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Fi sh densities and the Base F ow | ndex

The densities of brown trout, as neasured in a sel ection of Teesdal e strearrs,

were | ow conpared with those in other parts of the country.

Densities of brown trout fry fluctuated considerably fromyear to year.

No correlation was found between Base Flow Index (BFI) and fish density (no.

m?) or biomass (g. m ?) .

(bservations on the novemrent of brown trout (Salno trutta L.) in two upl and

streans

Fi sh novenent was examned by el ectrofishing (Thorsgill Beck) and by trapping

(Carl Beck). Downstreamnoverent of juvenile trout occurred predomnantly in

the autum and the spring.

Some correl ati on between di scharge and nmovenent was observed in both streans.

The percentage of the R Lune brown trout popul ati on which originated from

Carl Beck was estinated as approxinately 10%



FI SH DENSI TI ES AND THE BASE FLOW | NDEX

I nt roduction

During 1978 and 1979, electrofishing surveys were nmade in Teesdale - both to
provi de background information for ecol ogical work on the streans, and to provide
data so that the influence of discharge regime on the fish popul ation densities
could be examned. The discharge regines of the different streans were conpared
using the Base Flow Index (BFI) as developed by the Institute of Hydrology (Beran &
Qustard, 1977; Anon, 1978). This index is a neasure of streamflashi ness on a
scale fromO to 1.0; the snaller the index the flashier the stream

Information presented here was col |l ected during el ectrofishing surveys in
August 1978 and 1979 . The rel ationship between BFI and brown trout densities is

exam ned.

Met hods

Details of the streans surveyed are given in Table 1. Streamreaches were
fished using a pul sed d.c. technique (More. 1967) and popul ati on estimates were
calculated after two fishings according to the nethod of Seber & Le Gren (1967).
Fi sh densities were obtained by dividing the popul ation estinates by the area of
streamfished. Length/frequency histograns were used to separate the brown trout
into 2 age classes, T, (0+fry), T, (all fish older than 0+). Wights of fish
were estimated from | ength/wei ght regression equations cal cul ated for each site.
The wei ghts were used to determne the biomass (g m? of fish present in each
reach in August 1979. Were nore than one reach was el ectrofished per streamfish

densities and bi onass val ues were neaned between reaches.

H ectrofishing surveys were also carried out during Novenber 1978 and May

1979. Information obtained during these surveys is available at the FBA

Teesdal e Uni t.



Tabl e 1.

Beck

Beer

Carl

Cleve

Deepdale

Gill

The streans el ectrofi shed around Teesdal e.

Area fished in m d-sumer,

neasur ed

during August 1979 at di scharges of approxinately 60-80% average daily flow (adf).

Bt = brown trout (Salno trutta) B = bull head (Cottus gobi o),

(Phoxi nus phoxi nus), Sl

estimated from geol ogi cal

= stone | oach (Nonacheil us bar bat ul us).

cal cul at ed usi ng wat er | evel

Nat.

reference

of fishing

reach{es}

NY

NY

NZ

NZ

NZ

Great Eggleshdpe NY

Hargill

NY

990223

946231

944228

846206

040166

023163

026170

982294

887216

897215

Grid

Altitude
of fishing
site
{m O.D.)

229
255
259
411

152

183

195

350

350

330

Area
fished
(m?)

48

76

56

121

215

314

73

567

298

172

Fish species

data (for methods of estimation,

present

Bt
Bt;

Bt

Bt,

Bt;

Bt

Bt

sl

B,

B,

sl

51

BF1

0.51

0.34*

M=

see Anon,

m nnow

BFI's were

data except for values marked with an asteri sk which were

1978).

Water Chemistry

Total ion

concen=

tration

meq 1”7
1.70

1.56

1.47

1.04

Calcium
concen—
tration
meq 11
1.02

1.12

1.27

0.72

1.42 -
0.28

0.97



Table 1

Howgill

Huddeshope

Hunder

Rokehole

Scur

Thorsgill

Wenmergill

continued.

3

NZ

NZ

NZ

Nz

NZ

NZ

NY

957196
944293
933182
932179
931176
951193
033174
038173
061152
059152
054151,
051151
898222

901216

274
345
285
290
315
270

65
140
135
136
140
167
365

336

137
284
428
260
224
136
203
120
275
315
345
222
287

197

Bt,

Bt,
Bt;

Bt,

Bt,

Bt,

Bt,

Bt

Bt,

Bt,

B,

M,

M,

M,

M,

B,

B,

M,

sl

sl

s1

sl

M,

sl

sl

0.48

¢.52

0.15*

0.20

0.51

0.50*%

2.01

1.02

0.45

7.42

T.32

1.41
0.68

0.21



Resul ts

The estimates of fish density and bi omass obtai ned in August 1978 and 1979 are
shown in Table 2. Wiere streams were el ectrofished in succeedi ng years consi der-
able variation in densities of 0+ (Ty) fish, but not in the densities of ol der
(T,) fish, was seen between years. Density estimates of fry were higher in nost
streans in 1978 than 1979 with the excepti ons of Rokehole and Howgi |l Becks. The
hi ghest density of fry was recorded in 1979 in Howgill at 1.2 fry m? and the
greatest bionmass (T, & T,) in Beer Beck in 1979 at 14.6 g m?2

No correlation could be found between BFlI and density or bionass of T; or
T, - using data for one particular year or meaned data between years. A sel ec-
tion of the correlations tried is shown in Fig. 1. Neither could the variation in
fish bi onass between sites be related to the total ion content or the calcium

concentration of the water.

D scussi on

Densities of brown trout in Teesdale (Table 2) are |ow when conpared to those
inother parts of the K (Le Cren, 1969), the densities of fry also varied
considerably fromyear to year. Streans in this part of England tend to have | ower
BFI val ues than those in other parts (Carling & Reader, in press). This high
degree of stream flashiness could influence the fry popul ations either by the
washout of trout eggs buried in the streamgravels or by the displacenent of young
fry. No significant correlations could be found between BFI and fish density or
bi omass, however. This does not disprove the existence of a relationship between
stream fl ashi ness and fish popul ati ons. BFI, especially as cal culated from
geogr aphi cal data, may not be a sufficiently sensitive measure of discharge
regime. The correlation coefficient was inproved by pooling data between years
(Fig. 1) which snmoothed the data. Considering the extent of density fluctuations
bet ween years it nay have been better to pool electrofishing data over a wider tine

span still.



Table 2. Fish density and bi omass val ues for streans in Teesdal e in August 1978 & 1979.

T, rep. O+ trout,

of electrofishing for T, was 61.8 £ 6.9% (S . E)

i n August 1979,

1979.

Beck

Beer

Carl

Cleve
Deepdale
@ill -
Great Eggleshope
Hargill
Howgill
Huddeshope
Hunder
Rokehole
Scur
Thorsgill

Wemergill

T4

0.22

.08

0.62

¢.09
0.24
0.57
0.80

0.21

1978

T, rep. brown trout ol der than O+.

The nean effici ency
in August 1978 and 76.0 = 5.4%

and for T, 54.1 = 7.3%in August 1978 and 75.2 = 4.1%in August

Fish density no m~2 (Fish biomass g m %)

T2

0.20 -

T4

0.52

1.20
0 .00
0.01

0.40

0.9

0.03

(1.24)
(1.75)
(0.17)
{0.02)
(0.41)
{0.95)
(0.02)
(1.86)
(0.00)
(0.03)
(0.51)
(0.24)
(0.38)

(0.086)

1979

T2

0.42(13.40)
0.490(10.61)
0.20 (2.95)
0.14 {5.05)
0.56(12.29)
0.08 (1.61)
0.11 (3.83)
0.38 {6.11}
0.21 (3.13)
0.09 (5.54)
0.02 (0.32)
0.21 (4.36)
0.12 (2.55)

0.18 {4.33)

19782 & 1979 meaned

T, T,
0.16 0.20
0.04 0.11
0.91 0.29
0.03 0.15
0.05 0.09 -
0.32  0.02
0.34 0.16
0.50 0.13
0.12 0.13
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Fig. 1. Fi sh density plotted against BPl for sites in Teesdal e.

Fish density determined by electrofishing. T, = 0+ fish,

T, = all fish older than O+.

N = nunber of data pairs.

R = correlation coefficient.



A rel ationshi p between cal cium concentration and bottomfauna/pl ant detritus
was found in streans by Egglishaw (1968). No rel ationship was found however
bet ween bi onass and cal ciumcontent of water in Teesdale streans - Le Oren (1969)

also failed to detect such a rel ationship.



Il CBSERVATIONS ON THE MOVEMENT CF BROM TRQUT (SALMD TRUTTA L.) | N TWD UPLAND

STREAMS

I ntroduction
This section describes the general pattern of brown trout noverment in two
streans as determned by i) electrofishing (Thorsgill) and ii) trapping (Carl
Beck). The streans chosen were 'nursery' streans in that outside the spawning
season their fish populations consisted predomnantly of juvenile fish. The

i nfl uence of water discharge on nmovenent is exam ned.

i) Fi sh novement as examned by el ectrofishing - Thorsgill Beck

Met hods

Four el ectrofishing sites were established" together covering approxinmately 25%
of the total study area (Fig. 2). The four sites were fished 13 tines between
Sept enber 1978 and Cct ober 1980 using pul sed d.c. equi pnent (More, 1967). Each
site was double fished and the population size estinated by the nethod of Seber &
Le Oren (1967). The length of all fish caught was recorded and in addition trout
fromreaches I-111 were given individual site marks according to their age. @ der
fish were marked with a Panjet using Al cian blue as the dye (Hart & PFitcher, 1969),
O+ fish were nmarked fromthe age of 6 nonths using a systemof pelvic fin clips.
To test for loss of nmarks the adipose fin was clipped on all marked trout, this fin
does not regenerate so that its absence permtted quick recognition of recaptured
fish. The Panjet narks renained easily visible over the course of the study. Somne
regeneration of pelvic fins occurred but this was readily detectable. Fishin site
IV were sinply caught and neasured, the site was established in order to detect

upstream novenent of fish beyond site I11.

Fi sh moverment was observed in two ways, first, where individual site marks

were given, by the noverment of marked or 'nobile' fish fromone site to another
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Fig. 2. D agram showi ng the | ocation of the study sites. I, IIl, Ill, IVsignify the position of the

el ectrofishing reaches on Thorsgill Beck.



Second, by the occurrence of 'unmarked' fish in the sites. Unnmarked fish repre-
sented either resident fish which had not been previously caught or new fish noving
into the site. Since nost (90-100% of the popul ati on were caught and marked on
each occasion ('residents') the majority of unmarked fish in subsequent catches
were assuned to have nmoved into the site. Immgration rates for these fish were

calculated after Mlner et al (1979) where :-

Ny 100
I = T
Ng

I = net specific immgration rate per 100 days
N = nunber of unmarked fish in the population at the end of the inter-

sanpl i ng peri od.

P
1]

average popul ation size during inter-sanpling period.

—
1

duration of intersanpling period in days.

The fate of fish lost fromthe sites was not known, nortality and mgration
coul d not be distingui shed.

Scal es were renoved fromthe md-body region of all unmarked fish caught in
Thorsgi |l Beck. Scale reading, together with | ength/frequency histograns of

captured fish, were used to age the trout.

Results

Immgration rates of 0+ and 1+ fish were estimated fromthe el ectrofishing
data (Fig. 3). The infornmation on O+ fish was limted because for a large part of
the year the fish were too srmall to mark. Immgration rates of fry (0+ fish) were
generally high in the autum. Immgration rates of 1+ fish were higher in the
spring/early summer than in the autum, and low at other times of the year (Fig.

3).
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The individual site marks permtted exam nation of rmovenent of nobile fish
fromone site to another. Myvenment was generally downstream No fry were ever
found to have noved upstreamfromsite to site and upstream novenent of fish >0+
was generally limted to the spawiing season. ly one marked fish was ever caught
insite V.

Anal ysis of data on the size of 0+ fish caught (Table 3) showed that in
Thorsgi |l between autumm 1978 and spring 1979 the resident fry in the sites were
larger than the unmarked or nmobile fish. This difference in Iength was significant
insitel in Qctober, Novenber 1978 and March 1979, and in site Il in January 1979
(Student's t-test P<0.05). These differences in length did not however apply to
fry caught in the autumm of 1979 or 1980 al though in these years the densities were
lower (0.07 - 0.20 fry m? as conpared to 0.29 - 0.47 fry m? in Cctober) and
the sanple sizes therefore smaller.

The el ectrofishing data were examned for an influence of discharge on fish
novenent by plotting the nunber of days between fishings that di scharge exceeded
the arbitrarily chosen value of 0.1 n? s* (145% adf) agai nst a) percentage of
catch which were nobile fish and b) percentage of catch which were residents (Fig.
4) . The percentage residents in the sites only represented an approxi nate index of
fish noverment since a decrease in this value coul d al so have been due to fish
nortality. The percentage of nobile fish in the site was a better neasure of
novenent but the nunbers of such fish were rather |ow, especially for the >0+
category. Thus a relationship was established between nunber of days for which
di scharge exceeded 0.1 nis'! and percentage of nobile 0+ fish but not for >0+
nobile fish (Fig. 4). Considering %s of resident fish relationships were
establ i shed for both 0+ and >0+ age groups (Fig. 4) and the two |ines had signi-
ficantly different intercepts but simlar regression coefficients (F-test, Snedecor

& Cochran, 1967).



Table 3. Mean fork length (FL) of fry in electrofishing catches in Thorsgill Beck. For the
definition of resident, nobile and unnarked fish see text. Asterisk indicates

resident fish significantly larger than unmarked fish (Student's t-test, P<0.05).

sampling mean FL (cm * S,E. (n)) of =

date site RESIDENT FISH MOBILE FISH UNMARKED FISH

Oct. 1978 : I *7.4 L 0.1 (56) 6.9 * 0.2 {22) 6.9 * 0.1 (65)
I 6.7 ¢ 0.‘1 (67) 6.6 X 0.3 (11} 6.8 & 0.1 (47)_
III 4,7 * 0.1 (56) - 6.2 * 0.1 (54)

Nov. 1278% I *7T.6 £ 0.1 (23) 6.9 £ 0.2 (8) 6.9 * 0.2 (46)
1T 7.2 £ 0.1 (28) 6.7 £ 0.6 (4) 6.9 t 0.2 (18)
11X 6.5 T 0.2 {31} - 6.5 &£ 0.2 (28)

Y

Jan. 1879 ' I 7.4 £ 0.4 (10) ' 6.9 £ 0.4 (6) 6.5 * 0.2 {29)

11 *3,.1 £ 0.3 (6} 7.5 (2) 6.7 1 0.3 (19)



Table 3 continued.

March 1979 o *3.2 £ 0.3 (8) 6.7 £ 0.5 (5) 6.9 £ 0.3 (13)
T 7.5 * 0.3 (8) 7.5 (1) 6.9 £ 0.3 (17)
ITI 7.8 (3) _ - 6.9 (2}

Oct. 1979 1 6.8 * 0.3 (9) - 6.9 * 0.3 (9)
II 6.1 * 0.1 (39) - ' 5.9 * 0.2 (16)

Oct. 1980 I 7.4 £ 0.1 (37) 7.0 (1) 7.6 £ 0.2 {16}
I 6.8 £ 0.1 (19) - 7.1 % 0.2 (20)
TII 7.0 £ 0.1 (21) 8.0 (1) 7.3 £ 0.2 (16)



Fig. 4. Rel ati onshi p between % resident or % nobile fish (Thorsgill Sites I-111 values neaned) agai nst
nunber of days between el ectrofishing that discharge exceeded 0.1 n? s™'. Asterisks indicate
significance level of correlation coefficient * P<0.05 **P < 0.01
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ii) Fi sh novenment as examned by trapping - Carl Beck

Met hods

An upstreamand a downstreamtrap were installed a little above the confl uence
of Carl Beck with the Rver Lune in Septenber 1978 (Fig. 2). The upstreamtrap was
a box trap with a v-shaped entrance intended primarily for catching spawners, the
snal l est fish ever caught was 13.5 cm The design of the downstreamtrap was based
on aVWIf trap (WIf, 1951) and the mesh of the trappi ng basket was sufficiently
snall that the whol e size range of downstreamnoving trout coul d be caught.

The traps were visited at |east once a day during the spring and autum and
were checked at other times approxinately twice a week. The fork lengths of fish
novi ng upstreamwer e neasured, the fish were sexed and then exanmined for fin clips
bef ore rel ease approxi mately 60 mupstreamof the traps. Downstreamfish were
handled in a simlar manner but in addition they were narked before release with an
adi pose and pelvic fin clip.

At discharges < 0.0052 n? s* (8% adf) the streamwas so |ow that no water
passed over the chute of the downstreamtrap, any water seeping through the banks
and concrete piers of the trap. At discharges > 0.2447 mi s’ (365% adf) wat er
overtopped both the upstreamand downstreamtraps and fish could thus nove up and
down the becks avoiding the traps. D scharges in excess of 365% adf occurred for
approximately 7% of the tine, discharges |less than 8% adf for approxi mately 6% of
the tine.

Scal es were renoved fromthe md-body region of all fish passing dowstream

and used to estinmate ages.

Resul ts

Fi sh noverrent through the traps was concentrated in 2 main periods, the autumn
and the spring (Fig. 5). In the autum there was a spawning run of mature fish up
and down the beck coincident with a downstreammgration of juvenile fish. 1In the

spring there was a downstreamnovenent of spawners (early spring) which had over-
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such

wintered in the beck and of immature fish. Little activity through the traps
occurred in the winter or suimer. The nunber of days when trap overtopping
occurred are indicated in Fig. 5 i.e. the nunbers of fish recorded during these
nonths are a mninumestinate of those novi ng.

Juvenil e fish noved downstreameither in the autum of their first year (as 0+
fish), inthe spring or autum of the second year (as 1+ fish) or in the spring of
their third year (as 2+ fish) (Table 4). Very few fish passed downstreamin the
spring of their first year and those that were found in the traps were caught after
spates. It is questionable therefore whether these fish were actively noving or
were bei ng passively washed downstream

The influence of discharge on fish novenent was seen in general terns in that
the nonths in which activity through the traps was greatest coincided with the
nmont hs i n whi ch streamdi scharge was highest (Fig. 5). Wen discharge was < 0.01
m s' (22% adf) very little fish novement occurred. In 1980 the early spring
was particularly dry and the main downstreammgrati on was delayed until rain in
June. Qunul ative probability distribution plots showed that fish tended to nmove on
di scharges hi gher than those generally available (Fig. 6). The same anal ysis was
carried out on a nonth to nonth basis to test whether the results were due to
coincidental differences between discharge and the availability of fish (A abaster,
1970) but simlar results were obtained.

Correl ati ons were obtai ned between the nunber of fish trapped and the maxi mum
di scharge recorded between trap visits (Table 5). The correl ati on was however
never very strong and the cal cul ated coefficients showed considerable variation
fromyear to year. Attenpts to inprove the nodel by incorporating other factors,

as tenperature and dayl ength, were unsuccessful. The main probl emwas that
al t hough several hundred fish passed through the Carl Beck traps each year, the
nunber noving at any one tine was rather snall.

In August 1979 and 1980 el ectrofishing surveys were carried out in the Rver

Lune to determne the contribution of Carl Beck to the brown trout popul ation



Tabl e 4.

Sumrer = Jul y- August

* = 2+ fish not distinguished fromspawners after June.

SPAWNERS

Upstream

Downstream - autumn.

IMMATURES

- sPrihg

0+ - Bpring

=~ summer

- autumn

- winter

1+ ~ gpring

= sSummer

= avtumn

- winter

- 2+ - *spring

Summary of fish movenent in Carl

Beck 1978-1981.

Numbers of fish moving

1978/79

140

126
} 197
71

306

} 307

1979/80
263
253
} 331
78
2
5
211
202
2
176 -
9
281
84
12
222

Spring = April-June,

Aut umtm = Sept enber - Decenber,

1980/81
125
199
'} 246
47
76
18
} 297
149
56
44
6
186
78
58
124

Wnter = January- March.
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Fig.6. Qunul ative probability distribution of available and utilised
di scharge for 1978/ 79 and 1979/80. D scharge = nean discharge
between trap visits. Were discharge exceeded 0.2447 n? s! (trap
overtopping level) the data were discarded. The utilised discharges
were wei ghted according to Hellawell (1974) by using the sum of

sal noni ds noving during these conditions.



Tabl e 5. Equations obtai ned by regressing (nunber of fish in the traps +1) =y agai nst
(maxi num di scharge between trap visits n? s'!) = x. Equations take the form
y = aeP*. Data points where discharge exceeded the "overtopping val ue" of 0.2447
m s ! were excluded. SP = spawners, IMM= imature fish, + = fish in upstream
trap, + = fish in dowstreamtrap, r? = coefficient of determination, P =
significance | evel of correlation coefficient, n.s. =not significant, n = nunber

of pairs of data consi dered.

Category Period Year r2 . P a ' : b n
£ . . . .

sp + Autumn 1978 0.28 < 0.001 - 1.38 7.79 49
Autumm 1980 0.42 < 0.001 1.17 11.30 35

IMM + Autunn - 1978 0.11 < 0.05 1.57 . 5.01 56
Autuwmn 1979 0.05 . < 0.05 2.04 4.03 76

Autumn 1980 0.2 < 0.001 1.36 . 12,07 56

™M + Spring - 1979 0.27 < 0.01 3.28 9.94 26

Spring 1980 0.10 < 0.05 1.98 6.42 42



Table 6. Analysis of the percentage of R Lune brown trout popul ati on that had passed through

the Carl

Age of fish
at time of
survey
1979 survey

0+

1+

>1+

1980 survey
o+

1(-.

1+

>+

Beck fish trap.
) FISH TRAP
(a) - (b)
NoS. Nos. still
released in R. Lune
2 2
333 230
392 - 288
69 62
225 144
503 723

ELECTROFISHING SURVEY

{c)

Total nos.

in R. Luane

365
1267

1261

266
1253

1008

(4}
% Carl Beck
fish

18

23

12

72

{a) Numbers of fish passing through the downstream fish trap at Carl Beck into the R. Lune

during the year preéeding the electrofishing éurvey.

{b} Estimated number of (a)} still present in R. Lune at time °€ survey assgming an annual:

Instantaneous Mortality Rate of 0.69.

() Total numbers of fish present in the whole regulated R. Lune at time of survey

{Auqust) - estimated from electrofishing data.

(d) Estimated percentage of R. Lune figh originating from Carl Beck = b/c x 100%.



there. The surveys were of, a limted nature and the sites fished are shown in Fig.
2. Very few Carl Beck fish were caught so that it was considered better to deduce
the % of Carl Beck fish in the R ver Lune fromthe trap records and the R Lune
popul ati on densities rather than by expressing the nunber of Carl Beck fish found
inthe Rver Lune as a %of the total fish caught. The presence or absence of a
single recaptured fish could make a large difference to the estimated percent ages
using the latter method. The %of 1+ fish in the R ver Lune originating fromCarl
Beck was estimated at 12%and 18%in 1979 and 1980 respectively (Table 6).
Estimated val ues for O+ and >1+ fish varied between years at 1-6%for O+ fish and

23-72%for >1+ fish (Table 6) .

D scussi on

The immgration rates calculated fromthe el ectrofishing data, together with
fish trap records both indicate that there is a downstreamnovenent of juvenile
brown trout in these becks in the spring and autumm. Trap-overtopping in Carl Beck
nmeant that the exact nunbers of fish noving were not known. Sal nonids are however
thought to avoid nmoving in the peak of spates (Stuart, 1.957; Stewart, 1968) so that
the nunber of fish not trapped was possibly quite snall.

In the autum of 1978 in Thorsgill, the fry noving downstreamwere snaller in
size than the 'resident’ fish. S ze is usually considered to be an advantage in
the acquisition and defence of territories of salmonids (Chapnan, 1966; Al len,
1969). It is suggested that these fish were supernunerary fry bei ng displ aced
downst r eam

The influence of discharge on fish novenent was denonstrated in both Thorsgil
and Carl Beck. The stimulation of brown trout novenment by increases in water |eve
i s a phenomenon previously noted by other authors including Arawono (1980);

Canpbel | (1977); Huet & Ti nmermans (1979) and Munro & Bal nain (1956).
The data on the contribiution of the nursery stream Carl Beck to the brown

trout population in the R Lune are included in this report because little is known
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about the contribution of nursery streans to the fish popul ations of l|arger rivers.
Carl Beck is the only tributary of any size on the regulated R Lune between
G asshol ne reservoir and the R Tees. The figures suggest that about 10% of

juvenile fish (0+ and 1+) in the R Lune do originate fromCarl Beck.
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