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same time constitutes a barrier to upstream movement. At the end. of this

of movable Wolf grilles is placed which captures descending fish and. at the

For a number of years a counting fence has been in operation at the limit

by

of tidal influence on the River Axe in Devona This consists cf a flat-topped

conditions the entire flow of the iver can be taken through the trap. The

and are between 250 and 500 for salmon and between 2,500 and. 4,300 for sea-

of the weir in a trap compound for ascending fish which gain access to it

of water even in the lowest of summer flows.

average daily flow of 165 cusecso The upst"9\3.m trap is inspected at half

salmonids have been eomplieated by the lack of detailed knowledge of the

half cf the sea-trout run eonsist~ of immature fish. The river flows vary

trout. The salmon run is mainly eompo~ed of 2 sea-winter fish and more than

ascending fish trap is 2~ feet below the weir top so that in dry weather flow

through re-entrant grilles 'Ti th a vertical slit opening. The floor of the

the weir can be regulated by various means; there is thus always an attracting

underwater weir occupying sixey feet of river width. On this neir an apparatus

barrier is a corridor, ~rith grilles on its river side, ending 25 feet upstream

hourly intervals and fish counted or marked, measured, sampled for seales and

released upstream.

flows through the ascending fish trap~ through the corridor grilles and over

from about 28 cusees during a dry summer to around. 2,700 eusees with a mean

availability of fish in the 10\'10::" reaehes of the river or the extent of the

flow passing down through the trap for ascending migrants, with a good depth
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influence of fresh water in the sea. Thus the number of fish migrating

upstream in response to a given stimulus cannot strictly be compared from

one season to another or even in certain cases from day to day without
. .

certain assumptions being made about the number of fish in this catchment

area. Neither the extent of this catchment area, which may vary with the

wind and tide direction and also with the river flow, nor tho availability

of fish in the area is known for the River Axe so no attempt has been made

here to treat the data mathematically. Instead a purely o:.l!:li.l"ic:.l .::.pprcach

has bcen made by plotting cumulatively the numbers of upstream migrants on the

flow charts and noting where changes in the number per hour have occurred.

this way it has been possible to isolate some of the factors affecting up-

stream migration and to highlight seasonal variations in response where

availability is not the limiting factor or where assumptions can reasonably

be made about availability.

Discussion

In

•

Alabaster (personalcommunication) has shown that taken over the whole year

flow and upstream migration of salmon in the River Axe may be considered as

being distributed approximately log-normally; but that salmon generally select

higher than average flows. If the data are examined on a monthly basis however,

systematic deviations from log-normality are apparent especially in the summer

months, when a significant number of fish migrate at relatively low flows. This

is shovm very clearly in the cumulative sum graphs for June and November, 1964,

(Figure 1).

If the November curve is considered first it will be seen that the river waS

running at lessthan 105 cusecs for 610 hours; but that only 6 fish were passed

through the trap during this time. In June the duration of these flows was

similar but .39 fish were passed up showing clearly low water movements. If now

the 140 cusec points are considered it will be seen that the numbers of fish

for the two months in question are approximately equivalent and that the

duration of flows is also of the same order. Further increase in the flow does
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not lead to further increases in the rate of salmon migration expressed as

number of fish counted per hour in November; the cusum graph remains strictly

linear up to the maximum. In June however the rate increases steadily to the

maximum flow (275 cusecs). This may be interpreted in two ways:- (a) avail-

ability of fish is much lower in June than in November thus depressing the

upper part of the curve. (Low water moveruents as shown would also have the

effect of lowering the availability of fish for high flows). (b) An increase

in flow in November provides a greater stimulus than tho same increase in June.

At this point 'some assumption must be made about availability. The

upstream migration of salmon in the River Axe may be considered for ~~e purpose

of this study as composed of three separate "runs" ascending theriver in

spring, summer and autumn, the spring run ascending from March to the middle

of July, the summer run (1 sea-vdnter fish) from the beginning of July until

the beginning of December and the true autumn run (2 sea-winter fish) chiefly

in October and November nlthough some of these fish may enter the river as

early as June. The peaks of these migrations appear tobe in May orJune,

August and October or November respectively, thus the total availability of

fish probably increases from virtually zero in January to a peak in July

decreasing again in September with a further peak in October or November.

Therefore June may be considered to have a lower availability of fish than

November, thus explaining the shape of the upper part of the curve~ particularly

if the migration of .about. 5afb..of-_ theJune 'f±~h ~t';fl~w-b'61~vr~105 cusecs is

considered. If May i snow assumed to have a smnller availability 'of 'fish thllIl
"

June, the follo\7ing table shows thut the fish are only responding to higher

flows than in June • Applying the same line of roasoning to April still 1'ewer

fish c.re available but these select even higher flows, whilst in February and

March fish movement is only recorded during very high flows. In July and

August many fish migrate c.t flows less than 50 cusecs but as will be shown

later a large response is possible to a small spate. Normally few fish

migrate in September even if there is a spate, this adds support to our
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assumption concerning availability. The runs of salmon in October and

November (generally these are the months in which the biggest runs ooeur)

appear to be related sinee if high flows oeeur in Ootober large runs of fish

are sometimes recorded to the detriment of the November and December runs.

In 1964, however, the availability of fish in October apparently remained low

because although high flows oceurred few fish ascended until November and to

a lesser extent December.

Monthly %availability of f10ws 1ess than those sho~n. 1964.

99 100

98 100

Flow (cusees)
275 595

100

88 98

66 83

97 100

97 99

99 100

.. 50 140

January 83

February 71

. March 33

April 19

May 46

June 22 90

July 67 100

August 72 100

September 80 100

October 76 97

November 50 91

December 19 72 86 93

1,41+0

100

95

97

No. of Salmon migrating at flows shown above

4

3

43

4

3

43

o

o

o

9 20

22 35

67 71

+ 5 at UnknO\Vll f10w (less than 140 cusecs)

18

91
35

January 0

February 0

March 0

April 1

May 8

June 3 48

July· 20 24

August 14 27

September 2 4

October 6 10

November 2 .39
December 3 14



As this juncture it is necessa~ to comment in more detail on low water

movements in the summer. Data for the time cf passage of upstream migrants

through the trap in Juno, 1967 has been utilised in compiling the graph

(Figure 2) showing diurnal movement. During this period tho flow did not

rise above 105 cusecs and it is easily seen that most of the fish were passed

up during the hours of darkness. It is Dlso noteworthy that a significantly

greater proportion migrated in the late evening than the early morning; this

may be a temperature effect but it is considered to be more possibly due to

the shadow cast over the river and particularly aeross the eorridor leading

to thc trap by the high western bank: of the river.

It has not been possible to isolate any one faetor regulating these

nightly movements, rather it is thought that eertain combinations of

temperature, tide and. rainfall may be neeeSsary to induce fish movement.

Certainly a hoavy rain shower vüth no eoncomitant increase in flow is

frequently associated vüth an inerease of fish movement the follovdng night.

High (Spring) tidal eonditions also appear to promoteupstroam migration

and on oceasion an increase in tho sea-trout run seems to be associated with

rapidly'falling barometrie pressure; but any of the above changes does not

neeessarily guarantee nightly migration and these movements may be more

closely linked to other noeturnal behaviour patterns. This aspeet of fish

movement is eonsidered to be very important in spite of the laek of

information regarding the eausative factors, since in largo rivers vdthout

obstruetions or shallow water near thcir mouths a high proportion of the

salmon, and possibly nearly all thc soa-trout, may ascend far up towards the

head-waters without thc aid or attraction of a spate.

It has already been dcmonstrated that light intonsity limits the movement

of fish under low water conditions. Ir now thrce isolated floods are

considered in detail (Figures 3, 4 and 5) it can be shown that the effeet of

the time of day in restricting fish movement deereases ,vith inereasing flow

and with thc time of ycar. In thc period November 13th-18th 1964 for instance

5.



there are no step~~se increases'denoting diurnal variation in movements:in·the

poriod fo11owing the first spate. In the graphs for July 1967 andAugust 1962

these are apparent for the soa-troutnnd in July 1967 for the salmon; also,

during the spate on August 7th 1962 and July 23rd 1967 marked reductions in the

rate.of migration of both calnon ap-d sea-trout oeeurred, in the pEJriod short1y

before noon.

The problem of comparillg spates in nmply domonstrated again by considering

the three small rises in Novenber 1964. Salmon movement was initiated by the

first freshet, quicl~y reached a m~mtun level and ceased after the river had

returned to normal, a further small rise again initiated migration but at a

considerably lower rate, on the third rise only two salmon were counted up.

This effect can again be explained simply by a lower availability of salmon

during th~ two.later rises; but if the curve for large sea-trout is examinecl

it will be seen that only the first rise was effoctive in promoting migration

and that thereafter the fish ran at a fixed rate rogardless of water conditions.

Note also that small sea-trout do nat respond to changes in flow throughout the

Novomber period, and that during both the summer spates, in July and August, a

markod docrease in migration rate is noticeable dur~ng the run-off but that the

rate increasez again as the river falls to near its former level.

Large ntunbers of rinh of either spocies have navor been passed through the

trap at very high flows. This statement requires some amplification since

there is evidence that 1'i3h da run undor thece conditions; during very heavy

spates the doscending fish trap is somotimes lowered to avcid dnmage to the

installation from too grüat an acelli~uJ.ation of trash on the strueture; on these

oceasions, heavy escapements of fish ean oeeur (in 1967, 90 fishwere estimated

fromthe subsequentkelt run to have passed through the trap during 28 hours

in October when the trap was damaged) yet no heavy runs·of fish have been

rocorded during the successful fishing of such spates. This could indicate that

the trap for ascending fish in less officient at very high floV'ls, and the

circumstances under which.itbecomes impossible to work the trap must be considered;
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these are, a ve~ high spate, rising ve~ rapidly and bringing down a ve~

large accumulation of weed and trash, such as oecurs only after long d~J periods

in the summer and autumn when the fish are by assumption p+esent in large

numbers in the coastal area. Thus after the grilles of the descending fish

trap are lonered, invariably beforo the peak of the spate when the fish have

not yet started to run, a large oscapemont can oceur. If, however, a ve~

high spate is fis hed suecessfully, this is normally due to the fact that one

01' more srnaller spates have already cleared most of tho accumulated debris

and, of courso, most of tbe fish.

Dne common feature stands out from the cumulative curves in figures 3,

4 and 5, of both salmon and large sea-trout; namoly, that whonover an increase

occurs in the rate of migration (ae~inod as the number of fish passing through

the trap per hour) associated with extra water in the river, onee the "run" has

started tho rato remains eonstant regardloss of tho flow until eurtailod by

daylight, shortage of fish 01' possibly weakening of the stimulus. It may be

signifieant that the duration of the throe salmon runs here eonsidered is

similar and that in viow of this and the apparently constant migration rate

once the run has startod more cttention should bo paid to the possibility of

a response to a change in dissolved substanccs in the water rathol' than a

direct responso to change in flow •

Conclusions

1. Appreeiable numbers of salmon and large soa-trout migrate through the trap

at flows loss than 651b of the average daily flow; but these movemonts

mainly oeeur at night during tho summer months.

2. If the fish are availablo an inerease in flO'il due to rainfall tends to

initiato a "run" of fish.

3. Higher flows are noeessa~ to initiate a run in tho spring than later in tho

year but thereafter low 01' median flows are used by the fish and in the

\7inter the high flows as weIl an tho median flows are utilised.

4. Dnee the "run" hns started in response to an inerese in water flow tho

rate of migration, dofinod o.s tho number of fish pOl' hour passed through the

trap, remains consto.nt for up to two days regardless of changes in flow und,

due to unknown faetors, ceases before the rivor raturns to its original flow.
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UPSTREAM MIGRATION OF SALMON

RELATED TO THE AVAILABILITY OF FLOWS

IN JUNE AND NOVEMBER 1964

I
425

11
350

I
275

105

50----80~

June

November

200

I 275
170 /1

290
I

I
I

I
I

170
I

I

149'/
I 140

I
I

I
I

105
/

/,
/

/
/

/
/

/
/

/
/

......80
......

'"......
......

......
......

......
......

......
......

......
......

......
......

......
......

......
............

50

tr°

20

t
z
o
2
--J
<{

(f) 60
LL
o
2
::>
(f)

::>
U

o 180 360 540

DURATION OF FLOWS LESS THAN THOSE SHOWN (HOURS)
720



2.

2100 2400.
I

SUNSET MIDNIGHT

180015001200

NOON

TIME~

Salmon

Large Sea-Trout

Small Sea-Trout

0900

UPSTREAM MIGRATION OFSALMONIDS AND TIME OF DAY

JUNE 1967

0300 0600

SUNRISE

0000

MIDNIGHT

t
(9
Z
I­
<t:
~ 20

L
I
l/)

I..L.

I..L.
o
w
l?« 10
~
Z
W
U
0::
W
0..



3.

20

UPSTREAM MIGRATION OF SALMONIDS WITH RELATION TO FLOW.
NOVEMBER 13th-18th 1964
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UPSTREAM MIGRATION OF SALMONIDS WITH RELATION TO FLOW

JULY 22nd- 27th. 1967 I,
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UPSTREAM MIGRATION OF SALMONIOS WITH RELATION TO FLOW

AUGUST 5th.-10th.1962
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