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The Effect of Flooding on the Growth Rate of Brown Trout in
Loch Tummel

INTRODUCTION

Loch Tummel, in central Perthshire, was more than doubled in length when some 700 acres along
the course of the River Tummel, at the inflow and outflow of the loch, was flooded by the closing of Clunie
Dam in 1950 to provide water for hydro-electric power. Most of the flooding occurred at the west end
of the loch. The new loch is nearly 7 miles in length.

The area flooded consisted mostly of grazing and arable land with riverside marsh, and the rest of
deciduous woodland and rough grazing. Flooding was carried out in two stages; an initial rise of 4 feet
took place in February, 1950, followed by a further rise of 15 feet during September and October of the
same year.

GROWTH OF TROUT

As this investigation was not started until the spring of 1952, when the size of the catches and the
average weight of trout taken from Loch Tummel had begun to attract considerable attention, evidence
of the effect of flooding on the growth rate of trout has had to be obtained from the examination of scales
taken from fish caught from 1952 onwards.

It soon became apparent that, in order to assess the effects of flooding on growth rate as clearly as
possible, it was necessary to differentiate between fish which had spent one, two, three and perhaps
more years in their nursery stream before migrating to the loch or main river. It was possible to ascertain
this, in nearly every case, by scale examination. The results of this analysis are given in Table 1.

TaBLE 1
Years in Number %
Nursery Stream of Trout
I 36 15
2 118 5I
3 63 27
4 or more 16 7

233

These results may be compared with those of Allen (1938) who found, in 191 trout from Windermere,
that 129, were one stream-year, 76%, two stream-year and 129, three stream-year fish.

Trout which only spend one year in the nursery stream before migrating to the loch are, at the time
of migration, larger than those of the same age which remain. This early advantage is maintained, as
once in the loch they encounter better feeding conditions earlier in their life, and they become bigger,
age for age, than the fish which spend two or three years in the stream (Fig. 1). Similarly, fish which
spend two years of stream life before migrating are bigger, age for age, from their first year onwards,
than those spending three or more. The origin of the fish showing more than three years of stream life
is not clear, but it is possible that some could have been the native stock of the stream overtaken by the
rising loch. The growth rate during the stream life of young loch trout may govern the time of migration,
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Fig. 1 Growth of trout of the 1946 year class, Loch Tummel. Broken line indicates stream life, full line indicates loch life.
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Fig. 2 Annual length increments of trout in Loch Tummel, before and after flooding. Post-flooding increments are shown
by shaded blocks. A—One stream-year fish; B—two stream-year fish; C—three stream-year fish. Fish caught of

the 1945 and 1947 year classes did not include any which had only spent one year in the stream before migrating
to the loch.
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As the growth rate varies between successive years of loch life, the clearest way of demonstrating the
effect of flooding on growth rate is to compare the annual increments of growth in the loch before and
after flooding. This comparison is made in Fig. 2, and suggests that:

(a) Trout of the one stream-year class show, overall, less response to immediate post-flooding
conditions than those of the other two classes. Trout of the two and three stream-year classes show a
marked increase in growth during 1950 and 1951. The greatest increases in the oldest trout are shown
by three stream-year trout in their second and third loch years. The general picture is that the smaller
trout show the greatest response to the increased food supply brought about by flooding. This was also

the case in Haweswater where Frost (1956) found that trout in their second year of life showed the
greatest increase in growth rate following flooding.

(b) The increased growth rate produced by flooding only extended through 1950 and 1951. In
1952 there was a marked diminution of growth rate, particularly in the older fish.

(¢) In 1953 there was some recovery in the rate of growth for trout up to their sixth year. Those
in their seventh or later years showed little or no growth for 1953 but there are no pre-flooding comparisons
(Fig. 3). This recovery may have been due to an increase in food available, provided by the fauna of the
original loch becoming established on the new bottom, or an effect of the removal of large numbers of
fish (trout, pike and perch) by anglers in 1952 and 1953.
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Fig. 3 Growth of trout in Loch Tummel, 1945-53.
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Before flooding, only trout of the one stream-year class could attain an average weight of about 2 lb.
(or an average length of about 42 cm.) in five years, but the effect of flooding increased the growth rate
to such an extent that by 1952 this was also accomplished by the average two and three stream-year
trout. As a result of this big increase in growth rate the loch contained at least twelve classes of trout
(four age groups) which had attained a weight of this order or greater. One stream-year trout are
numerically the smallest class in an age group' (see Table 1) and it follows, therefore, that flooding would
produce a considerable increase in the number of large trout as the addition of the two and three stream-
year trout of the 1947 year group alone to this category would cause a substantial increase in numbers

by 1952.

It should be mentioned at this point that the effects of flooding, just discussed, were not confined to
trout. Examination of the opercular bones of perch showed that they also grew exceptionally rapidly
during the two years following flooding and, like trout, the larger perch showed a sharp decline in rate
of growth during the following year.

FLOODING AND FOOD

As no information is available concerning the chief growth periods or the diet of trout during the
first and second years after flooding, the reasons for the considerable increase in growth rate which
took place are a matter of conjecture.

During the initial stages of flooding there would be an abundance of submerged terrestrial insects,
including pupa and larva, earthworms and other fauna. By 1952 the stomach contents of trout were
largely composed of bottom fauna.

This diet was evidently insufficient in quality or quantity to maintain the high rate of growth of the
two preceding years (Fig. 2). Flooding must have provided a source of food that lasted for a considerable
time but which was probably exhausted before the fauna from the old loch had fully colonised the new
bottom. If bottém fauna had been abundant, even if it was not sufficient to meet the food requirements
of the then large population of big trout, at least the smaller trout would not have shown a decline in
growth rate in 1952 (Fig. 3).

The food which would seem most likely to be responsible for the rapid growth of trout in 1950 and
1951 was earthworms. Stephenson (1930) records that earthworms are one of the best foods for fish and
recent experiments (Roots, 1956) have shown that some species can exist for many months in soil under
water. Allolobophora caliginosa has been observed to live under these conditions for nearly 8 months, while
A. terrestris f. longa and Lumbricus rubellus survived 50 and 39 weeks respectively. All these three species
are present in the land round Loch Tummel and if they survived under field conditions for periods
comparable with those found in the laboratory, they must have been present for a considerable period
after flooding. As flooding took place in two stages, separated by an interval of 7 months, earthworms
would have been present up to 18 months after flooding began. This source of food should, therefore,
have been present over two periods when trout normally grow rapidly. Observations made during the
course of the present investigations showed that earthworms, contained in 6 cm. of saturated earth
covering the bottom of a small aquarium, usually rested with up to 2 cm. of their posterior ends pro-
truding from their burrows and that they occasionally left their burrows and roamed over the soil surface.
If this behaviour is also shown under field conditions, there is good reason to suppose that the worms
were available to the fish. :

As the stomach contents of fish caught in Loch Tummel during the period immediately following
flooding were not available, it is not possible to provide direct evidence for the suggestion outlined in
the previous paragraph. It is of interest to note, however, that when Loch Eigheach on the edge of
Rannoch Moor was flooded in June, 1953, trout caught five weeks later had earthworms and other
terrestrial fauna in their stomachs.
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An attempt was made to estimate the weight of earthworms available in the land round Loch Tummel
by digging up 1 square yard plots of earth in the arable and grazing land round the loch. The results
indicated that about 300 Ib. of earthworms per acre were present. This estimate may well be conservative
as Guild (1951) gives figures of 4 to 6 cwt. of worms per acre for pasture land on a medium loam soil.
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SUMMARY

1. An account is given of the eflect of raising the level of Loch Tummel on the growth rate of trout
in the loch. The level of this loch was raised during 1950.

. 2. Inorder to assess the effects of flooding on growth rate as clearly as possible, it was found necessary
to determine how long the trout had spent in their nursery streams before migrating to the loch. Most
(51%) of the fish had spent two years in the nursery streams before migrating, 279, had spent three years
and 15%, had left the nursery stream after one year.

3. The most marked increases in growth rate were shown by two and three stream-year trout, the
one stream-year fish generally showed less response.

4. The increased growth rate produced by flooding was only shown during 1950 and 1951. In
1952 the rate of growth decreased markedly, particularly in the older fish.

5. The reasons for the increased grow.h rate shown during 1950 and 1951 are discussed and it is
suggested that earthworms might have provided the increased food supply which produced the higher
rate of growth.
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