. A quick shift to wild prey has been reported by Kennedy 
(1984) and Stradnneyer a Thorpe (1987) in Atlantic salmon, Paszkowski 
& Olla (1985) in coho salmon Qneorhvnchus kisutch Walbaum; and by 
Xelly-Quinn a Braken (1989) in brown trout. A short transition period.



where stocked fish fed on invertebrate exuviae prior to feeding on 
living prey was reported by Johnsen & Ugedal (1986» 1989) in brown 
trout. Ersbak k Hasse (1983)» O'Orady (1983) and Bachman (1984), all 
demonstrated that stocked brown trout were less effective at foraging 
wild prey even after a number of months had elapsed. Ersbak fc Hasse 
(1983) showed that stocked fish had a preference for wild prey that 
resembled pelleted hatchery food. Sosiak (1979) and O'Grady
(1983) showed that stocked fish had a preference for surface prey. The 
latter author suggested that the greater vulnerability of stocked fish 
over wild ones to anglers is due to the -upward looking- feeding 
behaviour that they develop in hatcheries. He also showed that they 
consumed stones and organic detritus. A possible explanation for the 
consuitption of non-food items could be the limited repertoire of food 
search images »rtiich domesticated fish have, compared with wild ones. 
A possible explanation for the preference shown for surface prey could 

the ratio of visual pigments in the eyes of hatchery stock. Allen 
at al. (1973) demonstrated that the ratio of porphyropsin and rhodopsin 
can vary with the season and environmental conditions. Therefore fish 
that have been surface feeding in hatcheries will have both rhodopsin 
and porphyropsin in their retinas. This in turn would make them more 
predisposed to surface feeding after they were liberated.

The liberated rainbow trout in Loch Awe clearly find difficulty in 
foraging wild prey items, the large percentage of non-conventional prey 
items in their diet being evidence of this. It is likely that rainbow 
trout will therefore suffer from the high mortality rates that have 
been described in stocked fish.

In Loch Awe Atlantic salmon preyed upon littoral invertebrates, 
zooplanktCMi and pelagic p\jpae. This is similar to the findings of 
Pedley 8 Jones (1978) who demonstrated that juvenile Atlantic salmon
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in Llyn Dwythwch prayed upon Chironomidae larvae and pupae, aerial 
insects and Trichoptera larvae, with the littoral Crustacea 
lamallatua and ̂ hemeroptera nymphs also being coirmonly consumed. This 
is similar to the diet of river-dwelling salmon (Carpenter, 1940; 
Mills, 1964; Robins, 1967; Woodland, 1972).

In Loch Awe benthic Arctic charr derived a large prc^ortion of their 
diet fr«n the soft sediments over which they were most commonly caught. 
However, those caught in the littoral zone also consumed invertebrates 
associated with that habitat, the variation in seasonal availability 
determining vd\at was consumed. This is similar to the findings of 
Walker et al. (1988) in Loch Rannoch. The inclusion of E. lamellatus 
in the diet of Loch Awe's benthic charr a Crustacea normally associated 
with loch margins, in the same stomachs as P. obtusale and g, 
which are normally associated with deeper water suggests that the 
benthic charr regularly xindertake migrations )Detween the two habitats. 
Jonsson and Graven (1985) suggested that the feeding of benthic charr 
in deep water, in large ollgotr^hlc lakes is due to their greater 
feeding efficiency at lower light conditions.

The diet of pelagic charr in Loch Awe was exclusively based on pelagic 
zooplankton. In loch Rannoch they also had a high dependency upon 
pelagic zooplankton, but also consumed items that would have been 
encountered whilst foraging in the surface/pelaglc zone (Walker, et al. 
1988). It is clear that pelagic Arctic charr are fulfilling the role 
of planktlvores in these habitats.

The suRzner diet of perch in the littoral zone in Loch Awe consisted of 
littoral Invertebrates, a wide range of zooplankton species, fish, 
particularly the three spined stickleback, and pelagic pupae. This was 
very similar to their sunmer feeding behaviour in Windermere described



by HcCormlck (1970) and Craig (1978). and In Loch Lomond by Giles & 
Tippatt (1987). The main difference between the results of the present 
survey and that on Loch Lomond was the consumption of D.gracilis ty 
perch there. Although it was present in very high densities in Loch 
Awe's zo^lan)cton it was not consumed by a single perch the reason for 
this difference was unclear.

Th« f— d l M  b»tw— n tlM aati-rm timh

When rainbow trout and brown trout are found in sympatry in lotic and 
lentic habitats a degree of segregation has been observed by a number 
of wor)cers. in La)ce Benmore, New Zealand. McCarter (1986) demonstrated 
that brown trout were more effective at exploiting bottom-living 
Mollusca than rainbow trout. rainbow trout )3eing unable to 
differentiate between empty and full shells in the sediments whereas 
brown trout could. Further evidence of this lac)c of discrimination in 
rainbow trout bottom feeding was the inclusion of stones and sediments 
in their diet. %dilch was also seen in the present study (but perhaps 
for different reasons) . Although neither species are native to New 
Zealand it is interesting that some of the differences found in their 
feeding behaviour in Britain are also found in New Zealand.

Mylechreest (1978) concluded that brown trout partially excluded 
rainbow trout by interactive segregation from the littoral zone in La)ce 
Wai)caremoana forcing them into open water where there were fewer but 
larger prey.

De Filby (1976) and NcAuley (1984) demonstrated a preference for 
bottom-dwelling prey by brown trout when they were in sympatry with 
rainbow trout that had escaped from a commercial fish farm. Increased 
piscivorous behaviour in brown trout has also been noted when the two
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8pecl«s ar* in sympatry (Idyll 1942; a Phillips 1984). Purchar 
avldanca of tha brown trout's prafaranca for pray in daepar watar whan 
thay ara in synpatry with rainbow trout was shown by Brown at al. 
(1980). Thay damonstratad in a autrophic raservoir that tha 
Chlronomldaa (both larvaa and pvpM) componant of the brown trout's 
diet largaly conprisad thosa found in deep watar, whereas the raln)x>w 
trout's diet was mostly made up of those preferring shallow water. 
Their findings were supported by anecdotal evidence from anglers who 
reported that thay had to fish deeper to catch brown trout.

XntarspacifIc segregation has also been recorded in running water. 
McLennan and McMillan (1984) found segregation occurring in the pool 
position held by the two species. In tha absence of brown trout, 
rainbow trout held territories throughout the pools, whereas in their 
presence thay were restricted to positions at the top of them. Jen)cins 
(1969) demonstrated that this was the position held by low>ran)cing fish 
that vmre unable to hold territories elsewhere. Armstrong (1979) found 
that rainbow trout predominated in the turbulent head waters of rivers 
and that brown trout were found in the turbid slower^flowing downstream 
sections.

The above clearly demonstrates that whan brown trout ara in sympatry 
with rainbow trout tha former show a preference for deeper water and 
poorer light conditions than rainbow trout. Ihis is demonstrated both 
by brown trout exploiting pray found in deeper water than rainbow trout 
and by bro%m trout showing a greater degree of selectivity when feeding 
at the same depth in turbid waters as rainbow trout. Further evidence 
of the rainbow trout's preference for surface waters is their greater 
susceptibility to avian predation (Matkowski, 1989).

(1973) dmonstrated a difference in the proportion of 
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visual plgmancs in the retina of surface and bottom-dwelling freshwater 
fish. Surface dwelling fish have both porphyropsln and rhodopsin 
whereas those that are bottom-living have a greater proportion of 
porphyropsln. Porpl^ropsln absorbs light of a longer wavelength than 
rhodopsin and l«ig wavelength light Is known to penetrate deep water 
(Hunts a Walnwrlght, 1978). Therefore the proportion of porpivropsin 
In the retina of trout found In deeper water should be higher than 
those feeding In shallow water. Allen et al. (1973) d^onstrated that 
when brown trout, brook trout Salvelinus fontinalis (Mltchlll) and 
rainbow trout were kept under Identical photic conditions, brown trout 
had a higher percentage of porphyropsln In their retinas. These 
results provide an optical basis for the habitat segregation that has 
been described when rainbow trout and brown trout are In syn^atry.

As well as the proportions of porpt^ropsln and rhodopsin varying 
genetically between species. Allen et al. (1973) also demonstrated an 
environmental control. This could predispose fish reared on a farm to 
have a preference for surface feeding due to the "upward looking” 
feeding behaviour encouraging the production of rhodopsin rather than 
porphyropsln. O'Grady (1983) reported this type of behaviour in 
recently stocked brown trout in a number of Irish lakes.

Evidence of this niche segregation between brown trout and rainbow 
trout In Loch Awe was seen In the greater consumption of bottom
dwelling Invertebrates by bro%m trout, and by the greater consumption 
of food Items from the surface/pelaglc zone when they were available 
by the rainbow trout caught In each part of the study. Hovrever. it Is 
unclear how inportant the rainbow trout's Innate preference for surface 
feeding and their hatchery background are In determining their feeding 
behaviour In Loch Awe.



If rainbow trout ware to escabliah a self-sustaining population In Loch 
Awe, they would learn to feed on conventional pr«y from emergence, and 
thereby pose a greater threat to the loch's native species. This Is 
discussed more fully In Chapter 6.

NO previous studies could be found on the feeding relationships between 
juvenile Atlantic salmon and rainbow trout. However it is clear from 
the results of this survey that there vK>uld be a degree of con^tition 
for zooplankton and invertebrates at certain times of the year if 
demand exceeded supply. As a quantitative assessment of this type was 
beyond the scope of the project. It cannot be determined If coirpetltlon 
occurred. Prior to this study being Initiated It was claimed that 
rainbow trout predated heavily on juvenile Atlantic salmon. From the 
findings of this study it is clear that the claims were groundless, it 
may occur to a limited extent, but no evidence was found In this 
survey.

As with bro%m trout the threat of Interspecific feeding competition 
from rainbow trout %rauld increase If a self-sustaining population 
became established In the loch. The scope for such corrpetitlon in the 
case of young salmon Is reduced by their limited presence in the loch 
during their migration from their natal streams to the sea.

AS with Atlantic salmon no previous studies on the interspecific 
feeding relationships between perch and rainbow trout were found. In 
Loch A w  both species consximed zooplankton, pelagic pupae and smaller 
amounts of littoral Invertebrates. This only indicates that there Is 
the potential for cmipetltlon. As there was a little evidence which 
sho%^ed that the rainbow trout moved offshore when the perch made their 
mlgratlOT Into the littoral zone the scope for feeding c<xTpetltlon Is 
reduced.



Th«r« is v«ry little aimilarity in the diet of benthic Arctic charr and 
rainbow trout. The charr feed pred«ninantly on invertebrates associated 
with soft sediments and deep water, due to their ability to feed in low 
light intensities (Jonsson & Gravem 1985), whereas rainbow trout feed 
nearer the surface. During the summer charr consumed pelagic 
zooplan)cton as well as those associated with the sediments and found 
in their diet throughout the year. As pelagic plankton undergo diel 
vertical migrations in the water column, it is possible that the two 
species could Interact at the limits of their depth distribution. Again 
the consunptlon of the same species of zo^lankton by the two fish 
species would only result in competition if the prey were in short 
supply. The Inclusion of e . lamellatus a Crustacea typical of littoral 
areas, in the diet of benthic charr suggests that there could also be 
the potential for conflict in the littoral zone.

Pelagic Arctic charr and rainbow trout both feed on zooplankton in the 
surface/pelagic zone during the sunvner. This combined with the low 
catches of charr suggests that they would be in the greatest danger if 
feral rainbow trout were to become naturalised. However due to the 
small sample size of charr it is difficult to be sure if this is truly 
representative of their diet. The overlap in this component would only 
be a problem if prey were in short sus^ly.

Q u « llf t lT «  f — ^ n a  r«l«tloM hlD « b«t»— a fia b o w  tro ut M X  

broM trout.
The seasonal feeding activity of the two species is in broad agreement 
with that described by Swift (1961), Ball (1961), and Hunt fc Jones 
(1972). It peaked in mid May and was at its lowest in early winter 
prior to spawning. The exceptiwi to this occurred in rainbow trout 
feeding at the fish farm in 1987, «rttere less successful svuraner feeding 
was recorded. Other deviations from this pattern were due to small
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samples collactad during the sunmer.

When the volume of food consumed by brown and rainbow trout at and away 
from the fish farms is considered it is clear that rainbow trout 
consume more food than brown trout at the fish farms, but that neither 
species holds a distinct advantage in the littoral zone. IntraspeclfIc 
comparisons betv/een the two habitats demonstrated that brown trout 
feeding aroxmd the fish farms was unaffected by the large number of 
rainbow trout. However this was contrary to the results of the 
cociparison between the number of stomachs that contained food and those 
that were empty, it showed that brown trout caught at the fish farms 
had a higher proportion of «npty stomachs. It is unclear if this was 
due to rainbow trout creating a shortfall in the availability of 
conventional food by eating it themselves, or whether the brown trout's 
feeding activity was curtailed by the presence of rainbow trout around 
the farms. In 1988 the mean fullness index of brown trout was higher 
than it was in 1987 suggesting that their feeding at the fish farm 
Inproved %dien rainbow trout were less abundant.

The rainbow trout intraspecific comparison between the habitats showed 
that those caught at the fish farms consxmed more food than those 
caught in the littoral zone, principally due to the large amount of 
pellets consumed by those caught at the fish farms. However what was 
more interesting was that the proportion of rainbow trout at the fish 
farms with empty stomachs increased over the sumner, and those that had 
been feeding consumed less food. This coincided with the period when 
the fish in the cages %«ould be increasing their feeding rate. It is 
possible that this t^uld result in less food passing through the cages 
and being available to the rainbow trout that live under them. If this 
was the case it %«ould mean that a proportion of the rainbow trout 
around the farms find it very difficult to switch to another food
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source when their preferred option is in short supply. This hypothesis 
relies on there being a reduction in the amount of uneaten pellets 
passing through the cages when the feeding rate of the captive rainbow 
trout increases over the summer. Unfortunately there are no published 
results on this matter.

The afferent feeding advantage that the rainbow trout have over brown 
trout may be less lirportant than previously thought as there is very 
little overlap in the prey items consumed by the two species. However, 
this situation could change if rainbow trout were to become 
naturalised.

In summary, the diet of rainbow trout largely comprised non- 
conventional prey, with small amounts of conventional items being 
consumed according to their availability. At the fish farms they had 
a high dependence on the uneaten pellets that passed through the cages, 
at the littoral sites this was replaced by stones, twigs and other 
miscellaneous prey items. Rainbow trout caught by anglers had consumed 
a greater quantity of conventional prey than those caught in the gill 
netting survey. This difference was not surprising as the angler san^le 
was biased towards rainJsow trout that had made a successful transition 
to conventional prey, as the lures used by anglers are designed to 
mimic such items. The diet of native species was based on conventional 
prey it«ns with macroinvertebrates, aerial insects and zooplankton all 
being consumed according to their seasonal availability.

Evidence was presented %^lch indicated that rainbow trout showed a 
preference for surface foraging, and brown trout a preference for 
bottom foraging. An optical mechanism was provided to explain the 
difference between the two species. However it was not clear if the 
difference was due to an expression of the rainbow trout's domestic
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background, or dua to an Innata dlffaranca.

Rainbow trout war« shown to ba lass successful at feeding around the 
fish farms than in the littoral zona in the summer. This may be 
evidence of them having difficulty in switching to an alternative prey 
type, when the abundance of the pellets declines, as the feeding of the 
fish in the cages increases at that time. Brown trout also had a 
greater proportion of empty st^nachs around the fish farms, but it is 
unlikely that this could have been caused by direct competition for 
food as there was very little overlap in their diet. If rainbow trout 
were to establish a self-sustaining population in the loch they would 
be es^osed to a full repertoire of prey search images from emergence, 
and would thereby become a greater threat to the native fish species 
in the loch, but at present there is very little likelihood of this 
occurring.
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introduction
Angling groups and consorvatlon bodies have recently voiced concern 
about the Impact of non-native rainbow trout on Britain's native 
salmónida. It Is generally accepted that the Impact will be greater as 
the ratio of rainbow trout:native species In a water body Increases. 
By conparlng the holding capacity of a commonly used Karnes cage 
containing 10,000 250gm rainbow trout at harvesting against the 85,640 
>3+ brown trout population in Loch Leven (Thorpe, 1974), Phillips 
(1984) demonstrated that the loss of one rainbow trout cage in a loch 
of that size had the potential for a significant effect on the brown 
trout population.

In the present study, gill netting surveys in 1986, 1987 and 1988 
failed to reveal any part of Loch Awe where large numbers of brown and 
rainbow trout co-existed away frcxn the fish farms. It was decided to 
artificially create such conditions, to establish the li)cely effect on 
the native brown trout population in Loch Awe if the rainbow trout 
population increased significantly above their current level.

This chapter describes experiments designed to examine the effect of 
interspecific conpetition and previous feeding experience on the 
growth, survival and feeding behaviour of brown trout and farmed 
rainbow trout. By stocking two ponds at a high density (approximately 
twice the normal level), far greater than their normal carrying 
capacity one with brown trout and the other with brown trout and 
rainbow trout it was hoped that any changes in the behaviour of the 
brown trout in the presence of rainbow trout would become intensified 
and therefore more apparent. This would be achieved by each species 
making greater use of their potential niches.



S.2 Itothod»
5-3-1 ■ouroa of flah.
At th« «nd of April 1990, 90 wild brown trout were sein« nottod from 
th« littoral zona around Braavalllch, and put into tha axperimental 
ponda. Howavar batwaan than and tha proposad start of tha axperlmant, 
thay wara ramovad by anglara. A furthar unauccaaaful attenqpt to net 
flah from tha loch was made in June. It was than decided to buy 90 24- 
brown trout from tha Castle Pish Farm Inveraray. As tha fish had been 
reared in earth ponds thay %#ould have exparlenca in foraging wild pray 
(Wahab, 1986). In this respect tha conpetitiva advantage of brown trout 
over rainbow trout reared in tha cages was retained. Tha 30 rainbow 
trout used in tha experiment were obtained from the nearby Caledonian 
Trout Con^any.

The public Intarfaranca continued during the experiment, on two 
occasions anglers wara caught fishing in tha ponds. As it was not 
possible to determine if thay had caught any fish, it was decided not 
to add any furthar fish to the ponds. In an attempt to minimise the 
interference a careful watch was made of the ponds but this could not 
be maintained at all times. As a consequence tha findings of the 
experiment may not be wholly accurate. Although the results have been 
interpreted at face value, it %^uld be necessary to repeat the 
experiment to verify the findings.

5-3-2 Fond description.
Each p ^ d  had a surface area of 255in̂ , and was 1.75m deep. Their water 
supply %#as drawn from the Braevalllch burn via a culvert. It flowed 
into p m d  A then into p m d  B, with the overflow emptying into Loch Awe 
via a small stream. The ponda were Isolated by a series of screens at 
their Inflovrs and outflows.
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Th« fish w«r« relttased into the ponds on 8 July 1988« and on the 10 
July 1988 a large flood dislodged the screen covering the inlet pipe 
to pond A. Three tagged brown trout were subsequently caught by anglers 
in the Braevalllch b u m  and Loch Awe indicating that some fish had 
escaped. In the early stages of the experiment a small number of fish 
moved between the ponds« principally frcxn B to A. It was suspected 
that the cascade of water between the ponds was acting as a stimulus 
for the downstream fish. By increasing the depth of water in pond B on 
the 27 August 1988 the waterfall was removed and the movement of fish 
between the ponds ended.

5 , 3 ^  ■xperlmeotal protocols
At the start of the experiment the fish were tagged with individually 
numbered floy tags and had their length and weight recorded. Each pond 
was then stocked with 60 fish, pond A with 60 brown trout and pond B 
with 30 rain3x)W trout and 30 brown trout. The brown trout stocked on 
their own were used as a control. Ideally there should have been a 
control for the rainbow trout but only two ponds were available. During 
the first netting session a small number of native brown trout were 
found in the pond A, it was decided to include them in the experiment 
as they would provide a bench mark against which the feeding of the 
stocked brown trout in pond A could be cmnpared.

The fish in pond A were examined after one week, however the low volume 
of food in their stomachs suggested that they had not fully adjusted 
to their new environment. They were left for a further two weeks and 
then sampled on 1/8/88 and then every second week until the 27/9/88. 
The final sampling session was on the 25/10/88. The experiment was then 
terminated due to the small number of fish remaining in pond B.

In each sanv>ling session the ponds were seine netted three times and
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thtt fish h«ld in a larga tank prior to procassing. This involvad 
anaasthatising than in banzocaina, racording thair langth and waight, 
and than ramoving thair st<»nach contants using a stomach pump, similar 
in dasign to that dascribad by Stranga k Kannady (1981) . Aftar 
procassing thay wara ratumad to tha ponds to racovar.

The afficiancy of tha punp was axaminad on tha last sampling day by 
sacrificing tha fish aftar thair stomachs had been pximped, and 
measuring tha voluma of food ramaining. Tha afficiancy rangad from 
94.2% to 100% removal, comparable to the range achieved by Stranga 6 
Kannady (1981).

Inyrfbrft«-« .
The abundance of bottom-dwelling invertebrates in the two ponds was 
assessed by taking samples using an Ekman grab. Tha sanóles were then 
sifted in a 1000 u m sieve, and tha invertebrates counted. A pilot 
study was established to determina tha sampling intensity required to 
assess this. Zt involvad taking tan sanólas from each pond, counting 
the invertebrates in each one and as^lying the formula described by 
(Elliott, 1977) and used previously in section 4.2.4 . This demonstrated 
that it would have been necessary to collect more samples than could 
have bean analysed, and that tha required level of sampling would also 
severely deplete tha biomass of bottom-dwelling invertebrates in tha 
ponds (Table 5.1). As a result it was decided not to proceed with this 
part of tha study.

s-a.5 contents.
Tha pray items collected by stomach pumping wara preserved in formalin, 
and ratumad to tha lab for identification using a dissection and 
conpound mlcrosc^^. Tha dlat was identified to spaclas vrtiara possible 
and tha results presented as percent occurrence, percent voluma and
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p«rc«nt nuinb«r. It was nacessary to use all three Indices as each one 
on its own has certain conceptual Inadequacies (Hysl^, 1980). The diet 
overlap in the experimental groups was determined using Schoener's 
Overlap index (Schoener. 1970). This index suffers from fewer 
limitations than are associated with others that are available 
(Wallace. IffiSli Linton, at al.. 1981). See section 4.2.3.2 for 
details.

The amount of food consumed by the experimental groups of fish was 
compared by one way ANOVA with the data being transformed where 
necessary. If they failed to meet the test criteria after 
transformation the non-parametric Mann-Whitney 0 test was used.

5.2.6 growth rate.
The mean instantaneous growth rate in each sanpllng period was 
calculated by recording the weight of individual fish caught on 
consecutive periods. This removed any bias resulting from the sanóles 
being of different sized individuals. The Instantaneous growth rate of 
each group was then compared using a t-test.

No attempt was made to assess fish production in the ponds due to the 
un)cnown angler impact in the experiment.

5.2.7 water .

The water temperature was measured daily at 08:00 hrs. 13:00 hrs. 
17:00hrs and 21:00 hrs, and occasionally at 02:00hrs. Each pond was 
measured at its inflow and outflow.



5.3
itlA >— ding r«l»tloMhlp«.
The nufnber of etomachs examined in each sampling period is shown in 
Table 5.2. The diets of brown trout and rainbow trout in ponds A and 
B on each sampling day were described to species, and are expressed as 
percent occurrence, percent number and percent volume (Appendix 4). For 
a sumnary of their diets expressed as percent volume see Figures 5.1- 
5.4.

S i?.Ill Pl«t dMCriPtioo».
stocked bro%m trout in pond A fed on a wide variety of bottom-dwelling 
invertebrates, pelagic pupae, and aerial Insects, with smaller amounts 
of fish, vegetation and invertebrates of terrestrial origin also being 
consumed (Figure 5.1). This was similar to the range of prey items 
consumed by brown trout feeding in Loch Awe at this time. The only 
slight difference was the greater iirportance of bottom-dwelling 
invertebrates in the diet of those in the ponds. The change in diet 
that occurs in response to the seasonal variation in food availability 
described for brown trout in Loch Awe (Figure 4.1) was also observed 
in brown trout stocked in pond A. The dietary importance of pelagic 
pupae and aerial insects declined towards the end of the experiment 
(autumn), when there was a concomitant rise in the Importance of the 
bottcxn-dwelling invertebrates. The low cons'jmptlon of non-food items 
was also noted.

The diet of Indigenous bro%m trout in Paid A is described in Figure 5.2 
and was very similar to that described for the stocked brown trout. The 
similarity is particularly surprising as there was a large difference 
in the size of the fish in the two samples. Their diet included bottom 
dwelling-invertebrates, pelagic pupae and aerial insects. The seasonal 
change in their diet and their low utilisation of non food-items is
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Table 5.2 Tba txamtomr of trout atoMcha aaapled froB the two 
ponda in each aaapling period.

BT S 
Pond

BT I 
A Pond

BT S 
A Pond

RT S 
B Pond B

16/7 10 4 - -
1/8 11 5 6 10

12/8 13 0 7 9

26/8 17 3 10 9

16/9 17 3 8 9

26/9 17 3 9 1

25/10 19 5 4 4

BT«Brovm trout,, RT-Rainbow Trout, SsStocked, Isindigenous.

Table 5.3 Diet overlap indicea for 
ponda A end B.

the brown trout end rainbow

Pond 
BT, S

A
VS BT,I

Pond B 
BT VS RT

Brown Trout 
Pond A vs B

16/7 0.61 - -
1/8 0.43 0.42 0.87

12/8 - 0.52 0.69

26/8 0.85 0.07 0.70

16/9 0.46 0.04 0.87

26/9 0.84 0.00 0.87

25/10 0.82 0.01 0.79

Mean 0.67 0.18 0.72

BTsBro%m trout , RT»Rainbow Trout, SsStocked, Isindigenous.





again notad.

Tha dlat of rainbow trout stockad in pond B largaly comprised non-food 
Itams that wara avallabla at tha pond surfaca (Pigura 5.3). In each 
sampling parlod vagatatlon made tha largast contribution to thalr dlat, 
with stonas and faathars also balng consumed. Tha conventional food 
itams consumed Included bottom-dwelling invertebrates, pelagic pupae 
and insects, with the importance of each group changing In each 
sampling period. This lack of consistency In the results between 
sampling periods meant that the seasonal utilisation of food described 
for brown trout was not apparent.

Tha dlat of brown trout stockad Into pond B was almost exclusively 
based on conventional trout prey, in each sarr^llng period the majority 
of their diet coci^rised bottom-dwelling Invertebrates or aerial Insects 
(Figure 5.4) . The other prey categories only contributed a small amount 
to thalr diet. As a result their feeding activity was polarised between 
tha surface and bottom of tha pond with vary few mid-water prey being 
consumed. The change In their seasonal feeding pattern Is In accordance 
with the seasonal variation in food availability.

Di«t cyiTTlap.
The large overlap in the diets of stockad brown trout in tha two ponds 
was not unexpected as they had bean reared In tha same pond at Castle 
Pish Farm (Table 5.3). Tha high overlap Index is also Indicative of 
similar pray being available in tha t%^ ponds. Bottom-dwelling 
Invertebrates and aerial insects wäre tha most Important pray 
categories for tha two groups. Tha variation that existed was due to 
differences in tha consumption of pelagic px^paa and vagatatlon, with 
those in p m d  A consuming more of both. The high utilisation of 
vagatatlon by rainbow trout In p ^ d  B may reduce its availability and
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b« r«spon9ibl« for this dlfforonc«. The reason for cheir lower 
consuRiptlon of pelagic pupae is unclear, as their high utilisation of 
aerial insects Indicates that they are not being excluded from the 
surface/pelagic zone by rainbow trout. Therefore it is concluded that 
bro%m trout feeding behaviour was unaffected vrtien they were in synv>atry 
with rainbow trout as their diet in pond B was similar to the 
all<^atric population in pond A, and consistent with brown trout 
feeding in Loch Awe at that time.

The large overlap in the diet of stocked and wild fish in pond A 
Indicates that they also feed in a similar manner (Table 5.3). Their 
diets largely being based on bottmn>dwelllng Invertebrates and aerial 
insects. The variation was due to the differing consun^tlon of fish, 
surface invertebrates and vegetation by the two groups. The variation 
in fish utilisation is size based, the smaller wild fish (mean length 
X > 153iRn) being less likely to consume large items than the larger 
stocked fish (x « 250mm) . The larger amount of vegetation in the diet 
of stocked fish may be a limited expression of their fish farm 
background.

There is very little similarity in the diets of brown and rainbow trout 
in pond B (Table 5.3) . There are two possible explanations for this:
1. the rainbow trout diet has been shaped by niche divergence 

resulting from interspecific cocqpetltlon with brovm trout;
or

2. it has been determined by the feeding behaviour that they learned 
in the cages, which has resulted in them having a low repertoire 
of prey searching images.

The most likely e;qplenatlon is the latter because in the cages they are 
only fed pellets. Had their diet coiqprlsed conventional prey with a 
higher nutritional value from the pond surface niche divergence could
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have been implicated. The difference was still apparent, at the end of 
the experiment, 13 weeks after stocking. This shows that rainbow trout 
find it very difficult to adapt to feeding on wild prey after they have 
been reared on an artificial diet.

These ^servations also demonstrate the greater readiness of fish 
reared in earth ponds, CMipared to those reared in cages or concrete 
raceways, to feed successfully once they have been stocked. In ponds 
fish gain es^erience in foraging wild prey whereas the potential for 
this is very limited when they are reared on an artificial substrate.

5.3.1.3 of feeding succeee in thm two poad».
Eight days after the start of the e^^eriment the st<Mnach contents of 
brown trout in Pond A were sampled. This revealed that their food 
consunption was very low, suggesting that they were still adjusting to 
their new environment (Figure 5.5). At this time their mean volume per 
stomach (MVS) was significantly (P <0.01) lower than the wild brown 
trout in pond A. The difference in feeding success between the two 
gro\4 >s was even greater than this comparison suggests, as the wild fish 
were considerably smaller than the stocked ones resulting in them 
having a smaller stomach volume. As a result, it was decided to extend 
the adjustment period by two weeks.

When sampling resumed it became apparent that stocked brown trout in 
the two ponds followed a similar feeding pattern through most of the 
experiment. Their food consumption increased from the start of the 
experiment until the 26/8/88 and declined on the 16/9/88. After this 
their feeding rates started to change, on the 26/9/88 it was clear that 
brown trout in poi^ B %^re feeding more successfully than those in pond 
A. This trend continued until the experiment ended when the differences 
bet%#een their MVS's were statistically significant (P<0.Ol) (Figure 5.5
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Figur« 5.5 Th « m««n volum« (ml) (*80) d  food eomumod 
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Figur« 5.5 Th« «urvlval ol th« wiparlnionlal group« In 
pond« A «nd B, «xproaaod •• a poreonlag«.

SROWM'mOUTA

BnOUMTnOUTB

RAM BOW m OUTB

BAMPUNO DATBB



and Tabla 5.4). A comblnatlm of low survival and low utilisation of 
convantional pray by rainbow trout in pond B ara li)cely to result in 
graatar food availability for brown trout and explain their greater 
feeding success in pond B.

The feeding rata of rainbow trout increased from the start of the 
experiment until the 26/9/88, after which it fell. However the data 
quality on that date is questionable as it was only based on one 
observation. On all but the first and last sanpling dates rainbow trout 
had the highest MVS (Figure 5.5 and Table 5.4). This may be due to them 
attempting to maintain the high feeding rate that they had in the cages 
(Ersbak 6 Masse, 1983). Due to there being very little overlap in the 
two species diets the variation in food consuitption is less important 
than if their diets had been similar.

The MVS of wild brown trout throughout the experiment in pond A ranged 
from 0.1ml to 0.32ml. Only on the first sampling day was it 
significantly different from the stocked brown trout in the same pond 
(Figure 5.5 and Table 5.4).

5 .3 . 2  » u r v iT a l .

The number of stocked brown trout in pond A fell quickly from the start 
of the experiment until 1/8/88, after which it stabilised at 30% of the 
original population, remaining at that level until the experiment ended 
(Figure 5.6). Part of the decline in this period was due to the escape 
of fish that occurred when the inlet pipe screen to pond A was 
dislodged during a flood. The three tagged brown trout caught by 
anglers in Loch A%m  and the Braevallich burn confirmed that fish were 
lost. The catch on 16/7/88 should be regarded as a minimum as it is 
possible that fish had dropped back into pond B which was not netted 
on that day. The populati^ decline between 16/7/88/ and 1/8/88
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T m h l m S.4 t b m M a n  v o Iu m  of food (MVf) conauMd by tha 
axparleantel groups in ponds A and •• T M  group with 
highast MVS in aaeh coaparison is indicatad by its 
first lattar undar tha laral of signifieanca.

Pond A
BT, S vs BT,

Pond B 
BT vs RT

Brown Trout 
Pond A  vs B

W
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0.14
NS
S
0.15
0.12

BT
RT

BT
RT

NS
BT
0.1
0.05
NS
RT
0.17
0.22

0.150.10

0.28
0.17

26/6 NS
S

S 0.21 BT
W 0.10 RT

16/9 NS
W

S 0.25 BT
w 0.16 RT

26/9 NS
S

S 0.23 BT
w 0.13 RT

25/10 NS
W

S 0.22 BT
W 0.32 RT

AsPond A , B.Pond B, Bt.Brovm
WsWild, NSsNot Significant,
bst-test

NS
RT
0.28
0.53
NSa
RT
0.14
0.79

RT
0.41
1.40
NS
BT
1.13
0.41

NS
B
0.21
0.28
NS
A
0.25
0.14
NS
B
0.23
0.41

B
0 . 2 2
1.13

out, RT*Rainbow Trout, S»Stockad, 
■P< 0.01, a*Mann-Whitnay Test,



indicates that post-atockiny mortality also contributed to the decrease 
in numbers at the start of the e3q>eriment. However, as stated in the 
methods it is not clear if this was due to fishiny or natural 
mortality. The survival rate in pond A over the vrtiole experiment was 
32%.

The number of stocked brown trout and rainbow trout in pond B declined 
from the start of the experiment until 12 Auyust 1988. Rainbow trout 
abundance then remained stable for t%#o weeks, after which it declined 
ayain on 26/8/88 until the end of the experiment. By contrast the brown 
trout population increased on 26/8/88. This implies that nettiny 
efficiency on the previous sampliny day had been low; a similar pattern 
occurred in pond A, but was less pronounced. If an adjustment is made 
for this anomaly (see dotted line on Fiyure 5.6) it is apparent that 
brown trout numbers also stabilised in mid experiment but at a hiyher 
level than rainbow trout. From 26/8/88 the brown trout population also 
declined until the experiment ended. At the end of the experiment the 
survival of both species was 13%. Ayain the relative Importance of 
natural and flshiny mortality is unclear.

For most of the experiment the survival of the syn^tric populations 
in pond B was better than the allopatric brown trout population in pond 
A. However by the end of the experiment the situation was reversed with 
the better survival beiny recorded in pond A (Fiyure 5.6).

s.3.3 growth.
5.3.3.1 growth rate deaoripticm.
For most of the experiment brown trout in pond A lost weiyht, with the 
yreatest loss occurriny Isetvreen the start of the experiment and the 
first sanvllny period (Fiyure 5.7). It is likely that the larye weiyht 
loss over this period was due to a cmibination of the very hiyh initial
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Figure S.7 TtM  muan liwtantanueu« («S .D ) gre«f<h ralu 
el breem trout and rainbow trout in panda A and

Brown treulA 

Brown Trout B 

Rainbow Trout B

6rowt.h Parloda.
1 . 8 / 7 / 8 6 - 1 / 8 / 8 8 ,  2 - 1 / 8 / 8 8 - 1 2 / 8 / 8 8 ,  3 - 1 2 / 8 / 6 8 - 2 6 / 8 / 8 8 ,  4 - 2 6 / 8 / 8 8 -  
1 6 / 9 / 6 8 ,  5 - 1 6 / 9 / 8 8 - 2 6 / 9 / 8 8 ,  6 - 2 6 / 9 / 8 8 - 2 5 / 1 0 / 8 8 .



stocking donsity« to rocovory from their journey in the fish 
transporter and becoming acclimatised to their new environment. As the 
experiment progressed their rate of weight loss declined, and by the 
last safi^ling period their mean weight was slightly higher than it had 
been at the start of the experiment.

The brown trout in pond B showed a similar pattern of weight loss to 
those in pond A. It was greatest at the start of the experiment and 
declined as it progressed with a net gain being recorded between the 
last two sain>ling days. However contrary to the pattern recorded in 
pond A their rate of weight loss stabilised in the middle of the 
experiment for a short period (Figure 5.7),

The rainbow trout in pond B also lost a large amount of weight between 
the start of the es^erlment and the first sanvllng period. But as with 
the brown trout populations the rate of loss declined after the initial 
loss. However their rate of loss between the first and second; and the 
second and third san«>llng periods was considerably greater than was 
recorded for the two brown trout populations. It is likely that this 
was due to their inexperience in foraging wild prey in this semi
natural environment. In the second half of the experiment their growth 
rate was conparable with the brown trout in the two ponds (Figure 5.7) .

5.3.3^ of growth rateB.
Throughout most of the experiment brown trout in pond B had a slightly 
greater mean instantaneous growth rate than those in pond A. i.e. when 
they %#ere losing weight they lost less, and when they %#ere gaining 
weight they gained more. However none of the differences were 
statistically significant (P>0.05) (Table 5.5).



Tmblm 5.5 thm r^aults of cooparlng tho growth rot«« of
brown trout caught in ponds A and B. Tha axparinantal 
group with tha hast growth rata In aach conparlaon la 
Indioatad by its initial.

Brown Trout Pond B
Pond A vs B BT VS RT

8/7-1/8 NS * * •
A BT

1/8-12/8 NS tk
B BT

12/8-26/8 NS NS
B BT

26/8-16/9 NS NS
B BT

16/9-26/9 NS NS
B RT

26/9-25/10 NS NS
B BT

A* Pond A, B« Pond B/ Bt»Bro%«i Trout,
Significant/ *«P<0.05, **»P< 0.01,



in pond B brovm trout had a hlflhar orowth rata than rainbow trout for 
moat of tha axparimant. only batwaan 16/9/88 and 26/9/88 was the 
rainbow trout's hlghar, and. It was only by a vary small margin. In the 
first two coevarisons tha dlffarancas ware statistically significant. 
p<0.001 and P<0.05 raspactlvaly. During the rest of the experiment the 
difference were not «ignificant (Table 5.5).

5.3s4
The water temperature ranged between 10*C and 17.4*C throughout the 
experiment. The warmest temperature being recorded on the 8/8/88 and 
the coolest on the 25/10/88. Throughout the experiment a temperature 
gradient of 0.5-1 ”C existed between the ponds. The coldest water being 
found at the Inlet to pond A and the warmest at the outlet of pond B. 
The difference was due to water warming up as it passed through the 
ponds. It is clear from the feeding and growth analysis (see Figures
5.5 6 5.7) that the water temperature did not fall to the levels that 
limit growth during th« experiment.



5.4 Dl.nuMlon.
The production of salmonide in a population includes a numerical 
coni>onent determined tv reproduction, immipration, mortality and 
emigration, and a weight corconent primarily determined by growth 
(Allen, 1969). All of the processes are inter-related and respond in 
different way# to competition.

In the present experiment the effect of interspecific competition and 
previous feeding experience on growth, survival and feeding behaviour 
of rainbow and brown trout in a semi-natural habitat was investigated. 
The potential for conflict between the two species is high, because 
they >iave evolved in geographic Isolation. In these circumstances it 
is unli)tely that they will have evolved the behavioural mechanisms 
re<iuired to minimise competition. The two ponds were stoOced well above 
their normal carrying capacity in order to intensify behavioural 
Interactions thereby malting any differences between the two species 

more apparent.

seedtim behaviour.
Brown trout feeding behaviour in the two ponds throughout the 
experiment was typical of those in Loch Awe and in other systems at 
that time of the year (Haraldstadt a Jonsson, 1983; Dauod 9t 4l i ■ 1986; 
Jonsson, 1989). Their diet largely comprised aerial insects and macro
invertebrates. There was very little variation in the feeding behaviour 
of the allopatric and sympatrie brown trout populations, suggesting 
that rainbow trout presence did not alter their feeding behaviour. The 
lower consumption of pelagic pupae by brown trout in pond B cannot be 
explained by the presence of rainbow trout, as they consumed aerial 
insects which requires the same feeding behaviour.

By contrast, rainlxjw trout consumed largo amounts of vegetation
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throughout the experiment which is of no nutritional value to them. It 
is likely that this contributed to their poor growth and survival 
throughout the experiment. This behaviour is contrary to their feeding 
behaviour in their home range, where they feed on invertebrates, aerial 
insects, zooplankton and fish 1 Larkin at al ■. 1957; Bernard S. Holstrom, 
1978) . It is however very similar to the feeding behaviour of those 
caught in Loch Awe away from the fish farms, and further demonstrates 
the low success of domesticated fish switching to a wild diet. This has 
also been described by Ball (1961), Soslak et al ■ (1979), O'Grady 
(1983), Johnsen 6 Ugedal (1986). The consumption of plant material is 
due to highly domesticated fish having a low repertoire of wild prey 
search images. Through conditioning farmed fish only recognise pellet
like items as prey. A piece of plant material floating on the surface 
can have the same visual outline as a pellet.

NO evidence of the niche divergence described between the two species 
by be Filby (1976), Brown et al. (1979), McAuley (1984), McCarter 
(1986), and alluded to by Matkowski (1989) was found. Some evidence of 
this was fo>ind of in the previous chapter suggesting that rainbow trout 
have a preference for surface waters, and brown trout a preference for 
deeper water. Possibly due to a difference in the production of the 
retinal pigment porptiyropsin (Allen et al. . 1973) in the two species. 
It is likely that the small size of the of the ponds was responsible 
for the absence of niche divergence.

S.4.a Burvivl and (irowth.
The results showed the response of brown trout in allopatry and 
sympatry in terms of survival to )oe quite different. However it was not 
possible to determine the extent to «dilch interspecific coirpetltlon on 
its own was responsible for the differences as conditions in the two 
ponds were not uniform. Pond A suffered a loss of fish just after the



experiment started, and had slightly cooler water. The first would have 
a positive effect on the growth and survival of remaining fish, and the 
latt«r a negative effect.

Brown trout in pond A had a better survival rate than the two species 
in pond B, which had the same survival rate. Beyond saying that the 
initial decline in abundance in each of the populations was due to fish 
escaping when the screen was dislodged it is very difficult to 
interpret the survival and growth data meaningfully. This is largely 
due to the unknown impact of bird and angler predation in the two 
ponds, which may have resulted in mortality that was not due to 
competition. This combined with the fact that the above unguantifiable 
effects may have operated in the two ponds to different levels means 
that it is not possible to analyse the data. The lack of corpses in the 
two ponds suggest mortality from the above sources may have occurred.

It is generally accepted that stress in fish in depletes energy 
reserves and upsets osmoregulatory and metabolic functions which 
ultimately affect growth (Wedemyer, 1972; Selye, 1973: Mazeaud »1. ■ 
1973; strange S£_4lj., 1977). Pickering et al. (1982) demonstrated that 
brown trout took at least a week to recover from an acute stress. It 
is likely that the stomach pumped fish in this experiment would have 
had a similar recovery period.

The experimental design could have been improved with replication of 
the treatments, but a lack of facilities prevented this. If the 
experiment was to be repeated this would be incorporated into the 

design.

S.4,3 I»lf"**^*” *
The InpllcstlMi of these results for brown trout In Loch Awe can be



dlvld«l into two catoaories i) teedina and ii) aurvival although both 
are Inextricably linked.

It la clear that rainbow trout have great difficulty In switching to 
conventional fish prey once they escape from fish farms. The results 
of this experiment support the findings of the previous chapter which 
showed that rainbow trout caught away from the cages had great 
difficulty in learning to feed on wild prey. Similar poor feeding has 
been reported In other species when they are released Into lakes and 
rivers aged 1+ and older (Ersbak & Hasse, 1983i O'Grady. 1983). When 
rainbow trout are close to the farms they rely on uneaten pellets that 
pass through the cages. This will clearly result in them having a high 
mortality rate if they move away from them. The low number of rainbow 
trout caught in the gill nets away from the farms supports this. A 
study by Cragg-Hine (1975) also demonstrated that they have a poor 
over-winter survival in Irish lakes.

However Stradmeyer t Thorpe (1987) demonstrated that hatchery reared 
salmon parr switched very quickly to conventional prey. This suggests 
that younger salmonids adapt more readily to new environments. This 
finding was observed in the juvenile behaviour experiment described in 
the following chapter and has also been reported by Kelly-Quinn & 
Bracken (1989) and Johnsen & Ugedal (1989). Therefore it is clear that 
the impact of escapees will be dependant \;pon their site on release. 
If they are small they may initially suffer a high mortality rate 
through predation by native trout, but it is likely that the survivors 
will eventually learn to successfully feed on wild prey. If this 
happened it is likely that they would constitute a threat to the native 
fish species by inpinglng on their food resources.

The size of the loch in which the loss occurs will also determine the
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inpact on nativa gtocks. PhilUpa at al. (1985) daacribad how the loss 
of ona Kamas type cape (10,000 250g trout) in a loch the sire of Loch 
Levan would have a dramatic affect on the native stoc)c. In Loch Awe, 
however, when at least 6 Karnes cages were lost in a severe storm in 
1989, the bac)cground number of rainbow trout throughout the loch 4 
months later was no higher than it had been before the escape. 
Admittedly, some fish from the escape would have survived, but by the 
time they had spread through the loch they would only have been present 
in very small numbers and it is unlikely that the Increase could have 
been detected using standard population estimates. The remaining 
escapees probably died, for one of three reasons 1. predation (if they 
were small enough to be eaten by the resident trout population), 2. 
starvation, and 3. caught by anglers. Artificially reared salmónida 
have a greater catchability than wild ones (Jacques. 1974; Taylor, 
1978; Coles. 1981; Bryan. 1982; Pawson. 1986).

i n  s u i m n a r y ,  t h e  d i e t  o f  r a i n l x j w  t r o u t  i n  s y m p a t r y  w i t h  b r o w n  t r o u t  i n  

p o n d  B  w a s  l a r g e l y  b a s e d  o n  n o n - c o n v e n t i o n a l  p r e y  i t e m s .  W h i l s t  t h a t  

o f  b r o w n  t r o u t  i n  t h e  s a m e  p o n d  w a s  s i m i l a r  t o  t h e  a l l o p a t r i c  

p o p u l a t i o n  o f  b r o w n  t r o u t ,  w h i c h  w a s  l a r g e l y  b a s e d  u p o n  c o n v e n t i o n a l  

p r e y  i t e m s .  T h e  t w o  s p e c i e s  i n  p o n d  B  h a d  t h e  s a m e  s u r v i v a l  r a t e  w h i c h  

w a s  l o w e r  t h a n  t h e  a l l o p a t r i c  p o p u l a t i o n  o f  b r o w n  t r o u t  i n  p o n d  A .  

I n t e r p r e t a t i o n  o f  t h e  s u r v i v a l  a n d  g r o w t h  d a t a  w a s  n o t  p o s s i b l e  a s  

c o n d i t i o n s  i n  t h e  t w o  p o n d s  w e r e  n o t  u n i f o r m  a t  t h e  s t a r t  o f  t h e  

e x p e r i m e n t ,  a n d  i t  i s  s u s p e c t e d  t h a t  t h e r e  m a y  h a v e  b e e n  s o m e  m o r t a l i t y  

d u e  t o  a n g l i n g  o r  b i r d  p r a d a t l o n .

For rainbow trout to have a significant in«>act on the brown trout 
population In Loch Awe they would have to be present In considerably 
greater nxunbers than they were after the large escape In 1989.
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6.1 introdnetion.
In Loch Awe rainbow trout compete poorly with the indigenous fish 
species. The isain reason for this is their low success in securing wild 
prey items, vdjich is in turn due to the low repertoire of prey 
searching images that they have when they escape from the cages. If 
they wore to spawn, and their progeny survived and fed on wild prey 
from emergence, they may be able to compete more effectively with the 
native species.

Dodge (1983) predicted the wide scale establishment of self-sustaining 
rainbow trout populations arising from deliberate stoOting programmes 
and accidental stoc)c losses from fish farms. The outcome of 
interactions between native and exotic species is difficult to predict 
as it is complicated by a number of biotic and abiotic variables. (3ne 
of the main factors in determining the outcome of such Interactions is 
the development stage at which they occur, and this is largely 
determined by the timing of spawning and subsequent emergence of the 
species involved. The spawning of most native British salmónida is 
restricted to late autuim and early winter, whereas the spawning 
behaviour of rainbow trout is characterised by pea)cs in activity in the 
autumn and spring. However it has been reported that they move into 
spawning streams in every month of the year (Dodge, 1983). Before 
breeding and stoc)c enhancement programmes started there were two 
strains of rainbow trout, the shasta, which were autumn spawners, and 
(rideus which were spring spawners. The distinction between them has 
been lost through breeding programmes associated with stoc)i 
enhancement, and the aquaculture industry. Therefore at best one can 
say that rainbow trout spawning behaviour is characterised by an annual 
continuum with pea)cs of activity in the autumn and spring. This 
obviously ma)tes it very difficult to confidently predict the outcome 
of interactions between raln)30w trout and other salmónida.
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At on« «xtrma Hayas <198«) demonatratad coiapl«t« domination of brovm 
trout by rainbow trout in a tributary of La)ce Aloxandrlna, New Zealand. 
Thia waa due to apring spawning rainbow trout over-cutting the redds 
of autuim spawning brown trout and rainbow trout in a stream with 
limited spawning area. As a result of the high mortality in the autumn 
spawned fish very few were recruited into the adult population.

The other extreme is represented by the situation in La)te Eucumbene. 
Australia where brown trout completely dominate rainbow trout. In this 
situation there is unlimited spawning available, brown trout ore autumn 
spawning, and rolnlaow trout spawn in the spring. By virtue of their 
earlier emergence, greater size and prior residence brown trout cause 
rainbow trout to emigrate from the streams immediately after emergence. 
They were siibseguently preyed on heavily tv largo brown trout in Lake 
Eucumbene which gathered around stream outlets at that time (Tilzey, 

1972).

Dodge (1983) reported an intermediate situation where the two species 
were able to co-exist, but the productivity of each was lower than it 
would have been had they been in ollopatry. Therefore it is clear that 
a continuum of outcomes are possible when the two species are brought 
into unnatural sympatry, with the outcome largely being determined by 
local anvlronmantal and genatic factors.

In order to predict the likelihood of rainbow trout establishing a 
self-sustaining population in Loch Awe, and the outcome resulting from 
interactions between the two species in the early stages of their lives 
if spawning was successful, a series of experiments was performed.

AS rainbow trout lieve bean reported spawning in a number of Scottish 
streams (Lever, 1977; Phlllios et al-, 198«), a trapping programme was
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initlatad on th« Kamaa burn to datarmlna If rainbow trout miarated into 
Loch Awe's spawning burns.

in order for a self-sustaining population of rainbow trout to become 
established not only must they migrate into the spawning burns and find 
a sexually mature mate, but it is also necessary that their eggs are 
viable and survive to hatching. The survival of brown and rainbow trout 
from the egg to alevin stage was compared by planting their eggs in 
boxes In two of Loch Awe's tributaries.

An electrofiehino survey was performed to determine if there was any 
evidence of successful spawning by rainbow trout, and to assess the 
current status of brown trout and Atlantic salmon stocks in Loch Awe's 
catchment.

The behavioural interactions between the progeny of autumn-spawned 
brown trout and spring-spawned rainbow trout, was examined in three 
simulated streams.



6.2 wthod«.
6.2.1 Trapping
A fish trap was installed in the Karnes burn, a recognised salmonid 
spawning bum. on the 28 October 1986 at NCR NM 981 105. A partial 
screen line was set across the river to guide the upstream migrating 
fish into the trap. Zt was fished twice daily, in the morning and late 
afternoon.

6.2.2 maa aurriwi i— fc .
Egg survival from fertilisation to hatching in rainbow trout and brown 
trout was conpared at two sites in the Allt Doire nan Sobhrachan NCR 
(NM 955 074) at Braevallich. and in the Allt na Guile Riabhaiche NCR 
(NN 065 212) at Ardbrec)cnlsh. two recognised spawning tributaries for 
brown trout and Atlantic salmon.

In each stream the t%^ sites were separated by 100m, with each species 
being tested at each site. The position of the artificial redd sites 
were selected using the criteria described by Stuart (1953) as being 
optimal for the ln*stream Incubation of brown trout eggs.

Rainbow trout eggs and milt were obtained from Bibury trout farm 
Gloucestershire from fish aged 3-*-. Brown trout eggs and milt were 
obtained from fish aged 4 + . caught by electrofishing the burns that the 
experiments were performed in. and from Howietoun Pish Farm. It was 
necessary to get eggs from the fish farm as not enough were obtained 
from female fish in the streams. Zt had been Intended to start all the 
replicates on the same date, but due to logistical problems in 
obtaining the rainbow trout eggs, and to the shortage of female brown 
trout this was not possible. All rainbow trout replicates were 
fertilised on the 9/11/88; and the brown trout replicates at the two 
Braevallich sites and the Ardbrec)cnlsh downstream site on the 16/11/88.
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ch« Ar<Jbr«cknl«h upstream site eggs were fertilised on the 25/11/88.

At each site tvio trays (one for each species) containing eight egg 
boxes were buried 25cm below the stream bottom. The boxes were 600 ml 
plastic bea)ters with the sides cut out and replaced with a fine plastic 
mesh, that allowed water transfer but prevented the intrusion of egg 
eating invertebrates and the escape of alevins after hatching. Each 
beaker was sealed with a tight fitting wooden lid which swelled in the 
water. The eggs were fertilised on the river bank using water from the 
burns to mix milt around the eggs. Fifty eggs were then put into each 
box with gravel from the river bed. The survival in each replicate was 
compared by one way ANOVA after a log,« ♦ 1 transformation.

6.2.3 «ImotroflsmiW
Quantitative sartpllng was performed in ten streams on four occasions 
in the spring and autumn between September 1986 and April 1988. Streams 
were selected from all around the catchment and included those that 
entered the loch at the three fish farms. Table 6.1 gives the name and 
NGR o£ the sites and ths date of each survey.

Each section was isolated from the river by stop nets. This was to 
prevent the movement of fish from and into the study section, a 
requirement of the depletion technique that was used to estimate the 
size of the populations. Cowx (1984) gives a detailed discussion of the 
conditions which must bo met for such population estimates.

On each visit the sites were fished three times with a Killybegs Safari 
backpack electrofisher. The catch was processed after each run. which 
involved anaeethetislng them (Laird a Oswald, 1975) recording their 
species, length to the nearest millimetre (fork length in the case of 
salmonids. minnows and sticklebacks) and taking a sanple of scales from



I, thalr nan's and tlia data
that tbay vara ■urvayad.

Autumn
1986

Spring
1987

Autumn
1987

Spring
1988

Braevallich 
NM 953 076

22/9/86 31/3/87 23/8/87 25/3/88

Finchairn 
NM 903 042

24/9/86 25/4/87 27/9/87 22/4/88

Clachan 
NM 879 997

25/9/86 3/5/87 27/9/87 23/3/88

Allt Mor 
NM 976 119

23/9/86 1/4/87 29/9/87 22/4/88

Coillaig 
NN 017 205

23/9/86 1/4/87 29/9/87 23/4/88

Tervine 
NN 079 262

25/9/86 5/5/87 28/9/87 23/4/88

Duilletter 
NN 156 309

26/9/86 25/4/88

Teetle 
NN 131 252

24/9/86 30/9/87 24/4/88

Ballimeanoch 
NN 013 167

23/4/87 23/8/87 29/3/88

Kama 8
NN 012 167

22/9/86 24/4/87 30/9/87 26/3/88



salmonids greatar than SOmra for age determination, those less than 60mm 
were assumed to be O*. Between runs the survey sections wore rested for 
a minimum of half an hour, which allowed those fish remaining in the 
stream to recover from the previous electric shock (Bohlin t Harris, 
1989» . During this time the catches were processed. At the end of each 
survey all fish, excluding raintow trout wore returned to the stream 
after total recovery from the anaesthetic.

Population estimates were made by the Zlppln maximum likelihood method 
(Zlppin, 1956 i 1958). using the BASIC computer programme described by 
Higgins (1985) . This technique requires a reduction in successive 
catches. Where this was not achieved the catch and minimum density are 
presented. Population and density estimates with 95% confidence limits 
were made for brown trout and Atlantic salmon, and each of their year 
classes that were caught. All surveys were performed when the water 
temperature was above 4»c, the temperature described as being critical 
for salmonld activity (Zalewskl & Cowx, 1990) .

t.2.4 Juvenile Intereetion exaerl— at^
Desorlptloa of the experlmeatel feelllty.
Three troughs were used in the experiment, trough 1 (Tl) contained an 
allopatrlc population of rainljow trout; trough 2 (T2) an allopatric 
population of brown trout, and trough 3 (T3) a sympatric population of 
brown trout and rainbow trout. The experiment was performed at 
Braevallich in a clear polythene horticultural tunnel. This ensured 
that the fish were subjected to a natural light regime. Each trough 
measured 1.8 x 0.4 x 0.25m and was divided equally into a pool and 
tiffin section tv arranging the bottom substrate to different depths. 
Ten of each species were held in Tl and T2 at a density of 13.9m>, and 
five of each species were held in T3 at density of 6.9m’ per species, 
all fish used in the experiment ware 0». Brown trout were obtained from



th« Allt nan Sobhrachan, and rainJoow trouC from tha Clean hatchery at 
Auchtararder.

The water aiv>ply was also drawn from the Allt nan Sobrachan at NCR (n m 
955 074) down a pipe ayetem that had been constructed for a hatchery 
which had previously been on the same site. The inflow to each trough 
was via a horizontal pipe with a longitudinal cut in it to ensure that 
the water flow was spread across the entire width, and the outflows 
were protected by a screen to prevent emigration from th«n. The 
discharge into troughs 1-3 was 1.941/sec, 1.41/sec and 1.871/sec
respectively. Each trough was covered with a net that allowed 
invertebrates in the water supply to enter the troughs but prevented 
fish frexn junping out of them, ^servations were made from behind a 
black polythene curtain through perspex windows cut into the trough 
sides.

Bxperimeatal protocol.
The experiment commenced on the 20/6/88 but due to initial problems 
Including the inlet pipe blocking, and fish moving down the pipe from 
the streams into the troughs, only data from the 20/7/88 to 25/8/88 wore 
used in the behavioural observations, and from 26/7/88 to 29/8/88 in 
the growth study, itie observations were made during four time periods, 
early morning 06.00>09.00, (this was changed to 06.30>09.30 on the 
17/8/88 when poor light conditions reduced visibility in the mornings); 
mornings, 10.00-13.00; afternoons 14.00-17.00; and evenings 18.00- 
21.00. Fish viere observed twice a day either in the early morning and 
afternoon, or in tl» morning and evening. Viewings were generally made 
on Tuesdays, Wednesdays and Thursdays, with Fridays being reserved for 
any sessiOTs that were missed on the previous 3 days.

In each trough visible fish %#ere observed for 5 minutes with the
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following variables being recorded: feeding rate, agonistic 
interactiona, habitat preference, position in the water column.
Their food consumption was measured by counting the nximber of food 
items consumed from the drift, surface and bottom. The frequency of 
agonistic interactions was based on the criteria outlined by 
Keenleyside a Yamamoto (1962). For the purposes of analysis the 
agonistic interactions were grov«>ed into three categories, aggressive 
which included charge, nip and chase, or any combination of these. 
Ritualised interactions which included frontal and lateral displays and 
the third category included all submissive or defensive acts that wore 
made in response to either of the first two categories. In trough 3 a 
further distinction was made between intra- and inter-specific 
Interactions. Habitat preference was divided into 3 categories: pool, 
riffle and pool/riffle. The last category was used when a fish held 
station at the pool riffle interphase or held a territory that included 
both. Position in the water column was divided into two categories, 
resting on the bottom, or swinnlng in the current.

Food availability in each trough was assessed on an hourly basis on 
Mondays by placing a very fine meshed net below the Inflow for one hour 
periods from 02:00, 08:00, 14:00 and 20:00 hours. The invertebrates 
ware then counted and identified. It was assumed that drift 
invertebrates were the only food entering the troughs as the nets 
placed over thmn and the polythene tunnel prevented any flying insects 
falling into them.

The temperature in each trough was measured four times dally at 09.00, 
13.00, 17.00 and 21.00, and at 02.00 on Mondays when food availability 
was being measured.



Th® mean in®tantan®oua growth rat® in ®ach trough was calculated by the 
following formulât 
Go « loom (W2-WI1 

t
where,
Go«Mean inatantaneou® Growth Rate,
WlsHean vreight at the start of the experiment,
W2sMean weight at the end of the experiment, 
and t*The duration of the experiment, in days.

using the survival and growth rates production in each trough was 
calculated by the following formula:
P>G.B

where,
psProduction (g),
Gsinstantaneous rate of increase in weight, 
and 6*Mean biomass.

I t a t i e t l o a l  a n a l y s i s .
The diurnal variation in food supply within each trough, and the 
variation between troughs was made by one way ANOVA, after a Log 10 
transformation to normalise the data. The variation in food consumption 
from the drift, surface and bottom between the 4 viewing periods was 
compared by one way ANOVA after a log 10 (x + 1) transformation. The 
same test was used to compare the feeding rate of fish between the 
three troughs. The variation in rate and typo of agonistic interactions 
that occurred in the 4 viewing periods in each trough was ccxnpared fcy 
one way ANOVA after a log 10 (x + 1) transformation of the data. The 
total number of agonistic interactions between each group was compared 
in the same manner. The data was further broken down into aggressive, 
ritualised and defensive interactions. In trough 3 a further





g.3 I f t t l f .

6.3.1 Trapping^
Aftar two nights of continuous rain in which no fish were caught, the 
trap and screen line %#ere severely undercut due to a build up of leaves 
on their upstream side. This resulted in them being swept out of the 
river. It was then decided to terminate the trapping progranme.

6.3.3 maa aurvlvel^
When the egg boxes at Ardbrecknish were examined after 164, 158 and 148 
days for rainbow trout and brown trout at the upstream and downstream 
sites respectively on 23.3.89 it was discovered that the eggs had been 
badly affected by a fungus. This resulted in none of the rainbow trout 
surviving at the two sites, and only a small number of brown trout 
hatching at the upstream site, as a result it was decided not to 
Include th«n in the analysis (Table 6.2).

There were no such problems with fungus at Braevallich. There was no 
significant difference (P>0.05) in the mean survival of brown trout in 
the upstream and down stream replicates, so their results were pooled 
(Table 6.2). The difference between the two rainbow trout replicates 
was significant (P<0.05), so they were compared separately against the 
pooled brown trout results. There was no obvious reason for the 
different survival rates between rainbow trout at the two sites. The 
difference in mean survival between the pooled brown trout results and 
those from the t w  rainbow trout replicates were both highly 
significant (P<0.001), with the survival of brown trout being higher 
than rainbow trout (Table 6.2). This shows that rainbow trout eggs can 
survive to the alevin stage in Loch Ainu's tributaries, but that their 
survival is considerably lower than that of brown trout.



Tabltt C*2 TlM mieber of al«TÍns found in aach agg baakafc at
tha upatraaa downatraaa aitaa at Ardbraclcniab and 
Braavalllcli.

Ardbrecknish
Rainbow Trout Brown Trout
U/S D/S Ü/S D/S
0 0 3 0
0 0 13 0
0 0 2 0
0 0 8 0
0 0 7 0
0 0 0 0
0 0 0 0
A Q,
0 0 4.1 0

3h
Rainbow Trout Brown Trout
U/S D/S U/S D/S
1 3 11 3
0 1 11 5
0 1 22 15
0 1 14 4
0 3 0 20
0 2 7 3
0 0 22 24
A 2 z 21
0.13 1.40 11.8 12.1

U/S«Up8tream, D/S«Downstreain.



water quality
The water pH in the Allt Dolre nan sobhrachan and the Allt na Cuile 
Rlabhalche was 5.9 and 6.0 respectively. Grande at a l . (1978) stated 
Chat in some natural waters the lower tolerance limit ior rainbow trout 
may t>e as hiqh as pH 5.5-6.0. The pH of the water in the streams 
examined in the elactrofIshlng survey ranged from 5.5-6.2. As the pH 
in soma of Loch Awe's tributaries is close to this lower limit it may 
act as a limiting factor to rainbow trout establishing a self- 
sustaining i>opulation in the catchment.

6.3.3 »leotroflahlna survey.
The densities of brown trout and Atlantic salmon at each of the sites 
surveyed are presented in Tables 6.3-6.12. Seven species were caught, 
they were sea trout/brown trout, Atlantic salmon, rainbow trout, broolc 
lamprey, eels, minnows and stlc)clebac)cs. This species list, excluding 
rainlxiw trout, is typical of Scottish upland streams and rivers. The 
two rainbow trout caught in the Clachan Dubh burn and the Karnes burn 
were laoth adults, no juveniles tieing found at any of the sites 
surveyed.

Braevallloh.
Only brotei trout and Atlantic salmon were caught in the Braevalllch 
burn. Their highest combined density was recorded in the autumn of 
1987, which at 2.89 m ’, was the highest density recorded during the 
project (Table 6.3). It was caused by a large increase in the 
recruitment of both Atlantic salmon and brown trout over the previous 
year. In each survey brown trout srere present in larger numbers than 
Atlantic salmon. The greatest over-winter mortality occurred after the 
year in which the highest autumn density was recorded.





rlnolMlra.
The Finchaim burn contained brown trout, Atlantic salmon, eels, 
minnows, brook lampreys and sticklebacks. Atlantic salmon were most 
abundant, and only a few non salmonids were caught in each survey. The 
highest combined salmonid density, 1-65 m>, was recorded in autumn 
1986, in the following autxunn it was only 1,21 m** (Table 6.4) . Between 
these two periods there was a greater decline in percentage terms in 
the brown trout p^ulation, but in absolute terms the decline in the 
Atlantic salmon population was greater (Table 6.4). Again the highest 
winter mortality occurred after the highest autumn density was 
recorded.

Claohaa Dubb.
In the Clachan Dubh burn brown trout, Atlantic salmon, rainbow trout, 
eels and minnows were caught, with Atlantic salmon being caught in 
yreater numbers than brown trout. One sexually mature rainbow trout was 
caught in autumn 1987. The highest combined salmonid density, 0.22m*, 
was recorded in the autximn of 1988, this was low compared with the 
densities recorded in other streams (Table 6.5) . It is likely that the 
low density is partly responsible for the low mortality rate in the 
1987 year class in the 1987-88 winter. Compared to other streams in the 
catchment the stream residence time of Atlantic salmon and brown trout 
was low, no brown trout remained by the end of their second growth 
season, and no Atlantic salmon remained by the start of their 3rd 
growth season (Table 6.5). in view of the low density this was 
surprising.

The site on the Clachan Dubh burn was furthest away from Loch Awe, and 
it was above a small set of falls that may have been impassable for 
some smaller brown trout, It is possible that these two factors 
contributed to the low salinOTid density in the stream. The salmonid
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shortfall was made up by minnows which were particularly abundant in 
the autumn and spring surveys of 1986 and 1987.

Allt Mor.
Brown trout, Atlantic salmon and brook lampreys were caught in the Allt 
Mor. The highest combined salmonid density was recorded in the autumn 
of 1987 0.87m** (Table 6.6). The densities recorded in autumn 1986 
should be regarded as minimum values as the electrofishing operator was 
severely hanpered by a large hatch of voracious adult Ceratopogonidae. 
This reduced the catching efficiency which is reflected in the high 
confident limits attached to some of the densities (Table 6.6). in 
autumn 1986 a greater number of brown trout than Atlantic salmon was 
caught, with the situation being reversed the following year. This 
change was due to a combination of very low recruitment to the brown 
trout p^ulation, and high recruitment to the Atlantic salmon 
population. The reason for the poor recruitment of brown trout to the 
1987 year class is xinclear. Again the greatest over-winter mortality 
occurred after the autumn in which the highest density was recorded. 
The relationship in the Allt Mor is less clear than it was at other 
sites, as the situation is complicated by the low estimates in autxjmn 
1986. All brown trout had migrated from the )3urn by the end of their 
second growing season, and all Atlantic salmon had migrated by the 
start of their 3rd growth season.

Coillaig.
Brown trout, Atlantic salmon, minnows, brook lanpreys and eels were 
caught in the Coillaig burn. The highest salmonid density was recorded 
in the autumn of 1986, 0.71m‘*# with densities in the remaining surveys 
being considerably lower (Table 6.7). In the three remaining surveys 
more minnows than salmonids were caught. The increase in the minnow 
population is probably due to the decline in the salmonid p^ulation.
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Tabla «.7 Tba daaalty (ae. aT*) o£ brewa treat aa41 Atlaatle
aalaMa la thm1 aatvaa and spring freai 198«- la tba
Celllalg bura C^lffvraa 
ooaTldaaoa llaiita).

la paranthaala ara 95%

Autumn '86 Spring '87 Auttimn ' 87 Spring * 88
Total 0.71 0.31 0.35 0.34

Brown
Trout

0.56 (0.54) 0.16 (0.08) 0.12 (0.002) 0.10 (0.01)

0+ 0.38 (0.36) _ 0.04 (0.01) -

1+ 0.09 (0.03) 0.13 (0.06) 0.08 (0.02) 0.01 (0.009
2* - 0.03 (0.01 0.02 * 0.008«
3+ - - - “
Atlantic
Salmon

1 0.15 (0.01) 0.15 (0.03) 0.23 (0.18) 0.24 (0.1)

0+ 0.01 « . 0.11 (0.10) -

1+ 0.14 (0.01) 0.10 (0.04) 0.12 (0.19) 0.24 (0.13)
2+ 0.01 * 
«•minimum danalty

0.05 (0.01) 0.08 «

Tabla C.• Tba daaalty (ae. ot browB treat and Atlaatlo
MlaMO la thm autuMD aa^ 
Tarala* bara 
eoafldaaoa llailta).

•prlag frea 19t<-S9 la tba 
la paraathaala ara 95%

Xut\imn
0.98

Spring
0.69

Autumn '87
1 . 1 0

Spring ' 88 
0.73

Brown
Trout

0.98 (0.13) 0.69 (0.21) 1.10 (0.18) 0.73 (0.10)

0+
!♦
2+
3+

0.55 (0.07) 
0.19 (0.02) 
0 .0 2  •
0 . 0 1  *

0.57 (0.25) 
0.13 (0.05)

0.74 (0.32) 
0.36 (0.05) 
0.06 *

0.57 (0.13) 
0.17 (0.01)

Atlantic
Salmon

0+
1+
24>
«•minimum danalty



similar to that observed in the Clachan Dubh burn. In the 1986 year 
class brown trout %Mre more alsundant than Atlantic salmon, with the 
opposite being true in the following year class (Table 6.7). This 
change occurred as a result of very poor brown trout recruitment, 
however it was compensated by high survival over the following winter. 
In contrast, recruitment to the 1987 Atlantic salmon year class was 
higher than it had been in the previous year. The density of the 1986 
Atlantic salmon year class increased from autumn 1986 to autumn 1987, 
and the 1987 year class Increased over the 1987-88 winter. It is 
possible that the increases were due to displaced fish fr^i upstream 
taking up residence in the section. The low density of fish at this 
site %rauld facilitate such a process. In common with the previous sites 
the highest winter mortality occurred after the highest autumn density 
was recorded. All brown trout and Atlantic salmon had migrated from the 
stream by the start of their third growth season.

Tervine.
Only bro%m trout were caught in the Tervine b um, with the highest 
density being recorded in the autumn of 1987, 1.1m** (Table 6.8). The 
difference in the total density recorded in the autumn of 1986 and 1987 
was small, however the over-winter mortality was still greatest 
following the autumn with the highest density. The estimated density 
of the 1986 year class increased slightly from autumn 1986 to spring 
1987. This xmexpected finding could have been caused by two factors. 
The spring estimate may be slightly Inaccurate, this being reflected 
in its high confidence limits, or displaced fish from upstream may have 
taken up residence in the sectim examined. The high density of fish 
in the Tervine burn makes this second scenario less likely than it was 
in the Colllaig burn, which had a low density of fish.



Duill«tt«r.
Brown trout« Atlantic salmon and e«ls were caught in the streeun at 
Oullletter« with the largest combined salmonld density being recorded 
In the autuim of 1986, O.S2m’’ (Table 6.9). Only daca from the surveys 
In 1986 and 1988 are Included In the analysis due to equipment 
malfunctions in 1987. Brown trout were more abundant than Atlantic 
salmon, )Dut the density of both species was low compared to the sites 
In other parts of the catchment. There are two possible explanations 
for this. It Is highly li)cely that the streams in Loch Awe's northern 
catchment will be low in nutrients, and that this will limit their 
carrying capacity. They flow down steep hills which are composed of 
slow weathering granite covered by thin soils. This will result in rain 
water entering the streams quic)cly, pic)cing up few nutrients in the 
process. As the stream's catctvnent has no forestry there will be no 
additional nutrients from fertiliser run-off, small amounts of which 
can have a beneficial effect on salmonld growth (Hunro, 1961). By 
contrast the streams that enter the main bo<^ of the loch flow over 
roc)cs which have poc)cets of calcixim bearing minerals, which are 
beneficial to trout growth. Prom observations made whilst performing 
the surveys it was also clear that the diameter of the bed material at 
this site was slightly larger than at the others. As larger fish tend 
to select redd sites over larger bed material than small fish, this 
would ma)ce it a less attractive spawning substrate for smaller fish. 
This could ultimately reduce the egg deposition rate in the section, 
and result in it being under populated.

Teetle Mater.
Atlantic salsion were the <xily salmonlds caught at the two sites fished 
in the Teetle water, with small numbers of eels and minnows also being 
caught. The site fished in autumn 1986 was later judged to be 
inappropriate for the purposes of the survey, as its population
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Ta b i*  C .9 T h *  d a n a lt y  (n o . ■“*) o i  b ro tm  «x o u t  and A t la n t i c  
aa la o n  I n  «-a » autnan and a p r ln g  tram 1 9 S C -> t  I n  th a  
D n l l l a t t a c  b u rn  (C lg u ra a  I n  p a x a n tb n a la  a ra  95% 
opa£14*ao« l i a i i t « ) .

Brown
Trout

Autumn '86 
0.52

0.34 (0.09)

Spring ' 87 Autumn ' 87 Spring '88 
0.24

0.16 (0.08)

0+
1+
24
3+

0.12 (0.05) 
0.28 (0.16) 
0 . 0 2  *

Atlantic 0.18 (0.06) 
Salmon

0.16 (0.08)
0 . 0 2  *

0.08 (0.02)

0.06 (0.04) 
0.02 P.009

0+ 0.15 (0.34)
1+ 0.05 (0.001)
2+  0 . 0 1  *  -
*»mlnlmum density
Ta b la  C .IO  *ba d a n a lt y  (n o . n"*) o* brow n t r o u t  and A t la n t i c  

a a la o n  In  tb a  autuaut an d a p r ln g  £ re a  199S-99 In  
tb a  T a a t la  n a ta r  b u m  (C lg u ra a  l a  p a ra a tb a a la  a m  
95% e o a fld a a o a  l l n l t a ) .

Autumn '86 
0.47

Spring ' 87 Autxunn ' 87 
0.62

Spring '88
0 . 2 2

Brown
Trout

0+
1+
2+
3+

Atlantic 0.47 (1.47) 
Salmon

0.62 (0.29) 0.22 (0.03)

04 0.32 (0.84)
14 0.02 *
24 0.01 *
*«mlnlmum density

0.54 (0.48) 
0.12 (0.03) 
0 . 02  *

0.17 (0.02) 
0.06 (0.07)



estimates had large confidence limits (Table 6.10). Due to this a new 
site further w>stream was selected, This was only fished in autumn 1987 
and spring 1988, as high water prevented sampling in the spring of 
1987. The highest density was recorded in the autumn of 1987, 0.62m'*, 
by the following spring it had fallen to 0.22m'* (Table 6.10). These 
densities are similar to others recorded in the Loch Awe catchment. A 
small number of 2+ Atlantic salmon were caught in the autumn survey in 
1987, vdilch suggests that the Teetle water produces a small number of 
3-*- smolts.

Bel 1 isManooh.
Brown trout, Atlantic salmon, eels and broo)c lampreys were caught in 
the Balllmeanoch burn. The combined salmonid density in the stream was 
above the average at the other sites, with the highest 1.6m'*, being 
recorded in the autumn of 1987 (Table 6.11). Due to the large 
confidence limits attached to some of the estimates, their accuracy 
must be questioned. This is particularly true of the 1986 Atlantic 
salmon year class which increased over the summer of 1987. It could 
also have been caused by displaced fish from upstream securing 
territories in the survey area. However the streams high density ma)ies 
this scenario unli)cely. At the end of the 1987 growing season 0+ brown 
trout and Atlantic salmon from the 1987 year class were present in 
similar numbers, but over the winter the survival of Atlantic salmon 
was lower than bro%m trout. This resulted in a higher density of trout 
than salmon the following spring (Table 6.11). Brown trout migration 
from the stream was ccxiplete by the start of their third growth season 
and the Atlantic salmon migration was complete by the end of their 
second growth season.

Brown trout, Atlantic salmon, eels and minnows and one rainbow trout
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Tabl« €.11 Thm density (ae. ■“*) of broim trout and Atlaatle 
mmimotk In tbo outuM and aprlng froa !€€€••• la 
tha Balllawaaoeb bora (flguraa la paraatteala axa 
€S% eoafidaaoa llmlta).

Autximn '66 Spring ' 87 Autumn ' 87 Spring ' 66
Total - 0.89 1.60 0.58

Brown _ 0.62 (0.69) 0.74 (0.12) 0.41 (1.84)
Trout

0+ _ 0.64 (0.22) -

1+ - 0.74 (1.55) 0.14 (0.03) 0.41 (1.84)
2+ - 0.04 (0.01) 0.03 * -
3+ - - “ “

Atlantic _ 0.27 (0.22) 0.86 (0.60) 0.17 (O.OfT)
Salmon

0+ _ _ 0.56 (0.48) -

1+ - 0.27 (0.49) 0.32 (0.42) 0.14 (0.06)
2+ - 0.04 (0.01) - 0.03 (0.02)
**minlm\ain density 

Tabla €.12 Tha daaalty (ao. ai**) of browa trout and Atlaatle 
aalawa la tha autuaai aad aprlag frcs !€€€-•• la 
tha Kaaaa bura (flguraa la paraathaala ara 99% 
eoafidaaoa Halt a) •

Total
Autumn '86 
1.24

Spring '87 
0.36

Autumn ' 87 
1.15

Spring ' 88 
0.35

Brown
Trout

0.74 (0.36) 0.21 (0.05) 0.25 (0.12) 0.11 (0.02)

0+
1+
2*
3+

0.41 (0.20) 
0.02 (0.01) 
0.008*

0.20
0.01

(0.05)
*

0.22
0.16

(0.16)
(0.04) 0.09

0.01
(0.01)
*

Atlantic
Salmon

0.50 (0.17) 0.15 (0.08) 0.90 (0.29) 0.24 (0.07)

0+
1+
2*
^•minimum

0.62 (3.81) 
0.17 (0.02) 
0.01 * 
density

0.15 (0.08)
0.88
0.17

(0.68)
(0.02) 0.13

0.01
(0.08)
*



w«r« caught in tha Karnes burn. The Imnature rainbow trout was caught 
in the spring of 1987 and was in poor condition. It had one eye 
missing, was rather thin, and its fins were eroded, suggesting that it 
had escaped from one of the fish farms. The Karnes burn is recognised 
locally as a good spawning burn and the densities of salmonlds recorded 
in it agree with this, the highest being recorded in the autumn of 
1986, 1.24m'* (Table 6.12). At this time more 0+ brown trout than 
Atlantic salmon were caught, whereas in the following year more salmon 
than trout %^re caught. The reversal was due to a combination of low 
bro%m trout recruitment and increased salmon recruitment. The reason 
for the low number of trout In the 1987 year class Is not clear, in 
common with previous sites the highest over-winter mortality occurred 
after the autumn recording the highest density. The spring densities 
In 1987 and 1988 were remarkably similar even though the catches were 
dominated by different species in each year. Both Atlantic salmon and 
brown trout had migrated from the Karnes burn by the start of their 
third growth season.

8.3^ Juvenile Interaction exoeriBMt.
8-3-4.1 Temerature.
There was no variation in the water tenperature between the troughs, 
and so the mean daily temperature was calculated from the data 
collected in the four time periods, from trough 3. During the course 
of the experiment the twnperature fell from 14.9^C on the 28th June to 
9.8^C on the 22th August. There was a large amount of variation In the 
mean daily temperature, but the overall trend throughout the experiment 
was do%mwards. from the high levels recorded in mid-summer at the start 
of the experiment.

• ■3.4^ Food availability.
There was no significant difference in the mean number of prey Items



•nterlno the 3 troughs during the experiment (P>0.05 FS-0.76 2,69). 
Trough 3 had the highest Input 24.51 prey Items (PI) hr *, and trough 
2 the lowest 18.92 PI hr'*, with an intermediate amount 21.71 PI hr * 
entering trough 1. The lower input of food to T2 was probably due to 
the lower volume of water that entered it, this relationship did not 
hold for troughs 1 and 3.

There was a highly significant difference (P<0.001 PS . 13.99 3,58)
in the amount of food that entered the three troughs in the four time 
periods saspled. The highest value of 37.5 PI hr * was collected 
between 02:00-03: OOhrs, with the nuirber falling through the day with 
only 11.0 PI hr'* )7elng collected during the 20-21:00 hours session. 
This mar)ced diurnal pattern is a recognised phenomenon (Waters, 1969: 
Brlthaln 6 EDteland, 1988).

6 . 3 . 4.3
The growth rate (% body weight/day) of rainbow trout in allopatry and 
syispatry was 2.299 and 2.712 respectively. This was considerably higher 
than the rates achieved by brown trout in the same situations, which 
were 0.555 and 0.692 respectively. Over the duration of the experiment 
brown trout growth in the troughs was similar to their growth in the 
stream from which they had been removed, which was 0.661.

6 - 3 . 4 . 4  H r v l T a l .

In the synpatrlc and allopatric brown trout populations survival was 
100%. and in the rainbow trout populations it was 40% and 80% 
respectively (Table 6.13). The two raln)oow trout found dead on the 
screen in T3 had loadly damaged caudal regions. This is evidence of 
nonreciprocal attac)ts from the rear (Ablx>t % Dill, 1985).

Combining the last t%#o measures gives production. The highest level was
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Tabla f.l3 Th« pareantaga aunrlval In tha allopatrlc andsyi^trle populatlona oi brown trout and rainbow 
trout.

Initial 
No . S

Final
No.s

% Survival

T1 RT 10 8 80
T2 BT 10 10 100
T3 RT 5 2 40

BT 5 5 100



recorded in the allopatric rainbow trout population 13.55g which waa 
considerably higher than the 6.91g recorded in the allopatric brown 
trout population. In synDatry rainlsow trout production again exceeded 
that of brown trout, with 8.27g and 5.74g being recorded respectively.

« ■ l . a . S  Feeding.
There was no significant variation in the feeding rate between the 4 
time periods in which observations were made, this allowed the results 
to be pooled. In the interspecific comparisons rainbow trout had a 
significantly higher feeding rate than brown trout in both sympatry and 
allopatry. (P < 0.001 Fs 30.798 1.94) and <P < 0.001 Ps 48.617 1. 221) 
respectively (Table 6.14). In intraspecific comparisons both species 
had a higher feeding rate in allopatry than in sympatry; in rainbow 
trout the difference was not significant, however in brown trout it was 
(P<0.05 F8 4.105 Is 160).

Each population showad a prafaranca for drift pray items, with the 
least favoured component being pray from the surface, the difference 
in each population was highly significant (P<O.0Ol) . The low surface 
component contribution is probably due to a combination of the nets 
being placed over the troughs, and the experiment being performed in 
a polythene tunnel. The preference of drift prey in the diet of brown 
trout has been described previously by Bachman (1984), and in other 
juvenile salmónida by Hunt (1965), Sagar & Glova (1987).

•■3s4.g
There was no significant variation in the number of interactions in the 
4 time periods that observations were made, this allowed the results 
to be pooled, in interspecific comparisons rainbow trout were involved 
in a greater number of interactions than brown trout in both allopatric 
and sympatric situations; however Mily in the former was the difference
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Tabl* C.14 ThA M a n  fandlna r«ta» log„<x4-l) (lt«M 
oonauMd/S minutaa) of tha ayapatric imd 
allopatrie populatlona of brown trout and rainbow 
trout•

T1
T2
T3

RT
BT
RT
BT

Total
1.036
0.839
1.023
0.760

Drift
0.871
0.671
0.927
0.557

Surface
0.176
0.135
0.092
0.118

Bottom
0.497
0.380
0.391
0.408



«ignllicant (P <0.001 Fa 21.156 1,221) (Tabla 6.15). In intraspecific 
convarlsons brown trout wore Involved in more interactions in sympatry 
than in allopatry, with opposite being the case for rainbow trout. 
However none of the differences were significant. The agonistic 
interactions are examined further by dividing them into aggressive, 
fronto/lat«ral and defensiva acts.

Aggressive.
In interspecific ccwtparisons rainbow trout have a significantly higher 
attac)c rate than brown trout in allopatry (P<0.(X)1 Fs 11.606 1,221) ¡ 
whereas in sympatry the opposite was true (P<0.(001 Fs 11.565 1.94) 
(Table 6.15). This higher rate of aggression in sympatrlc brown trout 
is probably due to the lower stability resulting from the greater size 
variation in T3. In intraspecific comparisons brown trout have a 
significantly higher (P<O.05 Fs 6.648 1,160) attaOi rate in sympatry 
than in allopatry) whereas in ralnlxw trout the opposite is true (P 
<0.001 FS 20.975 1,155) (Table 6.15).

Pronto/lateral.
In the more ritualised and leas aggressive fronto-lateral displays the 
same pattern exists as above, but only the comparison between the 
allopatric populations was significant (P <0.05 Fs « 4.029 1,221) 
(Table 6.15). It was surprising that brown trout were involved in more 
fronto-lateral displays in sympatry than they were in allopatry, one 
would have expected the more ritualised interactions to have been 
prevalent in the more stable allopatric brown trout population.

Tharefore it is clear that in sympatry brown trout are involved in more 
aggressive interactions than rainbow trout, whereas in allopatry 
rainbow trout are involved in more aggressive interactions than brown 

trout.
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Tabi« 6.15 Th« *e«n nuab«r (log^« x^l n o ./Smina) of
b«barloural int«raction« in irtiich th« «llopatric 
and «ympatric p^ulationa of brown trout and 
rainbow trout war« involvad in «aeb riawing 
pariod.

Total Aggressive
Pronto/
Lateral Defensive

T1 RT 0.471 0.268 0.119 0.204
T2 BT 0.280 0.155 0.072 0.095
T3 RT 0.365 0.056 0.063 0.309

BT 0.339 0.264 0.124 0.042

Tabi« € . 1 € nia maan numbar {log^, X4l No./Smina) of
bahavioural intaractions intaraetions in trough 
3 eomparad on an intarapacifc and intraapacifie 
baaia.

Intraspecific
Aggressive 
Pronto/lateral 
Defensive

Rainbow
Trout

0.050
0.013
0.054

Brown
Trout

0.052
0.045
0.042

Interspecific
Aggressive
Fronto/lateral
Defensive

0.007
0.050
0.258

0.215
0.086
0 . 0 0 0



D«f«naiv« aota.
In interspecific comparisons rainbow trout were involved in 
significantly more defensive actions than brown trout in both 
allopatric and sympatric situations; (P<O.0Ol Fs 14.04 1,221) and 
(P<0.001 FS 39.237 1,94) (Table 6.15). This is in agreement with the 
findings from the analysis of the aggressive interaction data because 
in both situations rainl>ow trout were subject to more attac)c8 than 
brown trout. In intraspecific comparisons brown trout were involved in 
more defensive actions in allopatry than in synvpatry, but the 
difference was not significant. By contrast rainbow trout were involved 
in more defensive actions in sympatry than in allopatry, and in this 
instance the difference was significant, (P<0.05 FS=5.26 1,155) (Table 
6.15) . The iMhavloural differences between the two species in sympatry 
are even more apparent when the interactions in T3 are examined on an 
interspecific and intraspecific basis.

Xaterepeeif le.
Bro%m trout initiated a significantly greater numljer of attac)cs on 
rainbow trout, than rainbow trout initiated with brown trout (P<0.001 
FS 28.30 1,94) (Table 6.16). Rainbow trout fled more often from brown 
trout, than brown trout fled fr«n raln)3ow trout in attac)c8 initiated 
by the latter in each case, (P<0.001) Fa ■ 40.032 1,94) (Table 6.16). 
The less aggressive fronto-lateral displays followed the same pattern 
as the direct attacks, but the difference was not significant.

Xatrespeoif lo •
Brown trout were involved in more aggressive interactions (attacks and 
fronto-lateral encounters) with their conspeciflcs than rainbow trout 
(Table 6.16). Rainbow trout fled more often from their conspecifics 
than brown trout did (Table 6.16). None of the differences between 
intraspecific comparisons were significant. The nund^er of IntraspeclfIc
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interactions was lower than those recorded between species.

Thus it is clear that when the progeny of spring-spawning rainbow trout 
share a habitat with the progeny of autxjmn-spawning brown trout the 
former are socially dominated by the latter. The most likely reason for 
this is the size advantage held by brown trout.

g.3.4.7 Diatribution.
There was no significant variation in the distribution of either 
species in any of the peculations in the 4 time periods in which 
observations were made, so the results were pooled. In interspecific 
comparisons both species in all^atry made use of the pool and riffle, 
however rainbow trout vfere observed more often in the pool than brown 
trout (P<0.05 X* • 7.31 df2) . In sytreatry the rainbow trout's 
preference for the pool habitat was even more apparent. On all but 
three occasions they were observed in the pool, and on each of them 
they held station at the pool/riffle interphase. Brown trout in 
sympatry made use of both pool and riffle, but used the latter to a 
lesser extent than they did in allopatry, and made greater use of 
pool/riffle Interphase. The difference in the two species distributions 
in sympatry was highly significant (P<0.001 x**24.66 df2). In the 
intraspecific comparisons there was no significant variation in habitat 
use by brown trout in the allopatrlc and sympatrlc situations (P>0.05 
X**5.94 df 2). By contrast rainbow trout in the two situations did show 
highly significant variation in their use of the two habitats (P<0.001, 
x’ a 19.61 dfa2). This implies that rainbow trout distribution was 
restricted by the presence of brown trout, and that the presence of 
rainbow trout had no significant effect on the distribution of brown 
t rout.



3.4.1 to mtxmmm «ubatraf.
Th«r« was no significant variation in the position of tha two species 
in the water colxixnn in each population in the four time periods« so the 
data was pooled. In interspecific comparisons rainbow trout showed a 
preference for holding their position in the water column« whereas 
brown trout showed a preference for the stream bott^. In both 
allc^atry and syiqpatry the difference between the species was 
significant (P<0.0Ol X* 69.19 dfl) and (P<0.01 X* 9.71; dfl) 
respectively, in the intraspecific ccxnparlsons there was no significant 
difference in the number of rainbow trout that held station off the 
bottOTi in allopatry and syitv®try (P>0.05 X*»0.78; dfl), whereas the 
brown trout in synpatry were recorded off the bottom more often than 
those in allopatry (P<0.01 x’>7.33; dfl).



D i B w i o n .

g . 4 T r M P i n o  MEDTi— Bt^
Although no information was gained from the trapping programme about 
the movement of rainbow trout into Loch Awe's spawning tributaries, 
small amounts were gained f r ^  other parts of the project.

On the 1.11.86 the partially eaten corpse of a heavily gravid female 
rainbow trout length 457mm was found on a riffle in the Allt nan 
Sobrachan. a]x>ve the fish farm at Braevallich. The fresh state of the 
fish suggested that it had been intercepted and killed by a mink or 
otter whilst on its upstream migration. On the 23.11.86 a ripe male 
rainbow trout length 485iran. was netted from the mouth of the small burn 
that enters Loch Awe at the Braevallich fish farm.

During the electrofishing surveys, two adult rainbow trout v̂ ere caught, 
one on the 24.4.87 in the Karnes burn, and the other in the Clachan 
Dubh burn on the 27.9.87. The fish in the Clachan Dubh burn was 
sexually mature. Blectrofishing the burns on three occasions in 
November 1988 for brown trout eggs, for the egg experiment failed to 
find any rainbow trout.

Therefore the lack of evidence of a large upstream migration of 
sexually mature rainbow trout, the low percentage of rainbow trout that 
became sexually mature, and the protracted period over which they can 
become mature will reduce the probability of ripe male and female 
rainbow trout making contact with one another in Loch Awe's large 
number of tributaries.

If sprlng^spawning rainbow trout were to enter these tributaries to 
spawn the high availability of spawning area in the catchment would 
minimise the potential of them over cutting the earlier-cut redds of
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brown trout and Atlantic salmon. Hayes (1984) demonstrated the damaging 
•ff«ct o£ this phenomenon on the brown trout population in a tributary 
of La)ce Alexandrina, New Zealand. It would not be necessary for the 
rainbow trout's eggs or milt to be viable, siinply the physical process 
of redd cutting would dislodge the young trout and salmon and lead to 
their death. However, the lac)c of evidence for rainbow trout spawning 
in the Loch Awe catclvnent, makes this scenario at present unrealistic.

It is the continued use of all female, and triploid rainbow trout stock 
on the fish farms that is the major reason for their lack of success 
in establishing a self-sustaining population in Loch Awe. These 
findings have been confirmed by field surveys performed by other 
investigators (Munro et al.. 1976; A. Walker pers. com.).

6.4.2 maa viability.
There has been a very low success rate in the establishment of self- 
sustaining rainbow trout populations in Europe (Vivier, 1955; Nilsson, 
1967; Frost. 1974; and Phillips et al.. 1985), with poor egg survival 
being implicated as the reason in a numl>er of cases. MacCrimmon (1971) 
in his review of their world distribution examined some of the 
environmental factors that limit their success. The water temperatures, 
dissolved oxygen levels, and precipitation patterns found in Scottish 
streams are well within the critical limits described by him. The 
factor that has been isolated on a numl>er of occasions (Seamans a
McMartin, 1962; Frost, 1974; 6 Grande __ai., 1978) as being
responsible for the rainbow trout's lack of success in areas where they 
might have been expected to thrive is the low pH of the water. Seamans 
& McMartin (1962) demonstrated that the life span of rainbow trout 
sperm is reduced by \ip to 50% in acid waters, and Grande et al. (1978) 
reported that their lower pH tolerance was laetween 5.5 and 6.0. The 
water pH in a large number of Loch Awe's tributaries lies within this
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critical ranga, ao thla itay ba tha reason for thalr lack of success in 
establishing a self-sustaining population in this situation. However 
some rainbow trout eggs did hatch, so there is theoretically the 
potential for rainbow trout to establish a self-sustaining population 
in Loch Awe. It is clear from the rudimentary approach in this 
experiment that further investigations that included analysis of all 
of the factors that affect salmonld egg survival would be necessary 
before any firm conclusions could be made.

S.S.3 »leetrofiehine.
In the 38 electrofishing surveys performed in 10 of Loch Awe's 
tributaries no juvenile rainbow trout were caught. On its own this does 
not prove that they are unable to spawn in catchment, but when it is 
considered with evidence from other parts of tha project, it seems 
likely that this is the case.

By consulting Table 6.17 it is clear that the density of juvenile 
salmonids in some of the streams in the Loch Awe catchment is low, but 
not at critical levels. The high densities recorded by Eggllshaw i 
Shackley (1977) are recognised as being exceptional in Scottish terms, 
and the high spring levels recorded in Glencorse (Duncan, 1984) and 
Gladhouse (Conner, 1981) are partly maintained by stocking. The autumn 
densities of juvenile Atlantic salmon recorded in this survey are 
similar to the results of an independent survey (A. Walker pers. com.) 
in a nundoer of streams in the Awe’s catchment in August 1984. They 
noted mean densities of 0.54m'’ O* Atlantic aalmon, whereas means of 
0.44 m‘* and o.70m*’ %dere recorded in the autumns of 1986 and 1987 
respectively. They made no estimate of brown trout density.

The production of fish in a stream is determined by a numljer of biotic 
and abiotic variables. These determine a stream's carrying capacity by



Tabla C.17 Tha density (no/a*) of brown trout and Atlantic 
salaon in boob Awe's catobsMnt coaparad to other 
streastf in Scotland and Bngland.

Loch Awe (coxnbined salmonid)
Autumn 1986
Spring 1987
Autumn 1967
Spring 1968
Loch Awe (Atlantic salmon)
Autumn 1986
Spring 1987
Autumn 1967
Spring 1988
Streams In Loch Awe Area 
(Atlantic salmon)
Linne nan Beathach
Orchy
Stive
Kinglass
Noe
Nant

Autumn mean 1966-75
Black Brows Beck-Brown Trout 
Autumn mean 1966-77
English Stream-Brown Trout 
Mid Summer
Cornish & Devon Streams
Mid summer mean from 12 streams
Brown Trout
Lothian Reservoir Tributaries 
Brown Trout 
Glencorse Spring 1984 
Gladhouse Spring 198 
Harperrig Spring 196
Galloway Streams-Brown trout
Not Acidified
Castramount Autumn 1964
Barlay Autumn 1984
Drximcleugh 1984
Black Laggan 1984
Acidified
Mid Autxunn 1984
Carrouch 1984
Craiglowrie. 1984

Density (No. /m^)
0.82
0.46
1.11
0.45
0.44
0.19
0.70
0.24

0.16
1.92
0.05
0.47
0.01
0.63

(Servant pers corm.)

3.65 (Egglishaw &Shackley 
1977)

2.10 (Le Cren, 1972)

0.1-
2.7

(Le Cren, 1972)

0.31 (Huish pers comm.)

0.72
0.74
0.32

(Duncan, 1984)

(Harriman, 1984)

0.73
0.40
0.27
0.88
0.08
0.13
<0.05



acting on recruitment« mortality and migration. From the results of 
other investigations it is clear that Juvenile salmonids can tolerate 
higher densities than are found in Loch Awe's tributaries. The lower 
l«vel in Loch Awe could be due to a number of factors that affect 
salmonld production e.g. a low number of spawning adults, poor water 
(Juallty. low food availability, the presence of disease, predation, or 
lack of access to cover.

It is highly \mlikely that the Juvenile population short-fall is caused 
by a lack of adults entering the spawning burns. It has been 
demonstrated in both brown trout and Atlantic salmon that recruitment 
is only adversely affected by this when the number of spawning adults 
falls below a very low critical level, above this level low spawning 
is compensated for by high survival in the resulting progeny (Elliott, 
1989; Buck & Hay, 1984). A simple experiment that would involve 
stocking the areas surveyed in the present project with unfed brown 
trout fry in the spring, and measuring their density in the autuisn, 
would allow us to determine if the shortfall was due to a shortage of 
spawning adults. If this was the case, one would expect the stocked 
fish to secure territories and for the density of fish in the autumn 
to be higher than had been recorded previously. If there was no 
increase in the density after stocking one would have to conclude that 
the streams were at their carrying capacities and were being limited 
by some other factor. It would then be necessary to investigate water 
duality and food availability in the streams to examine this further.

Forestry is often criticised for its adverse impact on Juvenile 
salmonld populations, although in this instance there was no difference 
in the density of fish in forested and non-afforested catchments. By 
its very nature it is likely that forestry activities would hove had 
soma negative affect on the Juvenile salmonid stocks in Loch Awe. Over



the next t%<enty years a large amount of felling is planned in the 
loch's catchment, and there is already a small amount of evidence that 
suspended solid loads have increased on a number of occasions due to 
extraction activities.

The spawning area for salmonids in a large number of Loch Awe's 
tributaries is restricted by impassable falls which are situated only 
a short distance from the loch. Although spawning populations do exist 
above them, it is highly likely that recruitment to the loch would be 
iitproved if the falls were breached. However before such a scheme was 
started it would first be necessary to identify the streams that would 
benefit from such action. Streams considered would have to have a 
large apa%rfnlng area above the falls, auid have a lower stock above than 
below them, with the reason for this being the physical obstruction to 
spawning that the falls caused. Although the current spawning area was 
not assessed, the breaching of such impassable falls would increase the 
area and subsequently increase the recruitment of Atlantic salmon and 
brown trout.

Unfortunately it was not possible to assess the level of recruitment 
of brown trout frOTi the River Orchy. The site at Duilletter shows that 
trout do spawn in its tributaries, but it is not known if the juveniles 
caught were the progeny of brown trout or sea trout. It is also unclear 
whether they would be recruited to a resident population of brown trout 
in River Orchy, to the population in Loch Awe, or if they would become 
sea trout.

It could be argued that the small nxunber and si*e of the stream 
sections sampled, were not truly representative of the Loch Awe 
catchment. Newman & Waters (1989) demonstrated that the variation in 
fish density within individual streams can be highly significant



(P<O.OOl). It is likely that similar variation exists within Loch Awe's 
streams but by comparing other systems with the mean density of the 
streams examined, and by selecting representative sections within the 
streams it is hoped that any bias within the data set would have been 
removed. There is concern that repeated electrofishing adversely 
affects the growth of the fish. However, Shackley fc Egglishaw <1977) 
and Gatz et al. (1986) demonstrated no adverse effect on the resident 
salmonid caitnunities with a greater frequency of electrofishing.

Despite the large eunount that has been written about biological 
competition, its role in determining species composition is still 
poorly understood. This is particularly true in the relationship 
betv^en brown trout and rainbow trout, in this experiment the role of 
feeding, agonistic interactions and habitat use in social organisation 
at an early stage in the life history of the tvo species in sympatzy 
was examined. Oat* et al. (1987) gave three conditions that would have 
to be met before interspecific competition could be implicated in a 
relationship: 1) a reduction in p^ulation; 2) a reduction in 
growth/production; and 3) a reduction in a species realised niche when 
in syirpatry. Their fulfilment in the present experiment will now be 
considered.

In both allopatry and sympatry rainbow trout had a lower survival rate 
than brown trout, with the lowest rate being recorded in the latter. 
This meets condition one. There are two possible reasons for the lower 
survival rate in the two rainbow trout populations. The first applies 
to both populations and is due to differences in the devel^xnental 
stages of the t%#o species. In the first month after they emerge from 
the gravel salmónida suffer heavy siortalitles (Buck a Hay, 1984; 
Elliott, 1989) . As rainbow trout hatched two months after brown trout.
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it Is clear chat they would be more vulnerable to this mortality, brown 
trout had passed this critical phase in early May and would not have 
been affected by it. The second only applies to the syin>atric 
population and is due to the size advantage held by brown trout over 
rainbow trout. As the survival rate in the syn^atric population was 
lower, it is clear that condition 1 has been met.

The growth rate of rainbow trout was higher than brown trout in both 
all^atry and syiivatry, and again it is likely that the difference is 
due to the variation in the two specie's developmental stage. Hayes 
(1986) demonstrated a marked decline in the two species growth races 
in the first few months after emergence. As brown trout emerged before 
rainbow trout it is not surprising that their growth and feeding rates 
are now lower. Another possible explanation for the rainbow trout's 
superior growth rate is that their innate rate is higher than brown 
trout, this being one of the reasons that they are preferred to our 
native trout by the aquaculture industry. unfortunately the 
experimental design did not allow the relative importance of these two 
effects to be determined. It was surprising that the two species growth 
rates were higher in sympatry. This may have been caused by the lower 
density in T3 resulting in a greater availability of food, but the 
lower feeding rate by both species dismisses this <^tion. A more 
plausible explanation for the higher growth rate in the rainbow trout 
is that their growth rate was calculated on those that survived to the 
end of the experiment, which would have been calculated from the ones 
with the best growth rate. It is likely that the earlier developmental 
stage, and the growth rate being based on the fittest survivors also 
explains the greater production recorded by rainbow trout in both 
allopatry and synpatry. Therefore the fulfilment of condition 2 is 
inconclus ive.



Th« low«r t««<Ung rate by the two species in sytnpatry in T3 may be due 
to the greater number of aggressive and defensive interactions that 
brown trout and rainbow trout were respectively involved in compared 
to their allopatric populations. This would result in brown trout 
having less time to feed, and in rainbow trout being less likely to 
move to intercept passing food as it would bring them to the attention 

of the dominant brown trout.

in syspatry the distribution of rainbow trout was restricted to the 
pool habitat whereas in allopatry they used the pool and riffle. There 
was no significant variation in the distribution of brown trout in 
allopatry and syng>atry. Therefore condition 3 has been met.

Following the above criteria in this experiment there is very strong 
evidence that rainbow trout suffer interspecific competition from the 

dominant brown trout.

The mechanisms by which this was achieved will now be investigated. The 
results from the two species in allopatry suggest that rainbow trout 
are more aggressive than brown trout, although this can again be 
explained by the different developmental stages of the two species. 
When juvenile stream-dwelling saltnonlds start to feed after they emerge 
from the gravel their behaviour is charactsrised by a high level of 
unsophisticated aggressive interactions. The aggressive behaviour acts 
to disperse the newly-emerged individuals as they establish their 
territories. The competition for space acts as a substitute for 
competition for food acquiring sites <Chapman, 196«) . As fish get 
older the number of agonistic interactions that they become Involved 
in declines and their nature becomes more ritualised (Chapman, 1962; 
Mason 6 Chapman, 1965, Ellis. 1977; Chlrar , 1975; cole 6 Noakes,
1980; Noakes. 1980; Olbson, 1981). This explains the lower number of
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interactions in the all<^atric brown trout population.

Also the brown trout’s lower position in the water column will provide 
them with a greater amount of visual isolation from one another which 
will further reduce the potmtial for conflict. Dill (1977) reported 
that rainbow trout adopt a mid-water position after they emergence, 
with the same conclusion being reached by Hearn fc Kynard (1986) when 
examining the behavioural relationship between rainbow trout and 
Atlantic salmon. However it is unclear if their mid-water habit in this 
experiment was due to the short period that they were reared in a 
hatchery, or %^ether it was due to an innate difference between the two 
species. Hatchery-reared Atlantic salmon have been shown to assume a 
mid-water position once released into streams (Dickson 6 MacCrimmon, 
1982). This strategy is wasteful of energy and results in a greater 
mortality rate. The greater number of occasions on which brown trout 
were observed off the bottom in the sympatric population is in 
agreement with the greater numJser of agonistic interactions that they 
were Involved in that situation.

When the two species were brought into synqpatry there was an increase 
and decrease in the number of interactions in which brown trout and 
rainbow trout were respectively Involved. Although rainbow trout were 
still involved in slightly more interactions than brown trout, the 
majority of them %«ere defensive, whereas brown trout increased their 
attack level. 2t is likely that the change in brown trout behaviour was 
due to the Instability Introduced to the population when they shared 
the trough with smaller rainbow trout. As stream-dwelling salmónida get 
older they try to increase the sise of their territories by engaging 
their neighbours in aggressive interactions, when a large difference 
exists between the sise of cocnpetitors the likelihood of success for 
the larger species is increased. It is this Incentive that causes the

182



brovm trout to attack tha amallar rainbow trout more often than they 
do their own species which are of a similar size to themselves.

The advantage of size is a well recognised phenomenon in salmonid 
behaviour. In particular the behavioural advantage based on size 
between brown trout and other salmonids has been well docvunented 
(Kalleberg, 1958; Nilsson, 1963; Vincent 6 Miller, 1969; Nyman, 1970; 
Card fc Seegrist, 1972; Fausch & White, 1981; Waters, 1983; and Gatz 
al., 1987). Hence brown trout should dominate any potentially
competitive situation with species in their own family (Newman, 1956). 
Findings by Fausch a White (1981), who reported that brown trout 
excluded brook trout fr^n their preferred resting areas, and by 
Shirvell & Dungey (1983) who foxmd that brown trout occupied the same 
microhabitats whether or not rainbow trout were present, support this.

However in a similar experiment Hayes (1989) demonstrated that the size 
difference between brovm trout and rainbow trout was sufficient to 
reduce the social conflict between them. Hiis existed until the 
fingerling stage, by vdilch time brown trout socially dominated rainbow 
trout.

In the relationship between the progeny of autumn*spawned brook trout 
and spring*spawned rainbow trout Rose (1986) demonstrated that size was 
unimportant in determining the outcome of competition ):>etv;een the tvm 
species. Rainbow trout v#ere able to reduce the growth rate of larger 
brook trout when rainbow trout Mierged from the gravel. This resulted 
in brook trout having a greater winter mortality rate than rainbow 
trout. This was achieved by the brook trout diet being restricted to 
the upper end of the range that is available to them and this is 
responsible for the change in dominance changing brook trout to rainbow 
trout in a nunber of east coast American rivers.
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Th« domlnanc« demonstrated in brown trout over rainbow trout would 
result In the latter changing their distribution when they are In 
sympatry with brown trout. In allopatry both species have been shown 
to use pool and riffle habitats. However In synqpatry their habitat 
preference Is less clear and depends upon the species with which they 
co'hablt. Gatz et al. (1987) and Hayes (1984) demonstrated that when 
the t%#o species were In sympatry, brown trout preferred the pools, and 
rainbow trout preferred the riffle. The same habitat preference was 
shown by rainbow trout when they were in syn^atry with coho salmon and 
broo)c trout (Hartman, 1965: Fausch, 1988). However when they co-habit 
with Atlantic salmon, rainbow trout are found In deeper water and 
salmon utilise the shallower and faster flowing riffles and runs (Hearn 
t Kynard, 1986) . They concluded that the rainbow trout's high position 
In the water column was better suited to pools and other habitats with 
low current velocity, they also demonstrated that their higher level 
of aggression gave th«n a competition advantage over Atlantic salmon.

When brown trout are foxuid In the same streams as Atlantic salmon, the 
trout Inhabit pools and the salmon riffles (Eggllshaw k shac)cley, 
1982). Fausch k White (1981) demonstrated that when brown trout are 
foxmd in a stream with broo)c trout the niche width of the latter is 
restricted.

Therefore, it is clear that the findings of the present study 
cmtradlct those of Hayes (1984) and Oats et al. (1987) who showed that 
In synpatry brown trout used the pools and rainbow trout used the 
riffles, in this study the greater pool use by rainbow trout in 
syn^try is probably related to the higher posltim that they hold In 
the water column. in this habitat they will require less energy to 
maintain their positim. This energy COTserving mode Is all the more 
liiportant in sympatry owing to the greater number of defensive actions
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that th«y ara involved in, as such actions have a high energy 
requirement. By holding station in the pool habitat rainbow trout will 
maximise their net energy gain. This is the criterion by which 
salmonids select their territories (Fausch, 1984) . The same conclusion 
was reached toy (Hearn a Rynard. 1986) in their study of the inter
relationships between rainbow trout and Atlantic salmon.

In the present study the slightly greater use of the pool by brown 
trout when they are in sympatry could be related to their higher level 
of agonistic activity, which requires that energy savings have to be 
made in other activities, or it could be due to them chasing rainbow 
trout bac)c to the pool.

Unfortunately a lac)c of time precluded the investigation of 
Interactions between the progeny of autumn-spavmed )orown trout and 
rainbow trout. In such a situation brown trout would nob hold the size 
advantage that they hold by virtue of their earlier emergence, this 
would clearly Increase the scope for ccxnpetltlon between the two 
species. Co-existence, but with each species having lower biomass than 
had they in allopatry would be the IDcely outcome of such a scenario. 
Dodge (1983) has already observed this outcome in spawning trll>utaries 
in Ontario.

Although Oatz at al. (1987) provided an uncomplicated group of factors 
that must be met Isefore interspecific competition can be Inollcated 
between fish species, in reality it can be very difficult to provide 
evidence to satisfy the requirements. This is due to difficulties in 
the standardisation of field and laboratory experimmnts caused by 
varlatiOT in resource availability between replicatms and in the 
methods used to quantify them. In essence the problem lies in 
scientists trying to perceive the resource requirements of animals.
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What wa ragard as balng crucial for Cha survival of a spacias, may in 
fact ba lass itrportant.

«■«•» I«Dlie«tion» tor Loch A»».
Tha %rark dascribad hara has damonstratad that saxually mature rainbow 
trout do mova into Loch Awe's tributaries. However, no evidence was 
found to show that they ware able to find a mate in a similar condition 
and spa%m. That accepted, it was shown chat if such an event was to 
occur tha eggs could survive at least to the alavin stage. The trough 
experiment provided evidence that if tha rainbow trout were the progeny 
of spring spawners they would find it difficult to compete against the 
larger brown trout which would by that time have secured their 
territories. What tha experiment did not show was how rainbow trout 
would interact with Atlantic salmon, and what the response of brown 
trout would be to the progeny of autumn-spawning rainbow trout.

Perhaps tha most in^rtant factor that would help the progeny of 
rainbow trout establish themselves in tha loch is that they ware shown 
to feed and grow successfully in a stream environment if they are 
introduced to wild food at a yoxing enough age. It is this lack of 
experience which limits tha success of rainbow trout that escape frOTt 
tha cages into tha loch whan they are older.

Under tha currant circximstancas it is unlikely that the rainbow trout 
would be able to form a self-sustaining population in Loch Awe.
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Xfcl Xnfcgedttctlon.
In r*c#nt y^ars anfllars on Loch Awa hava conplalnad about tha dwindling 
catchas ot brown trout. Tha aim of this chaptar la to invaatiflate tha 
validity of thaaa claima by ccxnparing tha praaent day catchas with 
thoaa from hiatoric data aata. Tha coirplaint la not ona that is uniqua 
to Loch Awa aa aimilar aantimenta hava bean voiced about othar brown 
trout fiaharlaa by anglara and fiahary managara throughout tha country. 
A nationwide aurvey by tha Gama conaervancy Council haa ravealed 
widaapread concarn about tha daclining atocka of wild brown trout in 
Britain (Gilaa, 1989), and a confarenca waa hald by tha Fraahwatar 
Biological Aaaociation in 1988 to addraaa thia apacific iaaue. 
Inveatlgationa on individual fiehariea by Burna at al. (1984), Swalea 
6 Fiah (1986) and Turnpenny at al. (1987, 1988) hava inç>licatad 
acidification and tha combination of acidification and forestry as 
reasons for tha decline of brown trout fisheries.

On Loch Awe tha popular belief is that tha Introduction of rainbow 
trout haa bean raaponaibla for tha decline in brown trout catchas. In 
other waters where the two species co-exiat a variety of responses from 
brown trout peculations to the Introduction of rainbow trout have been 
recorded.

Frost (1 9 7 4 )  reported that the introduction of rain)30w trout to waters 
which previously held only brown trout, had no adverse Impact on brown 
trout catches by anglers. However, in tha same report aha also cited 
evidence from a fishery where the catch of brown trout declined when 
rainbow trout stocking started and increased once it had ended. Brown 
at al. (1 9 7 9 )  reported that anglers had to fish deeper for brown trout 
when they were in sympatry with rainbow trout. As trout anglers 
generally fiah the surface waters, they are more likely to encounter 
rainbow trout and thia segregation gives tha impression that rainbow



trout aro mora abxindant than brown trout although this may not be the 
case. Itiis niche segregation was also alluded to by Coles (1981) . The 
rainbow trout's greater susceptibility to bird predation further 
s\4 >ports this hypothesis of niche segregation (Mat)cow8ki, 1989).

Giles (1989) found in the Game Conservancy Council survey that where 
brown trout occurred alone, a significantly higher number of returns 
recorded a perceived decline in stocks con^ared with those fisheries 
in vrtilch brown trout and rainbow trout co-existed.

In fisheries sustained by stocking it is a broadly held belief that 
rainbow trout have a greater catchabllity than brown trout (Jacques, 
1974; Fleming-Jones 6 Stent, 1975; Crisp & Mann, 1977; Taylor, 1978; 
Coles, 1981; Bryan, 1982; Pawson, 1986; Pawson 6 Purdom, 1987). This 
can give anglers the false In^ression that brown trout are less 
abundant than they are reality.

The aim of this chapter is to put the current angler catch of brown 
trout f r ^  Loch Awe into a historical perspective and to examine the 
performance of the fishery in relation to changes in land use, angler 
pressure and the Introduction of rainbow trout.

7.2 Methods
7.2.1 Mistorloel
Fishing registers were available fr<xn three hotels, the Loch Awe Hotel 
1887-1929, the Ford Hotel 1926-1965 and the Port Sonachan Hotel 1931- 
1978. From the registers, the annual catch, the annual number of 
successful rod days (this had to be calculated as there was no record 
of the unsuccessful days in the fishing registers), the catch per 
successful rod day (C.P.S.R), and the average weight of fish were 
calculated, in order to perform the analysis it was assumed that a
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person had been fishing for the entire day when an entry was made in 
the register. No regression analysis was performed on the historic data 
set as the variables were not sufficiently robust.

During 1987 and 1988 anglers fishing on the loch were issued with 
return cards and asked to record the following details:
Name, Date, Hours Fished, Number of Rods, the Species and Weight of 
each Fish Caught, and to mark on a map the area of the loch which had 
been fished. See J^endlx 5. The need to return cards even when no fish 
were caught was strongly emphasised.

Publicity for the census was gained through the national, local and 
angling press, by contacting angling clubs, and by mounting a poster 
campaign around the loch. Cards were available from and could be 
returned to, local shops, hotels and holiday cottages. They were also 
sent to angling clubs who were holding competitions on the loch, and 
distributed personally to anglers fishing the shores.

From the returns, the annual catch, average weight, annual catch per 
unit of effort (CPUE) in rod hours and rod days were calculated for 
brown trout and rainbow trout in the tvo years. The catch per 
successful rod day was also calculated so that limited comparisons 
could be made with the historic data sets (see discussion).

The data were then sub-divided on a mmithly and loch section basis to 
conpare temporal and spatial variation in the catch of brown trout and 
rainbow trout. To achieve the latter the loch was divided into seven 
sections of approximately equal size (Figure 7.1). Variation In the 
catch of brown trout and rainbow trout between each month and site was 
tested by X’.
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7.2.3 of total catch ia lyf?
To estimât« the total number of fish caught and thereby the catch and 
yield per area it was necessary to obtain an estimate of the total 
annual effort on the fishery, lliis was achieved by driving around the 
loch and counting anglers on randcxnly selected days throughout the 
season. As there is considerably greater angler pressure on the loch 
at weekends conqpared to vreekdays, the sanpling was stratified in order 
to compensate this potential bias.

In each mcmth of the angling season one v^ekday and one weekend day 
were randomly selected for the angler coxint to be made. P r ^  this the 
average number of anglers fishing Loch Awe on each weekday and weekend 
day of the angling season was calculated. The estimates should be 
regarded as minima as it is likely that some anglers were not counted. 
In addition no allowance was made for night and winter angling, a 
practice %diich has started since rainbow trout (a species for which 
there is no closed season) appeared in the loch.

7.3 Kesults.
7.3.1 Hl.torlc <ur« « M l v l » .
7.3.1.1 Lech Awe Motel-total oatob.
There was considerable variation around the mean of 826 in the annual 
catch of broim trout at the Loch Awe Hotel which is situated in the 
northern part of the loch (Figures 7.1 and 7.2). The data set was 
dominated by three peaks from 1888-1896. 1902-1912 and 1920 -1927. The 
highest annual catch. 2016. was recorded in 1922. and the lowest catch. 
0. was recorded in 1917. it is highly likely that the absence of data 
in 1917 was due to the population's involvement in the First World War
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Flgur* 7.2 Tha annual catch c ( brown trout 
at tha Loch Awa Hotal, 1M7-1027.

Flgura 7.3 Tha annual numbar of auccaaaful 
rod-baya at tha Loch Awo Hotal, igg7-ig27.



and th« high catch in 1922 to tho rasuntptlon of loiaure pursuits whan 
It anded. Tha low laval of angling affort during tha war would also 
hava allowad stocks to build in tha loch, ensuring good catches when 
angling resumed, lha lowest catch In years whan landings ware recorded 
was 96 and occurred in 1929. It is unclear how representative this was 
of the catch that year, as declining catches were a feature of the end 
of each period in which records were available from each of the hotels. 
It is strongly suspected that it is a measure of apathy on the part of 
the hoteliers, rather than a true reflection of the fishery's 
performance.

Suooeaaful rod days.
There was a large variation in the number of days that anglers caught 
fish (Coefficient of variation (C.V) 54.7%) (Figure 7.3), and the data 
closely mirrored the trends seen in total catch (Figure 7.2) . The mean 
was 136 successful rod days/year, the highest, 281, was recorded in 
1920, with the lowest, 0, being recorded in 1917 auid 1918, again due 
to the First World War. The lowest nximber of successful rod days In a 
year when anglers visited the loch was recorded in 1929 at the end of 
the data set. The possible reasons for this were discussed above.

Catoh per auaaessful rod*day (C.P.d.P).
There was less variation (C.V. 16.6%) in the CPSR data than in the two 
variables from which it was calculated, in the lead up to the war when 
the catch and effort data declined, the CPSR remained cofr«>aratlvely 
flat suggesting that catchablllty, angler skill and techniques did not 
change throughout the period (Figure 7.4).

The highest CPSR, 8.26, was recorded in 1892, with the lowest, 0, being 
recorded in 1917 and 1918 i^en no records were kept. Contrary to the 
catch and effort findings the lo%#est CPSR, 4.39, was recorded in 1913
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Flour« 7.4 Tt»« «n n u «l catch pt auccaccful rod-^ay 
(CP8R) at tha Loch Awa Notai. 1S87-1927.

Figura 7.9 Tha annual avaraga walght (g ) of brown 
trout caught at tha Loch Awa Notai, 1987-1927.



and not 1929» again it is unlikaly that tha data in the last few years 
ware truly raprasantativa of tha fisheries performance (Figure 7.4). 
Tha mean CPSR was 6.15» as expected a high level was recorded in the 
imnediata post war period after the trout population had been allowed 
to increase.

Weight.
The highest annual mean weights were recorded between 1896>1903 (Figure 
7.S). Throughout the rest of the data set the mean annual weight was 
lower and was characterised by less variation» the mean and C.V. were 
238 g and 18.67% respectively. The highest annual average was recorded 
in 1897 and the lowest» 189g, recorded in 1922. It is interesting to 
note that the year in which the highest mean weight was recorded 
corresponds with a period of low catch, effort and CPSR, and that the 
lowest mean weight corresponds with a period of high catches, effort 
and CPSR.

Ford Hof 1-nmial oatoh.
There was a large amount of variation in the number of brown trout 
caught at the Ford Hotel at the loch's southern end (Figure 7.1) 
between 1926-65 (C.V. 60.39%) (Figure 7.6). The greatest number of 
fish. 1674» were caught in 1939» and the lowest number, 15» in 1964. 
The average annual catch was 783 fish. The catch figures were dominated 
by two peaks» on% before and one after the Second World war. The 
decline during the war was due to the lower level of effort on the 
fishery. After the second peak the annual catch fell steadily until 
records ended in 1964. It is probable that the decline in this 
Instance was due not only to poor record keeping by the hotel, but also 
by changes in angler behaviour. As the road systwn irrproved and car 
o%mership increased, anglers tended to visit Loch A%^ as day visitors 
rather than staying in hotels. Therefore fewer of the fish caught on
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Flgura r . t  Th* annual eaten of bream 
treut at lha Ferd Helal.

FIgura 7.7 Tba annual numbar el aueeaaaful 
red-daya at the Ferd Holal, 1bad-d4.



P Ig u r« 7.t Th* annual catch par auccaaafut 
ro d -d a y (CP8R) at the Ford Hotel. l»2e>64.

FIgura 7 .t Tha annual average weight (g) of brown 
trout caught at the Ford Hotel. ib2 e-M .



the loch %fere recorded fcy the hotels.

•ueoessful red days.
Again there was a large amount of annual variation in the number of 
successful rod days on the fishery. The C.V. was 61.35%, with a mean 
being 198 successful rod days/year (Figure 7.7). The distribution of 
effort followed a similar pattern to that observed in the annual catch, 
with the pro and post war peaks, and the decline towards the end of the 
data set all being apparent. The highest number of successful rod days, 
531, was recorded in 1937, and the lowest, 7, in 1964, but os stated 
previously this woo probably not representative of angling behaviour 
on Loch Awe at that time (Figure 7.7).

Catch per auoeesaful rod-day (C*F.f*h)
There was a large amount of variation in the annual CPSR (C.V. 43.33%), 
the highest, 11.1, and lowest. 1.8, were recorded in 1963 and 1959 
respectively. There was a small but discernable decline in the CPSR 
from 1936-55. It is likely that the figures after 1955 are not 
representative of the fishery as they were only based on a small number 
of observations. When the level of effort declined during the war the 
CPSR increased.

Mean weight.
The mean weight of fish caught was dcwiinated by two peaks, one before 
and one after the Second world War. The C.V. was 10.32%, with the 
highest mean weight, 302g, being recorded in 1959 and the lowest. 199g, 
k>elng recorded in 1964, but as discussed previously the quality of the 
data at the end of the record was questionable (Figure 7.9). The 
annual mean weight for the complete data set was 255 g, vrtiich is higher 
than that recorded at the Loch Awe Hotel. The decline in the mean 
weight in the mid 1940*s corresponds with the period of low effort and



high CPSR'«. It is possible that the low cropping level allowed the 
mimbers of brown trout In the loch to Increase, which caused the CPSR 
to rise, and the mean weight of each fish to decline. However as 
stated previously, without access to data on other variables which also 
affect gro%/th It Is not possible to comnent further.

7.3.1.3 Part Remaahan Motel-fcetal annual oateh.
The total annual catch at the Port Sonachan Hotel followed a similar 
pattern to that observed at the Ford Hotel. It was daninated by two 
peaks, one before and one after the Second World War, however they 
differ with respect to their timing (Figure 7.10) . At the Port sonachan 
hotel the pre-war peak was recorded earlier than at Ford (1935 as 
opposed to 1939) and the post war peak occurred later (1957 as opposed 
to 1947). The reason for the sharp decline In the Immediate post war 
period Is unclear, as no similar trend was recorded at the Ford Hotel. 
In common with the tv#o previous data sets the catch fell towards the 
end of the period for which records are available. The average annual 
catch of 1562, was almost double that recorded at the other two hotels, 
but the variation In the data set was only slightly lower (C.V. 
48.45%). The highest annual catch of 3856 was recorded In 1957, and 
the lowest, 256, In 1947 (Figure 7.10).

Sueoessful rod days.
The distribution of successful rod days followed a similar pattern to 
that described for the annual catch, with a peak occurring either side 
of the Second world War and a decline occurring after It (Figure 7.11) . 
The mean annual number of successful rod days was 396, which In common 
with the average annual catch from the hotel was slightly more than 
twice that recorded from the other hotels. There was less variation 
In the number of rod days at the Port Sonachan than there had l>een In 
the t%ra previous data sets (C.V. 40.2% as opposed to 54.7% and 61.7%).
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Fiour» 7.10 T h »  annual cateh ol hro*" 
caught a* «ha Por! Sonaehan Ho«al. 1931-70.

Figura 7.11 Tha annual numbar o«
red-daya at «ha Fort Sonaehan Molal, 1031-79.



Th« hlgh«st l«v*l of offort» 761 successful rod days« was recorded In 
1935, and the lowest, 62, In 1978.

Csteh per suooessful rod-day (C.P.S.lO
The variation in the data set (C.V. 21.9%) was lower than that from the 
Ford Hotel but higher than that from the Loch Awe Hotel. The highest 
CPSR, 6.4, was recorded in 1978 and the lowest, 2.3. in 1946 (Figure 
7.12). Although the total annual catch of fish at the Port Sonachan 
Hotel was almost twice that of the other hotels, it was caught by 
slightly more than twice the amount of effort, resulting in the mean 
CPSR of 3.93 being lower than at the two previous hotels.

Mean weight.
Although there was only a small amount of variation in the annual mean 
weight (C.V. 9.4%), two trends were apparent. Frcnn 1931-69, there was 
a steady decline, and from 1969-78, it increased from its lowest level, 
194 g, to its highest, 276g, in 1976 (Figure 7.13). Following the 
argument outlined previously, the trends in mean weight in^ly that 
until 1969 the population had been increasing, causing the growth of 
individual fish to decline, and in the second period the population 
declined, resulting in an Increase in average weight. However as stated 
previously it is difficult be confident about such inferences.

The annual mean weight of fish, 234 g, was lower than that from the two 
previous hotels. As the data from the Ford and Port Sonachan Hotels 
were collected over approximately the same time period, it suggests 
that the higher nutrient status at the southern end of the loch in this 
instance may be expressed in improved fish growth. This is contrary 
to the findings of the gill netting survey. However, as above, more 
information would be required before cause and effect could be 
concluded.
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Flgur* 7.12 Th* annual catch par auccaaalul red-day 
(C P S R ) at tha Perl Senachan Holal te3t-7S.

FIgura 7.13. Tha average annual weight (g ) el brewn 
Ireut caught at tha Pert Senachan Hetel 1331-73.



T h m QAteh of x m i a b o m trout la tho hlotorio rooordo.
Rainbow trout %^ro rocordod In small numbars in tho Port Sonachan data 
sot from 1973-78, but woro consldorably loss abundant than at prosent 
(soo noxt soction). Tho most llkoly roason for this is that tho first 
farms ^orating in tho catchmont woro land based, and wore less prone 
to tho losses of fish that cage systems suffer. It is llkoly that the 
numbers of rainbow trout in tho loch only started to increase as the 
form of production changed from ponds and tanks on the land to cages 
in the loch and as the size of the farms increased towards the end of 
the 1970's.

7.3.3
7.3.3.1 W 7 ,
In 1987, the estimated catches (estimated angler visits x CPUS) of 
brown trout and rainbow trout on Loch Awe were 7,060 and 13,211 
respectively, this gave catch rates of 1.84 and 3.43 fish/ha/year 
(Table 7.1) . The average weights of brown trout and rainbow trout were 
268 g and 536 g respectively, which gave annual yields of 0.49 kg/ha 
and 1.81 kg/ha (Table 7.1). In the case of rainbow trout it is not 
strictly accurate to describe their catch in terms of yield as it 
implies that their gro%^h has been derived from the loch's 
productivity, %Aereas it 1s more closely related to their growth in the 
farms and the number that escape. A more accurate measure of their 
catch would have been to express it in terms of the number of fish that 
had been lost from the farms, but this information was not available.

Aaelyeia of eateh toy meatto-aenttoXy oatoh.
In 1987 there %^re significantly more (P < 0.001) rainbow trout than 
brown trout caught each month (Figure 7.14). The catch of rainbow 
trout had two clearly defined peaks in May and S^tember. The monthly 
catch of brown trout had a similar bimodal distribution but the autumn
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Tabl« 7.1 Angl«r catch details for brown trout and rainbow trout 
in 1907 and 1980.

Angling Days
BT
6972

RT
6972

Total
6972

BT
6105

RT
6105

Total
6105

CPUE/Day 0.70 1.31 2.01 1.39 0.35 1.74
Catch 4880 9133 14013 8486 2137 10623
Area(ha) 3846 3846 3846 3846 3846 3846
Catch/Area 1.27 2.37 3.64 2.21 0.56 2.77
Ave Wt(kg) 0.27 0.53 0.31 0.40
Total Wt(kg) 1308 4804 2614 853
kg/ha 0.34 1.25 0.68 0.22

BT»Brown trout. RT«Rainbow trout.



p«ak was leas diatlnct and occurrad a month bafora that of tha rainbow 
trout. MOTthly variation in tha catch of tha two spacias was also 
highly significant {P<0.OOl>.

Naan waight.
Tha mean waight of bro%«i trout fall fr«n March to July, with a small 
incraasa occurring in Juna. Aftar July it rosa to a laval similar to 
that racordad at tha start of the saason (Figura 7.15) . The mid-summer 
dacllna is probably dua to tha larger fish having moved offshore and 
tha catch including a greater proportion of younger fish that remain 
in tha littoral zona at that time. Tha mean waight of rainbow trout 
showed a more pronounced seasonal pattern, however it is unli)caly that 
this is dua to natural growth or migration patterns. Most rainbow trout 
v̂ ara caught around tha fish farms so it is probable that their mean 
weight was datarminad by tha size of the fish that escaped from the 
cages in different months, and therefore would have had growth rates 
typical of cultured fish.

Catch par unit of effort (C.g.O.l).
Tha combined CPUS for brown trout and rainbow trout had a midsummer 
plateau, although this may not be a true reflection of the stoc)c 
abundance (Figura 7.16). In May tha value was derived from a large 
sample and is therefore reliable, whereas the small samples in June and 
July do not allow meaningful conclusions to be made.

The monthly rainbow trout CPUE followed a similar pattern to the 
combined data set, whereas the brown trout's CPUE pea)ced in May and 
fell gradually to the end of the season (Figure 7.16) . Angling activity 
pealced in May and September (Figure 7.17).



FIgur« 7.14. Th* monthly eoteh of brown trout 
ond rainbow trout by anglora In 1M7.

NOBROW N'm OUT 

NO. RAINBOW TRCXJT 

TOTAL T R O U T  CATCH

FIguro 7.18 Tho monthly moan wolght (g) of brown 
trout and rainbow trout caught by a n ^ r a  In 1887.

BROWN TROUT 
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Flour* 7.10. Th* monthly CPUS (catch par rod hour) 
for brown trout and rainbow trout in 1007.

G R E

B R O W N  T R O U T  C P U E  

R A M B C W  T R O U T  C P U S

Flguro 7.17. Tho monthly diatrlbutlon of angllno offort In 1M7.



Analysis of eoteh by slto-totAl oatoh.
In tho altos that contained tho fish farms, more rainbow trout than 
brown trout %Mre caught, with this being most pronounced In area 1. In 
the other areas the two species were caught In similar numbers (Figure
7.18) . There were more rainbow trout caught In area 1 than in the other 
areas combined. The catch fell from area 1 to area 4. where It levelled 
off and there was a small Increase In areas 6 and 7. where Loch Awe's 
other fish farms are situated (Figure 7.1). The highest catch of brown 
trout was recorded In area 2 and fell towards area 7. the exception to 
this occurred In area 6 where a small Increase was observed.

The between-site variation In the catch of each species was highly 
significant (P<0.01)« and the variation In the catch of the two species 
at each site was only significant at sites 1 and 6. those which 
contained the two large fish farms on the loch.

Average weight.
There was considerable variation In the mean weight of brown trout 
throughout the loch, with no obvious pattern being apparent (Figure
7.19) . This is In agreement with the results of the gill netting survey 
and further evidence that the NE/SW nutrient gradient was not 
translated Into fish growth. The highest mean weight of rainbow trout 
was recorded In the areas containing the fish farms or those adjacent 
to them. This is due to the larger rainbow trout remaining in the 
Immediate vicinity of the cages when they escape (Phillips. 1982).

Cateh par unit of effort (C.F.O.I)«
The combined CPUS for rainbow trout and brown trout was at Its highest 
level In areas 1 and 6. this was due to the large number of rainbow 
trout caught In the Immediate vicinity of the fish farms (Figure 7.20) . 
The loviest combined CPUB's were recorded In areas 2 and 3. The brown
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Flour* 7.18. T h «  eateh of brown trout and rainbow 
trout b y  anolora In oaeli araa of Loch Awo In 1M7.

NO. BROWN TROl/r 

NO. RAMBOW TROUT 

TOTAL TROUT CATCH

LOCH ARBA

FIguro 7.1b Th o  moan weight (g) of brown trout and rainbow 
trout caught by anglora In each area of Loch Awo In 1M7.

BROWN TROUT 
rVMNDOW TROUT

LOCH A M A



FIgur« 7.tO. T h «  CFU E (Mteh 
•CM for ralnOow trout and

rod hour) hy lo 
trout In 1M7.

CR£
BROMNTnOOrCPU
rvuraowTwoaTCR

LOCH AHKA

Fiouro 7.21. Th o  diatrihutlon of angllno offert hy loch area In 1007.
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trout CPUS plateaued batween areas 2 and €, and the rainbow trout CPUE 
peaked in areas 1 and 6. The higher angler CPUE for rainbow trout at 
the farm in area 1 compared to area 6 is in agreement with the findings 
of the gill netting survey in 1987. The angling effort was highest in 
area 1, it declined until area 4, after which it increased towards the 
loch's south end (Figure 7.21).

f t a g lt r  TTtMua 1988.
In 1988« the estimated catches of brown trout and rainbow trout on Loch 
Awe were 14«039 and 3«S35 respectively« this gave annual catch rates 
of 3.65/ha and 0.92 fish/ha (Table 7.1). The average weights of brown 
trout and rainbow trout were 308 g and 399 g respectively« which gave 
yi*l<3s of 1.12 kg/ha and 0.37 kg/ha. There was a large Increase and 
decrease in the catch of brown trout and rainbow trout respectively 
between 1987 and 1988.

Anelysia of the oateh by moath-moatlily total oatoh.
The monthly angler catch of brown trout and rainbow trout in 1988 
peaked in the late spring and early autumn (Figure 7.22). This was 
similar to the pattern described in 1987, but in contrast to the 
previous year brown trout dominated the catch, the only exception to 
this occurred in March« when only a few fish were caught. Between April 
and September the difference in the monthly catch of each species was 
statistically significant (P<0.001). In March there was no significant 
variation, and in October the samples were too small to perform the 
analysis. Monthly variation in the catch of the two species was also 
highly significant (P<0.001).

Average weight.
There was considerable variation in the average weight of brown trout 
between months« however no overall seasonal trend was apparent (Figure
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FItfur« 7.22 T h «  monthly catch of brown troot 
•nd rainbow trout by anglora In i t M .

No.eRo^mcx/T

NO.RMNBOWTnOUr 

TOTAL TROUT CATCH

Figure 7.22 The monthly moan weight (g) of brown 
trout and rainbow trout caught by anglora In i f M .

BROMN TROUT 

fMNBOW TROUT



7.23). Th« mean %^lght of rainbow trout also showed a large amount of 
varlatiOT (Figure 7.23).

Cetoh per unit of effort (C.F.U.B).
There was considerable variation in the combined rainJ^w trout and 
brown trout CPUE (Figure 7.24). The pattern was largely determined by 
the CPUE of brown trout which dominated catches in most months. If it 
had not been for the high value recorded in July, the CPUE would have 
followed a similar trend as the results of the gill netting survey. It 
is possible that the small sample in that month adversely affected the 
quality of the data. The rainbow trout CPUE was very low and showed 
little variation between months, from July until the end of the fishing 
season it fell gradually to zero. The monthly distribution of effort 
was bimodal pea)cing in May and August (Figure 7.25). This was similar 
to the pattern described in 1987.

Aaalyels of eeteh by eite-tetal oetoh.
Only in area 1 did the catch of rainbow trout exceed the brown trout 
catch (Figure 7.26). The highest combined catches of the two species 
were caught in areas 2, 3 and 4. As with 1987 the number of fish fell 
towards area 7 at the south end of the loch. Corrpared to the previous 
year fewer rainbow trout were caught in each area, and as with brown 
trout their numbers fell towards site 7, where the lowest number were 
caught. CMitrary to the previous year there was no increase in the 
catch of either species in area 6.

The variation in catch of the two species between loch areas was highly 
significant (P<0.001), and the variation between the catch of the two 
species in each area was statistically significant (P<0.05 in area 1 
and P<O.001 in the others).



PkQun 7.24. TtM  monthly CPUE (catch par rod hour) lor 
brown trout anO rainbow trout cauflht by anglara In ib M

CRJE
BROWN TnOUTGPUE 
RAMBOW TROUT CPUE

Plfluro 7.2S. Th #  monthly distribution of anpllnp offort In IB



Fl«ur* 7 .M . T h «  oateh of brown trovi and rainbow trout 
by anglor« In ooeh aroa of Loeh Awo In i f M .

No.enow NTnouT 

NO. rVMNOOWmOUT 

TOTAL TROUT CATCH

LOCH ARIA

Flour« 7.27 Tha 
trout caught by

waloht (0) of brown trout and rainbow 
in aaeh aroa of Loeh Awa In IM t .

BRCNMN TR O UT 

fVUNBOW  TR O U T



Mean «•ight*
Thera was no trend between mean weight and the area of capture for 
brown trout In the loch (Figure 7.27) . It was similar to that observed 
in 1987, which is further evidence that the higher nutrient status at 
the southern end of the loch is not translated into fish growth. There 
was considerable variation in the mean weight of rainbow trout caught 
in the different areas, with the overall trend increasing towards area 
7. However it is unlDcely that this was due to the changing nutrient 
status as rainbow trout do the majority of their growing in the fish 
farms, and have been shown to have low success when feeding on natural 
prey. The high mean %Mights recorded in the southern part of the loch 
are probably due to an artefact created by the small sample sizes at 
these sites, with large fish positively skewing the mean.

Ceteh per unit of effort (C.P.O.D*
The combined bro%m trout and rainbow trout CPUS was highest in area 4, 
largely due to the brown trout CPUE (Figure 7.28). The con^aratively 
low brown trout CPUE in areas 2 and 3 were largely due to the high 
levels of effort in them, which was in turn due to their proximity to 
the main road (Figure 7.29) . Conversely the high CPUE's in areas 4 and 
S are principally due to the low effort.

The highest rainbow trout CPUB was recorded in area 1, this was due 
to the high availability of rainbow trout around the fish farm. It 
fell to 0.05 fish per rod hour in area 2, and varied little in the 
other areas. It is clear that the availability of rainbow trout was 
lower in each area than it had been in 1987.

Angler reepooee.
In the present survey daily response rates ranged from 0*19%, which is 
in close agreement with the number of completed return cards expressed
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PIgur* 7.at TtM CPUS (eateh par rod hour) by loch 
aroo for rainbow trout and brown trout In ib M .
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as a parcantage of tha numbar of estimated rod days in 1987 and 1988. 
which ware 16.9% and 13.9% raapactivaly. O'Orady <1979) could only 
achieve a 70% return rata on a closely monitored single exit fishery.



7 ^  P l j W l Q O .

In fisheries science there are conflicting reports on the reliability 
of catch statistics as the sole indicator of a fisheries status. Some 
authors believe that they are a good indicator <Hoore, 1982; Swales & 
Pish, 1986; Giles« 1989), whereas others have strongly questioned their 
reliability, (Shuter et al.. 1987). With such polarised views it is 
prudent to discuss their shortcomings and merits before we consider the 
results of the I,och Awe census.

The use of catch and effort statistics hinges on the critical 
assunptlon that catch and effort figures recorded in a survey are 
consistent indicators of the annual total catch and the annual fishing 
mortality rate, and that they are obtained in a consistent manner 
(Shuter et al. . 1987).

In a long time-series data set the greatest probl^ is ensuring that 
the catching power of a iinit of effort remains constant. If it changes 
it will subsequently alter any population estimates made using the 
CPUS. Factors that can affect it are variations in the skill level, 
changes in angler behaviour, e.g. changing bait, or changing the type 
of boats used e.g. changing from rowing boats to powered engines. In 
Loch Awe these types of changes have occurred.

Originally the majority of fishing was from rowing boats but they have 
been replaced by boats with engines which are able to cover larger 
areas and subse<3uently have greater catching power. With regards to 
skill it has been clearly demonstrated (Alabaster & Reid, 1988) that 
the catch of brovm trout Increases with experience, and Crisp k Robson 
(1982) demonstrated that a small proportion of skilled anglers were 
responsible for catching a high proportion of the annual catch in Cow 
Green Reservoir. Pawson (1986) also recognised the bias that this would
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introduce to a data set. Unfortunately skill is a very difficult 
factor to quantify and as a result there is no measure of its variation 
through the years.

Over the last 30 years there has been a growing trend for anglers to 
use more than one rod when fishing on Loch Awe and the evidence from 
the angler census suggested that this was not always acknowledged on 
the return cards. This is probably due to fishing with a set line 
being illegal as it is considered a fixed engine in fishing law. Also 
over this period there has been a move away from artificial flies as 
bait to a greater use of worms and maggots. O'Grady fc Hughes (1980) 
demonstrated that worms were more effective at catching trout than 
artificial lures, waters (1960) Implicated hook shyness and the 
mortality associated with hooking as the reason for the CPUE declining 
at a faster rate than the population density« and similarly Beukema 
(1970) demonstrated a decline in the CPUE of carp held at constant 
densities as the carp gained experience.

Therefore it is clear that there is considerable scope for variation 
in the relationship between catch and effort in a fishery« and that 
some of the factors described have occurred in Loch Awe. Shuter et al. 
(1987) and Small (1987) reconvnended periodic Independent population 
assessment, by methods such as cohort analysis or mark recapture, to 
make adjustments between the catch and effort relationship. 
Unfortunately the scale of this project and the size of Loch Awe 
precluded such an Independent assessment. The analysis of long time 
series data sets is further complicated by changes that may occur in 
the productivity of the water.

Cae9eria0 the historio and modem data seta on Loch Awe.
It is not possible to make direct comparisons between the CPSR in the



historic data set and tha CPUE in tha currant aurvay. This is due to 
the historic data measuring tha catch on successful rod-days only and 
the present survey calculating the catch rate on the total number of 
recorded rod-days. A more accurate cmnparison would be between the CPSR 
in the two data sets« this would be achieved by re-calculating the 
current survey results without the blank days. As expected this results 
in a rise in the catch rate (Table 7.2). Figure 7.30 shows the 
relationship between the modern and historic CPSR's. Even this 
cofT^arison is unsatisfactory as it still does not include any 
information on the number of blank days in the two surveys.

Given these shortccxnlngs, a limited con^arison between the historic and 
modern surveys clearly demonstrates that there has been a very large 
Increase in the effort on Loch Awe in recent times. It is difficult to 
refute that this must at least be partially responsible for the decline 
in the catch rate on the loch. The increase in effort has coincided 
with a change in angler behaviour. Previously the majority of angling 
was organised through the hotels whereas it is now more common for 
anglers to visit the loch on day trips or to spend one or two nights 
camping on the loch side. It is likely that they will be fishing for 
a large part of their visit and commonly with more than one rod.

Loch Awe has a catch rate and yield for brown trout similar to that 
recorded in other unstocked upland reservoirs and this is further 
evidence that it is not under-performing. The present survey recorded 
catch rates of 1.3 and 2.2 brown trout ha‘‘ yr’̂ and yields of 0.3 and 
0.9 kg ha** yr'* in 1987 and 1988 respectively while Crisp t Mann 
(1977b) recorded catch rates of 2.1-6.2 fish ha ** yr** and yields of 
0.5-1.2 kg ha * yr** from unstocked upland brown trout reservoirs which 
had been inoounded at least ten years previously. It is likely that the 
decline in individual catch rates is due to the total catch being
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spread over a greater number of anglers.

An alternative to using catch rates as index of fish abundance in long 
time-series data sets is the mean weight. Campbell (1971) demonstrated 
that when all other factors are equal the mean weight of trout in lochs 
with large populations was low and conversely when the population was 
small that the mean weight Increased. This latter effect is seen most 
clearly in the response of trout populations to acidification. As 
recruitment declines the amount of food available to each fish 
increases, and so the mean weight of the remaining fish in the 
population increases. The relationship between population size and mean 
weight Ideally requires all other variables in the ecosyst^ to remain 
constant, which in a long time series data set is unli)cely.

In Loch Awe four events may have altered its ecology and possibly had 
a bearing on brown trout growth. These are the introduction of rainbow 
trout, the construction of the Loch Awe barrage, the greater use of 
fertilizers in agriculture and the increased afforestation in the 
catchment.

when an exotic species is Introduced to a habitat, there will be an 
adjustment in the behaviour of the native species. The amount of 
adjustment required will be determined by the availability of resources 
that are shared by the exotic and native species. If they are in short 
supply a large amount of adjustment will be required, and if there is 
no shortage the new species should be accommodated with less upheaval. 
Diet analysis demonstrated that rainbow trout consumed some of the prey 
items preferred by the loch's native species which may have affected 
their growth, although the impact in this Instance would be minimised 
by the rainbow trout's low success in switching from an artificial to 
a wild diet.
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Just prior to tho start of fish farming on Loch Awe the North of 
Scotland Hydro Electric Board built a barrage over the River Awe which 
had the effect of reducing the annual variation in Loch Awe's water 
level. This has been shown by Hunt & Jones (1972) to improve the 
production of littoral Invertebrates and as this group constitute a 
high proportion of the brown trout's diet this will benefit trout 
growth.

Since the early 1900's there has been a gradual Increase in the amount 
of concnercial forestry in the catchment (Figure 2.1). Forestry can 
have both detrimental and beneficial effects on fisheries. On the 
negative side the quality of spawning burns can )De reduced, which will 
ultimately reduce recruitment (Mills, 1971) . On the positive side modern 
forestry practice requires fertilisers to be applied to plantations, 
with large amounts eventually making their way into water courses, 
where the increased level of phosphorus will boost primary 
productivity, which will ultimately boost fish production. Swift 
(1987) demonstrated that 5% of the phosphorus applied to a plantation 
in Glen Orchy was lost in runoff in the first few months after 
application. Modem farming practices also have a greater reliance on 
fertilisers, it is therefore likely that they would contribute to the 
productivity of the loch through rxinoff. Similarly fish farming itself 
can Increase the nutrient status of a water body. Beveridge et al. 
(1990) reported that between 5-20% of the pellet dry weight fed to fish 
in cages is not consumed which will contribute to the productivity of 
the loch.

As the above Influences have had an unquantifiable impact on the loch's 
productivity it vrould be erroneous to use the mean weight of rod caught 
brown trout as an accurate indicator of population size.



Mootbly and araa variation la 19t7 and 1909.
Tha currant monthly distribution of the angling catch and effort on 
Loch Awe is similar to that observed in the historic data sets. The 
peaks in activity occur in late spring and autumn following the 
seasonal variation in the catch of bro%m trout in the gill nets at the 
littoral sites. It has been demonstrated that this is due to a 
migration pattern controlled by food availability.

In 1987 the highest catches of brown trout were recorded in areas 2 and 
3 (those with the main boat hiring businesses) . Although less fish were 
caught in sections 4-7 their CPUE suggests that fish were as abundant 
in these areas as they were in the northern parts of the loch. In 1988 
the highest catches were again recorded in area 2 with good catches 
also being recorded in area 4 confirming the results of the previous 
years CPUE. In 1987 more rainbow trout were caught in area 1 than at 
the other sites combined. This was due to the majority of angling 
occurring in the limnedlate vicinity of the fish farms, and to the high 
availability of rainJsow trout in that habitat «^ich is reflected in 
their high CPUE. In 1988 considerably fewer rainbow trout were caught, 
suggesting that they were less abundant than they had been the previous 
year. This is reflected in the distribution of effort, with more 
anglers preferring to fish in area 2 than 1. although this may be due 
to the sample being comprised of a greater proportion of boat than 
shore anglers in 1988. As mentioned above the main boat hiring 
establishments are in areas 2 and 3, whereas the ease of access for 
shore anglers from the ASS vrtilch runs around the north end of the loch 
makes area 1 a more popular destination with shore anglers. The decline 
in the rainbow trout's CPUE between the t%^ years at each site in the 
loch further suggests that there had been a large decline in their 
abundance. As no evidence was found of rainbow trout breeding in the 
catchment, it has to be assximed that less rainbow trout had escaped
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fr<m the farms. This ccxnbined with their poor over-winter survival 
(Cragg-Hlne. 1975) v^ould jointly conspire to reduce the catch. The 
small samples from the southern sections of the loch makes the data 
fr<m them less reliable than f r m  the northern end where the majority 
of angling occurs.

As stocked fish have a greater catchablllty than wild fish (Crisp & 
Mann, 1977; O'Grady, 1983), and rainbow trout have greater catchabillty 
than brown trout (Jacques, 1974; Taylor, 1978; Coles, 1981; Bryan, 
1982; Pawson, 1986), It Is clear that the escapee rainbow trout In Loch 
Awe will have a greater catchablllty than the native brown trout. This 
explains the discrepancy between the gill netting, which showed that 
away f r ^  the fish farms rainbow trout were only caught In very small 
numbers and the angler surveys, %diich showed the difference in their 
abundance to ]̂ e less distinct. The differing vulnerability of the 
escapee and wild fish is principally due to the former's lack of 
experience in foraging wild prey and to their lack of discrimination 
when feeding.

In summary, it was not possible to make direct cmrparlsons between the 
results of the historic data sets and the present day angler census. 
This was principally due to differences between the data collection 
systems In the two surveys, although other external factors had an 
effect. These Include changes In angler behaviour, and variations in 
the loch's productivity. There has been a large decline in the CPUE in 
the loch in recent years, with the most likely reasons for this being 
the large Increase in effort that has occurred. It is unlikely that the 
Increase In effort has reduced the stock of fish In the loch, as the 
annual angling yield from It Is comparable with that from other upland 
fisheries. Between 1987 and 1988 there was a marked decline In the 
catch of rainbow trout In the loch, these results are supported by the
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Rainbow trout wera first introducsd to Loch Awe in 1966 when fish 
farming started. Since then their population has been maintained by 
escapes of d^nestlcated fish from the fish farms. This is contrary to 
s«ne unsubstantiated reports that they were breeding in the loch's 
tributaries. The present investigation found no proof to support this. 
Evidence of their domesticated nature was revealed in most parts of 
this study. It is highly likely that selective breeding prograiranes have 
reduced their genetic base and adversely affected many aspects of their 
life history which ultimately has reduced their survival and breeding 
success in Loch Awe.

The gill netting survey demonstrated that rainbow trout were only found 
in large numbers in the Imnedlate vicinity of the two large fish farms 
on the loch. The results from the angler census appeared to disagree 
with this, suggesting that as well being present in large numbers at 
the fish farms they were also present in moderate nxunbers away from 
them. This discrepancy is explained by the rainbow trout's greater 
probability of capture by anglers. As gill netting does not suffer from 
this bias its results must be considered as being more accurate in this 
situation. The growth rate of rainbow trout was comparable to what it 
is in their home range, and higher than brown trout in Loch Awe. This 
was due to the high energy diet that they are fed in the cages prior 
to their escape. There was no difference in their growth rate at or 
away from the fish farms.

It was only around the fish farm at Tervine that the distribution of 
the native species was restricted. At this site rainbow trout were 
present in greater numbers than they were at Braevallich. the other 
large farm on the loch. Therefore it would appear that the distribution 
of the native species is only adversely affected when the rainbow trout 
to native species ratio exceeds a certain unspecified level. On a
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limited nuni>er o£ occasions benthic Arctic charr and perch were caught 
in moderate numbers around the fish farms suggesting that they were 
being attracted to the sites.

Brown trout over-wintered in the littoral zone, and as the winter 
passed to spring and early summer they migrated offshore to the pelagic 
habitat. A greater proportion of older female fish were involved in 
this mov«nent. In the autumn they moved back to the littoral zone prior 
to spawning in the loch's tributaries. The growth of brown trout was 
comparable with that from some other Scottish freshwater lochs, and did 
not vary at or away from the fish farm sites.

All of the Atlantic salmon that migrate from the catchment must pass 
through the loch, although it is not clear how long they spend in it. 
Some will simply pass through, whereas others will remain for up to a 
year or longer. They were caught in greatest numbers in mid-summer at 
the littoral sites that were situated close to where tributaries 
entered the loch, but showed no evidence of smoltifIcation at that 
time. It is possible that they were destined to beetle part of an 
autumn smolt migration, it is more likely however that they would 
remain in the loch until the following spring, the main period for 
smolt migration.

The benthic morphs of Arctic charr were caught in each habitat 
throughout the year, but were present in greatest numbers at the 
benthic sites, in November and December they moved from the deep water 
into the deep littoral zone to spawn. There was also a small amount of 
evidence from the feeding survey that they under-took a dial migration 
into the littoral zone, but there was no strong evidence from the 
distribution study to support this. 'The pelagic morph of Arctic charr 
were caught in small numbers in the littoral and pelagic habitats
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throughout the y«ar.

Parch wara caught in graatast numbars in tha littoral zone In the late 
spring, and thalr numbers declined through tha sunmer as they moved 
back into deeper water where they overwintered.

Tha presence of roach in Loch Awe was recorded for the first time, it 
is likely that they were introduced by pike anglers who had used th«n 
as live bait.

Although no eels were caught in the gill nets, the mucous deposits and 
the mutilated fish that were left in th«n indicated that they were 
present in each habitat that was sampled.

The reasons for these distribution patterns became clear when the 
feeding behaviours of the rainbow trout and the native species were 
investigated. At the fish farms rainbow trout have a very high 
dependence on the uneaten pellets that pass through the cages. During 
the sximmer when the feeding rate of the trout in the cages is higher, 
a greater proportion of rainbow trout caught at the cages had empty 
stomachs and those that were feeding consumed less. This could be 
caused by the availability of uneaten pellets declining due to the fish 
in the cages feeding more heavily. It is known that fish are fed more 
during the summer and that their conversion efficiency is also higher, 
but it is not known if their is any seasonal variation in the amount 
of vineaten pellets that pass through the cages. If their availability 
did decline it would be strong evidence that rainbow trout have great 
difficulty in switching to alternative food types when the abundance 
of their preferred food type declines. Further evidence of this was 
seen when rainbow trout are denied access to pellets. This situation 
arose on two occasions during the study; 1 . in the loch feeding survey



when rainbow trout were caught away from the cages; and 2 . in the pond 
experiment when rainbow trout from Braevallich fish farm were released 
into a pond with brown trout. On both occasions rainbow trout consumed 
large quantities of material that was of no nutritional value, 
including vegetation, stones and polystyrene. Some conventional prey 
was consumsd but only in small amounts.

The diet analysis of the rainbow trout caught by anglers disagreed with 
this showing that they were successful in securing wild prey. This is 
not surprising as the lures used by anglers are designed to mimic wild 
prey, so the san«>le will be biased towards fish that have learned to 
feed on conventional prey items. Of the conventional food that they 
consumed they showed a slight preference for those items obtained 
through surface feeding.

All the native species consumed a conventional diet both at and away 
from the fish farms, this included littoral invertebrates, zooplankton, 
pelagic pupae and aerial insects. A small number of native fish did 
consxime pellets at the fish farms but in terms of occurrence it was 
only a very small proportion of the fish that were caught. In terms of 
volume it appeared to be more important, but this was due to each 
pallat having a greater volume than conventional prey items. Therefore 
it is clear that rainbow trout need to remain around the cages to 
secure their preferred food items, whereas the native species were able 
to feed well both at and away from the fish farms.

The diet of brown trout cwrprised bottom-dwelling invertebrates in the 
winter, this changed to zooplankton, pelagic pupae and aerial Insects 
in the sunnier. A small amount of bottom-dwelling invertebrates were 
regained throughout the sunvner. Those caught at the fish farms had a 
greater proportion of empty stomachs than those caught at the littoral



sltea. it is unlikely that this was caused by direct cc«npetition for 
food with rainbow trout as there was very little overlap in the diet 
of the two species in that habitat.

Benthic Arctic charr preyed on invertebrates that were associated with 
the soft sediments over which they were caught, they included £j_ 
Qbtusale. r. viridis and Chironomidae larvae. Small amoxints of littoral 
invertebrates were also consumed, which suggests that they undertook 
regular migrations into shallow water. The diet of pelagic Arctic charr 
was restricted to zooplankton.

When perch were in the littoral zone during the sxjmmer their diet 
largely cwnprised zooplankton and sticklebacks, with smaller amounts 
of aerial and littoral invertebrates also being consumed. The diet of 
juvenile Atlantic salmon con5 >rised littoral invertebrates and 
zooplankton.

At present the scope for competition between the loch's native species 
and rainbow trout is limited by their lack of success in switching from 
an artificial diet to a conventional one when they escape from the fish 
cages. The two species that would be at greatest risk if they were to 
start feeding successfully on the wild prey vfould be pelagic Arctic 
charr and brown trout. The effect on brown trout would be limited by 
the niche divergence that the two species show when they are brought 
into syn^try, brown trout adopt a bottom feeding mode and rainbow 
trout adopt a surface feeding mode, this being facilitated by the 
different proportions of the visual pigments that the two species have 
in their retinas. Although this would increase total fish production 
in the loch, the production of brown trout would be lower than if the 
rainbow trout %^re not present. As anglers tend to fish the surface 
waters such divergence would result in the rainbow trout having a



greater catchability than brown trout, and thereby appearing to be more 
abundant. The threat to pelagic Arctic charr is through the rainbow 
trout'« preference for surface feeding although it would be reduced by 
the large availability of the open water habitat in which the two 
species would con^jete for aerial insects and zooplankton.

It ¿ 0  likely that rainbow trout would be more successful if they were 
able to feed on wild prey from an earlier age. There are two scenarios 
in which this might occur: 1 . if the fish were to escape from the cages 
shortly after they were introduced to the loch, and 2 . if rainbow trout 
started breeding in the catchment. In both instances the young fish 
would be exposed to a greater repertoire of prey search images than 
those reared in the cages, and it is likely that this would result in 
them being able to feed on wild prey items. The ability of the young 
rainbow trout from a hatchery to feed on wild prey items just after 
their yolk sack had been absorbed was observed in the trough 
experiment.

The outcome of interspecific interactions is largely determined by the 
developmental stage that they occur. At present there is no evidence 
of interactions between the loch's native species and rainbow trout in 
the tributaries. Sexually mature and immature adult rainbow trout were 
occasionally recorded in the tributaries, but they did not adhere to 
any pattern, and there was no evidence of them moving into the spawning 
burns in large numbers at a time when they become sexually mature. It 
was demonstrated in an experiment that rainbow trout eggs could hatch 
and survive at least to the alevin stage in the loch's feeder streams. 
However the electrofishing survey did not find any evidence of this 
occurring naturally. It did show that the tributaries of the loch were 
reasonebly well stocked with juvenile brown trout and Atlantic salmon.



An experiment designed to examine the interactions between the progeny 
of spring-spawned rainbow trout, and autumn-spawned brown trout 
d«nonstrated the letter's behaviourial superiority. This was achieved 
by brown trout increasing their attack rate when they were in sympatry, 
which resulted in a reduction in the distribution and survival of 
rainbow trout. Unfortunately a lack of time precluded the analysis of 
the interactions between brown trout and autxamn- spawned rainbow trout, 
or the inclusion of juvenile Atlantic salmon to the system.

The invetus for this study was the claim by anglers that the loch's 
bro%m trout fishery was in decline, and that this was due to the 
introduction of rainbow trout. Attempts were made to determine if this 
was the case, by c^nparing present day catches with those from the 
past. However, this was complicated by a number of factors.
The most useful statistic for making ccxrparisons between the two data 
sets was the CPSR, however even its use was limited as it did not 
include a measure of blank days, which are likely to have varied 
between years. Accepting the above shortcoming a cornparison between the 
present census and the historic CPSR showed that it is considerably 
lower than it was previously, resulting in each angler that visits the 
loch catching fewer fish. It is likely that some of the variation is 
due to differences between the two collection systems. However, another 
contributing factor to the CPSR reduction is the large and unregulated 
increase in fishing pressure that has occurred over the past two 
decades. This suggests that the fishery is not in decline and that the 
annual catch of brown trout is similar to what it was in the past, it 
is now being spread around a greater nximber of anglers giving the 
iiTf)ression of a declining fishery. This is further supported by the 
similarity in brown trout yield f r ^  Loch Awe and other British upland 
fisheries.



An attempt was also made to assess the fisheries status toy using the 
annual mean weight of fish caught toy anglers but this was frustrated 
by unguantifiable variations in the productivity of the loch throughout 
the period that records are available.

Overall, the impact of rainbow trout on the native fish species in Loch 
Awe, is limited by their lack of success in switching from a pelleted 
diet, to a natural one. The strongest evidence of this was the high 
dependence of rainbow trout on pellets when they escape from the cages 
and their restricted distribution around the fish farms. No evidence 
was foxind of rainbow trout spawning in the loch's tributaries, although 
it was shown that they could survive at least to the alevin stage 
should they be successful in spa%mlng. Survival past this stage would 
ensure that they would learn to feed on a wild diet, which would allow 
them to become a greater threat to the loch's native species. At 
present there is little likelihood of this occurring as only 5.0% of 
the females and 2.9% of the males caught in 1987 were sexually mature, 
the continued use of all female or triplold stock on the fish farms 
should further ensure that a self-sustaining population does not become 
established.
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Jkppendl* 1. TiM di«t o£ th* £i.«h la 1 M 7  glll
aattlag aurvay aspraasad •• psreaatsge velvM»

■rown Trout Ltttorml 1917.

j/r M/A M/J J/A s / o N/D
Lvmnaea pareara 3.3 10.3 9.6 3.0 41.4 16.6
Phvaa fontlnalla 4.2 0.9 30.3 2.9
Planotbua laevla 0.5 0.3
Planorbua contortua 1.0 0.4 0.5 10.9
valvata plsclnalia 1.2
V. crlatata *
PotamoDvraua ienltlnal 0.4 0.2 2.3 0.9
Ancvlua fluvlatills 0.1 0.4 0.3
Plaidium obtuaale 0.2 0.1
Ganroarua pulex * 0.3 *
G. 9.9 5.9 0.2 * 4.4

« g u a t t c u » 44.9 33.9 3.1 24.7 * 29.7
Plecoptera 0.6
Nemoura ap. *
N. avicularla 0.4
N. cinerea 1.4
Lauctra sp. 0.1
Capnla sp. *
C. atra 1.8
Parlodldaa 0 . 4 0.1
lapparla
Dlura bicaudata 1.5 1.0
Dinocraa cephalotaa 0.2
Ephemeroptara 1.1 i.e
EPhemera danlca 0.4
Caenla horaria
Ephemaralla Ignita * 1.2
Ecdvonurua sp. 0.2
E. vanosus 0.1
Rhithrooana aamicolorata 0.1 0.2
Baatla sp. 0.3
Colaoptara (A) 0.2
Oytisclnaa (A) * 0.1
P i . t - . m h i i .  maeulatua (A) 0.4 0.1
Llmnius vollunari (A) *
Curculionidaa (A) 0.1 0.2
Colaoptara 0.5 *



J/F M/A M/J J/A S/O N/D
Dytisclna« 0.4 0.2
Colymbetas * 0.2 * 0.3 0.2
Hallplidae 0.5 0.1
Elmia aenea
Trichoptara 8.2 3.0 1,3
Laptocarldaa 1.6 0.2
Athripsodaa ap. 0.2 0.2
A. aterrimua 0.5 1.2
A. cineraua 0.5 0.5
A. billneatua 2.2 0.1 1.6
A. niaronervoaua 1.7
Mvaatacidea ap. * 0.5
M. aaurea 0.3 2.4
Oceatria teatacea 0.2 0.5
Apatania wallanarani 0.3 2.6
Llmnephllua ap. 2.1 3.7 0.5
L. borealia 0.4
T., 0.5
L. vlttatua 1.0
L. lunatua 0.9 0.9
Anabolla narvoaa 1.5
Potamophvllax latipannla
Stenophvllax ap. 9.6 2.9
R. doraalia 0.4
Aaapetua fuaclpaa
Plectronemia conaperaa 0.1

ap. 0.7
P. Alnai 1.3
P. flavomaculatua 0.4
Saricoatoma paraonatum 0.5 4.3 3.0 0.1 7.7
Lapidoatoma hirtum 0.4 6.0 0.6 10.7
Baraaodaa minutua 0.5
Phrvaanaa ap. *
P. arandia 0.6
Hvdroptila tinaoidaa 0.1
Siallq 1.4 0.7
Caratopogonidae * * *
Empldidae 0.2
Chlronomldaa 0.3 *
Tlpulidae 0.5
SimuliIdaa *
Daphniidaa 0.9 0.4 6.5
Daphnia hvalina 3.1 4.3 0.7 0.5
Boamina eoraooni



Eurvcercua lamallatua 
Bvthotrephea lonalmanua 
Cvclopa atrenuua abvaaorum 
Chlronomidae (P) 
Tanypodinae (P) 
MacropalQpla ap. (P) 
Qrthocladlua sp.(P) 
Chlronomua ap. (P) 
Trlchoptera (P)
Flah
Díptera (Ar)
Paocoptera (Ar)
Coleóptera (Ar)
Hexnlptera (Ar)
Lepldoptera (Ar) 
Ephemeroptera (Ar) 
Hymenoptera (Ar) 
Trichoptera (Ar)
Vegetation 
Flah egga

J/F M/A M/J J/A
0.3

S/O N/D
0.1* 50.4 6.6 *

0.5 1.8

0 . 1

P^pupae Ar^Aerlal food aource *•< 0.1% FP-Food Preaent

Brown Tren« Ufetoral 1BB7.

J/F M/A M/J J/A s/o N/DLvmnaea peragra 2.7 4.3 2.3 * 2.9 8.8Phvaa fontlnalla 8.0 1.7 7.0 2.8Planorbua laavia 1.5 0.6
Planorbua contortua 0.1 1.4 0.1 7.6 2.2valvata piaclnalla 
V. crlatata 0.5

0.2EfitiffiSiBYjroua lankinai 0.8 * 0.2 2.7Ancvlua fluvlatllla 0.1 0.4 *
Pialdlum obtuaale 0.4 0.2 0.2Gaiwnarua pulax * 0.5 *
G. lacuatrla 13.3 5.7 * * 1.3Aaellua aouatleua 55.5 33.6 1.3 1.2 * 20.5Plecoptera 2.6Nemoura ap. *
W. avicularia 
N. clnaraa 1.5

0.6



J/r M/A M/J J/A S/O N/D
Lauctra ap. *
Caonla sp. 0.1
Ç. atta 2.9
Parlodldaa 0.4 *
Dlura 1.4 0.2
Dlnocraa cachalotes 0.2
Ephema r opt a r a 1.1 0.2

Fnh.m.r*i t n * *
Ecdvonurus sp. 0.2
E . vanoaua *
Rhithroaana semicolorata 0.1
Baetis sp.
Colaoptara (A) 0.2
Dytlacinaa (A) * *
Platambus maeulatus (A) 0.2 0.1
Llmnlus volkmarl (A)
Curcullonldaa (A) 0.1 0.2
Col«opt*ra 
Dytisclnae 
Colymbetes 
Hallplldae 
Elmi8 aene« 
Trlchoptara 
Laptocarldaa 
Athripsodaa sp.
A. atarriroua 
A. cinaraua 
A, bllineatua 
A. nloronarvoaua 
Mvaatacidaa ap.
M. azurea 
oceatria taatacaa 
Apatania wallanarani

0.6
0.7

Llmnephilua ap. 
L. boraalia

axabcent ralla 
vlttatua

L. lunatua
0.6
0.7

Anabolla narvoaa 
Stanophvllax ap.
R. doraalia 
Aoapatua fuaclpaa 
Plactronamia conaparaa

0.1
0. 1

2 . 1
0.6
0.1
0.3
1.1

1 . 0
0. 1

0.5
1.0
0. 2
0.1

0.5
3.0
3.1
1.3
5.4 
0.3
2.4



J/r M/A M/J J/A S/0 N/D
Polvcantropus ap.
P- Itinai
P. flavomaculatus
Saricoatoma PTaonatum 0.4
Lepldoatoma hirtum 1.8
Beraeodea minutua 
Phrvaanaa ap. 
p. arandla
Hvdroptlla tlneoidea 
Sialla lutaria 
Caratopogonidae 
Empidldae 
Chlron^ldaa
Tlpulldae 0.2
Slmullldae
Daphnlldae
Daphnla hvalina
Boamina coreaoni
Eurvcercua laroallatua
Bvthotrephea lonalmanua
Cvclopa atrgngyg abvaaorum
Chlronotnlda« (P)
Tanypodlnaa (P)
Macropelopia ap. (P) 
Orthocladlua ap. (P)
Crlcotopua ap. (P)
Chlronomua ap. (P)
Trlchoptara (P)
Fish
Diptara (Ar)
Paocoptara (Ar)
Colaoptara (Ar)
Hamiptara (Ar)
Lapldoptara (Ar) *
Ephamaroptara (Ar)
Hymanoptara (Ar)
Trlchoptara (Ar)
Vagatatlon FP
Fish agga
p«pupaa Ar*Aarlal food sourca

* * *
0.1
0.7 * * 0.2

*
13.9 8.3

82.7 15.5
*

38.8
9.2 29.9 
0.4

0.8 82.0 33.1 1.6

0.4
1.0 *

2.5 * *
*
*

*
3.0 1.5

1.0
0.2

* 0.5 0.2

* *
6.7 1.1 *

*
*

* 0.3
1.9

'-< 0. 1% FP*Food Prasant



■rotto Trout Littoral 1917^ 
QoeurruQ»

J/F M/A M/J J/A s/o H/D
Lvmna^A 12.7 17.1 26.6 11.1 5.9 14.7
Phvsa fontlnalia 10.0 7.9 8.8 4.4
Planorbua laevia 7.3 1.3
Planorbus contortua 1.6 6.6 11.1 2.9 7.4
Valvata placlnalia 1.3
V. crlatata 1.5
Potamopvraua ienltinai 3.6 2.6 22.2 3.0
Ancvlua fluviatili» 1.8 2.6 11.1
Piaidiviin obtuaale 3.6 4.0 1.5
Gammarua pulex 0.9 1.3 2.9
G. lacuatrla 21.8 19.7 6.7 2.9 3.0
Aa.llua aauaticua 47.3 31.6 13.3 55.6 2.9 5.9
Plecoptera 2.6
Nemoura ap. 1.3
N. avicularla 5.3
N. cinerea 3.6
Leuctra sp. 1.3
Caonla ap. 1.3

atra 9.2
Perlodldae 1.8 1.3
Diura bicaudata 10 2.6
Dinocraa cephalotea 1.5
Epheme ropte ra 9.2 22.2
Ephemera danlca 13.3
Ephemerella Ignita 1.3 33.3
Ecdvonurua ap. 1.3
E. vanoaua 0.9
W >jLthrg«na awnicglgtat» 1.3 1.5
Saetía ap. 1.5
Coleóptera (A) 2.6
Dytlaclnae (A) 1.3
Platambua maeulatua (A) 0.9 2.6
Limniua volkniari (A) 1.3
Curcullonldae (A) 2.6 13.3
Coleóptera
Dytlsclnae
Colymbetes
Hallplldae
Elmia aenea
Trlchoptera
Leptocerldae

5.5 2.6
0.9 2.6 6.7 11.1

1 1 . 1
1.3

18.2 15.8
5.3 6.7 2.9 1.5



j / r M/A M/J
Athrlpaode. sp. 1.3 6.7
A. at.rrlmu» 2 0 . 0

A. cin.reus 2.6 13.3
A. bllln««tua 6.6
A. nlaron.rvoaua
Mvaatacld.a ap. 1.3 6 . 7

M i 1.3
Apatanla w.llenareni
Limn.philua ap. 1 0 . 0 6.6
L. boraalia 2.6
L. subcttntralls 6 . 7

L. vitt.tua 4 . 6

I.. lunatua 3.6 4 . 0

Anabolia nervoaa 6.6
Stenophvllax ap. 1 1 . 8 2.6
R. doraallB 2.6
Aaapetua fuacipea
Plectronamia conapeiraa 1.3
Polvc^n^]^9py9 sp.
P. Alnai
P. flavomaculatuB
Saricoatoma peraonabum 2 . 7 6.6 13.3
Lepidoatoma hlrtum 15.5 26.3

Phrvaanaa ap. 1.3
p. arandla
Hvdroptila tinaoida»
Sialia lutarla 7 . 9

Csratopogonidae 1.3 6.7
Empidldaa 1.3
Chironomidae 9.2 6 . 7

Tlpulldae 0.9
Slmullidaa 1.3
Daphnlldaa 1.3 6.7
Daphnia hvalina 13.3
Boamina coraaoni
Eurvcarcua laniallatua
Bvthotcaphaa lonaimanua 13.3
Cvclopa atxanuua abvaaorun 0.9
Chlronomldaa (P) 6.6
Tanypodinaa (P) 1.3
Macropalopia ap. (P> 6.7

J/A S/O

11.1

1 1 . 1

11.1
1 1 . 1

1 1 . 1
44.4

N/D

1.5
1.5
5.9
1.5
3.0

2.9 10.3

3.0
2.9 11.8

14.7 14.7

2.9
2.9
2.9

17.6
14.7 1.5
2.9

23.5 3.0

6.7 11.1



Chlrononius sp. (P) 
Trlchopt«ra (P) 
Fish
Diptera (Ar) 
Psocoptara (Ar) 
Coleóptera (Ar) 
Hemlptera (Ar) 
Lepldoptera (Ar) 
Ephemeroptera (Ar) 
Hymenoptera (Ar) 
Triclioptera (Ar) 
Vegetation 
Fish eggs

J/F M/A M/J J/A
1 1 . 1
11.1

S/O N/D

6.7
4.0 26.7 22.2 14.7

1.3
26.7 11.1
13.3

4.0
1.3

6.7
0 . 2 2 2 . 2  

11.1
5.9
2.9

1.5
1.5

■ ro n n  T ro tt t  « t  W Í A  Xm 1»Í7.

J/F M/A M/J J/A S/O
Lvmnaea peragra 7.7 9.3 0.5
Phvsa fontlnalis 20.3 8.3 0.2
Planorbus laevls 0.3
Planorbus contortus *
V. cristata 0.3
Potamopvrous ianHinsi 0.3 2.4 * 0.2
Ancvlus fluvlatills * 0.3 It
Plsldiuro obtusale 0.3
G. lacustrls 7.4 4.1 0.4
Plecoptera 0.3
c. atra 0.3
Ephemeroptera 4.8
Ephameralla ignita 0.7
Colymbetinae (A) 
Coleóptera 
Trichoptera 
M. azurea 
Limn^philua sp. 
li. lunatua 
Anabolla n.rvosa 
Polvcentropus sp.
Phrvaanea sp. 
Sialis lutarla 
Ceratopogonidae

0.7 11.0
0.9

1.7
0.9

35.9

1 . 0
4.1

0.9
0 . 8

N/D



Chlron^ldae 
Erpobd#!!« octQCUlatA 
Daphniidae
Bvthotraphaa lonaimanua 
Chironomidae (P) 
Trichoptara (P)
Diptera (Ar)
Paocoptera (Ar) 
Lepldoptera (Ar) 
Hymenoptera (Ar) 
Trichoptera (Ar) 
Caterpillar 
Flah farm food 
Vegetation 
Flah egga 
Earthworma 
Maggota
papupae Ar~Aerlal

J/F M/A M/J J/A S/O
1.8 0.8

0.6 2.4
43.3
17.1

7.2 19.3 1.9
0.3 0.2
7.5 14.1

*
0.3

0.2*
1.1

8,7 67.2
4.8 0.6

N/D

food aource *■< 0.1%

Brown Trout Bt riah rnraa 1»»7.
*̂ f**ft*rr

J/F M/A M/J
Lvmnaea pereqra 5.3 5.6 0.5
Phvaa fontlnalia 36.7 9.0 0.2
Planorbua lanvia 0.7
Planorbua contortua 0.2
V. eriatata 1.1
Potamopyroua ienKinai 1.3 2.3 0.1
Anevlua fluviatilia 0.1 1.1 0.1
Plaiditmi obtuaala 1.1 0.2
G. laeuatrla 14.2 6.7
Plocoptara 0.7
c- atra 1.1
Bpheme ropt e ra 7.9
Ephomaralla ignita 2.3
Colymbetlnae (A) 1.1 0.2
Coleoptera 0.2
Trlchoptora 0.7 9.0 1.0
M. azurea 0.9
Limn.phllua sp. 1.1 1.0
L. lunatua 0.9

J/A S/O N/D





Colymb«tinae (A) 
Colaoptera 
Trlchoptara 
M. azuraa 
Llmnephilus sp.
L. lunatus 
Anabolia narvoaa 
Polvcantropus sp. 
Lepldostoma hirtuni 
Phrvaanea sp.
Slalls lutarla 
Caratopogonldaa 
Chlronomidaa 
Erpobdalla octoculata 
Daphnlldaa
Bvthotraphas lonaimanus 
ChironOTvldaa (P) 
Trichoptara (P)
Diptara (Ar)
Paocoptara (Ar) 
Lapldoptara (Ar) 
Hymenoptara (Ar) 
Trlchoptara (Ar) 
Catarplllar 
Flah farm food 
Vagatatlon 
Fish agga 
Earthworms 
Maggots
P»pupaa Ar*Aarlal

J/F M/A M/J
11.1 3.9

7.7
11.8 11.1 26.9
5.9

5.6 7.7
5.9

22.2
3.9

5.6
5.6

3.9
19.2

5.9 5.6

5.6 57.7

J/A S/0 M/D

3.9
15.4

3.9
3.9
7.7
3.9

food sourca **< 0.1%

■rown Trout Palagio 1967.

Chlronomidaa 
Daphnlldaa 
Daphnla hvallna 
Bvthotraphas lonaimanus 
l.aptodora fcindtl 
Chlron^ldaa (P)
Diptara (Ar)
Papupaa Ar*Aarlal food sourca

10.5
42.1
5.3
5.3
5.3

10.5

J/F M/A M/J

5.3

20
5.3

J/A S/O N/D
1.2
7.5
37.7 74.0 80.0
51.1
0.2
0.3
2.0

26.0 20.0



■rown Trout >«lmate 1917.

J/r M/A M/J
Chlron^ldae
Daphnllda«
Daphnla hvallna 
Bvthotraphas lonoimanua 
Laptodora kindtl 
Chlronomidaa (P)
Diptera (Ar)
P-pupaa Ar*Aarial food source

J/A* S/O M/D

6.7
46.9
46.2*

69.1
10.9

98.2
1.8

*
0.2

Brown Trout Felaalo 19t7.
J/F M/A M/J

Chlronomidae 
Daphnlldae 
Daphnla hvalina 
Bvthotrephes lopgimanus 
Leptodora kindti 
ChlronOTiidae (P)
Diptera (Ar)
papupae Ar*Aerial food source

J/A
14.3
14.3

S/0 N/D

64.3 33.3 28.6
57.1
7.1
7.1
7.1

64.7 14.3

AmtitKn» Trout Ltttoral 1917.

Lvmnaaa p«r«ara 
Phvaa fontlnalia 
Valvata piacinalla 
G. lacuatria 
Aaellua aouaticus 
Plecoptera 
Ca atra 
Bphemeroptera 
Ephemera danica 
Ephemerella ignita

J/F
0.5
0.4

M/A M/J J/A

2.9
0 . 1
0 . 2
0.5

S/0
10.9
0.7
1.7

1.5

N/D
57.5



J/r M/A M/J J/A S/O N/D
Baatla sp.
Dytiscina« (A) 0.1
Potamonacf  dapraaaua (A)
Dytlsclnaa 0.2
Colymbetes 0.1
Trichoptara 0.8
Laptocarldaa 0.1
Limnephllua sp. 0.7 0.5
Serlcostoma personatuni
Lspldostoma hlrtum 0.2
Caratopogonldae
Slmuliidaa
DaphnlldaaPftphni« hvsUnaBvthotr.phss lonalmanus 
Chlronomidaa (P)
Trlchoptara (P) 0.8
Fish
Dlptara (Ar)
Coleóptera (Ar)
Hemiptera (Ar)
Plecoptera (Ar)
Hymenoptera (Ar)
Trlchoptera (Ar)
Fish farm food 29.3
Vegetation 37.7 14.3
Stones 24.1 7.2
Silver foil 0.4
Cigarette 3.9
Sweet corn 71.1
Maggots 2.4

7.3
13.5
2.3 
5.2

4.4
10.7
17.7 
0.5

34.6 
2.1
0.8

26.0
1 . 0

51.3
3.4

papupae Ar*Aerlal food source *■■< 0.1%



T r o u t  l » t 7 .

Lvmna«a pereara 
Phvaa fontlnalia 
Valvata placinalls 
G. lacuatria 
Aaallus aouatlcua 
Plecoptera 
C» atra 
Epheme ropt ara 
Ephemera danica 
Ephemerella ignita 
Baetis ap.
Dytlacinae (A) 
Potamoneei^ea deoreaaus 
Dytlacinae 
Colymbetea 
Trlchoptera 
Leptocerldae 
Limnephilua ap. 
Sericoatoma peraonatxim 
Lepidoatoina hirtuip 
Ceratopogon1dae 
Simullldae 
Daphnlldae 
Daphnia hvalina 
Bvthotrephes lonaimanua 
Chironomidae (P) 
Trichoptera (P)
Fiah
Diptera (Ar)
Coleoptera (Ar) 
Hemiptera (Ar) 
Plecoptera (Ar) 
Hymenoptera (Ar) 
Trichoptera (Ar)
Fiah farm food 
Vegetation 
Stonea 
Silver foil 
Cigarette 
Sweet corn 
Maggota
P>pupae Ar«Aerial

J/F
3.0
3.0

6.1
21.2

(A)

M/A M/J J/A

22.5
1.3 
2.7
3.3

0.7
5.9
2 . 0

0.7

54.1
36.3

0 . 8
1.1
0.3
1 . 0
4.5

21.2
3.0 

27.3
3.0

S/O
15.2
4.0
5.1
9.1

9.3
0.7
0.7

49.7 
4.6

food aource **< 0. :

N/D
8.3

81.3
4.1

2 . 0
4.0

54.6
3.0

253



Trout Iilttoral 1M7. 
O e o u r r u o ^ ^

j / r
5.6
5.6

5.6 
16.7

M/A M/J J/A

23.5
11.6
5.9
5.9

5.9
11.8

Lvmnaea oereara 
Phvaa fontlnalia 
Valvata plscinalis 
G. laeuatria 
Aaellua aouatlcua 
Placoptara 
C. atra 
Ephema ropt « ra 
Ephemara danica 
Ephamaralla ignita 
Baatla ap.
Dytlaclnaa (A)
Potamonactaa d«pr«aau» (A)
Dytiaclnaa 
Colymbataa 
Trlchoptara 
Laptocaridaa 
Limnephilua ap.
Serlcoatoma pataonatum
Lepidoatoma hlrtum 5.9
Caratopogonidaa
Simullidaa !
Daphnlidaa
Daphnla hvalina
Bvthotraphaa lonoimanua
Cvclopa virdla
Trichoptara (P) 5.6
Flah
Diptara (Ar)
Colaoptara (Ar)
Hamiptara (Ar)
Placoptara (Ar)
Hymanoptara (Ar)
Trlchoptara (Ar)
Flah farm food 5.6
Vagatatlon 33.3 29.4
Stonaa 16.7 5.9
Sllvar foil 5.9
Clgaratta 5.6
Swaat corn 5.9
Maggota 5.9
P-pupaa Ar-Aarlal food aourca *•< 0.1%

S/O
40.0
2 0 . 0
40.0
40.0

2 0 . 0

2 0 . 0

20.0
40.0
60.0 
2 0 . 0
40.0
60.0
40.0
2 0 .0
40.0
20 sO

2 0 . 0

N/D
2 0 . 0

1 0 . 0
1 0 . 0

2 0 . 0
2 0 . 0

60.0
20. 0



■ a t n b w  Traut «t rl«h T«r«» 1H7 ■

Lvmnaea p « e a r a  
Phvaa fontinalla 
Planorbua contortua 
valvata piacinalla 
Potamopvraua iankinal 
Piaidlum obtusale 
G .  lacuatris
L. hiPPOPUS
C. atra
Dlnocras c ^ p h a l o f  s 
Ephcmerella Ignita 
C o l a o p f  ra (A) 
Curcullonldae (A) 
Dryopidaa (A)
Colaoptara 
Colymbatea 
Dryopidaa 
Hallplldaa 
Trichoptara 
Laptocarldaa 
A. aterrimua 
Oceatrla teatacea 
Llmnephllua ap.
Anabolla nervosa 
Lepidoatoma hirtun» 
Slalia lutarla 
Caratopogonldaa 
Empldldae 
Chlronomldae 
Tlpulldae 
Slmullldae 
Daphnlldaa 
Daphnia hvallna 
Bvthotraphaa lonalmanua 
l^ptodora klndtl 
Chlronomldaa (P) 
Nanocladlua ap. (P) 
Chlronomua ap. (P) 
Phaenoapectra ap.(P) 
Trichoptara (P)
Flah
StlcklabacA

j/r M/A M/J J/A S/O N/D
* 1.1

* * *
*

* *
* * * * * 0.3

* *
0.1 * * *

*
«

*
* *

0.3 0.2 0.4
0 . 1

0.6 3.7

0.9



J/F M/A M/J J/A S/O N/D
Díptera (Ar) * 1.7 0.4 *
Psocoptera (Ar) * *
Coleóptera (Ar) * A
Lepldoptera (Ar) *
Bpheme ropt era (Ar) *
Plecoptera (Ar) *
Hymenoptera (Ar) * * *
Trlchoptera (Ar) * * *
Fish farm food 84.1 93.8 90.1 88.6 94.4 95.4
Vegetation 0.9 1.2 0.9 2.1 1.2
Fish eggs 13.4 0.6 *
Stones 0.2 1.9
Cigarette * * 0.3
Sweet corn 1.2 4.0 0.4 6.5 1.4 0.1
Maggots 0.1 0.2 0.2 3.1 0.5

pspupae Ar«Aerlal food source *-< 0. 1%

»17.
M/A M/J

Lvmnaea pareara 
Phvaa fontinalia 
Planorbua contortua
PotamoDvraus ienkinai 0.3 0.9
Pialdium obtuaal.
G. lacuatria 
L. hippopua

1.1 0.4

C. atra
Dinocraa cephalotea

0.2

EDh.mar.lla ignita 
Coleóptera (A) 
Curcullonldae (A)

0.2

Dryopldae (A) 
Coleóptera 
Colymbetes 
Hallplldae

0.2

Trlchoptera 
Leptocerldae 
A. at.rrlmua 
Oc.atrla ta.tac.a

0.1 0.2

S/O



J/F M/A M/J J/A s / o N/D
liimn^phllua sp. 0 . 1

Anabolia nervosa 0 . 2

Laoldoatoma hlrtum 0 . 3 0 . 1 0 . 3

Sialla lutarla 0 . 1

Ceratopogonidae 0 . 1 0 . 2

Empldldaa 0 . 2

Chiron^ldaa 0 . 5 4 . 1 0 . 2 0 . 1

Tlpulidae *
Sifnullidaa 0 . 8

Daphnlidaa 7 . 9 1 0 . 3 6 3 . 2

Daphnia hvalina 1 9 . 3

Bvthotraphea lonolmanua 1 1 . 8 2 . 4

Leptodora fcindti 0 . 4

ChironOTtldae (P) 2 4 . 6 3 3 . 4 1 . 2 0 . 6

W a n 9 g l a d l u f l  ap. (p ) 0 . 7

Chlronomua sp. (P) 0 . 7 0 . 2

Phaenoapectra ap. (P) 0 . 7

Trlchoptara (P) 0 . 4 0 . 8

Fish 0 . 5 0 . 1

Stickleback 0 . 1 0 . 2

Díptera (Ar) 0 . 4 1 0 . 8 1 7 . 6 1 . 8

Paocoptera (Ar) 0 . 2

Coleóptera (Ar) 0 . 1 0 . 1

Lepidoptera (Ar) 0 . 1

Epheme r opt e r a (Ar) 0 . 1

Plecoptera (Ar) 0 . 1

Hymenoptera (Ar) 0 . 2 0 . 1 0 . 1

Trlchoptera (Ar) 0 . 2 0 . 3 0 . 1

Fish farm food 3 5 . 7 6 4 . 4 2 3 . 7 4 3 . 3 2 5 . 7 7 9 . 5

Vegetation 0 . 1 FP 0 . 1 FP 0 . 3

Fiah eggs 6 0 . 7 0 . 7 0 . 1

Stones 0 . 1 0 . 1

Cigarette * 0 . 1 0 . 1

Sweet corn 0 . 8 6 . 0 1 . 2 6 . 9 1 . 5 0 . 2

Maggots 0 . 5 0 . 3 0 . 5 3 . 1 1 . 9

papupae Ar^Aerial food source *- <  0 . 1 %



Trout »t Fl«h wm 
OatMTimaom ■

Lvmnaea pereara 
Phvaa fontlnalia 
Planorbua contortua 
Valvata placlnalia 
Potamopvrcma ienltinal 
Plaidium obtuaala 
G. lacuatrla 
L. hlppQPua 
c. atra
Dinocraa caphalotea 
Ephemeralla ignita 
Coleóptera <A) 
Curcullonidae (A) 
Dryopldae (A)
Coleóptera 
Colymbetes 
Hallplldae 
Trlchoptera 
Leptocerldae 
A. aterrimua 
Oceatria testacea 
Limnephilua sp.
Anabolia nervosa 
Leoidostoma hirtum 
Sialia lutarla 
Ceratopogonldae 
Empidldae 
Chlron^idae 
Tlpulldae 
Simuliidae 
Daphnlidae 
Daohnia hvalina 
Bvthotrephea longimanuo 
Leotodora kindti 
Chironomidae (P) 
Nanocladi.ua ap. (P) 
Chironomua ap. (P) 
Phaenoapectra ap.<P) 
Trlchoptera (P)
Flah
Stickleback 
Diptera (Ar)

1 M 7 .

M/A M/J J/A S/O N/D
4.9

1.4 2.2 2.9
3.9

2.9 2.2
1.28 4.3 4.4 2.7 4.9

4.3 2.2
5.6 2.9

2.2
0.1

2.8
2.2

2.8
1.4

1.4

1.4
2.8

1.4

1.4
0.2

2.8
0.9
0.9
0.9

2.9
2.2

1.4 2.9
2.2

2.9 4.4
2.8

6.7 2.7 0.9
1.4

1.4
2.9 2.2 4.1
1.4

6.7 1.4
1.4

22.2 31.4 6,7 2.8
2.8

8.9 1.4
2.8
2.8 4.4

6.7 0.9
0.9

2.8 10 8.9 8.1



J/F M/A M/J J/A S/O N/D
Psocoptera (Ar) 1.4 2.2
Coleoptera (Ar) 2.9 2.2
I.epidoptera (Ar) 2.9
Ephemeroptera (Ar) 2.9
Plecoptera (Ar) 2.2
Hymenoptera (Ar) 2.6 1.4 2.2
Trlchoptera (Ar) 1.4 4.4 1.4
Fish farm food 51.2 75.0 28.6 37.8 56.8 56.3
Vegetation 3.7 2.6 5.7 8.9 2.9
Fish eggs 4.9 1.4 0.9
Stones 1.2 1.4
Cigarette 1.4 2.2 2.0
Sweet corn 1.2 5.6 2.9 6.7 5.4 0.9
Maggots 5.6 5.7 4.4 6.1 2.9

P—pupae Ar-Aerial food source *-< 0. 1%

— Trout »«laalo 1H7.
J/F M/J J/A S/O N/D

Caonia sp. 27,3
Chlron^ldaa (L) 16.2
Chlronomldae (P) 27.3
Dlptara (Ar) 27.3
P—pupae Ar—Aerial food source *—< 0.1%

Ka inbow Trout Felaolo IMT^

Capnla sp. 
ChlronOTildae 
Chlronomldae (P) 
Dlptera (Ar)

J/r M/A
30.0
20 . 0  
20.0 
30.0

M/J J/A S/O N/D

P-pupae Ar-Aerlal food source *-< 0.1%



».inhoi. Trout flaalQ 1H7. 
Ooeurr«no«.
Caonia ap*
C h l r o n ^ l d a «
Chlronomldae (P)
Dlptara (Ar)

J/F M/A
100
100
100
100

M/J J/A S/O N/D

P^pupaa Ar^Aarlal food source *»< 0*1%

Banthiq Littoral l»t7.

Planorbua contortus 
Pisidium obtusale 
G. lacustris 
Asellus aouaticus 
Epheme ropte ra 
Trlchoptera 
Leptocerldae 
Psychomlidae sp. 
Sialla lutarla 
Chlronomldae 
Daphnia hvalina 
Eurvcercus lamellatus 
Cvelopa viridia 
C h l r o n ^ l d a e  (P) 
Vegetation 
Fish eggs

J/F M/A M/J J/A S/O N/D
3.2

7.6 3.2
2.2
12.5 16.7

3.2
9.6 3.2
19.0 3.2

6.5
22.2

37.4
50.0

100
3.2

0.2 *
11.1

8.1 12.
4.3 64.

Papupae Ar*Aerial food source





U t u ^
Y t r l i M i i t i

J/F M/A M/J J/A s / o N/D
Planorbua contortU8 4 7 . 6

PotamoDvroua ianklnsl 1 . 1 5 2 . 3

6. lacuatrla 0 . 5

Dytlaclna^ 0 . 5

Chlron«nldaa 1 . 9

Flah farm food 6 6 . 3

Flah egga 9 . 7

popupao Ar«Aarlal food aourca * - < 0 . 1 %

riffti i»n.
J/F M/A M/J J/A s / o N/D

Planorbus contortus 4 0 . 0

Potamopvraua ianfclnai 5 . 7 6 0 . 0

G. lacuatrlB 1 . 9

Dytlaclnaa 1 . 9

Chlronomidaa 4 6 . 2

Flah farm food 1 3 . 5

Flah agga 3 0 . 6

P—pupaa Ar*Aarlal food aourca *-< 0 . 1 %

iaa7.
Ooourraoo«.

J/F M/A M/J J/A s / o N/D
Planorbua contortua 5 0 . 0

Potamopvrctua ienklnai 2 0 . 0 5 0 . 0

G. lacuatria 2 0 . 0

Dytlsclnae 2 0 . 0

C h l r o n ^ i d a a 2 0 . 0

Flah farm food 2 0 . 0

Flah agga 4 0 . 0

P^pupaa Ar*Aarlal food aourca *■< 0 . 1 %





— nthlo Arotio n iirr i»«7.
j / r M/A M/J J/A S/0 N/D

Potamopvraua lenklnai 1 . 1

Plaidium 2 8 . 7 2 1 . 6  1 0 . 7 7 . 4 2 5 . 9 1 9 . 9

G. laeuatria 3 . 4

AsAllua 2 . 1  1 . 7

L. Inarmla 0 . 7

L. fuaca 2 . 6

Capnia sp. 1 . 0

Coleóptera 0 . 3

Trichoptera 1 . 7 0 . 3

Polvcentropua ap. 5 . 2 1 . 5

P. klnal 0 . 4

Holocentropua dublua 2 0 . 6

Ceratopoyonldae 0 . 1

C h l r o n ^ i d a e 3 9 . 4 4 6 . 3  3 5 . 2 1 4 . 0 2 6 . 3 2 1 . 4

Polvcelis 8D. 9 . 2

Erpobdalla oetoeulata 2 . 2

Daphnlldae 0 . 5 1 . 4

Daphnia hvalina 1 2 . 6

Eurvcercua lamellatua 3 . 1  2 . 6 7 . 0 2 4 . 3 1 0 . 7

Bvthotrephea lonaimanua 3 3 . 9 *
Leptodora fcindti 0 . 7

CvcloPB viridia 3 1 . 4 1 7 . 6  1 7 . 2 1 6 . 1 1 7 . 9 5 . 3

Chlronomldae (P) 2 . 6 1 . 1 0 . 4

Maeropalopia a p . (P) 2 . 6

Procladiua ap. (P) 0 . 4

Aapcctrotanvpua ap. (P) 0 . 3

Paectrotanvpua ap. (P) 0 . 1

Pentaneurlnl (P) 1 . 7

Arctopelopia ap. (P) 1 . 5

Rheopelopia ap. (P) 0 . 4

Arachnldae (Ar) 1 . 0

Vegetation 1 . 0

hUt m 7 ,

J/r M/A M/J J/A s / o H/D
Potamopvraua ienlcinai 0 . 4

Piaidium obtuaala 2 4 . 5 1 6 . 7  1 1 . 2 1 . 3 1 1 . 4 2 0 . 8

G. laeuatria 0 . 9

Aaallua aauaticua 0 . 4  0 . 3

L. inarmia



j/r M/A M/J J/A s / o N/D
L. fusca 0 . 3

Caonla sp. 0 . 4

Col«opt«ra *
Trlchoptara 0 . 3 *
Polvc«ntropu5 sp. 0 . 8 0 . 2

P. kinal *
HolQcantropua dublu« 7 . 3

C«ratopo9onldae *
ChlronMnldae 3 0 . 7 4 1 . 4 3 2 . 0 2 . 1 8 . 5 1 7 . 6

Polvcplia sp. 2 . 4

Erpobdslla octoculsta *
Oaphnlidaa 2 . 8 2 . 6

Daphnia hvalina 2 4 . 8

Eurvcarcus lamellatus 6 . 5 4 . 5 3 . 0 3 0 . 3 2 6 . 4

Bvthotrephes lonqimanus 4 5 . 8

Leptodora hlndti 0 . 2

Cvclops viridis 4 2 . 0 4 6 . 4 4 0 . 5 1 9 . 5 4 8 . 8 3 1 . 2

Chlronomldaa (P) 1 . 5 0 . 1 0 . 1

Magt9P«lopia sp. (P) 0 . 9

Procladius sp. (P) *
Aspectrotanvpus sp. (P) *
Psectrotanvpus sp. (P) *
Pantanaurlni (P) 0 . 6

Arctopelopia sp. (P) 0 . 2

Rheopalopia sp. (P) *
Arachnidaa (Ar) 0 . 4
Vagatatlon 0 . 4

Popupae Ar«Aerlal food aourca * - <  0 . 1 % *

1M7.
ogwEMwo«. J/r M/A M/J J/A s / o N/D
Potamopyraus -tenkinsi 2 . 0

Plaldlum obtusala 5 8 . 3 6 4 . 3 3 5 . 3 4 2 . 3 3 4 . 0 2 0 . 7

g .  l a c u a t r l a 5 . 9

Asallua aouaticus 7.1 5 . 9

L. inarmis 4 . 6

L. fusca 4 . 0

Capnia ap. 7 . 1

Colaoptara 2 . 3

Trlchoptara 5 . 9 2 . 3



j/r M/A M/J J/A S/O N.D
Polvcentropus ap. 7.1 4.0
P. kinol 2.3
Holoontropua dublu» 5.9 3.5
C«ratopogonlda« 4.6
Chironomldaa 66.7 78.6 41.2 50.0 38.0 20.7
PolvcallB sp. 3.5
ErpQbdall« octoculat« 2.*3
Daphnlldae 8.3 2.3
Daphnia hvalina 27.3
Eurvcarcua lamallatus 21.4 5.9 52.5 36.0 6.9
Bvthotrephea lonalmanua 22.7 2.0
Leptodora Kindti 6.8
CvcloPB viridia 75.0 85.7 35.3 59.1 56.0 10.3
Chlron^ldae (P) 5.9 9.1 2.0
Macropelopia ap. (P) 11.8
Procladiua ap. (P) 2.3
Paectrotanvpua ap. (P) 2.3
Pantanaurlni (P) 5.9
Arctopelopia ap. (P) 15.9
Rheopelopia ap. (P) 2.3
Arachnldae (Ar) 7.1
Vegetation 7.1

P—pupae Ar«Aerial food source *-< 0 .1%

M±tmm 1887.
J/F M/A M/J J/A S/O N/D

Daphnia hvalina 96.8 48.5
Boamina coreaoni 4.0
Bvthotrephea lonoimanua 3.2 47.5

papupae Ar*Aerlal food source *m< 0 .1%



J/r M/A M/J J/A s / o

Daphnia hvalin« 98.9 68.6
Bosmlna coraqoni 7.9
Bvthotraphaa lonalmanui 1 . 1 2 3 . 5

paapupa« Ar*Aarlal food sourca 0 . 1 %

•Itas 1M7.
Ooottrranoa.

J/F M/A M/J a/A s / o

Daphnia hvallna 1 0 0 1 0 0

Bosmlna coreaonl 1 0 0

Bvthotraphas lonalmanua 66.7 1 0 0

P^pupae Ar^Aarlal food sourca *-< 0 . 1 %

VSIjhH U J/r M/A M/J J/A s / o

Daphnia hvallna 7 5 . 0

Bvthotraphaa lonolmanus 2 5 . 0 1 0 0

P»pupae Ar^Aerlal food sourca *-< 0 . 1 %

J/r M/A M/J a/A s / o

Daphnia hvallna 7 3 . 2

Bvthotraphas lonalmanua 26.8 1 0 0

p>pupaa Ar^Aarlal food sourca 0 . 1 %





______ 1917.

G. lacuatris 
Aaellus aouatlcu» 
Pl«coptora 
Capnia ap*
Ephamaropt a ra 
Caenla horarl«
EDhemeralla Ignita 
Colaoptara 
Dytiacinaa 
Polvcantropua ap. 
Chironomldaa 
Daphnildaa 
Daphnia hvallna 
Boamina coraooni 
Eurvcarcua lamallatua 
Polvphamua pediculua 
Bvthotrephea lonalmanua 
Cvclopa atranuua abvaaormn 
Chironomldaa (P) 
Tanypodinaa (P) 
Arctopelopia ap. (P) 
Chironomua ap. (P) 
Trichoptera (P)
Flah
Sticklaback 
Diptara (Ar)
Trlchoptara (Ar)
Vagatatlon
Stonaa

j/r M/A M/J J/A S/O
1.2
0.2
0.2

0.7
0.3

0.4*
*

13.2
0.4

0.2
*
*
0.2

* 0.5 3.7
3.5 7.8 14.0

0.7
0.2

0.1 1.6

1.9
0.3
*

39.1

*

13.6
*

0.3 0.5
78.1 17.8

28.7

*
4.0

65.9
0.3
0.3

N/D

papupaa Ar*>Aarlal food sourca **< 0.1%

Parcih lAttoral 1917.
J/F M/A

G. laeuatria 
Aaellua aouatlcua 
Placoptara 
Capnia ap.
Ephama ropt a ra

M/J
0 . 2

J/A S/O N/D



J/F M/A
Caania horaria 
EohaiTfralla Ignita 
Coleoptara 
Dytisclnaa 
Polvcantropus sp.
Chlronomldaa 
Daphnildae 
Daphnia hvalina 
Boamlna coregoni 
Eurvcercua lainellatua 
Polvphemua pediculua 
Bvthotrephea lonalmanua 
Cvelopa atrenuua abvaaorum 
Chlronomldae (P)
Tanypodlnae (P)
Arctopelopla sp. (P)
Chironomua ap. (P)
Trichoptera (P)
Fish
Stickleback 
Diptera (Ar)
Trichoptera (Ar)
Vegetation
Stones
papupae Ar^Aerial food source

Parch 1917.
Ooeurrenoe■

j/r M/A
G. lacuatris 
Aaellua aouaticua 
Plecoptera 
Caonia sp.
Epheme ropt e ra 
Caenia horaria 
Ephemerella ignita 
Coleóptera 
Dytlaclnae 
Polvcentropua ap. 
Chironomldao 
Daphnlldaa

M/J J/A S/O
«
5.6 *
*

*
*
*

1.1 1.0 9.4
78.7 57.1 55.0

0.9 9.9
1.6
0.1
12.0 77.8 25.4

0.2
0.1*
*

*
*

0.2 * 0.1*
*
*

*
*

.1%

M/J J/A S/O
25.0 4.0

2.0
6.3
6.3 
12.5 2.0
6.3
31.3 2.0
6.3

2.0
2.0
2.0

6.3 4.0 6.5

N/D

N/D



Daphnia hvallna 
Boamina coreaonl 
Eurvcarcua lamellatua 
Polvphwnua padiculua 
Bvthotraphaa lonaimanua 
CvcloPB atranuua abvaaorum 
Chlronomldaa (P) 
Tanypodlnaa (P) 
Arctopelopla sp. (P) 
Chlronomua ap. (P) 
Trlchoptera (P)
Fish
Stickleback 
Diptara (Ar)
Trlchoptera (Ar)
Vegetation
Stones

j/r M/A M/J J/A S/O
56.3 42.0 45.2
12.5
6.3

2.0 16.1

37.5
12.5
6.3
6.3

52.0

2.0 
4.0

48.4
3.2

12.5 14.0
16.0

2.0
2.0

29.0
3.2
3.2

M/D

pvpupae Ar*Aerlal food source *-< 0.1%

f r o h  at Fiah raam» 1987.

Lvmnaaa paraara
Potamopyroua -tanElnai
G. lacuatria
Plecoptera
L. hippopua
Ephamara danica
Caanla horaria
Ephamaraila ionita
Eaolua parallalapipadua
Hygroblldae
Dytlsclnae
Colymbetes
Trlchoptera
Rhvacophllla sp.
PolvcantropuB ap.
Chlronomldaa
Erpobdella octoeulata
Daphnlldae
Daphnia hvallna

J/F M/A M/J
0.5
3.3
0 . 2

(A)

J/A
0.2
0.4
0.4

0.7
0.6
0. 2
0 . 2
1.5
0.7
0.9
0.5

S/O N/D



j/r M/A
Boamina coregoni 
EurvcarcuB lamellatua 
Chlronomida« (P) 
Tanypodina« (P) 
Maeropelopia sp. (P) 
Ephamaroptara (P)
Fish
Stlcklaback 
Lapidoptara (Ar) 
Trichoptara (Ar) 
Vagatatlon 
Swaat corn 
Earthworms
popupaa Ar>Aarlal food sourca *•< 0.1%

M/J
0. 2

1. 8
75.4

J/A S/0 N/D

4.0
0.4
7.2

12.5
6.5
0 . 2
0.4
3.8
5.9

34.0

Parch at rtah Far—  1H7.
J/F M/A M/J J/A

Lvmnaaa paraqra 0.1
Potamopvroua 1.4 0.6
G. lacuatria 9.7 0.3
Placoptara 0.7

0.4L. hlppopua
Ephemera danica 0.1
Ephemerella Ignita 0.5
Eaolua DarallalaolDadus (A) 0.1
Hygrobiidaa 3.5
Dytlscinaa 1.3
Trichoptera 1.4 0.3
Rhvacophllla ap. 0.1
Polvcentropua ap. 0.1
Chironomldaa 4.2 6.1
Ert>obdalla octoculata 0.1
Daphnlidaa 47.6
Daphnla hvallna 27.9
Boamina coregoni 9.1

30.8
0.3

Chironomldaa (P) 6.8
Tanypodlnaa (P) 1.4
Maeropelopia ap. (P)

2.1
30.2

Ephamaroptara (P)

S/O N/D



J/F M/A
Fish
Stickleback
Lapldoptara (Ar)
Trichoptara (Ar)
Vagatatlon
Sweat corn
Earthworms
papupae Ar^Aarlal

M/J
7.8

food source *«< 0.1%

J/A
0.8
1.9
0.1
0.5
0.3
0.4

S/O
0.3

N/D

Fp.
1.1

■Food Present

j/F M/A
»•roh «t r u h  wmxmm 1H7.
Ooeurrano«.

Lvmnaea pereara 
Potamopyrous iankinai 
G. lacustris 
Plecoptera 
L. hlppopua 
Ephemara daniea 
Ephemarella ignita 
EaoluB parallalepipadua (A)
Hygrobiidae 
Dytlscinae 
Trlchoptera 
Rhvacophilla ap.
ChlronOTiidae 
Erpobdella oetoculata 
Daphnlldae 
Daphnia hvalina 
Boamina coregoni 
Eurvcercua lamellatua 
Chlron^idae (P)
Tanypodlnae (P)
Macropelopla sp. <P)
Ephemeroptera (P)
Fish
Stickleback 
Lepidoptera (Ar)
Trichoptera (Ar)
Vegetation 
Sweet corn 
Earthworms
Papupae Ar>Aerial food source *■< 0.1%

M/J J/A
3.6

12.5 10.7
37.5 7.1
6.3

3.6
3.6
7.1
3.6

6.3
14.3

12.5 7.1
3.6
3.6

12.5 25.0
3.6
7.1
6.3

6.3
3.6

50.0 21.4
3.6
3.6

6.3
37.5 17.9

10.7
3.6
3.6

12.5 7.1
10.7

S/O N/D

273



Ätl«ntlo — 1-~« lAttor»! « I f  ltl7.

A. aterrlmua 
L^pidoat-oma hirtum

J/F M/A M/J J/A S/O N/D
80.0
20. 0

-< 0.1%P-pupae Ar»Aerlal food sourca

■.I-.—  «t Lltter»! Uitmm 1H7_

A. aterrlmu. 
Lepidoatoma hirtum

J/r M/A M/J J/A S/O N/D
88.9
1 1 . 1

p-pupae Ar«Aerlal food source

At Aala aA laltefcoral 8i.^M 1887

A. atarrimus 
Lapidostoma hirtum

J/F M/A M/J J/A S/O N/D
50.0
25.0

P-pupaa Ar*Aarlal food source

JttTUll« «t n a h  T.

Potamopvraua ianklnai 
Colymbetas 
LlmnaphUua sp.
Daphnildaa 
Daphnia hvalina 
Bvthotraphaa lonalmanus 
ChironMnldaa (P)
Hamlptara (Ar)
Maggots
paipupae Ar-Aarlal food source *•< 0.1%

J/A S/O M/D
94.7
5.3

10.3
79.3

19.5 6.6
29.9 8.6
10.3
2.3 
27.5

3.4



J / r  M/A M / J
Potamopvrau» i«nfclnai 
Colymbtttes 
LimnaphiluB sp.
Daphnlida«
Daphnia hvalin«
BvthOtraPhaa lop>r<mamia 
Chlronomidaa (P)
Hemlptara (Ar)
Lapldoptera (Ar)
Maggots
P-pupaa Ar-Aerial food source

J/A S/O N/D
97.7
2.3

0.1
79.1

36.3 15.3
€0.6 5.4
1.7 0.2
0.1
0.9

1 M 7

J/r M/A M/J
Jueenlle rieh Fa
Ooouraenoe.
Potamopyrous ienjcinsi 
ColyndDetes 
LlmnephlluB sp.
Daphnlidaa 
Daphnia hvallna 
Bvthotraphes lonoimanus 
Chiron^idaa (P)
Hamlptara (Ar)
Maggots
pspupaa Ar-A«rlal food sourca **< 0.1%

J/A S/O N/D
25.0
25.0

14.3
60.0

14.3 20.0
42.9 20.0
14.3
14.3
14.3

20.0



Pttrc«nta9* con^osition of th« monthly food intak* 
of oach food item by volume, number and occurrence 
brown trout and rainbow trout caught in angling 
competitions in 1987.

B/A B/M B/J R/A R/M
Lvmnaea pareara 7.9 30.9 17.9 10.2
Phvaa fontlnall» 3.0 2.3
p, contortus * 0.2
Valvata plscinalla 1.7 0.2
PntamoDvrous ienkinsi 0.7 0.3
Ancvlua fluviatllia 1.9 1.8
Pialdlum obtusale 0.1 0.2
Oammarua pulax 1.0 1.7
G. lacustria 1.1 1.8
Aaallua aouatlcua 15.5 6.7 37.5 15.4 0.2
Plecoptara * 0.5
Nemoura sp. *
M. cambrica 0.2
M. avlcularia 0.5 *
Leuctra sp. 0.2
I l i  C u a c a *
C. atra 1.3 0.9
lapparla grammatica
Diura bicaudata 0.4
Chloroparla trlpunctata 0.4
Ephemeropt e ra 0.2 0.5 0.1 1.6
Epheroara danica 0.3 * 3.3
Ephemaralla Ignita * 0.2
Ecdvonurus sp. 0.1 0.3
E. diapar U . b
Rhithroaana aamlcolorata 0.1 1.0
Baetia ap. 0.3 0.3
Potamonactaa dapraaiui (A) 0.2
p. ariBBaoatriatuB (A)
H. f u l v u a  (A ) 0.1
EaoluB parallalapipadua (A) *
Curculionidae (A) *
Dryopidae (A)
Coleóptera 0.1 0.1
Rygrobiidae *
Dytiscinae *
Colymbetes 3.2 0.4 0.2

R/J

27«



Elmi a aenea 
Lifimius volkmarl

B/A

0.2
Trichoptera 1.7
Leptocerldae
A. atarrimua 
A. cinereua 
A. bilineatuB 
Ceraclea diaaimllla

*

M. azurea
Limnephilua ap. 1.7
L. borealia 6.2
L. lunatua 0.8
L. rhoitiblcua 
Anabolia nervoafl 0.3
Potamophvllax latip«nnia 
Polvcentropus 8p. 
p. )tinal
Sericoatoma p araonatui» 
Lepldoatoma hirtiM 
Beraeodea mlnutua 
P. varia

Ceratopogonldae 
Empldldae 
Chl r o n ^ l d a e  
Slmullldaa 
Corixa sp. (A)
Corixldaa 
Hydracarina 
Daphnia hvalina 
Bosmina coregoni 
Bvthotrephes lonaimanua 
Cvclopa abvsaQrum 
Chlron«nldae (P)
Tanypodinae (P)
Procladlua ap. (P) 
Pentaneurlni (P) 
ArctQpelopia sp. (P) 
Diameainae ap.(P) 
Qrtihocladlua ap. (P) 
Crlcotopua ap. <P) 
laoeladiua avlveateria (P) 
Paratrlchocladiua ap. (P) 
Chlronomua ap. <P)

B/M B/J R/A R/M R/J

0.6

2.9
0.5
0 . 1
1.8

11.9

0.3
1.1

1.7
0.5

2.5
3.4

3.0 0.6

14.5 6.7

1.6
*

5.5
2 . 2
0. 2
1.3
0 . 2

0 .6
1.2

1.3
0.1
1.6

0.1 0.2
0.9

0.1 0.7 0.3
*

1.7
0.2

*
0.7 0.4 0.56 0.1

*
0.4 0.1

*
1.6 0.3 *

* 0.1 *
0.1 *
0.7

0.2 0.9 0.2

3.0 0.5



B/A B/M B/J R/A R/M R/J
Mlcrot«ndlD«s so. (P) 0.1 1.2
Phaenosoectrs so. (P)
serasntia sp. (P) 0.2
Paratanvtarsus sp. (P)
Tanvtiarsua sP. (P) 0.2 *
Trlchoptsrs (P) 1.8 0.7 0.3 0.1 0.3
Ephsmsroptsrs (P) 0.3 1.1 23.1 2.8
Bxuvlas 2.7
Fish 1.7 41.1
Diptsra (Ar) 2.8 0.8 2.2 5.6 4.5
Psocoptara (Ar) 0.4 *
Colaoptara (Ar) 1.6 * 2.2 0.9 0.9
Hamiptara (Ar) 0.3 0.1 2.0
Ephema ropta ra ( Ar) 0.1 0.1 1.5 7.4
Placoptara (Ar) 0.7 2.8
Hymanoptara (Ar) 2.4 2.0 4.1 3.4
Trlchoptara (Ar) 0.1 * 1.8 2.0 1.9
Arachnldaa (Ar) 0.3
vagatatlon 0.4 1.7 10.0 16.4
Stonas 1.1
Earthworms 3.8 1.8 2.9 23.9
Maggots 0.7 2.2 13.0 26.6

papupaa Ar-Aarlal food sourca *■< 0.1% B-:Brown Trout
RsRainbow Trout A-Aprll M-May J*Juna

B/A B/M B/J R/A R/M R/J
Lvmnaea osreara 2.3 7.3 8.1 5.3
Phvaa fontlnalla 0.9 1.7
P ■ contortus * 0.2
Valvata olsclnalis 0.8 0.1 4.3
Potamopvrous i«nk.inai 1.1 0.4
Ancvlus fluviatills 1.4 2.5
Pisldlum Qbtusals 0.4 0.6
Ganmarua oulsx 0.6 1.3 0.3
G. laeustrls 0.8 1.2
Assllus aquatlcaa 10.2 5.3 21.7 23.6
Placoptara 0.1 7.0 0.2
Namoura sp. 0.4
M. cambrics 0.2
N. avieularis 0.6



B/A B/M B/J R/A
sp. 0.3

Il* fusca *
C- »tra 2.0 1 »1
I«op«rl« grammatica *
Dlura blcaudata *
Chloroparla trlpunctata 0.2
Ephame ropt er a 0.5 0.3
Ephemera danlca 0.2 * 0.9
Bohamaralla ianlta * 0.4
Ecdvonurua ap. 0.1 0.2
B. diapai 0.2
Rhlthroqana aamlcolorata
Baetls 8p. 0.1 0.2 0.2
Potamonaetaa dapraaauB (A) *
P. oriaaaoatriatua (A)
H. fulvua (A)
Eaolua parallalaplpaduB (A) *
Curcullonldaa (A)
Dryopidaa (A)
Colaoptara 0.2 *
Hygrobildaa *
Dytiaclnaa *
Colymbatea 1.7 0.3 0.2
Elmia aenea
Limniua volfanari 0.4 0.2
Trlchoptara 0.9 0.2
Laptocarldae 0.1
A. aterrimua *
A. cinereua 0.1
A. bilineatua 1.0 0.4
Ceraclea diaaimilia *
M. azurea *
LlmnephUuA ap. 0.4

2.8
0.2
0.3

L. Imatua 0.6 *
L. rhomblcua
Anabolia narvoaa 0.4 4.0
Potamophvllax latipannia *
Polvcantropua ap. *
P. Alnoi * 0.4
Sarleoatoma paraonatum o.e 0.6 0.2
I.«pld04tgma hlrtum 0.14 4.3
P t Yitll 0.6
gialla lutarla 2.7 0.2

R/M R/J
0.3

0.1
*

0.1

0. 1



Ceratopogonidatt 
Empidldaa 
ChironOTtIdaa 
Simuliidaa 
Corixa ap. (A)
Corlxidae 
Hydracarlna 
Daphnla hvalina 
Boamina coregoni 
Bvthotraphaa lonalmanua 
CvcloPB abvaBorum 
Chlronomidaa (P) 
Tanypodlnaa (P)
Procladiua ap. (P) 
Pentanaurlnl (P)
Aretopalopia ap. (P) 
Diamaalnae ap.(P) 
Qrthocladlua ap. (P) 
Cricotopua ap. (P) 
laocladiua avlvaataria (P) 
Paratrichocladiua ap. (P) 
Chironoroua ap. (P) 
Microtandipaa ap. (P) 
Phaanoapactra ap.(P) 
Saroantia ap. (P) 
Paratanvtaraua ap. (P) 
Tanvtaraua ap. (P) 
Trlchoptara (P) 
Ephamaroptara (P)
Exuviaa
Flah
Dlptara (Ar)
Pacoptara (Ar)
Colaoptara (Ar)
Hamlptara (Ar) 
Ephamaroptara (Ar) 
Placoptara (Ar)
Hymanoptara (Ar) 
Trlchoptara (Ar)
Arachnldaa (Ar)
vagatatlon
Stonaa
Earthworma
Magnata

B/A B/M B/J R/A R/M R/J* 0.5
*

5.8 2.8 0.2 4.7 0.2
*

0.7
0.1

*

9.9 40.3 36.4 82.2
0.5

12.5
0.5

0.8 11.1 0.9
0.5

33.1 16.9 4.9 0.2 0.3
* 0.2 * 0.3

0.9 * 0.3
0.4

2.6*
16.4 0.8 0.7 0.8
8.3

0.6
3.1
0.4 1.7 1.5
0.3 1.1
0.1
0.5*

0.6 0.1 0.6
7.0 0.6 0.4 0.2 *
0.5 0.3 7.5 0.9

2.0
0.1 1.2
6.9 2.0 0.3 3.9 6.6
2.3 0.3
2.0 * 0.6 0.8 0.3
0.5 * 4.3
0.2 * 0.6 6.1
0.6 * 1.0
6.1 0.2 0.4 1.8

* * 1.7 0.3 1.3
0.7 * 0.2

0.2 * 0.4 13.7
*

0.2 * 0.2 *
0.2 0.2 5.3 0.9

2S0



P«pupae Ar>A«rlal food sourc«

Qooiiryy*«^ -

Lvmnaaa oaraara 
Phvaa fontlnall»
P. contortua 
Valvata o iacinalla 
Potamopvraua ianklnal 
Ancvlua fluviatllla 
Piaidium  obt.uaale 
Gammarua pulex
G. lacuatrla 
Aaellua aauaticua 
Placoptara 
Nemoura ap.
N. cambrica 
N. avlcularis 
Lauctra ap.
L. fuaca 
C- atra
lapparla granunatlca 
Diura bicaudata 
Chloroparla t rlpunctata 
Ephama ropta ra 
Ephemara danica 
Ephamaralla Ignita 
Ecdvonurua a p .
E. dlapar
Rhlthroaana samlcolorata 
Baatla ap.
PotamonaPtaa dapraaaua (A) 
p. arlaaaoatriatua (A)
H. fulvuB (A)
Eaolua parallalaplpadua (A) 
Curcullonldaa (A)
Dryopldaa <A)
Colaoptara 
Hygrobildaa 
Dytiaclnaa 
Colymbataa 
Elmi a aanaa 
Limnlua volkinari

B/A B/M B/J R/A
34.8 64.6 33.3 50.0

7.7 33.3
4.3 7.7
4.3 4.6 12.5

17.4 12.3
4.3 6.2
4.3 6.2

7.7 33.3
17.4 23.1
39.1 33.9 50.0 37.5
8.7 12.3 12.5

1.5 16.7
3.1

8.7 1.5
8.7

1.5
17.4 7.7

1.5
4.6
3.1

8.7 13.9 16.7
4.3 4.6 16.7

1.5 16.7
8.7 12.3

6.2
1.5 16.7

4.3 1.5 16.7
3.1

4.3

3.1
12.5

12.5
4.3
4.3 1.5
4.3
4.3 

52.2 10.7 12.5
12.5

8.7 12.5

R/M R/J

5.3
5.3

5.3

10.5
5.3

2tl



Trichoptara 
I«eptocerldaa 
A. «tarrimu»
A. cln«r«UB 
A. bilin«atU8 
CaraclAA dlaaimilia 
M. «zurea 
Llmnephllua ap.
L. boraalla 
L. lunatua
I.. rhomblcua 
Anabolla narvoaa 
PotamoPhvllax latipannla 
Polvcantropua spa 
P ■ kinai
S a r l c o a f p » a  p a r a o n a t u it l
Lapidoat-oma hlrtum
Baraeodaa mlnutua
p. varia
Sialla lutarla
Caratopogonldae
Empidldae
Chi r o n ^ l d a a
Slmuliidae
Corixa ap. (A)
Corlxldaa 
Hydracarlna 
Daphnia hvallna 
Boamina coraaonl 
Bvthotr.phaa lonaimanua 
Cvclopa abvaaoruin 
Cvclopa virldia 
Chlxonomldaa (P) 
Tanypodlnaa (P)
Procladlua ap. (P) 
Pentanaurlnl (P) 
Argtppelppia ap. (P) 
Dlamaalnaa a p . (P) 
Orbhpc.ladlua ap. (P) 
r-rleptopua ap. (P) 
iBoeladlua avlvaatarla (P) 
Paratriehocladiua ap. (P) 
Chlronomua ap. (P) 
Mlcrotandipaa ap. (P)

B/A B/M B/J R/A R/M R/J
13.0 €.2 12.5 11.1
4.3 6.2

1.5
4.3 1.5

15.4 33.3
1.5
1.5

17.4 4.6
13.0 6.2
17.4 1.5 5.3

5.3
13.0 30.8

3.1
5.3

3.1
3.1 16.7 5.3

13.0 16.9 16.7
30.4 29.6
4.3
8.7

17.4 12.3
5.3 22.2
5.3

21.7 23.1 16.7 12.5 10.5
1.5

5.3
5.3

4.3
3.1 16.7 12.5 36.8

11.1
22.2

5.3
3.1 16.7 10.5

5.3

30.4 35.4 25.0 5.3 11.1
4.3 12.5 5.3 11.1

15.4 5.3 11.1
5.3

16.9 
1.5

13.9 12.5 10.5 22.2
9.2

16.7
12.3
7.7 42.1 33.3
4.6 10.5





App«ndlx 3. The diet of brown trout and rainbow trout cauqht 
in the 1988 gill netting aurvey, expressed as 
percentage volume, nxnnber and occurrence.

arown Trent at I,l«:«ieral «Itee 1»H.

Lvmnaea oereara 
Phvsa fontinalis 
Planorbus sp.
P. contortuB 
Potamopvraus ienkinsi 
Ancvlus fluviatillB 
Pialdlum obtuaale 
G. lacustris 
Pl«copt«ra 
Taenloptarygldae 
Brachvptera risi 
Protonemura 
Wamoura sp.
M. cámbrica
N. avicularis 
Lauctra sp.
L. fuaca
L. hippopus 
Diura bicaudata 
Ephamaroptara 
Ecdvonurua sp. 
Rhithrooena samicolorata 
Baetis sp.
B. rhodani 
Colaoptara (A)
Colvmbetes sp. 
Trichoptara 
1.a pt o c a r i da a 
A. aterrimuB 
A. cinereus 
A. bilineatus 
Mvstacides azurea 
Ocestria testacea 
Limnephilus sp.
L. POlitUB 
JLnabolla narvoaa 
Plactronamia consparsa

Mar
1.2
0.5
0.4

May

*

Jul

0.1

Sap

15.3
0.1
0.2

1.5
*

0.5 9.7

9.7
1.5

1.5
0.4

0.3 1.2

0.3
8 . 6
0.3
1. 0
0. 1
0 . 1

0 . 1
0 . 1

1.6
0 . 2

4.5
3.9 
0.1 
0 . 8
3.9 
0 . 8  
0 . 2

0 . 1

0.3
5.1 
0.5
7.1

0 . 1

0 . 1
0 . 2
0 . 2

0.7

0.1 1.0 
0.1 0.1

7.8

0.5
7.3 1.4

1.1







MacropelOPla sp. (P) 
rhiront»nus spé (P) 
Trlchoptera (P)
Fish
Dlptara (Ar) 
Colaoptara (Ar) 
Hemlptara (Ar) 
Vagatatlon 
Stonaa 
Maggota

Mar May Jul Sap
0.1

56.5 * 0.4
0.1
o . e

*
0.1

4.5 * 1.0
0.9 0.1
1.6 1.7 0.8

papupaa Ar-Aarial food aourca *-< 0.1%

»rown Trout at Llttaral > i f  l>Ìli
Ootnirr«no«. Mar May Jul
T.vnmaaa pareara 5 . 6
Phvaa fontlnallB 5 . 6

SP. 7 . 4 3 . 6
P. eontortus 2 .1
Potaniopvrous lankinsi 3 3 . 3 1 0 . 6 1 4 . 3 1 7 .7
Ancvlus fluviatilis 1 . 9
plaidiiyn obtusale 7 . 4 2 . 1
G. lacuatris 1 3 . 0 6 . 4 3 . 6
Plecoptera 1 4 . 8 6 .4
Taanloptarygldaa 1 .9
Brachvptara rial 1 4 . 8
Protonamura 1 . 9
Nemoura sp. 1 1 . 1 2 . 1
N. cambrica 1 . 9
N. avieularis 1 . 9 .
Leuctra sp.
L. fuaca 3 . 7 2 . 1 3 . 6
I., hlppopua 1 . 9
Diura blcaudata 2 . 1
Ephama ropt a ra 5 . 6
RrdvonuSìU *P * 1 .9
Rhlthrooana aamicolorata 1 . 9
Baatla ap. 1 . 9
B. rhodanl 1 6 . 7 2 . 1 7 .1
Col.optara (A) 1 . 9
Colvmbatas sp. 7 . 4 2 . 1 3 . 6 5 . 9
Trlchoptara 1 6 . 7



Leptocttrida«
A. «tarrimuB 
A. eln«r«us 
A. bllinaatua 
Mvataclde» «zura» 
Ocaatrla t«atacea 
Llmnaphilua ap.
L. POlltUS
Anabolia n T v o a a  
Plectronamia consoersa 
polvcantropua ap. 
p. Ainal
sericoatoma peraonatuin 
Lapldoatoma hlrtum 
Hvdroptlla tinaoldea 
Sialia lutarla 
Empldldaa 
Chlronomldaa 
Chlronomua ap.
Slmuliida«
Hydracarina 
Daphnlldaa 
Daphnia hvalina 
Polvphamua oadiculua 
Bvthotraphaa lonalmanua 
Cvclopa vlrldia 
ChironOTildae (P) 
Macropelopia ap. (P> 
Chlronomua ap. (P) 
Trichoptera (P)
Flah
Diptara (Ar)
Colaoptara (Ar) 
Hamiptara (Ar) 
Vagatatlon 
Stonaa 
Maggota
Papupaa Ar»Aarlal food

Mar May Jul Sap
9.3
1.9 27.7

7.1
1.9

6.4
3.7

13.0 4.3 10.7
1.9

18.5 4.3
2.9

7.4
3.7 2.1

11.1 2.1
9.3 4.3 11.8
1.9
1.9 
5.6

18.5 2.8
3.6 2.9

11.1 7.1
1.9

2.1 7.1 8.8
2.1 82.1

7.1
75.0 2.9

1.9
10.6

7,1
25.5

17.9 5.9
2.9
5.9

3.6
2.9

16.7 3.6 2.9
5.6 2.1
3.7 4.3 20.6

aourca *-< 0. 1%



TgQut rjfll l>ti.
Mar

35.8

14.0 
0.3 
6. 2 
0.5 
4.4 
1.6 
6.2

31.1

Lvtnnaaa parcara 
p. contortua 
Valvata oiacinalia 
pQtamopvraus iankinsi 
Piflldlxaro obtusala 
M. avicularia 
B. rhodani 
Colvinbetea ap.
A. atarrimus 
Limnephilua ap.
Xnabolia narvoaa 
Lcpidoatoma hirtuin 
Chiron^nldaa 
Erpobdalla eetoculata 
Daphnia hvalina 
Polvphamua padiculua 
Bvthotraphaa lonoimanua 
Cvclopa atranuua abvaaorxain 
Chironomua ap. (P) 
Trichoptara (P)
Dlptera (Ar)
Flah farm food
P-pupaa Ar-Aarial food aourca *-< 0.1%

May
3.5
0.5
0.5
0 . 6

0. 1
0.4

10.5
0.4

83.2

Jul Sap

1.4
1.7

63.3
12.5 
7.1 
0.5 
1. 0

1 0 . 6
0.5

»roan Trout rlah Tarma
Mar May

Lvmnaea pgreqra 8.9 3.6
P. eontortuB 3.3
Valvata olacinalis 1.5
Potamopvroua iankinai 59.7 7.8
Plaldluin obtusala 0.8 0.6
N. avicularia 7.3
B. rhodani 0.8
Colvmbataa ap. 2.4
A. atarrlmua 2.4 1.5
Lifimap^^^yg ap. 5.6
Anabolla nervQaa 12.1
I^Dldoatoma hirtum 0.3

Jul Sap



Chironomldae 
Erpob<l«,il« oetoculata 
Daphnia hvalina 
P o l v p h u m a  padlculua 
Bvthotraphaa lonaimanua 
rvelopa atranuua abvaaorum 
Chlronomua sp. (P) 
Trichoptara (P)
Diptera (Ar)
Fish farm food

May Jul
5.4 *

*
82.0
12.4
4.5
0.5

46.2 *
0.3

0.3
29.4

*

S e p

100

P—pupae Ar-Aorial food source

arown Trotiti Fi.«h iMt.
Ooottrranoa May

2 0 . 0
2 0 . 0
20.0
40.0
1 0 . 0

Colvmbates sp.
A. atarrlmus 
Llmnaphilus sp.
Anabolia nervosa 
Lapidostoma hirtum 
Chlronomidaa 
Erpobdalla oetoculata 
Daphnla hvalina 
Polvphaffiia oadiculus 
Bvthotraphaa lonaimanua 
Cvclops atranuua abvssQruiP 
Chlronomus sp. (P) 
Trichoptara (P)
Dlptara (Ar)
Fish farm food

1 0 . 0

1 0 . 0
1 0 . 0

80.0
1 0 . 0
20.0

p-pupaa Ar»Aarial food source *-< 0.1%



mmtBlx» «t lAttot«! i i f  1 H Ì
Y O l M t i
Potamopvraus Hankinsi 
Anevlua gluvlatllia 
G. laeuatrla 
Baetla ap.
K. a f  rrlmua 
Lapidoat ôma hirtum 
Chlronomida«
Chironomidaa (P) 
chironomua 8p. (P)
Trichoptara (P)
Diptera (Ar)
Coleóptera (Ar)
Hymenoptera (Ar)
Caterpillar 
Fiah farm food 
Vegetation 
Stonea 
Cigarette 
Maggot8
p-pupae Ar-Aerial food source *-< 0.1% 

a.«»K^  Trout at id-ttoral l U t

Mar May Jul Sep
0.1 1.8

8.6
0.1 0.6

8.6
0.9

1.3
0.1

1.8
95.0

8.6
34.3 1.4
8.6

0.9
8.6

53.4 97.2
24.3 
5.9
2.3 
12.5

22.9 0.5

PotamODvrous ânl^in3l 
Anevlua fluvlatilis 
a. lacustris 
Baetis sp.
A. atarrimua 
Lapldoaroma hlrturo 
Chlron^ldae 
Chlron^ldae (P) 
chlronomus sp. (P> 
Trichoptara (P) 
Diptera (Ar) 
Coleóptera (Ar) 
Hymenoptara (Ar) 
Caterpillar 
Fish farm food

Mar May Jul Sep
3.3 4.0

8.0
0.5 1.0

8.0
1.0

2.7
4.3

0.5
88.9

12.0
48.0 45.3
8.0

17.9
4.0

34.8 35.6

291



Vegetation
Stones
Cigarette
Maggots

Mar
9.8 
9.2 
0.5
34.8

papupae Ar-Aerlal food source

May Jul
1 2 . 0

*-< 0.1%

Sep
1 . 2

mmitAoM Trout efc U-tteral » i f  19ÌÌ-t 
OQOttrrenoe.

Potamopyrous lenAlnsl 
Ancvlus fluviatills 
G. lacustrls 
Baetls sp.
Athripsodes sp.
Lepidostoma hlrt u m  
Chlron^nldae 
Chlronomldae (P)
Chlronomus sp. (P)
Trlchoptera (P)
Diptera (Ar)
Coleóptera (Ar)
Hymenoptera (Ar)
Caterpillar 
Fish farm food 
Vegetation 
Stones 
Cigarette 
Maggots

Mar May Jul
20.0 33.3

25.0
10.0 33.3

25.0
33.3

10.0
10.0

33.3
66.7

50
40
30
10
10

Sep

25.0
25.0
25.0

25.0 
4 2 . 9  
14.3

Papupae Ar«Aerial food source

« s Im Ka w  Trout a^ Fleh Fan»a 1 » M .
Har May Jul Sep

Lvmna.a p.r.gra 1.1
P. eontortUB 
v.lv.t« plBcinalia 0.1
Potamopyraua i«nKinal 0.7
Plsidium obtusala 
s. lacuatria 0.2 *



Epti«m#rall« ignita 
Baetia ap. 
a, afcarrimua 
T.inmaphllua ap.
Chi roncmlda« 
rHlronomua ap.
Rgpobdalla octoculatfl 
Daphnia hvalina 
BvthQtiraphaa lonalmanua 
CvGlQpa atiranuxjg abvaaoruffi 
cvclop« viridia 
chironomua ap. (P) 
Polvpadilum ap. (P) 
Trichoptara (P)
Stlcklaback 
Diptera (Ar)
Hymenoptera (Ar)
Fish farm food
Vegetation
Maggots

Mar May

0. 1

Jul
0.4
0 . 2

0. 1
1.5
0.4

39.3

0.4
3.3

59.6 99.0 93.1 
0.3

Sep

0 . 1
0 . 2

0 . 6
0.3

90.2
2 . 0
0.3

p—pupae Ar-Aerial food source *-< 0.1%

.trf.«. Tr««t «1- r i i h  F M M

T.vmna.a peraqre
P- eontottua 
valvat« placlnalia 
Potianiopvraua ^^nkin^i 
PIaldium obtuaal« 
f8- laeuatriB 
Ephamarall« i q n l t f t  
Baatla ap.
X- atarrimua 
T.inmaDhilua ap. 
ChironMnidae 
ggpQbdalla octoculata 
Daphnia hvalin« 
Bvthotraphaa lonaimanua 
evelop. atranuua a b V B lg C U B I

Mar May Jul Sep
1.8
0.4
0.5

25.0 18.1*
3.1 3.9

*

1.2
3.1

27.1
1.6

0.4
15.2
20.9
20.9



Mar May Jul Sep
Cvclops vlridla 1 . 5
Chlronomus sp. (P) 2 6 . 2
Polypedllum sp. (P) 5 . 8
Trlchopt«ra (P) 3 0 . 6 *
Stickleback 1 5 . 6
Diptera (Ar) 5 . 2
Hymenoptera (Ar) 1 . 6
Fish farm food 5 3 . 1  7 3 . 8 2 7 . 1 9.4
Vegetation 1 . 9 1 . 6
Maggots 0 . 5

P*pupae Ar*Aerlal food source *—< 0. 1%
xmm IMS.

Ooourrenoe■
Mar May Jul Sep

Lvmnaea pereora 3 0 . 0
P. contortus 20.0
Valvata piscinalls 1 0 . 0
Potamopyrous ienklnsl 3 3 . 3 5 0 , 0
Pisidlum obtusale 1 0 . 0
G. lacustris 1 6 . 7 1 0 . 0
Ephemerelia ignita 2 2 . 2
Baetls sp. 1 1 .1
A . a t e r r i m u g 1 6 . 7
Limnephilus sp. 2 0 . 0
Chironomldae 1 1 . 1
Chlronomus so. 1 1 .1
Erpobdella octoculata 1 1 . 1
Daphnia hyalina 1 0 . 0
Bythotrephes lonaimanus 1 0 . 0
Cvclops strenuus abvsaorum 1 0 . 0
Cyclops viridis 1 0 . 0
Chlronomus sp. (P) 40.0
Polvpedilum sp. (P) 1 1 . 1
Trlchoptera (P) 5 5 . 6 1 0 . 0
Stickleback 1 6 . 7
Dlptera (Ar) 3 0 . 0
Hymenoptera (Ar) 3 0 . 0
Fish farm food 3 3 . 3  6 0 . 0 44.4 1 0 . 0
Vegetation 1 1 . 1 3 0 . 0
Maggots 10 i o

papupae Ar-Aerlal food source *•>< 0. 1%
♦



di*« daserlptlen eC bsewn treat m 
rainbew trout In the pend eayerina nt exprerned 
pereent ueluM, nuaber nnd eoourrenee.

■teoked »reun Trent Pond A

Lviimaea
pereara
Piaidlum sp.
Gammarua sp.
Gammarua
lacustrls
Nemoura
avicularis
Lauctra
inermi a
Ephomoptara
Ephemera
danica
Ephemerella
ignita
Paralaptoohlabia 
aubmarainata 
Procloeon sp. 
Baetls sp.
Baetis
rhodani
Haliplus
ruficollis
Hvdroporus sp.
Curculionldaa
Htliplua sp-
Trlchoptara 
Limnaphilua ap. 
L. lunatua 
L. coanoaua 
L. axtrlcatua

SMipliJig Varlod
2 3 4 5

0.7

2.5 0.9 0.4

1.2
1.2

4.3
4.3

€
4.0

0.7 0.3
0.4 0.3

7
0 . 2

1.0 0.2
0.4
0. 2

6 .4

0 . 2

0.4 0.3 0.2
0.3
1.7
1.3 6.4 2.2 1.0

0.4
0.3

0.4 0.7 0.8
3.6

1.1 2.2
0 . 6
0 . 2
1 1 . 8

18.8 34.2 
7.3 0.5



Apatanla 
wallanaranl 
Glvphotaellua 
p^llucidus 
Potamophvlax sp.
P. latlp^nnla
Anabolla
nervosa
Hvdatophvlax
infxamatus
Chaetoptervx 2.9
villosa
Polvcentropus sp. 0.7
Saricostoma
personatum
Lepldostoma
hirtxam
Chlronomidaa (L) 5.6
Caratopogonidae (L)0.7 
Empididae (L)
Tlpulidae (L) 
Hydracarlna 
Corlxldaa (N)
Corlxldaa (A) 0.7
Sialis 6.5
lutarla
Chlronomidaa (P) 
Tanypodlnaa (P) *
Aapactrotanvpua (P)0.7 
Macropalopia ap.(P)1.4 
Macropelopia 
nebuloaa (P) 
Pantanaurini (P) 
Conchapalopia ap(P)1.4 
Prodlamaaa sp. (P) 2.9 
Chlronomlnaa (P) 2.2
Endochironomus ap (P) 
Endotandipas sp.(P)5.8 
Paratandipas sp.(P) 
Paraspactra sp. (P)2.2 
Paratanvtarsus (P) 
Stampallina sp. (P) 
Mlcrospactra sp(P) 
Tslchoptasa (P) 2.2

0 . 8  0 . 6

1.5 2.3 6.0

3.5 2.1 1.1

1.7 2.5 4.7 0.3
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stickleback 
Gerrldae 
Vella 
caprai 
Díptera (A) 
Trlchoptera (A) 
Coleóptera (A) 
Elaterldae (A) 
Staphyllnldae (A) 
Hemlptera (A) 
Reduvlldae (A) 
Saldldae (A) 
Cercopldae <A) 
Homoptera (A) 
Lepldoptera (A) 
Trlchoptera (A) 
Cynlpldae (A) 
Gasterupldae (A) 
Xchnuemonldae (A) 
Formlcldae (A) 
Sphecldae (A) 
Apoldea (A) 
Collembella 
Slug
Arachnid
Vegetation
Stones

1 2 3 4 5 6 7
2.5 23.6 1.1 0.8 1.5

1.5 1.0
7.7

13.7 64.0 46.3 53.7 15.9 34.8 7.7
3.6 2.8 0.7 5.3
2.2 0.9 0.4 0.8
0.7

0.4 0.7 0.5
0.6 0.4 0.4

0.9
0.4 1.8 1.8 0.8

1.9 0.9 1.1 0.4
4.3
3.6

1.2 0.7
0.7

*

0.4 2.3 0.6
3.7 0.4 0.4 1.1 4.8 0.4

0.4 2.5
2.9

0.4 *
12.5 6.4
0.4 0.2

5.7 0.6 1.3 11.3 5.1 0.8 2.1
2.2 1.2 3.9

L*Larvae/ N^Nymph, P^Pupae, A^Adult
1- 16/ 7/ 88, 2- 1/ 8/ 88, 3- 12/ 8/ 88, 4- 26/ 8/ 88, 5- 16/ 9/ 88, 6- 26/ 9/88 
7- 25/ 10/88



1 2 3 4 5 € 7
Lvmnaea 0.2 0.5 0.4
D^raora
Piaidlum sp. 1.6 1.2 0.2 1.0 0.4
Gamnarus sp. 0.4 0.4
Gaiwnarua 0.4
lacuatria
Namoura 9.3
avicularia
Lauctra 5.4 0.2 0.4 0.3 0.4
inarmla
Ephamopt ara 0.4
Ephemara 0.4
danica
Ephemarella 8.1 0.4
ignita
Paraleptophlebla 0.4 0.3 0.4
aubmaralnata
Procloeon ap. 0.4
Baatis sp. 0.9 2.0
Baatia 1.6 5.9 3.9 1.0 0.8
rhodani
Hallplua 0.4
ruflcollia
HYdt9PgrU8 sp. 0.4
Curculionidaa 0.2
Haliplua ap. 0.3
Colvmbatea ap. 0.2 0.8 0.7 1.2
Trichoptara 1.6 0.4
Llmnaphilua ap. 0.2 0.8 12.0
L. lunatua 1.8
!.. coenoaua 1.8
L. axtrlcatua 9.1 13.6
la. rhombicua 0.4 0.3
Apatania 6.6 0.4
wallanaranl
Glvphotaaliua 0.5 0.4
pallucidua
Potamophvlax ap. 0.4
P. latlpannia 0.4



Anabolia
narvoaa
Hvdatophvlax
Infumatus
Chaatopt arvx
villosa
Polvcantropus sp# 
SaricoatCTiia 
paraonatvun 
Lapideatoma 
hirtum

2
0.4

7
0.4

0.8 0.7 1.6

0.9

0.9

Chironomldae (L) 9.0 13.2 3.9 9.5 5.4 2.0 5.4
Caratopogonldaa (L)1.8 1.2 0.2 1.2 0.4
Bmpldldae ( D 0.4
Tlpulldae ( D 0.3
Hydracarina 5.6 5.9 1.1 0.8 1.0 2.3
Corlxidaa (N) 0.2
Corlxldae (A) 0.9
Slalla 1.8 0.8 0.5 0.4 0.8
lutarla
Chironomldae (P) 0.4
Tanypodlnae (P) 0.9
Aapectrotanvpua (P)0.9 0.6 1.8

0.2
Macropelopla 0.4 1.6 0.5
nebulosa (P)
Pentaneurlnl (P) 0.4
Conchapelopla sp(P) 1.8
Prodiamesa ap. (P) 5.4 4.3 1.8 11.6 0.2
ChlronOTilnae (P) 2.7

so (P) 0.2
Endotendipes sp.(P)9.9 0.8 0.4
Paratendipes sp.(P) 0.4
Paraspectra sp. (P)2.7 0.8 0.5
Paratanvtarsus (P) 1.6 2.7 2.3
Stempellina sp.(P) 5.2 5.9 0.9 6.2 1.7
Mlerospeetra sp(P) 1.2
Trlchoptera (P) 0.9 0.4
Stleklebacìc 0.4 0.8 0.2 0.3
Gerrldae 0.8 0.5
Velia 3.9
caprai
Diptera (A) 15.3 61.8 58.0 63.6 35.3 64.2 31.0
Trlchoptara (A) 1.1 0.4 0.3



Coleoptttra (A) 
Elatarldae (A) 
Staphylinldae (A) 
Hamlptara (A) 
Reduvlldaa (A) 
Saldldaa (A) 
Cercopldaa (A) 
Homoptera (A) 
Lapidoptara (A) 
Trlchoptara (A) 
Cynlpidae (A) 
Gasterupldaa (A) 
Ichnuamonidaa (A) 
Formlcldaa (A) 
Sphacidaa (A) 
Apoldea (A) 
Collemballa 
Slug
Arachnid
Vegetation
Stones
Feather

1 2 3 4 5 6 7
1.8 0.8 0.4 0.3
0.9

0.2 0.8 0.3
0.4 0.8 0.2

0.4
0.4 1.1 1.9 0.7

1.6 0.8 0.2 0.4
3.6
1.8

0.4 0.2
0.4

0.3

0.4 0.4
2.0 0.4 0.9 1.9 6.9 1.2

0.4 2.5
0.9

0.4 0.4
0.5 1.2

0.4 0.4
6.3 0.4 3.9 4.7 9.7 1.0 3.9
4.5 0.4 2.7

L->Larvae, N^Nymph, P^Pupae, A-Adult

■took«d »rown Trout goad A. 
Ooourrwio«.

Saa^pllng Period

1 2 3 4 5 c 7
Lvmnaea 5.9 12.5 5.3
pereara
PiBidium sp. 7.7 7.7 5.9 6.3 5.3
Gammarua sp. 5.9 5.3
Gammarus 5.3
lacuatris
Nemoura 11.8 6.3 31.6
avicularls
laeuctra 14.8 5.9 5.9 6.3 5.3
In.rmis
Bphemoptera 7.7





Corlxida« (N)
Corlxlda« (A) 3.7
Sialia 7.4
lutarla
Chlronomldaa (P) 
Tanypodlnaa (P) 3.7
A«p.etrot.nvi»u« (P)3.7 
Macropelopla 8p.(P)ll.l 
Macropelopia 
nebulosa (P) 
Pentaneurinl (P) 
Conchapelopia sp(P)ll-l 
Prodlamesa sp. (P) 18.5 
Chlronomlna. (P) 7.4
Endochironorous sp (P) 
Endotandlpes sp.<P)18.5 
Paratendlpes sp.(P) 
Paraspectra sp. (P)3.7
Paratanvtarsus (P) 
Steiopelllna sp. (P) 
Mlcrospectra sp(P) 
Trlchoptera (P) 3.7
Stlckleback 
Garrldaa 
Valla 
caprai 
Dlptara (A)
Trlchoptara (A) 
Colaoptara (A) 
Elatarldaa (A) 
Staphyllnldaa (A) 
Hamlptera (A)
Raduvlldaa (A)
Saldldaa (A)
Carcopldaa (A)
Homoptara (A) 
Lapldoptara (A) 
Trlchoptara (A) 
Cynlpldaa (A) 
Gastarupldaa (A) 
Ichnuamonldaa (A) 
Formlcldaa (A) 
Sphacldaa (A)
J^oldaa <A) 3.4

2 3 4 5
5.9

7.7 11.8 5.9

7

10.5

7.7

15.4 5.9 
5.9

7.7 15.4 11.8

5.9

23.1 29.4 23.5 6.3

5.9
15.4 7.7
7.7

11.8 12.5
23.1 17.6 29.4

23.1 23.1 5.9 23.5 12.5
7.7

5.9
7.7 15.4 5.9 6.3 5.3

11.8 12.5
21.1

37.0 76.9 92.3 100 88.2 87.5 63.2
11.1 23.5 5.9 6.3
7.4 7.7 5.9 6.3
3.7

5.9 11.8 6.3
7.7 7.7 5.9

7.7
7.7 17.7 17.7 18.8

15.4 15.4 5.9 5.9
11.1
7.4

7.7 5.9

5.9
6.3

5.9 12.5 5.3
30.8 7.7 11.8 11.8 37.5 15.8

5.9 25.0



Collttmb«lla
Slug
Arachnid
Vegetation
Stones
Feather

3
7.7

5 6 7
5.3

6.3 15.8
5.9 5.3

25.9 7.7 15.4 41.2 52.9 18.8 15.8
7.4 7.7 7.7

7.7

L^Larvae^ N*Nyinph# p*Pupae» A“Adult

mxmm Treni: Pond A
Tn 11IBI

Lvmnaea
oereara
Pisidium sp.
Nemours
avlcularia
Lauctra
inermia
Baetis sp.
Baetis
rhodani
Hvdroporus
ferruQineua
Haliplua ap.
colvmbetaa ap,
Trichopt.ra(L)
o.ceatia ap.
T.imnaphilua ap.
!.. lunatua
I., axtricatua
m  vphotaaliua
pallucldua
HwHat-ophvlaX
Infumatua
Chaatoptarvx
vllloaa
Sarleoatoma
paraonatum

■ai^llng »«rlod 
2 3 4 5 C

1 .2

1.2
1 0 . 1

3.3
3.3

7.9 2.4

1.5 2.4
2.4 1.8 .

2.9 5.6 19.5
t2.4

27.5 34.5
1.2

7.3 16.7
1.8

S.8
5.6
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1 2 3 4 5 6
Cynipidae (A) 16.0
Ichnuemonidae (A) 1.0
Formicidae (A) 2.2 9.3 4.3 3.9 1.3
Sphecidae (A) 4.0
Slug 2.3 2.2
Arachnid 4.4
Vegetation 6.7 6.5 3.9 2

If^Larvae, M^Mymph, P^Pupae« A>Adult

Indloanou» » r o m  Trout Fond K.

Lvmnaea
pareara
Plsldiuro ap.
Nemoura
avlcularl»
Leuctra
inermiS
Baetis ap.
Baetis
rhodani
Hvdroporus
farrualnaua
HaliPlua ap.
Colvmbetea ap.
Trichoptera
Oeceatia ap.
Limnephilua ap.
L. lunatua
L. extricatua
Glvphotaellua
pelluclduB
Hvdatophvlax
infumatua
Chaetoptervx
Odontocercum
tlbigorn»

•aapllag Berlod 
2 3 4 5 < 7

2 0 .0

2 0 . 0
40.0

2 0 . 0

2 0 .0  2 0 .0

40.0

33.3 66.7 33.3
33.3

33.3
33.3
33.3
33.3

40.0
1 0 . 0

33.3
20.0
2 0 .0





Haliplua 
ruficQllla 
Hallplua ap. 
Colvmbatea sp. 
Trlchoptara(L)
L. daclplena 
L. ariaaua 
Anabolia 
narvoaa
Chlronomldaa (L)
Hydracarina
Sialis
lutaria
ChlroncMnidaa (P) 
Tanypodlnaa (P) 
A»D»ctrot«nvpu« (P) 
Macropelopla sp.(P) 
Maeropelopia 
nebulosa (P) 
Prodiameaa sp. (P) 
Endotendipas sp.(P) 
Stempellina sp.(P) 
Placoptera Exuviae 
Trlchoptera (P) 
Stickleback 
Hvdrometra 
ataonorum 
Diptera (A) 
Elateridae (A) 
Berytinidae (A) 
Saldidae (A) 
Cercopidaa (A) 
Trichoptera (A) 
Gasterupidae (A) 
Formicidae (A)
Slug
Arachnid
Vegetation
Stones
Feather

4
0.3

1.5

6 . 1

3.0

3.0

36.9
1.4
2.7

0.9

1.4 

0.5

1.5
12.1 3.6
1.5
1.5

0.5
9.1 0.5

6 . 0
2 . 0
o . e

0.3

O . e
0.5
0.5

21.2
4.6
27.3 47.3 85.3 95.4 100 

1.4
6.1 0.5

L«Larvae, N-Nymph, P-Pupae, A-Adult
1-16/7/88, 2-1/8/88, 3-12/8/88, 4-26/8/88, 5-16/9/88, 6-26/9/88 
7-25/10/88
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atock^d Trottt >and ».
• • ■ p llo g  V a r ie d

1 2  3 4 5
Lvmnaea 1 • 6
parcara 
Baatla
rhodanl 
HaliPlus 
ruficollia 
Haliplua 8p.
Trichoptera 
L» dccipxans
L. ariaaua 
Anabolia 
nftfvgga
Chiron^nldaa (L)
Hydracarlna 
Sialis 
lutaria
Chlronomidae (P)
Aapectrotanvpua (P)
Macropelopla ap.(P)
Macropelopia 
nebuloaa (P)
Prodiaroeaa ap. (P)
E n d o f  ndlpas sp. (P)
Stampallina ap.(P)
Plecoptera Exuviae 
Trichoptera (P)
Stickleback 
Hvdrometra 
ataonorum 
Diptera (A)
Elateridae (A)
Berytinidae (A)
Saldidae (A)
Cercopidae (A)
Trichoptera (A)
Gaaterupidae (A)
Formicidae (A)
Slug
Arachnid 
Vegetation

4.8 1.3 3.7

0.9

2.1
0.9

2.1
0.6

4.1 9.5

4.1 4.8 1.8
0.4

4.8 0.4

1.6
4.1

4.8
0.6

1.6 0.6
9.1

3.2
26.2 14.0

4.8 2.2
0.4

2.0

12.2
2.0

14.2 0.4

2.0
1.6 0.4

8.2 1.6
0.4

1.6
1.6

2 .0
4.1
44.9 39.7 64.0 72.6 100
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1 2 3 4 5 6 7
An abolla 37.5 38.5
nervosa
Saricoatoma 3.9 6.8 28 .<

LapidoatCTna 1.3
hirtxam
Chlronmnldaa (L) * 1.3 0.9 0.3
Empldidaa (L) 0.3 1.5
Hirudinaa 1.4
Ollgochaata 17.5
Sialls 14.8 4.1 1.0
lutarla
Chironomldaa (P) 0.4
MacroDeloDla so.(P) 1.0

0.9
Stampallina ap.(P)
Garrldaa 5.6
Garris 1.9

Hydr^nat rldaa 0.9
Valla 2.5 0.3
caprai
Diptera (A) 54.8 42.7 32.3 51.4 48.5 0.7
Trlchoptara (A) 3.2 4.2 14.4 7.5
Colaoptara (A) 0.9
Staphyllnldaa (A) 0.9
Barytlnldaa (A) 1.6
Saldldaa (A) 1.0 1.3 0.8
Carcopldaa (A) 9.7 0.4
Trlchoptara (A) 2.2
Ichnuamonldaa (A) 1.0 0.9
Formlcldaa (A) 1.0 0.9 2.8 2.7 0.2
Collamballa 0.3
Slug 14.0 1.9
Arachnid 4.8 0.4 0.3
Vagatatlon 5.2 0.9 0.9
Stonas 3.1

L*Larvaa, N*Nymph, P>-Pupaa, A*Adult

1-16/7/88, 2-1/8/88, 3-12/8/88, 4-26/8/88, 5-16/9/8Í
7*25/10/88
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1 2 3 4 5 6 7
Garría 0.8
lacuBtrl»
Hydr OTiat r Idaa 0.6
Valia 1.0 0.9
caorai
Díptera (A) 78.4 69.6 65.9 81.0 83.5 6.5
Trlchoptara (A) 1.4 2.5 6.2 2.4
Coleóptera (A) 0.8
Staphyllnldaa (A) 0.8
Barytinldaa (A) 1.4
Saldldaa (A) 1.3 2.2 0.8
Carcopldaa (A) 6.8 0.6
Trlchoptara (A) 0.4 -
Ichnuamonldaa (A) 1.3 0.8 .
Formlcldaa (A) 1.3 1.7 3.2 4.3 0.9
Collamballa 0.2
Slug 0.8 0.2
Arachnid 2.7 0.6 0.2
Vegetation 7.6 2.2 0.8 .
Stonea 1.3

Ii^Larvae, NaNymph, P^Pupa«/ A-Adult
1-16/7/88, 2-1/8/88, 3-12/8/88, 4-26/8/88, 5-16/9/88, 6-26/9/88 
7-25/10/88

»toofcad Brown Tro^t; Fond B. 
Oocurrano#,

Lvmnaaa
peragra
Planorbus
laevis
Ancvlua

riigidimn BP-
Leuctra
inarmia
Baatia
rhodanl
Coleóptera
Halophorua ap.

pllag Paslod 
3 4 S < 7

20.0 12.5 22.2

1 1 . 1

11.1
2 2 . 2

10. 0

12.5 20.0



1 2 3 4 5 6 7
HallpluB sp. 12.5
ColvmbeteB Bp. 20.0 12.5 11.1
Trlchopt«ra 12.5
LimnephiluB Bp. 25.0
L. BubcBntrallB 25.0
L. axtrlcatuB 22.2 75.0
GlvphotaalluB 75.0
pelluclduB
P. latlpannls 25.0
Anabolia 40.0 37,5
nervosa
Sericoatoma 10.0 22.2 75.0
p c ra g n a tu iB
LapldoBtoma 10.0
hirtum
ChironOTildae (L) 12.5 20.0 12.5 11.1
Empidldaa (L) 11.1 50.0
Hlrudlnaa 11.1
Ollgochaeta 10.0
Sialla 50.0 33.3 50.0
lutarla
Chiron^nldaa (P) 10.0
Macropelopia sp. (P) 12.6
Prodiamasa sp. (P) 12.5
St amp» 11 ina ap. (P) 12.5
Garridas 25.0
Garría 12.5
lacuatris
Hydromat r Idaa 10.0
Valia 44.7
caprai
Diptera (A) 100 50.0 60.0 75.0 77.8 25.0
Trlchoptara <A) 20.0 25.0 30.0 25.0
Colaoptara (A) 12.5
StaphyXlnldaa (A) 12.5
Barytlnldaa (A) 20.0
Saldldaa (A) 12.5 10.0 33.3
Carcopldaa (A) 80.0 10.0
Trlchoptara (A) 22.2
Zchnuamonidaa (A) 12.5 12.5
Formlcldaa (A) 12.5 10.0 25.0 44.4 25.0
Collamballa 11.1
Slug 12.5 11.1
Arachnid 40.0 10.0 11.1



Vegetation
Stones

3 4 5 6
25.0 10.0 12.5
12.5

L>Larvae, M-Mymph, P*Pupae, A*Adult
1-16/7/88, 2-1/8/88, 3-12/8/88, 4-26/8/88, 5-16/9/88, 6-26/9/88 
7-25/10/88



App«n41x S* tbm  e ard  « « « d  la  thm  Xft7 aad aaglar c m m s .

t — MA
/ S \  l o c h  AWB FISM ER ieS P R O JE C T 
r v y  IN S T U V T E  OF AOIMCULTUNE 
V X /  L N lV C R S m  OF STIRLING

Racord tha walghi of each f is h  caught

Brawn Trout

Rainbow Trout

RaaTraut

•alaian

eharr

Mi m i

Datai

F is h in g  Tlw a  | h rs )i 

Shora/Bost
NiMter af Badai

INSTfUCTIGNS

<1) CNLY uss t h is  c a rd  whan f is h in g  on Loch Am

<2) F i l l  In  the In fe n n s tle n  sskad fo r  o v s rlo s f*  ssing  s nov card
aach d a y . I f  you doo*t hava any a c a la s . a a tla a ta  tha flah  aw ight 
and a nno tata  tha a n t ry  w it h  *B*. I f  a f la h  la  ra uiraad  aatiw ata 
tha w a lg h t and annotata w it h  •B*. EVDf IF  MO F lS t  ARB CAUOfT 
RBlVItf T m  O a # L B T ID  CAK> W ITH THB T U A  SPBIT FISHING.

O )  Fdr *Othar Spaclaa* caught anno tata  tba weight w ith  *Fa* fo r R arch, 
•F* f o r  F lh a  and *Ba* fo r  B a l.

( 4 )  C o a ^ la ta d  ca rd s  should bo ra tu rn a d  to  Loch Am  F laharlaa
P ro lo c t  bonas a t any o f tha h o ta la  a t e . that ara lla ta d  on tha 
p o s ta rs  o r  to i W1LL14M D ttC A N , IN S T l lU IB  OF AOUACULIVRB.
B TIR LIN G  U N IV B R S m . S TIR L IN G . PK9 4LA
Thanks ara aapraaaad t c  Gaorpa Rallantfna 4 Sen L td .
the  whialtp d f a t i l l a r a .  who hava IrindZg peid f o r  fha production
o f  thomo aarda.
TSAMK r o v  fOS yous C O O m A T IO S


