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Summary

The distribution and abundance of juvenile salmon was
found to be relatively consistent in each of the 13
subcatchments studied over the 1981-1985 pericd. In terms
of density the most productive areas were the upper Lune
and its tributaries (subcatchment 1), Birk Beck/Borrowdale
Beck (subcatchment 5), Chapel Beck/Croasdale Beck
(subcatchment 6), and Barbon Beck/Leck Beck (subcatchment
10).

0+ salmon year class strength was highest in 1982 and 1983
when 37% and 3B% respectively of the sites sampled were in
the highest density categories of class A, B, and C. It is
considered that the 1981 results for fry were under
estimates of the population because greater emphasis was
placed on the capture of parr during that survey. The
strong 0+ year classes of 1982 and 1983 are reflected in
the results for 1+ salmon with good year classes being
produced in 1983 and 1984 (33% and 54% of sites sampled
were in categories A, B, C).

Certain areas of the catchment were relatively
unproductive for juvenile salmon namely the Greta
(subcatchment 11) Wenning (subcatchment 12), and
Hindburn/Roeburn (subcatchment 13). A combination of the
fellowing factors are thought to play a major role in this
respect:

{a) The presence of instream chstructions likely to affect
adult salmon migratien.

(b) The availability of suitable habitat for spawning.

{c) Interspecific competition between salmon and trout in
areas such as Austwick Beck (site 150, 151, and 151b),
Clapham Beck (site 148) and the Roeburn (site 157 and
158) .

Juvenile trout were found to be widely distributed in the
Lune catchment although the majority of sites sampled were
placed in the lowest density categories (class D and E).
Regression analysis revealed that trout densities were
significantly inversely correlated with stream width. This
may be a habitat and flow related phenomenon with trout
tending to occupy the margins. 28% to 48% of the variation
in 0+ trout densities could be explained by stream width
and for 1+ trout this was found to be 22% to 37%. In
practical terms this means that in large streams a
considerable proportion of the area fished (using standard
survey methodology) was not suitable trout habitat and
will not give a true reflection of the status of trout
production.

In many instances there was circumstantial evidence to
suggest a correlation between stocked areas and the post
stocking densities of salmon fry and parr indicating some
degree of success for the enhancement stocking programme.
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The Juvenile Salmeonid Populations Of The
River Lune Catchment, 1981 To 1385

1. Introduction

The aim of this study was to assess the status of the juvenile
salmonid populations of the River Lune and its tributaries.

There was special emphasis on juvenile salmon stocks in view
of the implementation of a net limitation order in 1980. The
number of licensed instruments were reduced as follows:

(1) Drift, hang or whammel nets - from 12 to 10
{(2) Draft or seine nets - from 3 to 1
(32) Heave or haaf nets - from 48 to 286

For the purpose of this report, the River Lune system has been
divided inte 13 subcatchments and these are examined with a
view to detecting any trends in the data such as subcatchment
productivity, partitioning between salmon and trout nursery
streams, and whether the restrictions on salmon fishing had
any discernible effects on juvenile salmon preoductivity. The
effect of flow and instream obstructions on salmonid densities
are also investigated as these have been shown to be important
factors affecting abundance (Ellicott, 1984; Gardiner, 1989).

Throughout the study period a programme of enhancement
stocking tock place primarily with salmon ova and fry. The
possible impact of this on the results of the surveys has been
assessed.

Some reference will be made to the results of the 1921 River
Lune strategic survey (Farcogi and Aprahamian, 19%92) for
comparative purposes.

2. Description of the study area

The study area and distribution of sampling sites is shown in
Fig. 1. The area was divided inteo 13 subcatchments the details
of which are shown in Appendix 1 together with the grid
referenceé and dimensions of each site.

The River Lune descends from an altitude of 540m (N.G.R. NY
702013)- and runs for approximately 87km before entering the
sea at Morecambe Bayi The catchment covers an area of
approximately 1223km“. The land is used primarily as pasture
for cattle and sheep, and also for hay and silage production.

Three distinct geclogical features are evident. The upper
reaches of the Lune (subcatchment 1), Birk Beck (subcatchment
5), the Clough (subcatchment 8), and upper reaches of the Dee
(subcatchment 9) flow over a Carboniferous limestone series
(alternating limestones, sandstones and mudstones). The Lune
and minor tributaries from site 7 to 17, together with



Sompling Sites And Known Obstacles To Migratory Fish

Fig. 1
I'n The River Lume Catchment
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Borrowdale Beck (subcatchment 5), the Rawthey (subcatchment 7)
and lower section of the Dee flow over Silurian slates, grits
and flags (hard, inert and impermeable). The underlying
geology of the lower Lune (sites 1 to 5) and minor
tributaries, together with the Greta (subcatchment 11,
excluding site 137 and 138), tributaries of the upper Wenning
(subcatchment 12), the Hindburn and the Roeburn (subcatchment
13) is of a Carboniferous millstone grit series (alternating
shales, mudstones and sandstones). There is some base flow
from the sandstones.

Obstacles to migratory salmonids such as weirs can be an
important factor affecting the distribution and abundance of
their offspring. Fig. 1 shows scme of the known barriers to
fish movement in relation teo the survey sites (J. Staveley, J.
Burton, and A. Atkinson pers. comm.). The waterfall on Birk
Beck (downstream of site 111) and the one on Barbon Beck
(downstream of site 130) are impassable to migratory fish.

Water guality data was available for the summer of 1984 and
late summer 1985 and refers to 7 sampling points along the
length of the river (Wath, site 21; Tebay, site 17:;
Killington, site 10; Rigmaden, site 8; Kirkby Lonsdale, site
6; Gressingham site 3; and downstream of Forge Weir, site 1).
These all had an inferred NWC classification ef 1A which is
indicative of excellent water guality (B. Ingersent pers.
comm. ) .

Mcre recent water guality surveys have shown that this
standard has been maintained. The 1991 biclogy survey of the
river Lune catchment which was completed on 30/07/91 (Saxby,
1991) concluded that the catchment was predominantly clean and
productive.

3. Methods

The number of sites sampled varied between years. The initial
survey in 1981 consisted of 51 sites which was followed by 79,
77, 76, and 76 in the subseguent years leading up teo 1985.

All sites were sampled by successive removal of fish between
stop nets using electrofishing apparatus during the summer
months of 1981-1985. The number and length (measured as fork
length to the nearest cm below) of each fish was recorded and
by examining the length freguency distribution it was possible
to separate the juvenile fish into 0+ and > 0+ age classes.

guantitative estimates of fish populations were calculated for
each age group by the Carle and Stsub (1978) methed and these
were expressed as numbers per 100m* with 95% confidence
limits. If the overall probability of capture was greater than
or equal to 0.3 and was constant between fishings (as
indicated by chi squared analysis) then the population
estimate was considered to be valid. When this was not the
case then a minimum estimate of the population was calculated
( (number of fish/total area) x 100).



A mean population density was derived for each site sampled
during the peried 1981 to 1985. This mean density was
calculated as the sum of the populatiocn estimates of a given
site divided by the sum of the total area fished at that site
over the period 1981 to 1985. In addition, each site was
classified according to the density of fish recorded. The
classification system used was developed for the rivers of the
North West Region and is shown in Table 1, ranging from class
A to class E in order of decreasing density.

The coefficient of variation (CV) is a measure of relative
dispersion about the mean and this was calculated for the mean
density of each site over the 1981 to 1985 period to give an
indication of the variability of juvenile salmonid production
at that site.

CV = 8 (100/X)

where
A
3

sample mean
standard deviation of sample

Minimum population estimates were not used in the calculation
of mean site density and coefficient of variance since there
is no variance associated with these estimates.

To detect natural groupings that may be present in the data
set a multivariate statistical technique (Cluster Analysis)
was employed using the statistical package ‘Systat’
(Wilkinson, 1990). The intention was to use cluster analysis
as an exploratory teool. The analysis was extended to include
0+ and 1+ densities of salmon and trout over the period 1981-
1985 and to examine the interaction between age classes, and
between species at the same site.

The K-means splitting method was used to produce exclusive
partitioned clusters. K-means searches for the best way to
divide data into different groups so that they are separated
as well as possible. Not all values of K lead to "natural"
clusterings, but by running the program several times with
different values of K, the value of K which gives rise to the
most meaningful interpretations can be selected. In this
respect a certain degree of subjectivity is involwved.

The program works by selecting "seed" records, one for each
cluster, which are spread apart from the centre of all the
records as much as possible. Then it assigns all records to
the nearest seed. Next it attempts to reassign each record to
a different cluster in order to reduce the within-group sum of
sguares. K-means continues to reassign records until the
within group sum of squares can no longer be reduced.

K-means uses Euclidean distance for its clustering metric.
Missing data are excluded from distance calculations by
pairwise deletion. Minimum densities were excluded from the
analysis. '



Abundance categories {nflﬂﬂmz} for juvenile

Table 1
salmon and trout for rivers of the North
West region of the NRA
Quantitative
Fry (0+) Parr (=0+)
Class A >100.00 1 >20.00
Class B 50.01-100.00 10.01-20.00
Class C 25.01- 50.00 5.01-10.00
Class D 0.01- 25.00 0:01- 5.00
Class E 0.00 0.00
Semi-guantitative
Fry (0+) Farr (=0+)
Class A >50.00 =15.00
Class B 22.851-50,.00 T:51=15.00
Class C 10,.01=-22.50 2.5~ 7.50
Class D 0.01-10.00 0.01~ 2.50
Class E 0.00 0.00




The relationship between the abundance of a year class in a
particular year and its abundance in the subsegquent year was
examined by regression analysis using the statistical package
Minitak (Ryan et al., 1985). Minimum estimates were excluded
from the analysis. A loge transformation was used on the data.

Regression analysis was performed to investigate whether a
relationship exists between stream width and juvenile salmonid
density. A log, transformation was applied to the data. Also
examined by regression analysis was the relationship between
salmon and trout densities.

Flow data (monthly mean in cumecs) was only available from the
Caton gauging station on the Lune (near site 1). For each
month of the 1882-1985 period flow data was ranked with the
highest measurement being classed as 1 and the lowest 4.
Salmonid densities were similarly ranked for each site over
the 1982-1985 period and the Pearson product moment
correlation coefficient calculated using Minitab.

4. Results
4.1 0+ and 1+ Salmon Densities 1981-1985

4.1.1 0+ Salmon 1981

The results suggest that fry production in 1981 was very
limited throughout the catchment (Fig. 2). However, this must
be seen in the context of the main cbjective of the 1981
survey which was to quantify salmon parr densities in the Lune
catchment. As a consequence fry densities were considered to
be under represented.

60.78% of the sites sampled were categorised as class D and
33% as class E (Fig. 3). The Clough (sites 121, 122, 123) and
the majority of the Hindburn/Roeburn (sites 154, 155, 158,
158) system fell into the class E category. Th%ra were only 3
eites which had densities greater than 25/100m“ and these were
Dee 125 (class C), Lune 19 (class C) and Lune 21 (class B).

286,648 salmon fry and 40,216 eyed ova were stocked in the
Lune catchment in 1981. Some of the sites sampled in the 1981
juvenile salmonid survey were in the vicinity of the stocked
areas. These sites included the Lune at Fleetholme (site 14)
where 10,015 fry were stocked, Fairmile (site 15) with 10,015,
Linceln Inn (site 12) with 4,000, 0l1d Tebay Bridge (site 1B)
with 10,138, Barbon Beck (site 130) with 15,766 and Rais Beck
(site 106) with 6,000 fry. The recorded densities at these
sites were class D/E in line with the overall status of the
catchment.

There were however 2 sites in the catchment where the observed
densities may well have been influenced by the stocking
programme. 10,138 fry were planted in the vieinity of Rayne



Fig. & 0+ Balmon Densities In The @iver Luna Catchmant 1981

Abundance Categories (N/100m2)

Fry (O+)
Class & * > 100.00
Class B L] 50.01 - 100.00
Clagss C w» 25.0% - 50.00
Class D # 0.0% - 25.00
Clags E = 0,00




Bridge (site 19) and a density of 49.?+f—12.4{1ﬂ0m2 (class C)
was recorded during the survey. A similar amount was planted
in the vicinity of Wath (site 21). This site was the most
praductige of the sites sampled with a density of 64.7+/-
3.9/100m* (class B).

4.1.2 1+ Balmon 1981

From Fig. 3 it can be seen that 41.18% of the sites sampled
were class D, 21.57% class C, 15.69% class E, 15.67% class B
and 5.88% class 2.

The Barbon Beck/Leck Beck system (subcatchment 10, 20% class
A, 40% class B, 40% class C, n=5), upper Lune and its
tributaries (subcatchment 1, 14.3% Class A, 28.6% class B,
28.6% class C, 28.6% class D, n=7), and the Rawthey
{subcatchment 7, 25% each for class &, B, C, D, n=4) were the
most productive subcatchments of the Lune system (Fig. 4).

The Lune itself was found to be a relatively unproductive
region. The majority of main river sites were class D (75%,
I1=lE:I .

The Wenning (subcatchment 12) and Hindburn/Roeburn
(subcatchment 13) systems stood out as being generally
unproductive for salmon. 80% of the Wenning sites were class D
and 20% class E (n=5), while B0% of the Hindburn/Roeburn sites
were class E and 20% class D (N=5). These results are
identical to those obtained for 0+ salmon at these sites in
1981,

338,000 salmon fry and 498,000 eyed ova were stocked in the
catchment in 1980. There appeared to be a correlation between
stocked areas and 1+ salmon densities at some of the survey
sites which were adjacent to or in the stocked zones. 40,000
eyed ova were stocked in the vicinity of site 113 (Borrowdale
Beck) in 1980 and the density of parr at this site in 1981 was
found to be class B. Bowderdale Beck (103) was also stocked
with 40,000 eyed ova in 1980 and this may well have
contributed to the excellent parr densities recorded there
(class A).

The Rayne Bridge site (19) of the upper Lune yielded a good
density of parr (class B) which may have been as a result of
the development of 10,000 salmon fry that were stocked in
1980.

Excellent densities were recorded at site 130 on Barbon Beck
(class A) and since access for adult salmon to this site is
prevented by two waterfalls (Fig. 1) the observed densities
must have been due to the stocking of 30,000 fry over a 3.2km
section incorporating site 130.

In other areas of the catchment the relationship between some
of the stocked areas and survey sites in the vicinity of these
areas was less clear e.g. Wath (site 21) and 0ld Tebay Bridge
(site 18), both class D, possibly due to the distance between
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the stocked areas and survey sites being teo great, or little
movement of fish ocut of the stocked zone.

4.1.3 0+ Salmon 1982

buring the 1982 survey equal fishing effort was applied to all
age classes and this could explain the marked improvement in
the 0+ abundance characteristics of the catchment when
compared to the 1981 results where greater emphasis was placed
on the capture of parr (Figs. 3 and 5). Other factors may have
also contributed for example the number of sites sampled
during the survey had increased in number from 51 in 1981 to
79 in 1982. However, the observed improvement in the abundance
characteristics of the catchment cannot be explained by the
addition of these extra sites as these were found to be low
density sites. In contrast many of the sites originally
sampled in 1981 had higher densities in 1982. Enhancement
stocking or the production of a strong year class or a
combination of these factors may have also been involved.

In subcatchment 1 there seemed to be a certain degree of
differentiation between densities at the main river sites and
the tributaries of the upper Lune. All the main river sites
upstream of site 17 were class B (n=4), however the associated
tributary sites of the subcatchment ranged from class C to E
{n=R) .

The main river sites up to site 16 were predominantly class D
{75%), but there was a noticeable improvement in densities
between sites 4 to 7. Site 6 being class A and the rest class
24

Of the Birk Beck/Borrowdale Beck system the latter was the
most productive (site 113 class A, and site 114 class B, n=2)
while on Birk Beck the three main beck sites (10% to 111) were
all class D and the tributary site (112) class B.

At the Barbon Beck/Leck Beck system 40% of the sites were
class A& and 60% were class D (n=5). The class A sites were at
the lower reaches of Barbon Beck (sites 128, 129).

The sites of the Greta ranged from class C to E . The upstream
sites (137, 138) did not support any 0+ salmon at the time of
the survey and this may in part be due to the waterfalls which
act as barriers to adult fish (Fig. 1).

The number of sites sampled in the Wenning subcatchment were
increased from 5 in 1981 to 15 in 1982, but the majority of
sites were still categorised as class D (66.7%); 20% were
class E and 13.3% class C.

There was some improvement in densities at the lower sites of
the Hindburn/Roeburn system (site 157 improved by 1 class and
site 154 by two classes) although sites 155, 156 and 158
remained class E.



Fig.-5 O+ Salmon Densities [m The River Lune Catchment 1982

Abundance Categories. (N/100m2)

Fry (0+})
Class A = > 100.00
Clase B = 50.01 - 100.00
Class C » 25,01 - 50.00
Clags D = 0.0 - 25.00
Class E & 0.00




The records show that 197,556 eyed ova and 670,619 salmon fry
were stocked out in the Lune catchment in 1982. The results of
the 1982 juvenile salmonid survey suggest a certain degree of
correlation between some stocked areas and survey sites
associated with those areas.

Croasdale Beck was stocked with 10,000 eyed ova immediately
upstream of site 116 where excellent densities of fry_were
recorded in the subsegquent survey {251.3+f—123.?flnum2, class
a).

Borrowdale Beck was stocked with eyed ova (42,550) and fed fry
(17,217) upstream of sites 114. This site and the downstream
site 113 proved_to be guite productive_with densities of
74.94/=9.5/100m° and 120.5+}-12i1f1ﬂum2 respectively (class B,
A).

The stocking eof 17,138 fry in the vicinity of Bretherdale Beck
(site 112) may have resulted in the good density of fry
recorded at this site (class B).

Eyed ova were stocked in the upstream vicinity of site 101
Weasdale Beck (20,836) and site-21 Lune (19,765). In these
instances there was potential for the movement of fry
downstream into the survey sites where densities of class C
and class B were recorded.

In other regions of the catchment there was no discernible
link between stocked areas and observed densities at sites
associated with these areas and as mentioned earlier one of
the reasons could be the distance between the stocked area and
survey sites being too great. Alternatively, the stocking
density might not have been sufficient to register a change in
classification. 12,000 fry were stocked in the upper reaches
of Barbon Beck but made no significant impact on the density
of fry recorded at site 130 (class D) in the subseguent
survey. By contrast the downstream sites 128 and 122 produced
excellent densities of fry and as there is no record of fry or
ova being stocked there these high densities must be
attributable to natural production.

122,237 fry were planted in the River Lune over a 2.4km
section which incorporated site 16, however the recorded
density at this site was only 19.3+/-1.7/100m*° (class D). The
habitat at this site may not be able to support higher
densities of juvenile salmon.

B0,000 unfed fry were planted in the Wenning between sites 144
and 145 but both of these sites had low 0+ densities (class
D). A further 2.2 km section was stocked with 80,000 unfed
salmon fry incorporating sites 141, 142 and 143. The results
of the post stocking survey suggests that survival has been
very poor, no fry being recorded at sites 142 and 143 and a
density of 4.3+/-3.8/100m“ being recorded at site 141 (class
B) .

40,000 =almon fry were stocked between sites 154 and 155 on
the River Hindburn. The results of the 1982 survey shows that



although po fry were recorded at site 155 a density of 27.6+/-
11.5/100m“ was recorded at site 154 (class C) which was a
class E site in 1981.

4.1.4 1+ Balmon 1982

The percentage of sites in the density categories A, B and C
were lower than that recorded in 1981 (Figs. 3 and 6). 2.53%
of the sites sampled were class A (5.88% in 1981), 11.39%
class B (15.67% in 1981) and 17.72% class C (21.57% in 1981).
Class D sites had increased from 41.18% to 45.57% and class E
sites from 15.67% to 22.79%. This may reflect the change in
sampling strategy with equal fishing effort for age classes
being adopted rather than concentrating on the capture of parr
as in 1981.

The Lune and its tributaries upstream of site 17 (subcatchment
1) was dominated by class C sites (50%) followed by class D
(25%), class B (16.7%) and class A (B.3%) sites (n=12). The
upper Lune siteszzu and 21 produced h%gh densities of parr
(10.3+/-1.1/100m* and 17.4+4/-5.3/100m“ respectively, class B).
These sites were part of an area stocked with 10,000 fry in
1981 and this may have enhanced natural production. Similarly
20,2767 fry were stocked between sites 18 and 19, although
parr densities gt these sites were found to be class D and C
(3.1+/=0.9/100m* and 7.5+/=3.7/100m“ respectively).

Weasdale Beck (101) was one of only two sites in the Lune
catchment which had an excellent density of parr (class A) and
this must be due toc natural production as there is no record
of any stocking having taken place in the area.

The main river sites 14 and 12 had low parr densities (class
D) even though a total of 14,015 fry had been planted in the
vicinity of these sites in 1981. Twe factors may be important
here. The main river sites because of their habitat may not be
able to support higher densities of fry and the nature of
these wide sites may make it difficult to ecapture parr.

In subcatchment 5 the two Borrowdale Beck sites were guite
productive (class B) while the Birk Beck sites (109, 110 and
111) ranged from class D to C on the main beck with the
tributary site 112 (Bretherdale Beck) being categorised as
class B." A 4.8km section of Borrowdale Beck was stocked with
22,000 fry in 1981. Site 114 was in this area and was found to
have a good density of parr in 1982 (class B). A similar
density was recorded at site 113 which was just downstream of
the stocked zone and may have received fry or parr being
displaced from the stocked zone.

Croasdale Beck (site 116) was stocked with 10,930 eyed ova in
1981 which may have resulted in the high densities of parr
recorded at this site in 1982 (class B).

The Dee (subcatchment 2), Clough (subcatchment 8) and Rawthey
{subcatchment 7) were rather unproductive with 54.5% of sites
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being class D, 18.2% class E, 18.2% class C and 9.1% class B
(n=11).

The Barbon Beck/lLeck Beck system was gquite productive with the
3 Barbon Beck sites ranging from class & to C and the two Leck
Beck sites being categorised as class A and D. The excellent
density of salmug parr recorded at site 130 on Barbon Beck
(33.9+/=5,2/100m“, class A) was a direct consequence of the
stocking of 15,766 fry in this region in 1981. Natural
productivity cannot have accounted for the high density of
parr since access to this site for spawning fish is prevented
by two waterfalls.

The Hindburn/Roeburn, Wenning, Greta and Lune downstream of
site 18 were relatively unproductive. Hindburn/Roeburn sites
155, 156 and 158 were again categorised as class E. The
Wenning was dominated by class D and class E sites (40% and
46.7% respectively, n=15). With the exception of one class C
site the remaining sites on the Greta were class D/E (n=6). Of
the 17 sites comprising the upper middle, lower middle and
lower Lune 76.5% were class D and 23.5% class E.

4.1.5 0+ Salmon 1983

The percentage of sites held in each density category did not
vary much from the 1982 results (Figs. 3 and 7) although it
was noticeable that class B sites had increased as had class E
sites whereas class A and class C sites had decreased.

A certain degree of differentiation was again evident between
densities at sites of the upper Lune and its tributaries. With
the exception of sites 107 (Tebay Gill) and 103 (Bowderdale
Beck) (both class A) the rest of the tributary sites of the
upper Lune catchment were either class D or E (n=8) while the
Lune itself was dominated by class B sites (75% class B, 25%
class C, n=4).

20,699 eyed ova were planted_at Tebay Gill in 1983 and a
density of 505.6+/-60.3/100m” was recorded during the 1983
survey at site 107 on Tebay Gill. It seems reasonable to
assume that fry production at this site was enhanced by the
prior stocking of eyed ova. The other class A site in this
subcatchment was Bowderdale Beck (site 103), however there is
no record of any stocking having_taken place here. Thus the
fry density of 143.4+f-34.5}10ﬂm2 recorded at this sites must
have been due to natural preduction.

Some good densities of fry were recorded at the lower Lune
subcatchment (sites 1, 3 and 4; class C, B and B
respectively), but the regions of the lower middle and upper
middle Lune were dominated by sites of lower productivity
(52.9% class D, 23.6% class C, 17.6% class B, 5.9% class E,
n=17).

Chapel Beck (subcatchment 6) was stocked with 5,000 fry %n the
vicinity of site 115 where a density of 81.5+/=20.4/100m“ was
recorded placing it in a class B category. In contrast 15,000
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eyed ova were stocked just upstream of site 116 on Croasdale
Beck, but seemed not to have influenced fry production at this
site at the time of the survey (class D).

The Barbon Beck/Leck Beck system was guite productive being
dominated by class B sites (80%, n=5). 9,634 fry were stocked
in the vicinity of site 130 which accounts for the high
density recorded at this otherwise inaccessible site.

The sites of the Birk Beck/Borrowdale Beck system
(subcatchment 5) were categorised as class C (50%) and class D
(50%) (n=6) and did not appear to have benefited from nearby
stocked areas. Site 111 on Birk Beck was part of a 1.2Kkm
section stocked with 5,000 unfed fry, the observed density at
this site during the 1983 survey was low (class D).

25,000 unfed fry were stocked over a l.2km section in the
vicinity of site 113 on Borrowdale Beck but the 0+ density
recorded during the survey was only 21.1+/-1.3/100m“ (class
D). In addition to this 12,519 unfed fry were planted in a
2.4km stretch of Borrowdale Beck just upstream of site 114 and
a 3.2km section planted with 24,836 eyed ova. The moderate
densities at this site (class C) suggest that no significant
enhancement took place although it is possible that class C
represents a good density of fry for this area if the
waterfall downstream of site 113 limits the number of adults
migrating upstream.

75% of the sites sampled on the River Dee were categorised as
class D and 25% as class € (n=4). The Clough was similarly
relatively unproductive with 66.,7% of sites being class E and
33.3% class D (n=3). The Rawthey proved to be more productive.
Of the five sites sampled 60% were class C, 20% class A and
20% class D.

The Greta, Wenning and Hindburn/Roeburn sites were relatively
unproductive. The three upstream sites of the Greta system
were class E (42.8%) probably as a result of obstructions
(Fig. 1), the other sites being class C (28.6%) and class D
(28.6%). Of the 11 Wenning sites 54.5% were class D and 45.5%
class E. & 2.2km section of the Wenning was stocked with
50,000 fed fry in the wvicinity of site 145 but there was no
significant evidencs of this at the time of the survey when a
density of 3.7/100m° (minimum estimate) was recorded (class
D). BO0% of the sites of the Hindburn/Roeburn system were class
E and 20% class D (n=5) with sites 155, 156 and 158 being
categorised as class E sites for the third year in succession.
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4.1.6 1+ Balmon 1983

As can be seen from Figs. 3 and 8 there was some improvement
in the overall density characteristics of the catchment
compared to previous years, the main feature being an increase
in the number of clase A sites from 2.5% in 1982 to 7.8% in
1983. There were alsc fewer class E sites in 1983 (15.6%)
compared to 1982 (22.8%).

The most productive ares of the catchment were subcatchments 5
(Birk Beck/Borrowdale Beck) and 1 (the upper Lune and its
tributaries). In the former case 50% of sites were class B,
33% class A and 16.7% class C (n=6). In the latter case there
was again some differentiation between the densities recorded
at the sites of the tributaries against those recorded in the
main river. Site 107 on Tebay Gill (class A), site 104 on
longdale Beck (class A), site 105 on Ellergill Beck (class A),
site 101 on Weasdale Beck (class B), site 102 on Bowderdale
Beck (class B) and site 20 on the Lune (clas=s B) were the most
productive of the subcatchment. Examination of the tributaries
separately indicates that the main river sites were
categorised as 50% class D, 25% class B and 25% class D (n=4).
Of the tributaries 37.5% of site:s were class A, 25% class B,
and 12.5% for each of the categqories C, D and E (n=8).

The density of parr at site_107 on Tebay Gill was found to be
excellent {?D,2+j—12.9jlﬂﬂm2, class A),_although 0+ density in
1282 was only moderate (43.7+/-4.1/100m", class C). 1+ salmon
production at this site must have been enhanced by parr moving
into this region from its immediate vieinity. It is possible
that some of these fish resulted from the 20,836 eyed ova that
were planted in this beck in 1982.

A similar situation of fish movement is indicated in Weasdale
Beck and Ellergill Beck. 20,836 eyed ova were planted in
Weasdale Beck in 1982. In 1983 parr production at site 101 was
found to be class B and may have been due in part to the
development and subsequent emigration of fish resulting from
the eyed ova that were planted in 1982. The high parr dgnsity
recorded at site 105 on Ellergill Beck (44.6+/-8.8/100m“,
class A) may well have been as a consegquence of planting
15,825 eyed ova in the vicinity of this site in 1982. At the
time of the 19282 survey 0+ production at this site was found
to be low (class D).

Site 108 on Chapel Beck (subcatchment 1) had a moderate
density of 1+ salmon (class C), but no fry were recorded there
in 1982. Some of the fish that had moved into this area may
have been those from the 20,000 fed fry that were stocked just
upstream of this site in 1982.

19,765 eyed ova were stocked in the vicinity of site 21 on the
upper Lune in 1982 where the fry density post stocking was
found to be excellent (class A), hawgﬁer the density of parr
in 1983 was relatively low (3.8/100m“, class D).

Site 110 on Birk Beck (subcatchment 5) had a good density of
parr (class B), but the density of fry in 1982 was low (class
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D). There may have been some enhancement as a result of fish
movement from Rampshowe Beck, a small tributary just upstream
of site 110. This beck was stocked with 20,744 eyed ova in
1982. An excellent density of salmon parr was recorded at site
111 on Birk Beck (class A) even though fry production in 1982
was low (class D). The stocking of 6,652 fry followed by a
further 11,000 fed fry in the vicinity of this site in 1982
may have had a beneficial impact on parr densities. Site 112
on Bretherdale Beck had a good density of parr (class B). The
basis of this was the high density of fry recorded in 1982
(class B), possibly as a result of the stocking of 17,138 fry
in the main Beck, 5,000 in one tributary and 5,000 in another
all of which were in the vicinity of site 112.

The main river sites up to site 17 were of low productivity
being dominated by class D =ites (76.5%) and the remaining
sites were class E (23.5%, n=17). Site 16 on the River Lune
was found to have low 0+ and 14 salmon densities (class D),
although 122,237 fed fry were stocked in the vicinity of this
site in 1982.

Croasdale Beck (site 116) had a good density of salmon parr
(class B). This beck had been stocked with 10,000 eyed ova in
1982 and was found to yield a fry density of 251.3+/-
123.7/100m* (class A) in the 1982 survey. The high density of
parr recorded in 1983 was therefore to be expected.

The Dee (9), Clough (8) and Rawthey (7) were relatively
unpreductive. 50% of the River Dee sites were class C and 50%
class D (n=4). All three of the sites sampled on the Clough
were class D. Most of the Rawthey sites were class D (80%,
n=5), the exception being site 118 which was class A. HNo
stocking was carried out in the region of this site.

of the Barbon Beck/Leck Beck system (subcatchment 10) the
former was the most productive for parr, site 130 being class
B and sites 128 and 129 class C. The two Leck Beck sites were
categorised as class D. Site 130 on Barbon Beck was found to
be a class B site even though fry densities in 1982 were low
(class D). The region upstream of this site was stocked with
12,000 fed fry in 1982. Some of these fish must have been
displaced and/or actively moved to the region of site 130.

The Greta, Wenning and Hindburn/Roeburn were again relatively
unproductive, the majority of sites being class D (57%, 54.5%,
and 40% respectively; n=7, 11 and §).

The presence of parr at site 138 on the Greta (class D) is
thought to be as a result of the stocking of 10,000 fry in
1982. Site 136 was found to have a good density of parr (class
B}, although fry production at this site in 1982 was low
(class D). The region was stocked with 50,000 salmon fry in
1982 and this may have enhanced parr production to the degree
observed in 1983.

ED,000 unfed fry were planted in the Wenning in 1982 in the
vicinity of site 142 and 143. In that same year no salmon fry
were recorded at site 142 and 143. No parr were recorded at
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site 142, whilst site 143 was categorised as class D in 1983.
Parr densities at site 144 and 145 of the River Wenning were
moderate (class C), and may have been due to the stecking of
80,000 fed fry in the region between these sites in 1982,

The section between sites 154 and 155 on the Hindburn was
stocked with 40,000 fry in 1982, but these fish do not appear
to have impacted on salmon production at these sites. No parr
were recorded at site 155 while 154 was class D. Fry were
absent from site 155 in 1982 with a moderate density (class C)
being recorded at site 154. This may be as a result of the
habitat being unable to support high densities of salmon.

4.1.7 0O+ Balmon 1984

The results of the 1984 survey indicates that this was a poor

year for fry production in the Lune catchment compared to 1982
and 1983 with 57.9% of the sites being categorised as class D

and 25% class E (Figs. 3 and 9). The percentage of class B and
C sites were much lower than their 1982 and 1983 values. This

may be related to fact that 1984 was a drought year.

The River Lune was dominated by class D sites. 0Of the 21 sites
80.9% were class D, 14.3% class C and 4.8% class E. The
trikbutaries of the upper Lune subcatchment (1) were also
dominated by class D sites, the only exception being Tebay
Gill (site 107) which had an excellent density of fry (class
A). This result is most likely to have occurred due to
enhancement through the planting of 18,000 eyed ova in the
vieinity of site 107.

The Birk Beck/Borrowdale Beck system was relatively
unproductive, 83.3% of sites being class D and 16.7% class E
(n=6) .

The Rawthey, Clough, and Dee were largely dominated by class D
sites, but some good densities were found at Dee 125 and
Rawthey 118 (both class B). The latter site has proved to be
guite productive for juvenile salmon over the study peried to
date.

Of the Barbon Beck/Leck Beck system the former was more
productive, sites 128 and 129 had excellent densities of fry
(class A). No fry were recorded at site 130 on Barbon Beck and
this is & direct result of the fact that adult salmon are
unable to negotiate two waterfalls downstream of this site.
16,000 fry were stocked out over a 3.2km stretch in the
vicinity of site 130, but made no impact on densities at this
site at the time of the survey. Sites 131 and 132 on Leck Beck
were categorised as class C and D respectively.

50% of the sites on the Greta were class D, 33.3% class E and
16.7% class C. The class E sites (137 and 138) were those
upstream of waterfalls.

The Wenning (subcatchment 12) was dominated by class E sites
{54.5%, n=11). 49,539 unfed fry were planted in the River
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Wenning incorporating site 144, however no fry were recorded
at this site in the 1984 survey.

No fry were recorded in the Hindburn/Roeburn system
(subcatchment 13).

4.1.8 1+ Salmon 1984

1984 has so far been the most productive year for salmon parr
during the study period. 18.4% of the sites in the catchment
were categorised as class A, 17.1% class B and 18.4% class C
(Figs. 3 and 10).

The upper Lune and its tributaries (subcatchment 1) was a
relatively productive system with most of the high density
sites being on the tributaries. 33.3% of the sites were class
A, 41.7% class C, and sites in categories B, D and E forming
8.3% of the system.

Site 107 on Tebay Gill had a 1+ density of 51.5+{-2.3f1ﬂﬂm2
(class A) and was based on the excellent density of fry
recorded in 1383 (class A). This in turn was most probably due
to the planting of 20,6929 eyed ova in 1983.

Site 105 on Ellergill Beck had a moderate density of parr
{elass €) altheugh no fry were recorded at the time of the
1983 survey. However, 12,000 eyed ova were planted upstream of
this site in 1983 and this may have supplemented any natural
movement of fry into this area.

The Birk Beck/Borrowdale Beck sites were also relatively
productive, 50% of sites being class B and the remainder
falling in the categories A, C and D (n=6). 5,000 fry were
stocked in the wvicinity of site 111 (Birk Beck) in 1983 and
may well have contributed to the high density of parr recorded
there in 1984 (33.2+/-4.1/100m*, class A).

The two sites on Borrowdale Beck (113, 114) were categorised
as class B, but since fry production was found to be
relatively low in 1983 (class D and C respectively), parr
densities may have been enhanced by the influx of fish from
adjacent stocked areas. 24,836 eyed ova were planted just
upstream of site 114, 25,000 unfed fry in the vicinity of site
113 and a further 12,519 unfed fry just upstream of site 114
in 1883.

The upper middle Lune sites in particular (subcatchment 2) and .
the lower middle Lune sites (subcatchment 3) produced sone
relatively good densities of parr. In the former case 28.6% of
the sites sampled were class A and 14.3% class B (n=7). In
contrast the lower Lune system (subcatchment 4) was dominated
by class D sites (80%, n=5).

Site 116 on Croasdale Beck and site 115 on Chapel Beck were
class A sites. Fry production at site 116 was low in 1983
(class D), thus the high parr densities must have been
achieved through the movement of fish into this site some of
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which may have resulted from the planting of 15,000 eyed ova
immediately upstream of this site. In the case of site 115 the
density of 0+ fish in 1983 was good (class B) giving rise to
the high density of parr in 1984. These results may also have
been due in part to the stocking of 5,000 fed fry immediately
upstream of this site in 1983.

Whereas in previous studies the Rawthey, Clough and Dee, were
of similar density categories the Rawthey was more productive
on this occasion. Site 118 was again found to have an
excellent density of salmon parr (class A). Of the remaining
sites 2 were class C, 1 class B and 1 class D. Site 124 was
the most productive site of the Dee subcatchment (class B),
the rest of the sites being class C (25%) and c¢lass D (50%,
n=4). The Clough was again relatively unproductive. Of the
three sites sampled 2 were class D and 1 class E.

The Barbon Beck/Leck Beck system was highly productive with
60% of sites being class A, 20% class B and 20% class C (n=5§).
An excellent density of parr was recorded at site 130 on
Barbon Beck (class A) and a good density of fry was recorded
at this site in 1983 (class B). These results are due to the
stocking of 9,643 fed fry in 1982. There was no evidence of
any stocking having taken place in Leck Beck (sites 131 and
132), so the class A and class B densities recorded there are
attributable to natural production.

Most of the Greta sites yielded very good densities of parr.
50% of sites were class B and 16.7% class A (n=6). There is no
record of any stocking having been carried out here so these
densities must have been due to natural production.

The Wenning system and the Hindburn/Roeburn system were
relatively unproductive. In the former case 72.7% of the sites
were clas= D. Site 139 on the Wenning was the most productive
site of the subcatchmen% {class B). Site 145 had a low density
of parr (1.9+/-0.9/100m*“, class D) as was the case with fry at
this site in 1983 even though 50,000 fry had been stocked in
the vicinity of this site in 1983. The habitat may not be able
to support high densities of fry. Site 155, 156 and 158 of the
Hindburn/Roeburn were class E as they have been over most of
the study period.

4.1.9% 04 Salmon 1985

There was some improvement in fry production compared to that
observed in 1984 with an increase in the percentage of sites
classed as A, B and C, however 75% of the sites studied
belonged to class D and E categories (Figs. 3 and 11).

The sites of the upper Lune and its tributaries (subcatchment
1) had quite variable densities. 45% of the sites in this
system consisted of class D sites, 27% class C, 18.2% class B
and 9% class A. The main river sites were on the whole more
productive than those of the tributaries. O0f the 4 main river
sites 2 were class B, 1 class C and 1 class E. The sites of
the tributaries Chapel Beck (108), Rais Beck (106), Longdale
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Beck (104) and Weasdale Beck (101) were all eclass D sites. The
most productive site of the subcatchment was site 103 on
Bowderdale Beck (clase A) and this was not stocked.

A moderate density of fry was recorded at site 107 on Tebay
Gill (class C). A 3.2km section of this beck incorporating
site 107 was stocked with 42,829 eyed ova but seems to have
had little effect in the way of increasing the density of fry
at this site.

The majority of sites on the Birk Beck/Borrowdale Beck system
were class D sites (66.7%, n=6), the exceptions being sites
109 on Birk Beck (class A) and 112 on Bretherdale Beck (class
c) .

The main river up to site 17 (incorporating subcatchments 2, 3
and 4) was dominated by class D sites (64.7%) and it was only
at site 7 (Linderlay) where densities exceeded 50/100m* (class
B) .

No fry were recorded at Croasdale Beck (site 116). There has
been a downward trend in numbers since 1983. A 2.4km stretch
of the beck immediately upstream of this site had been stocked
with 16,941 eyed ova in 1985 but did not appear to influence
0+ densities at this site. 0+ density at Chapel Beck (site
115) was found to be moderate (class C). This site was just
downstream of a 3.2km section stocked with 10,000 unfed fry,
but it seems that this stocking had no major effect on 0+
density at the time of the survey.

The Rawthey, Clough and Dee subcatchments were relatively
unproductive being dominated by class D sites. The most
productive areas of this group were sites 125 on the Dee
{class B) and 118 on the Rawthey (class C).

Sites 128 and 129 on Barbon Beck had high densities of fry
(class A and B respectively) and have generally been very
productive areas for salmon. Both Leck Beck sites (131 and
132) were class D as was sSite 130 on Barbon Beck. In the
latter case the presence of fry was as a result of the
stocking of 35,170 unfed fry in an area otherwise inaccessible
to salmon.

The Greta, Wenning and Hindburn/Roeburn systems were
relatively unproductive with a significant proportion of sites
being categorised as class E (52.2%, n=23). The 4 main River
Greta sites were all class D sites, while the 2 upstream sites
were class E. 58.3% of the Wenning sites were class E and 25%
class D (n=12). 20,000 unfed fry were stocked between sites
144 and 145 on the Wenning but made little impression on 0+
densities at these sites (class E and D respectively). Rather
surprisingly in the context of the nature of the subcatchment,
site 146 was found to have an excellent density of fry (class
A). Sites 155, 156 and 158 of the Hindburn/Roeburn did not
support any 0+ salmon at the time of the survey, while sites
154 and 157 were categorised as class D.



17

4.1.10 1+ Balmon 1985

1985 was the least productive year for 1+ salmon during the
1981 to 1985 period with 76.3% of the sites sampled in the
catchment being categorised as class D/E. 2.2% of the sites
were categorised as class B and 1.3% class A (Figs. 3 and 12).
The results of the 1984 survey showed that fry production was
relatively low and a likely consequence of this would be a
poor year class of parr in 1985.

The sites of the upper Lune and its tributaries (subcatchment
l) were not as productive as in previous years and this was
particularly noticeable with respect to the tributary sites.
The only exception was site 106 (Rais Beck) which had
previously yielded low densities of fry and parr, but produced
a high density of parr in 1985 (class B). 14,971 unfed fry
were stocked in this beck upstream of site 106 and the
downstream displacement of these fish may be responsible for
the observed density of parr.

The density of parr at site 107 on Tebay Gill (class C) was
not as high as that expected considering the fact that this
site had an excellent density of fry in 1984 (class A). The
high fry density was likely tc have been as a result of the
planting of 18,000 eyed ova in a 2.4km section in the vicinity
of site 107 prior to the survey.

Of the Birk Beck/Borrowdale Beck system the latter was more
productive, sites 113 and 114 being registered as class B.
This beck had been stocked with eyed ova (33,000) and unfed
fry (9,300) in 1984 and the high densities of parr recorded at
these sites may have been due in part to these stockings. The
majority of sites on Birk Beck were categorised as class D
(75%, n=4).

The main river was dominated by class D sites along its entire
length (80.9%, n=21), the most productive site being Yorkshire
Bridge (site 16) which was categorised as class B.

Site 115 on Chapel Beck was the only site_in the catchment to
yield parr densities in excess of Eﬂflﬂﬂmz (class A). There
was no evidence of any stocking having taken place.

The Greta, Clough and Dee were dominated by class D sites
(75%, n=12).

At the Barbon Beck system 40% of sites registered as class B
and 40% as class C (n=5). Site 130 was found to have a good
density of 1+ salmon (class B), but no fry were recorded here
in 1984. 16,000 fry were stocked in the vicinity of this site
in 1984 and the movement of these fish into the survey site
accounts for the cbserved densities of parr in 1285 in view of
the inaccessibility of this site for salmon.

Of the 23 sites sampled on the Greta, Wenning and
Hindburn/Roeburn systems 22 had densities less than class C.
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4.2 0+ and 1+ Trout Densities 1981-1985

4.2.1 0+ Trout 1981

0+ trout densities in the Lune catchment were found to be
extremely low during the 1981 survey (Figs. 3 and 13). It must
be stressed that during this survey the emphasis was placed on
salmon parr population estimates and as a consequence the
results for 0+ trout (and 0+ salmon) may under represent the
population. It would therefore be more appropriate to consider
these results as minimum estimates. 44% of the sites sampled
were of class E densities and the remaining 56% pf the sites
in the catchment had densities less than 25/100m* (class D).

The main river seemed to be unfavourable for fry production
since no trout fry were recorded at any of the sites sampled

(n=12).

4.2.2 1+ Trout 1981

A large proportion of sites sampled were of low productivity
and the highest density categories were class B and C which
accounted for 17.6% of the sites in the catchment. As was the
case for trout fry all the main river sites (n=12) did not
support any trout parr at the time of the survey (Figs. 3 and
14).

The Hindburn/Roeburn system was the most preductive of the
catchment with 60% of sites being class C and 40% class B
(n=5). This system seems to be more favourable for trout
production than salmen. Site 103 on Bowderdale Beck and 132 on
Leck Beck were the only other areas of good production
recorded during the 1981 survey (class B).

4 total of 34,000 fed fry was planted in the main tributaries
of the lower Lune (namely the Greta, Wenning and Hindburn,
subcatchments 11, 12 and 13} in 1980. 12,000 of these were
planted in the Greta between sites 134 and 135, but no trout
parr were recorded at these sites during the 1981 survey.
11,000 fry were stocked in the River Wenning over a 0.8km
section to include site 145. The 1981 survey revealed a parr
density of 2.8+/-0.3/100m* (class D), =seemingly unimpacted by
the stocking event of 1980. 11,000 fry were planted in the
upper reaches of the Hindburn but the exact location is not
known, densities in the Hindburn ranged from class C to B.

4.2.3 04+ Trout 1982

There was an improvement in the overall density
characteristics of the catchment compared to the results of
the 1981 survey, largely due to a combination of two factors.
Firstly, sufficient emphasis was placed on the capture of
trout fry to give accurate population estimates at the sites
sampled. Secondly, the number of sites sampled had increased
from 51 in 1981 to 79 in 1982 and some of these additional
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eites were found to be highly productive e.g. site 116 on
Croasdale Beck and site 101 on Weasdale Beck (class A).

77% of the sites sampled were class D/E, 15% class C, and 7%
class A/B (Figs. 3 and 15). Thus although there was an
improvement in 0+ densities compared to that recorded in the
1981 survey it was localised in distribution.

Trout fry were present at some of the main river sites but
densities were low. The lower lune sites (subcatchments 3 and
4) were predominantly class E while the upper Lune sites
(subcatchments 1 and 2) were predominantly class D.

Sites 122 (class B) and 123 (class A) on the River Clough were
more productive than in 1981 and this may be linked to the
1982 stocking programme. The records show that 10,189 fed fry
were planted over a 2.8km section in the wvicinity of site 1232
and this may have centributed te the high densities recorded
there.

4.2.4 14+ Trout 1982

As cari be seen from Figs. 3 and 16 the 1982 results are a
considerable improvement on those obtained in 1981. The most
significant feature is that 6.3% of the sites in the catchment
were categorised as class A whereas in 1981 no class A sites
were recorded. The percentage of class B and class C sites had
also increased. The fact that parr densities were higher than
that recorded in 1981 also tends to indicate that the 1981 0+
trout data was unrepresentative of catchment productivity in
that vyear.

The Hindburn/Roeburn system proved to be the most productive
of the catchment with 40% cf sites categorised as class A and
40% as class B (n=5). Certain areas of the Wenning were just
as productive as the Hindburn/Roeburn system and some of these
were the additional sites incorporated in the sampling
programme for 1982. The majority of sites were class D (40%),
with 26.7% class B, 13.3% class C and 6.7% class A.

As was the case for fry, sites 122 and 123 on the Clough had
high densities of parr (class A).

The sites sampled in the lower Lune and lower middle Lune
subcatchments (3 and 4) were all class E sites. There was a
slight improvement in density categories in the upper middle
and upper Lune subcatchments (1 and 2).

4.2.5 0+ Trout 1983

Although the percentage of class A sites was reduced compared
to the results of the 1982 survey (from 5.0% to 1.3%) there
was a slight overall improvement in the percentage of sites
falling inte the upper density categories (Fig. 3). Class B
sites had increased from 2.5% to 11.7% and class D sites had
also increased whilst class E sites decreased.
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The Hindburn/Roeburn system (subcatchment 13) and the upper
Lune and its tributaries (subcatchment 1) were the most
productive areas of the catchment (Fig. 17). In the former
case 60% of sites were class C and 20% class B (n=5), while in
the latter case 33% were class B, and 25% clases C (n=12).

There was only one site in the catchment which registered as
class A and this was site 151 on Austwick Beck. There was no
evidence of any stocking at this site.

4.2.6 14 Trout 1983

As was the case with fry the results show an overall
improvement in the higher density categories of class B and C,
with a reduction of class E sites and no change in the
percentage of class D sites (Figs. 3 and 18).

From the results it would seem that the sites of the main
river, particularly those of subcatchments 3 and 4 were not
conducive to trout production (5Z.4% class E and 42.9% class
D).

There appeared to be some correlation between the density of
parr cbserved at site 123 on the Clough (class B} and the fact
that this area was stocked with fry in 1982.

The highest densities of parr were recorded at sites 122
(Clough) and 116 (Croasdale Beck) which were both class A
sites.

4.2.7 0+ Trout 1984

1984 was the most productive year of the study period for 0+
trout with 9.2% of the sites sampled being registered as class
A, 5.3% class B and 14.5% class C (Figs. 3 and 19).

The Wenning and Hindburn/Roeburn subcatchments (12 and 13)
were not as productive as in previous surveys and were
dominated by class D sites. The most productive areas tended
to be small becks such as Weasdale Beck (site 101), Bowderdale
Beck (sites 102 and 103), but it should be noticed that the
Clough (subcatchment 8) was also a relatively productive area.

The upper reaches of the Lune was stocked with 7,761 unfed fry
along a 1.2km section approximately 0.8km upstream of site 21.
In addition to this two tributary =s=ites (Bowderdale Beck 102
and Weasdale Beck 101) were in similar proximity to the
stocked zone and all three sites had excellent densities of
trout fry (class A). As the exact area of the stocked zone is
not known it is difficult to assess whether or not the
cbserved densities were influenced by the stocking.

Chapel Beck was stocked with 4,000 unfed fry just upstream of
site 115 and this site was subsequently found to have an
excellent density of fry (class A).
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4.2.8 1+ Trout 1984

1984 was also the most productive year of the study period for
1+ trout with 13.2% of sites categorised as class B and 10.5%
as class A. Fewer sites were categorised as class E (14.5%)
than in any of the previous surveys since 1981 (Figs. 3 and
20) .

The main river sites were once again relatively unproductive,
61.9% of sites had parr densities less than 5/100m* (class D)
and 38.1% of sites were categorised as class E.

The Clough and Hindburn/Roeburn subcatchments (8 and 13
respectively) were the most productive areas of the Lune
catchment followed by Leck Beck (subcatchment 10) and
Borrowdale Beck (subcatchment 5).

4.2.%9 0+ Trout 1985

The Lune catchment as a whole was less productive than in
previous years (except for 1981) in respect of the number of
sites being classified as A, B and C (Figs. 3 and 21). A large
proportion of the sites sampled were class D (72.3%). It was
some of the small becks such as Tebay Gill (site 107, class
A), Austwick Beck (sites 151 and 152, class B) and Croasdale
Beck (site 116, class A) which were the most productive areas
of the catchment.

4.2.10 1+ Trout 1985

The results of the 1285 survey indicate a reduction in the 1+
productivity of the catchment compared to the three previous
years. Although the percentage of sites categorised as class E
was the lowest recorded during the 1981 to 1985 period, the
proportion of class D sites was greater than at any other time
during this pericd.

The Hindburn/Roeburn system and some of the smaller
tributaries such as Croasdale beck (site 116, class A) and
Chapel Beck (site 115, class B) were the more productive areas
of the catchment (Fig. 22). The good density of parr recorded
at the latter site may be associated with the stocking carried
out there in 1984,
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4.3 BSalmon Population Dynamics Within The 13 Subcatchments

4.3.1 Subcatchment 1: The Upper Lune and its Tributaries

In some years there seemed to be a distinction between the
density of 0+ salmon at the main Lune sites compared to the
tributary sites. Many of the tributary sites had extremely low
densities compared to the main river sites. These sites are
Chapel Beck (site 108), Rais Beck (site 106), Ellergill Beck
(site 105), and Longdale Beck (site 104); Weasdale Beck (site
101) may also be included in this group with respect to the
latter years. The exceptions to this are Tebay Gill (site 107)
and Bowderdale Beck (site 102 and 103). In fact the highest
density of 0+ Ealgnn recorded in the river Lune catchment was
505.6+/-60.3/100m” (class A) and this was at Tebay Gill which
is known to have been heavily stocked over- the years.

It is apparent from Table 2 that the best sites in this
subcatchment in terms of mean density and CV are Tebay (site
17), 0ld Tebay Bridge (site 18), Kelleth Bridge (site 20) and
Wath (site 21). The mean densities at Ehesa sites ranged from
41.7+/-59.3/100m“ to 55.8+/-203.4/100m“ (class C/B) with a
coefficient of variance ranging from 38.8% to 59.5%.

1+ salmon densities were highly variable in this §ubcatchment.
The highest density recorded was 70.2+/-12.9/100m° (class A)
at Tebay Gill (site 107) in 1983, Kellegh Bridge (site 20)
with a mean density of 15.34/-13.5/100m“ (class B) and
coefficient of variation of 31.5% together with Teba¥ Gill
(site 107) having a mean density of 44.5+/-69.2/100m“ (class
4) and coefficient of variance of 76.5% were the best sites in
the subcatchment.

4.3.2 Subcatchment 2: The Upper Middle Lune System

This was a relatively unproductive catchment for 0+ salmon
over the 193% to 1985 pericd. Site mean densities were less
than 25/100m“ (Table 2). The situation was essentially the
same for salmon parr except in 1984 when a relatively good
year class was recorded. The meost productive site of the
catchment wai site 16 (Yorkshire Bridge) with a mean density
of 11.8/100m“ (class B) and a coefficient of variation of
109.9%.

4.3.3 Subcatchment 3: The Lower Middle Lune System

The 0+ salmon abundance characteristics of this subcatchment
were comparable to that of subcatchment 2. Mean densities were
low (class D) and the associated CV high (Table 2). A similar
situation was observed for 1+ salmon where site mean densities
were also low (class D) (Table 3).
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4.3.4 Bubcatchment 4: The Lower Lune Bystem

Mean densities for 04 egalmon in this subcatchment ranged from
class D to C with the most productive site being Newton (site
4) . The mean density 3t this site for the period 1981 to 1985
was 30.3+/-114.8/100m“ (class C). In confrast mean densities
of 1+ salmon were extremely low (<3/100m®, class D).

4.3.5 Subcatchment 5: The Birk Beck/Borrowdale Beck System

The results show mean densities of salmon fry to vary between
class D and class C with relatively high coefficient of
variation (Table %J. Site 112 on Bretherdale Beck with a mean
of 30+/-71.5/100m“ and a CV of 60.3% was the site which
displayed the least amount of variation about the mean for a
class C site.

This was a very good subecatchment for 1+ salmon production.
The sites with the highest mean density and lowest CV were
found to be site 113 (12.5+/-18.7/100m%, 13.8%) and 114 (18+/-
18.1/100m", 28.9%) on Borrowdale Beck (both class B). Site 113
showed the least wariability about the mean of any site in the
Lune catchment with respect to 1+ salmon (Table 3).

4.3.6 BSubcatchment 6: The Chapel Beck/Croasdale Beck System

Site 116 on Croasdale Beck proved to be a highly variable site
for 0+ salmon production, being categorised as class A in 1982
and class D in the following years to 1985. The CV feor this
site was 272.7% indicating g high degree of variation about
the mean (54.6+/-300.3/100m<). Site 115 (Chapel Beck) was less
variable and produced good year classes in 1983 and 19384
(class B) and was evidently one of the best sites in_the Lune
catchment having a mean density of 66.8+/-100.7/100m“ (class
B) and a CV of 60%.

Mean densitiesz of 1+ salmon at sites 115 (Chapel Beck) and 116
(Croasdale Beck) registered as class B and the associated CV
was found to be 125.3% and 102.3% respectively.

4.3.7 Subcatchment 7: The Rawthey Bystem

0+ salmon densities in this subcatchment were dominated by
those sites registering as class C and D. The only exception
was at Sedbergh (site 118) where densities of class A and B
were recorded in 1982 and 1984 respectively. Table 2 shows
that in terms of mean site density and variation about the
mean, site 119%9a (Cautley) and 117 (Ingmire) were the best
sites for 0+ salmon production in this subcatchment (both
class C). The mean density at site 118 (Sedbergh) was
comparable to the former sites but the CV was higher.

Site mean densities of 1+ salmon in this subcatchment were
generally low (class C to D) with the exception of site 118
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(Sedbergh) where a mean density of 21.8+/-44.2/100m* (class A)

was found with a ©V of 70.1%.

4.3.8 Subcatchment 8: The Clough Bystem

0+ salmon were not recorded from this subcatchment in 1981 and
were present at very low densities between 1982 and 1985
(mainly class D and E). Site mean densities were very low
{class D) with high CV (Table 2).

Similarly, 1+ salmon densities were low, two of the three
sites sampled had mean densities registering as class D (Table
3).

4.3.9 Subcatchment 9: The Dee System

0+ salmon densities in this system were generally low (class D
and E). There were however some notable exceptions such as the
strong year class produced at site 126 in 1982 (class A) and
at site 125 in 1984 and 1985 (class B). Table 2 shows that in
terms of =ite mean densities and CV this subcatchment yielded
low densities with relatively high wariation about the mean.
However, site 125 is clearly the exception ranking as one of
the best sites in the Lune catchment (class B, CV = 47%).

Sites 124 and 127 were the most productive of this
subcatchment with respect to 1+ salmon (mean densities
registering as class C with maximum densities of class B).

There are no significant obstacles to migrateory fish in this
subcatchment although it is known that certain areas of the
river are liable to dry up during the summer months upstream
of sites 126 (A. Atkinson pers. comm.). Such drought
conditions may impact on salmonid production by reducing the
available habitat for fry and parr in addition to reducing
cover and dissolved oxygen concentration with increased
temperature effects.

4.3.10 Subcatchment 10: The Barbon Beck/Leck Beck Bystem

The most significant feature of this subcatchment were sites
128 and 122 on Barbon Beck which produced very strong year
classes of 0+ salmon during the period 1982 to 1285. The
highest density was recorded at site 128 in 1984 (279.9+/-
32.4/100m“, class A). Mean densities at these sites registered
as class B (Table 2). Barbon Beck 130 was considerably less
productive than these sites and with the exception of the 1983
year class (class B) site densities ranged from class D to E.
This site cannot produce self sustaining salmon populations as
a result of the impassable waterfall downstream of the site.
The presence of juvenile salmon at this site is due to
stocking.

Sites 131 and 132 on Leck Beck had mean densities of 0+ salmon
which registered as class D (Table 2); maximum densities of
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class B (site 131) and class C (site 132) were recorded for
both sites in 1983.

The densities of 1+ salmon at sites 128 and 129 on Barbon Beck
were considerakly less than expected in view of the very
strong 0+ year classes at these sites, mean densities
registered as class C. High densities were achieved on two
occasions, in 1982 (site 128, class B) and 1984 (site 129,
class A). The most productive site was in fact site 130
yielding class A densities in 1981, 1982 and 1984.

Parr production at the Leck Beck sites (131 and 132) was
greater than expected from the level of 0+ productivity at
these sites; mean densities reg%stered as class B (Table 3). A
peak density of 43.3+4/-92.3/100m“ (class A) was recorded in
1284.

Site 130 on Barbon Beck and 132 on Leck Beck were found to be
the most productive sites in the subcatghment for 1+ salmon .
with mean densities of 19.8+/-46.32/100m“ and 11.%+4/-159.%/100m
{both class B) and €V of 61.3% and 42.6% respectively.

4.3.11 Bubcatchment 11: The Greta 5y§tem

0+ salmon densities varied between absent and moderate (class
E to C) with mean densities registering as class D/E (Table
2). No fry were recorded at sites 137, 137a and 138 probably
as a result of the presence of waterfalls impeding the
upstream movement of adults.

1+ salmon densities were similarly partitioned between sites
133, 134, 135, 136 which ranged from class A to E and sites
137, 137a, 138 which were all class E except for site 138 in
1983 (class D). The most productive sites of this subcatchment
were sites 135 and 136 having mgan densities of 11.2+/-
29.8/100m% and 10.2+/-21.4/100m° (both class B) and CV of
106.9% and 71.6% respectively.

4.3.12 Bubcatchment 12: The Wenning System

0+ salmon production at the River Wenning was generally very
low, the majority of sites were categorised as class D and E
and no fry were recorded at sites 142 and 143 during the study
period. As a conseguence, mean densities were alsc very low
(class D and E) and in addition the degree of variation about
the mean was high (Table 2). One of the most striking features
of the results in the context of the low productivity of the
subcatchment was the very strong year class of fry produced at
site 146 in 1985 (class A). There was no record of any
stocking having taken place.

The sites at the head waters of the river Wenning (site 152 on
Fen Beck, sites 149, 150, 151 and 151b on Austwick Beck, site
148 on Clapham Beck and site 153 on Keasden Beck) were also
characterised by very low densities (class C to E). No salmon
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fry were recorded at site 153 on Keasden Beck on each of the
sampling occasions.

1+ salmon production was very low in this subcatchment. Of the
54 sampling occasions, the 16 sites of this system were
classified as class D and E for 90.7% of the time.

These results indicate the Wenning system to be unproductive
for salmon. The reasons for this may be related to the
presence of instream cbstructions and the availability of
suitable habitat.

4.3.13 Bubcatchment 13: The Hindburn/Roeburn System

0+ salmon densities in this subcatchment were extremely low
with no fry being recorded in 1984. The most productive sites
were 154 on the Hindburn and 157 on the Roeburn which were
categorised as class D (based on mean values) though densities
did reach as high as class C in 1981.

This pattern of abundance was alsoc reflected by the 1+ salmen
densities which were predominantly class D and E. Site 157 on
the Roeburn was the most productive site being categeorised as
class C in 1982 and 1983, but based on the site mean density
over the 1981 to 1985 pericd this was a class D site.

4.4 Trout Population Dynamics Within The 13 Subcatchments

4.4.1 Subcatchment 1: The Upper Lune and its Tributaries

The results show that this subcatchment is one of the most
productive for 0+ trout (Table 4). Site 101 on Weasdale Beck
was the most productive site of th% subcatchment with a mean
gite density of 113.9+/-216.6/100m" (class A) and a CV of
90.5%. The CV was relatively high because of the fact that no
fry were recorded at this site in 1985 although densities had
been very good in the previous years. Site 105 on Ellergill
Beck and site 107 on Tebay Gill had mean site densities which
registered as class B, however in the latter case there was a
high degree of variation about the mean (CV of 288.2% compared
to 51.6% in the former case). 0+ densities at site 107 were
less than 3/100m“ between 1982 to 1984 but_the exceptionally
high densities in 1985 [361.2+fu14?.3j100m21 resulted in a
high mean site density. The main river sites 17 (Tebay), 18
(0ld Tebay Bridge) and 19 (Rayne Bridge) together with site
106 on Rais Beck yielded particularly low densities of fry and
registered as class D (based on mean site densities and
maximum densities). The remaining sites in the subcatchment
had mean site densities which registered as class C.

The becks in this system, although highly wvariable, were on
the whole much better 0+ trout preoducing waters than the main
river sites. The only exception was Rais Beck (site 106) which
i= known to be susceptible to organic enrichment (Saxby,
1991). This difference in densitiesz between the becks and main
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Table 4. (Cont.)
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river is opposite to that recorded for 0+ salmon suggesting
that nursery areas for the two species in this subcatchment

may be partitioned.

The abundance of trout parr followed a similar pattern to that
of trout fry with the sites on the tributaries tending to be
more productive than the main river sites. According to mean
site densities most of the sites on the tributaries, with the
exception of site 106 (Rais Beck) and 107 (Tebay Gill), were
categorised as class C (Table 5). The most productive site was
on Ellergill Beck (site 105) having a mean density of 11.7+/-
15.3/100m“ (eclass B) and a low CV (31.3%). The main river
sites 17 (Tebay), 18 (0ld Tebay Bridge), 19 (Rayne Bridge), 20
(Kelleth Bridge) and 21 (Wath) all had mean site densities
which registered as class D.

4.4.2 Subcatchment 2: The Upper Middle Lune System

This subcatchment was considerably less productive for 0+
trout than subcatchment 1 with mean E%te densities < ?flﬂﬂmz
and a peak density of 19.3+/-3.2/100m* (class D) at site 12
(Linceln Inn) in 1983. As a conseguence the whole subecatchment
was categorised as class D.

1+ densities were also very low with all sites registering as
class D/E.

4.4.3 Subcatchment 3: The Lower Middle Lune System

Virtually no trout fry were caught in this subcatchment during
the study paring. Where fry were present densities did not
exceed 0.5/100m* (class D).

The gituation was exactly the same for 1+ trout.

4.4.4 Subcatchment 4: The Lower Lune Bystem

This was found to be a wvery unproductive system. At those
sites where fry were present densities did not exceed 1/100m
(class D).

Similarly, 1+ trout were scarce, none being caught between
1981 and_1983. During 1984 and 1985 densities did not exceed
0.5/100m (clase D).

4.4.5 Subcatchment 5: The Birk Beck/Borrowdale Beck System

Mean site densities of 0+ trout were low at most of the sites
(registering as class D, Table 4). Site 112 on Bretherdale
Beck and 114 on Borrowdale Beck were the most_productive sites
with mean site densities of 46.4+}-1D3.4flﬂﬂm2 and 33.2+/-
1ﬂ6.4f1ﬂﬂm2 {beth class C) and low CV (32.3% and 43%
respectively).
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on the basis of mean site densities (Table 5) the most
productive sites for trout parr were site 114 on Borrowdale
Beck and site 111 on Birk Beck (both class C). The former site
showed the least variation about the mean (32.6% compared to
81.8%).

4.4.6 Bubcatchment 6: The Chapel Beck/Croasdale Beck System

Site 116 on Croasdale Beck was the most productive site for 0+
trout in the River Lune catchm&nté The density of fry in 1982
was found to be 502.1+/-93.4/100m“. Very high densities of
this order of magnitude were also recgrded in 1984 and 1985, A
mean site density of 426+/-167.3/100m“ (class A) was recorded
with a €V of 17.9% indicating a small degree of variation
about the mean. By comparison site 115 (Chapel Beck) was less
productive but neverthelesg strong year classes were produced
in 1924 (113.1+/=-40.8/100m“, class A) and 12B5 (89.4+/=-
£.9/100m*, class B). The site mean was 53,3+f-3-41100m2 (class
B) with a CV of 76.8%.

1+ densi%ies were high at both sites with a maximum of 53.3+/-
3.4/100m° being recorded at site 116 in 1985. On the basis of
mean densities site 116 (Croasdale Beck) was categorised as
class A (CV of 60.1%) and site 115 (Chapel Beck) class B (CV
of 58.8%).

4.4.7 Subcatchment 7: The Rawthey System

0+ trout densities in this subcatchment were low (class D) as
indicated by the mean site densities (Table 4). The most
pruductiV% area was site 120 with a mean density of 23.9+/-
97.4/100m° (class D) and a CV of 28.3%.

Site 119 (Burnt Mill) was the most productive_for 1+ trout
having a mean site density of 6.3+/-29.8/100m“ (class C) with
a low CV (41.3%).

4.4.8 Subcatchment 8: The Clough System

Mean site densities of trout fry at the three sites in this
subcatchment ranged from class C to D and there was a high
degree of variation about the mean (CV of 166% to 221%).

1+ trout production was high at sites 122 and 123 where the
mean site densities registered as class B and A respectively
with an associated CV of 132.1% and 111.8%. This subcatchment
was one of the most productive for trout parr.
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4.4.9 Subcatchment 9: The Dee System

As a whole this subcatchment produced low densities of trout
fry and parr (class D) as indicated by the mean site densities
(Tables 4 and 5). The exception to this was site 127 whigh
yielded a mean density for 0+ trout of 47.1+/-104.9/100m
(class C) and a CV of 88.6%. Mean 14 densities were good at
this site (class B).

4.4.10 Subecatchment 10: The Barbon Beck/Leck Beck Bystem

On the basis of mean site densities most of the sites in this
subcatchment registered as class D for 0+ trout (Table 4). The
exception to thig was site 132 (Leck Beck) where a mean of
33.2+4/-56.9/100m* (class C) was recorded with a CV of B81.4%.

The most productive =ites for 1+ trout were found to be site
132 (Leck Beck) and 130 (Barbon Beck), both class C.
Preoductivity at the latter site was more consistent as
indicated by the lower CV (76.9% compared to 173.8%).

4.4.11 Bubcatchment 11: The Greta Bystem

Mean site densities in this subcatchment were low with most of
the sites registering as class D (Table 4). Site 136 was more
productive having a mean of 29.3+/-113.9/100m* (class C), but
there was a relatively high variation about the mean (139%).

The 1+ mean site density characteristic for 5 of the 7 sites
in the subcatchment were class D. By comparison sites 136 and
138 were guite productive with mean densities registering as
class C and B respectively and having low CV (68.4% and 49.2%
respectively).

4.4.12 Bubcatchment 12: The Wenning System

With mean site densities less than EEIIDEmE the majority of
sites were categorised as class D for 0+ trout (Table 4). The
most productive areas were sites 150 and 151 on Austwick Beck
which had mean dengities of 50+/=124/100m* (class B) and
138.7+/=157.9/100m“ (class A) respectively. The high mean
density and low CV (48.3%) of =site 151 ranks it as one of the
most productive sites for trout fry in the Lune catchment.

The catchment as a whole was of low productivity for 1+ trout,
63% of the sites had mean densities registering as class D/E
(n=16). Site 144 on the Wenning was the most productive site
of the subcatchment having a mean of 10.7+/-22.9/100m“ (class
B) and a CV of 71.9%. With the exception of this site most 1+
production was confined to the tributaries where mean
densities were categorised as class C. These were sites 148
(Clapham Beck), 151 and 151b (Austwick Beck) and 153 (Keasden
Beck) (Table 5).
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4.4.13 Subcatchment 13: The Hindburn/Roeburn System

Mean 0+ densities were low in all but one of the 5 sites
sampled (class D). Site 158 (Roeburn) was the most productive
site of the subcatchment (class C) with a CV of 96.5% (Table
4} .

Parr production at 3 of the 5 sites in this subcatchment were
high (class B) and these were sites 155, 156 (Hindburn) and
158 (Roeburn). Site 156 (Hindburn) was the most productive
site of tge subcatchment with a mean density of 19.2+/-
14.6/100m“ (class B) and a low CV (38.7%).

4.5 gite Mean Density and Coefficient of Variation

There was considerable variation in densities between years
and this is expressed by large 95% confidence limits
associated with the means (Appendices 2 to 5) and by high
values of the coefficient of variation (Tables 2 to 5).

The mean site density over the 1981 to 1985 period was pletted
against coefficient of variation (Fig. 23). The results for
fry and parr of both salmon and trout show the same trend i.e.
as the mean density increases CV decreases. Thus sites with a
low temporal CV are most likely to be those with high
densitie=s of juvenile salmonids.

4.6 Analysis of Year Class Strength

The relatienship between the abundance of a year class in a
particular year and its abundance in the subsequent year was
examined by regression analysis. The results for both salmon
and trout data showed that parr density at a given site in a
given year was significantly correlated with fry density from
the previocus year. 0+ data from 1981 was omitted from the
analysis because fishing effort was not comparable with the
other surveys. In the case of salmon 20% to 47% of the
variation in 1+ density could be explained by the density of
fry which was present at that site in the year before:

1+ Salmon 1983

Log (1+ Falmon 1983) = 0.487 + 0.359 Log (0+ Salmon 1982)

R? = 26% p < 0.0001 (Significant)

1+ Salmon 1984

Log (1+ Salmon 1984) = 0.683 + 0.478 Log (0+ Salmon 1983)
RZ = 47% P < 0.0001 (Significant)

1+ Salmon 1985
Log {1+ Salmon 1985) = 0.487 + 0.284 Log (0+ Salmon 1984)

RZ = 20% p < 0.0001 (Significant)
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The relationship was also found to be significant between 0+
trout and 1+ trout where 13% to 52% of the wvariatien in 1+
density was accounted for by fry density of the previous year.

1+ Trout 1983

Log (1+ Trout 1983) = 0.233 + 0.473 Log (0O+ Trout 198Z)
R? = 52% p < 0.0001 (Significant)

1+ Trout 1984

Log (1+ Trout 1984) = 0.28B7 + 0.534 Log (0+ Trout 1983)
RZ = 40% p < 0.0001 (Significant)

1+ Trout 1985

Log (1+ Trout 1985) = 0.638 + 0.206 Log (0+ Trout 1984)
RZ = 13% p < 0.004 (Significant)

4.7 Cluster Analysis

After running the program several times it was found that the
value of K (number of divisions of the data set) which gave
rise to the mest meaningful clusters was 7.

4.7.1 0+ Salmon 1981-1985

The summary F ratios at the beginning of Appendix 6 indicate
that the variables 1983 and 1982 are better discriminators
between records than other years. These were the most
productive years for 0+ salmon as indicated by the abundance
categories in Fig. 3. 19.5% of sites in 1983 were class A/B
and 16.5% of sites in 1982 were class A/B.

The majority of sites were incorporated into cluster 1 and
most of these were categorised as class D based on mean site
densities of 0+ salmon. This cluster included the Clough and
Hindburn/Roeburn subcatchments; most of the sites of the
Wenning, upper middle Lune, lower middle Lune, lower Lune, and
Greta; half of the Dee subcatchment and 5 tributaries of the
upper Lune (Fig. 24).

Cluster 4 isolated sites with mean densities of class C and D.
Of the 7 sites in this group &5 produced maximum densities
which registered as class A/B at some stage during the 1981 to
1985 period.

Clusters 2 (class A), 3 (class B) and 5 (class B) appeared as
single site groups of high densities. Cluster 2 singled out
Tebay Gill (site 107) because of the extrﬁmely high density
recorded there in 1983 [505.6+j—60.3f100m }. High densities
with a maximum of 279.%9+4/-32.4/100m“ in 1984 singled out
Barbon Beck (site 128) in cluster 3. Cluster 5 consisted of



Fig. 24 Cluster Analysis On 0+ Salmen Data, 1981-1985
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Bowderdale Beck (site 103) where densitiﬁs ranged from class A
to E with a maximum of 152.6+/-61.5/100m".

Cluster 6 formed the second largest group with mean densities
ranging from class B to D and consisting of 18 sites, five of
which were main river sites of the upper Lune subcatchment.

Cluster 7 selected for sites which tended to have very low
densities (class D/E). Although the mean density at site 116
(Croasdale Beck) was categorised as class B, as a result of a
particularly good year class in 1982, densities of class D and
E were recorded on subseguent surveys hence the inclusion of
this site in cluster 7.

4.7.2 14 Balmon 1981-1985

In this instance 1983 and 1984 were the better discriminators
between sites (Appendix 7).

The majority of sites were placed in cluster 1 and this group
tended to have low densities, most sites having a mean density
of class D. This included the Clough, Hindburn/Roeburn
subcatchments, all but one site of the Dee, most of the
Wenning, upper middle Lune, lower middle Lune, lower Lune,
Rawthey; half of the Greta sites and 5 sites from the upper
Lune subcatchment (Fig. 25).

The next largest group was cluster 2 which consisted of sites
having moderate to good den=ities (class C and B); 5 of these
were from the upper Lune subcatchment, half of the upper
middle Lune sites, Birk Beck/Borrowdale Beck, and Barbon
Beck/Leck Beck subcatchment.

Sites in clusters 4 and 5 were in general characteristic of
low densities (the majority of site means being classified as
D/E), although strong year classes were observed on occasion
at sites 105 (Ellergill beck) and 115 (Chapel Beck).

Tebay Gill (107) and Longdale Beck (104) were isolated in
cluster 3 because of the very high densities being recorded in
1983 and 1984 (class A and B respectively). These were the
best results for any site in the catchment.

Cluster 6 (Barbon Beck, 130) and 7 (Birk Beck, 111; Croasdale
Beck, 116; Sedbergh, 118) also produced good to excellent
densities (class A/B) but not as high as the maximum values

recorded in cluster 3.



Fig. 25 Cluster Analysis Om 1+ Salmon Data, 1981-19485
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4.7.3 0+ Trout 1981-1985

1982 and 1985 were better discriminators between sites than
other years due to the very high densities recorded at a few
sites (Appendix 8).

Cluster 1 contained sites of low densities (the majority of
which had mean densities registering as class D) incorporating
Barbon Beck/Leck Beck, lower middle Lune and lower Lune
subcatchments; all but one site in the subcatchments Birk
Beck/Borrowdale Beck, Rawthey, Greta, Wenning,
Hindburn/Roeburn, 4 sites from the upper Lune, most of the
upper middle Lune, and half of the Dee subcatchment (Fig. 26).

Cluster 3 identified areas of very low densities (mean
densities of class g and E), all but one site with densities
less than 10.3/100m“ over the 5 year periocd. Four of these
sites were from the upper middle Lune subcatchment. Site 107
(Tebay Gill) was included in this group because of the low
densities recorded in 1982, 1983 and 1984 (class E, E and D
respectively), however a strong year class was produced in
1985 (class A).

Cluster 2 separated out Croasdale Beck (116) as a site of very
high densities of 0+ trout (mean site density of class &), but
the inclusion of Austwick Beck (151b) in this group appears to
be an ancmaly. This site wgs only sampled once having a
density of 12.8+/-3.9/100m* compared to densities of 349.8+/-
173.9 to 502.1+j—93.4jlﬂﬂm2 recorded at Croasdale Beck.

Clusters 5 and 6 were also high density groups containing one
site each. Austwick Beck (151) being in cluster 5 and Weasdale
Beck (101) in cluster 6 (both class A). The reason for the
partitioning between these groups may be the greater
variability at Weasdale Beck (CV of 90.5% compared to 48.3% at
site 151).

Clusters 7 consisted of sites with mean densities of class
C/D. Cluster 4 contained higher density sites which were
primarily class € but often producing a strong year class. Six
of the sites in cluster 4 are tributaries of the upper Lune
subcatchment.

4.7.4 1% Trout 1981-1985

1984 was found to be the most important discriminator between
sites and was also the most productive year for 1+ trout in
terms of the percentage of sites in class A and B density
categories (Appendix 9, Fig. 3).

Cluster 1 identified sites with very low densities (the
majority of which had a mean density of class D) including 8
sites from the upper Lune subcatchment, all sites from the
upper middle Lune, lower middle Lune, lower Lune; nearly all
the sites of the Rawthey and the Dee; most of the Greta; and
half of the Wenning ({Fig. 27).
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Fig. 27 Cluster Analysis On 1+ Trout Data, 1981-1965
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Cluster 2 incorporated sites with moderate densities
(predominantly class C with a range of class D to B). Most of
the Birk Beck/Borrowdale Beck sites were present and 4 becks
from the upper Lune subcatchment.

Clusters 3 and 7 identified the high density sites (class A4),
namely Croasdale Beck (116) and Clough (123). The mean density
at the latter site had a greater degree of variation
associated with it over the 1981 to 1985 periocd, hence the
separate grouping.

Clusters 4, 5, and 6 contained sites having mean densities
registering as class B, incorporating Clough (122) in cluster
4 and some of the Wenning, Hindburn/Roeburn sites in clusters
5 and 6. The sites in these clusters had similar abundance
characteristics however those in cluster 6 had lower CV than
sites in cluster 4, and cluster 5 sites tended to have higher
mean densities and lower CV than cluster 6 sites.

4.7.5 0+ and 1+ Salmon 1981-1985

1983 was the best discriminator between sites, this being
selected by the high densities of 0+ fish relative to 1+ fish.
(Appendix 10).

Cluster 1 identified sites of low productivity with 0O+ mean
densities registering predominantly as class D and 1+
production also being dominated by class D sites, but with a
range of class E to B. This cluster included all sites from
the Cclough and Hindburn/Roeburn subcatchments, all but one of
the Greta and Wenning sites, half of Dee sites, 6 tributary
sites from the upper Lune subcatchment, most of the upper
middle Lune, lower middle Lune and lower Lune (Fig. 28).

Cluster 2 isclated Tebay Gill (site 107) because of the very
high densities of 0+ and 1+ salmon recorded in 1983 and 1984
(class A).

Cluster 3 consisted of site 128 (Barbon Beck) which was
characterised by high 0+ densities (class B) and moderate 1+
densities (class C).

Cluster 4 consisted of site 116 (Croasdale Beck) and site 130
(Barbon Beck). These sites were relatively productive for parr
with densities of class B. 0+ mean densities of class B/D were
recorded.

Cluster 5 isolated Bowderdale Beck (site 103) as another
productive site for 0+ salmon (mean density of class B) with
moderate densities of parr (class C). In this respect cluster
5 had similar characteristics to cluster 3 but was separated
on the basis of having lower 0+ mean densities.

Cluster 6 identified sites which in general weres
characteristic of low tc moderate densities of juvenile salmon
(class D/C). This included & sites from the upper Lune



Fig. 28 Cluster Analysis On O+ And 1+ Salmon Daste, 1981-1985
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subcatchment (which were main river sites) and the majority of
the Birk Beck/Borrowdale Beck subcatchment.

Chapel Beck (site 115) and Sedbergh (site 118) of cluster 7
were gquite productive sites with mean 0+ densities ranging
from class C to B and 1+ densities from B to A. §ite mean
densities in this cluster were similar to that recorded in
cluster 4, however cluster 7 sites had less variation about
the mean for 0+ salmon.

4.7.6 0+ and 1+ Trout 1981-1985

1982 and 1985 were the best discriminators between the vears
as indicated by the F ratios which were strongly influenced by
0+ densities (Appendix 11).

Cluster 1 contained most of the sites and was representative
of low densities, the majority of the sites having .a mean
dengsity of class D for 0+ and 1+ trout. All except one site in
each of the following subcatchments was present: Birk
Beck/Borrowdale Beck, Rawthey, Barbon/Leck Beck, Greta, and
Hindburn/Roeburn. Also present were the majority ef the
Wenning sites, half of the upper middle Lune, lower middle
Lune, lower Lune, Dee, and 4 sites from the upper Lune
subcatchment (Fig. 29).

Cluster 3 identified sites tending teo have very low mean
densities of juvenile trout (class D). Maximum densities at
these sites were relatively low and were presumably the basis
for the differentiation between the sites in this cluster and
cluster 1. About half of the upper middle Lune sites were
incorporated into this group.

Cluster 2 isclated Croasdale Beck (site 116) as a prolific 0+
trout site with high densities of parr (class A).

Cluster 4 included Weasdale Beck (site 101) and Ellergill Beck
(site 105). These sites produced class A/B O+ densities and
class B/C 1+ densities.

Cluster 5 separated Austwick Beck (site 151) which also had
high 0+ (class A) and moderate 1+ densities (class C), but was
partitioned from cluster 4 because of the higher mean density
and lower CV of 0+ trout.

Cluster & was characterised by sites with mean densities
registering as class C. This cluster included 5 sites from the
upper Lune subcatchment.

Cluster 7 contained site 123 on the Clough where although mean
0+ densities were found to be low (class D), 1+ densities were
high (class A).
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4.7.7 04 Balmon and 0+ Trout 1981-1985

1982 and 1985 densities for 0+ trout were the better
discriminators among the variables followed by 1983 densities
for 0+ salmon (Appendix 12). The highest densities of the 5
year peried were recorded during these years.

All but 10 sites were present in cluster 1 which was in
general characterised by low densities of 0+ trout and salmon
(mean site density of class D) (Fig. 30).

Cluster 2 isolated Croasdale Beck (site 116) because very high
densities of 0+ trout were recorded there over the 5 year
period (class A). 0+ salmon production was more variable
ranging from class A to E and had a very high CV associated
with the mean which could explain why this site was included
with Greta/Doe (site 137a) and Wenning/Austwick Beck (site
151b) .

Cluster 3 separated out Tebay Gill (site 107) which produced
quite variable results for both salmon and trout occasionally
yielding exceptionally high densities. The mean site density
for salmon was found to be class A and class B for trout.

Cluster 4 isolated Barbon Beck (site 128) on the basis of high
0+ salmon densities (mean of class B) and low 0+ trout
densities (mean of class D). Conversely, Weasdale Beck (site
101) and Ellergill Beck (site 105) were placed in cluster 5 by
virtue of low 0+ salmon densities (mean of class D) and high
0+ trout densities (mean of class A and B respectively).
Austwick Beck (site 151) in cluster 6 showed the same trend,
but was less wvariable about the mean.

cluster 7 contained Bowderdale Beck (site 103) and Longdale
Beck (site 104). Mean densities of 0+ salmon at these sites
registered as class B and D respectively and for trout class C
at both sites. There was less variation associated with the
mean values for trout compared to salmon.

4.7.8 14 Balmon and 1+ Trout 1981-1985

Trout 1985 and salmon 1983 were the better discriminators of
the variable list (Appendix 13).

Cluster 1 contained the majority of sites including & of the
upper Lune sites, most of the Dee, Greta, Wenning, upper
middle, lower middle and lower Lune, half of the Birk
Beck/Borrowdale Beck subecatchment and all but cne of the
Rawthey sites. Most of the =ites in this cluster had mean
densities of class D for both 1+ salmon and trout (Fig. 31).

Cluster & identified Croasdale Beck (site 116) as a site with
high densities of both salmon (mean density of class B) and
trout parr (mean density of class ).

Cluster 4 recognised two sites, Longdale Beck (site 104) and
Tebay Gill (site 107). These sites probably formed a separate
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Fig. 31 Cluster Analysis On 1+ Salmon And 1+ Trout Date, 1981-1985
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cluster because of the very high maximum densities of salmon
parr recorded in 1983 and 1984, class B in the former case and
class A in the latter. 1+ trout densities were not as high,
site 104 (Longdale Beck) having a mean density of class C and
site 107 (Tebay Gill) having a mean density of class D.

Cluster 3 isolated eight sites including two of the three
Clough sites and almost half of the Hindburn/Roeburn sites as
having low salmon parr densities (mean densities of class C to
E) and moderate to good trout parr densities (mean densities
of class A to C).

Ellergill Beck (site 105) was isclated in cluster 6. Salmon
and trout parr densities registered as class B based on mean
densities. The mean density of salmon parr was elevated by the
very high density of parr recorded in 1983 and hence the
degree of variation about the mean was high (CV = 120.5%).
Trout parr production was less variable (CV = 31.3%).

Cluster 7 identified three sites two of which were
infrequently sampled (site 11, Lane Ends and site 141,
Wenning) and had mean densities of class D/E {<ﬂ.4jlnﬂm2}.
Site 115 (Chapel Beck) yielded class B densities for salmon
and trout parr and the reason for its inclusion in this
cluster rather than cluster 6 may be the poor density of
salmon parr recorded in 1983,

Cluster 2 included 4 upper Lune subcatchment sites, about half
of the Birk subcatchment and all but one of the Barbon/Leck
Beck subcatchment. This cluster identified sites with mean
densities of class B for 1+ salmon and class C/D for 1+ trout.

4.8 The Effect of Stream Width on Juvenile Salmonid
Abundance

Figs. 13 to 22 show that in many cases the highest trout
densities were associated with relatively small water courses.
Subseguent regression analysis on the data obtained from each
year (excluding 1981) revealed that a significant proportion
of the variation in 0+ densities (28% to 47%) could be
explained by stream width, trout density was found to decrease
with increasing stream width. The following regression
equations were obtained:

1882
Log (0+ Trout Density) = 5.79 - 1,74 Log (Width)
R? = 47% p < 0.0001 (Significant)
1983
Log (0+ Trout Density) = 4.99 - 1.20 Log (Width)

R? = 28% p < 0.0001 (Significant)
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1984

Log (0+ Trout Density) = 5.07 - 1.46 Log (Width)

R? = 40% p < 0.0001 (Significant)
1985
Log (0+ Trout Density) = 4.95 - 1.3B Log (Width)

RZ = 45% p < 0.0001 (Significant)
From the relationship between 0+ trout density and stream
width it is inferred that habitat and flow conditions are more
favourable for trout fry in the smaller water courses. The
most productive sites for 0+ trout were found to be those less
than 10m wide. 1+ trout distribution and abundance followed a
similar pattern with a significant proportion of the variation
in density being explained by stream width (22% teo 37%):
lo82
Log (1+ Trout Density) = 3.32 - '0.992 Log (Width)

R% = 33% p < 0,0001 (Significant)
1983

Log (1+ Trout Density) = 3.47 - 1.01 Log (Width)

R = 37% p < 0.001 (Significant)
1984
Log (1+ Trout Density) = 3.33 - 0.86 Log (Width)

RZ = 31% p < 0,001 (Significant)
1285
Log (1+ Trout Density) = 2.36 - 0.54 Log (Width)

R? = 22% p < 0,001 (Significant)
Stream width was not found to be significant with respect to
the densities of 0+ salmon in the River Lune catchment. The
variation in 0+ salmon densities that could be explained by
stream width ranged from 0% to 2%.
When the analysis was carried out for 1+ salmon, stream width
was found to be a significant factor influencing parr
densities in 19282 and 1983 where 9% and 20% of the variation

in densities could be accounted for. However the relationship
was not significant for the 1984 and 1985 results:
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1982
Log (14 Salmon Density) = 2.29 - 0.51 Log (Width)
RZ = 9% p < 0.005 (Significant)
1983
Log (1+ Salmon Density) = 3.16 - 0.76 Log (Width)
RZ = 20% p < 0.0001 (Significant)

4.9 The Relationship Between Balmon and Trout Densities

4.9.1 0+ Salmon and 14 Salmon

On examining salmon fry and parr data it was found that with
the exception of the 1985 results there was a significant
relationship between densities of 0+ salmon and 1+ salmon in
the same year. This showed that as 1+ densities increased 0+
densities increased. 12% to 29% of the variation in 0+
densities could be explained by 1+ densities,.

1982

Log (0+ Salmon Density) = 1.70 + 0.81 Log (1+ Salmon)
RZ = 20% p < 0.0001 (Significant)

1983

Log (0+ Salmon Density) = 1.47 + 0.53 Log (14 Salmon)
RZ = 12% p < 0.002 (Significant)

1984

Log (04 Salmon Density) = 0.68 + 0.62% Log (1+ Salmon)

R = 20% p < 0.0001 (Significant)

4.9.2 0+ 8almon and 0+ Trout

Regression analysis revealed that there was no significant
correlation between 0+ salmon densities and 0O+ trout densities
over the period 1982 to 1985.
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4.9.3 0+ Salmon and 1+ Trout

The relationship between salmon fry and trout parr was
investigated and revealed no significant correlation for the
data from 1982, 1984 and 1985, however a significant negative
relationship was found to exist between 04 salmon density and
1+ trout density in 1983. As trout parr density increased
salmon fry density decreased. 11% of the wvariation in salmon
fry density could be explained by the density of trout parr:
1983

Log (04 Salmon Density) = 3.01 - 0.59 Log (1+ Trout)

R® = 11% p < 0.003 (Significant)

4.9.4 1+ Salmon and 1+ Trout

There was no significant correlation between 1+ salmon and 1+
trout densities in 1982, 1984, and 1985, however, a
significant relationship was found for the 1983 data. An
increase in trout density resulted in an increase in salmon
density. 1+ trout densities accounted for 10% of the variation
in 1+ salmon densities:

1583

Log (1+ Salmon Density) = 1.04 + 0.34 Log (1+ Trout)

rZ = 10% p < 0.005 (Significant)

4.9.5 0+ Trout and 1+ Trout
The density of 04 trout was found to be significantly
correlated with the density of 1+ trout, 25% to 59% of the

variation in trout fry densities could be explained by parr
densities.

1982
Log (0+ Trout Density) = 0.76 + 1.12 Log {1+ Trout)
R? = 59% p < 0.0001 (Significant)
1983
Log (0+ Trout Density) = 1.20 + 0.88 Log (1+ Trout)

o

R? = 43% p < 0.0001 (Significant)

1284
Log (0+ Trout Density) = 0.21 + 0.75 Log (1+ Trout)

A

rRZ = 25% p < 0.0001 (Significant)
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1985
Log (0+ Trout Density) = 0.73 + 1.09 Log (1+ Trout)

RZ = 31% p < 0.0001 (Significant)

4.9.86 0+ Trout and 1+ Salmon

A significant relationship between 0+ trout and 1+ salmon was
recorded for the data obtained in 1982 and 1983. It was found
that 11% and 10% of the variation in 0+ trout densities could
be explained by 1+ salmon densities. In these instances, as
salmon parr densities increased trout fry densities also
increased. No significant relationship was recorded for 1984
and 1985.

1282
Log (0+ Trout Density) = 1.31 + 0.62 Log (1+ Salmon)
R? = 11% p < 0.004 (Significant)

1583

Log (0+ Trout Density) = 1.64 + 0.45 Log (1+ Salmon)

R? = 10% p < D.005 (Significant)

4.10 The Effect of Flow on Juvenile Salmonid Densities

No significant correlation was found between flow and the
densities of 0+ =salmon, 1+ salmon, and 1+ trout recorded in
the catchment. The same was true for the majority of 0+ trout
densities, however densities at two sites in the catchment
were significantly correlated with flow. At site 122 (Clough)
0+ trout densities were negatively correlated with flow in
July where low flow was associated with high densities. A
positive correlation was obtained for February where low flow
was associated with low 0+ trout density recorded in the
survey peried. At site 21 (Wath) there was a significant
inverse correlation between flow and densities in August, low
flow being associated with high densities.
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5. Discussion

The observed patterns of distribution and abundance of fish in
the River Lune may be linked to a variety of abiotic and
biotic factors such as water guality, habitat, flow regimes,
competition, stocking, and in the case of anadromous fish
access to spawning grounds.

Water guality results indicate that the Lune is a class 1
river, however, small scale intermittent pollution may have
cccurred over the 1981 to 1985 peried, but there are no
records to substantiate this. A more recent bioleogy survey has
shown Rais Beck (site 106) and Chapel Beck (site 108) to be
susceptible to organic enrichment (Saxby, 1991).

The meost productive areas of the catchment for salmon were the
upper Lune and its tributaries (subcatchment 1), Barbon
Beck/Leck Beck (subcatchment 10), Chapel Beck/Croasdale Beck
(subcatchment 6) and Birk Beck/Borrowdale Beck (subcatchment
5). There was some evidence to suggest that the cbserved
densities at some of the sites in these subcatchments (and at
other sites in the Lune catchment) may have been influenced by
the stocking of fry and ova. This was self evident at those
sites which were in areas inaccessible to migratory salmonids
{e.g. site 111 on Birk Beck and site 130 on Barbon Beck), but
reguired a certain degree of interpretation in instances where
natural production may have been high regardless of the
proximity to a stocked zone. Studies on the fate of stocked
juvenile salmonids have shown that fry can move distances of
up to BOOm upstream of the stocked zone (Heggenes and
Borgstrom, 1991) and 600m downstream of the stocked zone
(Egglishaw and Shackley, 1980). In these studies most of the
redistribution of the fish took place during the first 3 to 4
months. The degree of emigration was associated with habitat
and planting density in the stecked zone, and with habitat and
density of fish in adjacent reaches.

The density of juvenile salmon at site 132 on Leck Beck may be
determined by the nature of the obstacles downstream of this
site - 1 weir, 2 bridge aprons and 2 waterfalls (Fig. 1). If
these obstructions were having a significant effect in
limiting the number of spawning salmon reaching site 132 then
substantial differences in densities could be expected between
this site and site 131 which is downstream of the
obstructions. Figs. 2, 4 te 12 show that this was not
necessarily the case and in some instances higher densities
(up to class B) were recorded at site 132. No stocking tock
place at these sites. This beck is susceptible tec flash floeds
(Teff Burton pers. comm.) hence flow and its effect on habitat
may be more important than obstructiens in influeneing salmon
densities. Hume and Parkinson (1987) cbserved that floods can
be an important source of mortality in salmonid streams.
Experimental studies by Heggenes and Traaen (1988) have
demonstrated that newly emerged salmonid fry are susceptible
to fwash out’ and downstream displacement during increased
water velocities.
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In Borrowdale Beck migratory fish may be partially impeded by
a waterfall (Fig. 1) but some fish are able to penetrate the

upper reaches as indicated by the presence of adult sea trout
upstream of site 114, the largest of which was 57.5cm (Faroogi

and Aprahamian, 1992).

Subcatchments 11 (Greta), 92 (Dee) and 7 (Rawthey) fall inte an
intermediate group of sites with highly variable densities,
often producing goocd yvear classes of 0+ and 1+ =almon.

The known cbstructions on the River Greta consist of 9
waterfalls and 1 weir the majority of which are upstream of
site 136 (Fig. 1). The importance of the first 2 waterfalls on
the Greta in terms of their effectiveness as barriers to adult
salmon needs further study. In the absence of any stocking,
site 133 (downstream of the obstructions) produced densities
of salmon comparable to sites 134 to 136 which are upstream of
the waterfalls (Figs. 1, 2, 4 to 12). It appears that the
combination of a total of 7 waterfalls and 1 weir downstream
of sites 137, 137a and 138 effectively prevents the successful
upstream migration of adult salmon. These sites registered as
class E over the whole of the study period with the exception
of site 138 where a parr density of class D was recorded in
1983. This can be attributed teo the stocking of 10,000 fry in
the vicinity of site 138 in 1982,

The Dee (subcatchment 9) and Rawthey (subecatchment 7) have no
known obstacles that would have influenced juvenile salmon
densities at the survey sites. However, it is known that large
areas of the Dee upstream of site 126 are prone to drying up
in summer (A. Atkinson pers. comm.). There was no evidence
from the results to suggest that the densities of salmon (and
trout) at sites 126 and 127 were less than that recorded at
the downstream sites 124 and 125.

It is clear from the results of this survey that the Wenning
{subcatchment 12) is not conducive to the production of
juvenile salmon. This was also true of the Hindburn/Roeburn
system (subcatchment 13) and Clough (subcatchment B) which
were sparsely populated by juvenile salmon. In the latter case
this may be due to the limited availability of suitable
habitat,

In the case of the Wenning and the Hindpburn/Roeburn all the
historical data (including the 1921 survey, Faroogi and
Aprahamian, 1992) indicates that these systems invariably
produce low densities of salmon. From the data available there
is no indication of a decline in juvenile salmon production in
these systems but consistent low productivity. In this respect
the availability of suitable habitat may be an important
factor in determining the carrying capacity of the system. In
conjunction with this, obstructions to upstream migration
namely waterfalls and the welr upstream of the Lune confluence
(Fig. 1) may be limiting the number of spawning fish entering
the Wenning and Hindburn systems. Twe further weirs on the
Wenning may alsoc be having a similar effect in reducing the
number of adults reaching the upper tributaries of the
Wenning.
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The extent to which the barriers on the Wenning regulate the
upstream passage of migratory fish is not known, but from an
examination of Figs. 1, 2, 4 to 12 it is apparent that some
adult salmon are able to negotiate these obstructions since
fry and parr are present upstream cf these cbstacles. The
results show that the region containing sites 140 to 143 may
be unfavourable for salmon production (predominantly class
D/E) and this could be due to a lack of suitable habitat. Some
support for this is provided by the enhancement stocking
programme. Sites 141 to 143 of the Wenning were stocked with
B0,000 fry in 1982 and the density categories recorded at
these sites post stocking were class D for site 141 and class
E for site 142 and 143. Parr production in 1983 registered as
class E at all three sites.

Sites 144 and 145 on the Wenning were predominantly class D.
The region incorpeorating these sites was stocked with 80,000
fry in 1982 but registered as class D in the following fry
survey. Parr densities in 1983 were class C and may have been
enhanced by stocking suggesting that this particular section
may not be at its carrying capacity as a result of
insufficient numbers of adults being able to negotiate the
obstructicons to reach this area.. However, the significance of
this result is not clear since a similar stocking exercise
invelving 50,000 fry in the vicinity of site 145 in 1983
showed that fry and subsequent parr densities were class D.
Clearly, without an indication of stocking densities it
becomes difficult to interpret these findings since the
stocking ef fry over a large area may be insufficient to
increase abundance from one density categery to another.

Site 153 of the Wenning (Keasden Beck) was class E on all
sampling occasions and site 152 (Fenn Beck) produced similar
results except for 04 salmon in 1982, Fry and parr were
present upstream and dewnstream of the confluence of these
becks with the Wenning, and since there are no known obstacles
to adult salmon specific to these becks, the implications are
that habitat or water guality may be important factors in
determining juvenile salmon production.

Salmon densities were predominantly class D at sites 148
(Clapham Beck) and 149 to 151 (Austwick Beck) on the upper
Wenning tributaries (although maximum densities of class C
were obtained). These areas were relatively productive for
trout, the population of which is known to have an anadromous
component (J. Burton pers. comm.). Interspecific competition
may be an important factor at these sites. Interspecific
competition from brown trout has been found to affect growth
and survival of young salmon (Fennedy and Strange, 1986;
Egglishaw and Shackley 1280, 1985) because they are
territorial and generally thought to be more aggressive than
salmon (Le Cren, 1965).

Gardiner’s (1989) study on the Tweed catchment showed
pronounced differences in juvenile salmon densities commonly
coincide with the presence of obstacles, even those that
appeared to be minor ones. The densities of juveniles upstream
of obstacles were found to be lower than at other sites. Site
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139 on the Wenning is downstream of the obstructions on that
system but was predominantly class D thus making it difficult
to evaluate the effectiveness of the weirs as barriers to
adult salmon since the unimpacted site should in theory
support higher densities than the impacted sites. The habitat
may not be suitable for high densities of salmon at site 139.
It seems that the availability of suitable habitat and the
presence of obstacles are two of the key factors influencing
juvenile salmon densities in the River Wenning, however on the
basis of these results it is not possible to determine which
of these factors is the more significant. An increase in the
number of adult salmon entering the Wenning system would not
necessarily result in a significant improvement in the overall
density characteristics of the subcatchment because habitat
and/or biotic factors may still cperate in a large part of the
subcatchment, particularly between sites 139 to 143 and in the
upper Wenning tributaries (sites 148 to 153).

The presence of obstructions and the availability of habitat
are also implicated as factors determining juvenile salmon
densities in the Hindburn/Roeburn system. Any fish negotiating
the first weir on the Wenning (Fig. 1) should have access to
sites 157 and 158 on the Roeburn based on current knowledge of
instream obstructions. Site 157 registered predominantly as
class D/C while site 158 was class E for most of the study
period. The two waterfalls on the Hindburn may be acting as an
effective barrier to adult salmon since no juveniles were
recorded at sites 155 and 156 during the 1981 to 1985 pericd
while denszities at the downstream site (154) were
predominantly class D. The Hindburn/Roeburn subcatchment is a
relatively productive trout system, particularly sites 155,
156 and 158. It is postulated that interspecific competition
and habitat influences salmon production at site 158 while the
waterfalls on the Hindburn limit salmon production at sites
155 and 156.

The lower Lune (subcatchment 4), lower middle Lune
(subcatchment 3), and to some extent the upper middle Lune
(subcatchment 2) supported relatively low 0O+ salmon densities,
but the main feature of these subcatchments is the very low
productivity of 1+ salmon. This may be as a result of the
difficulties invelved in the sampling of main river sites
where parr can evade capture (Gardiner, 1984; Heggenes 1930).

From an examination of the data pertaining to site means and
coefficient of variation (Tables 2 to 5) it is possible to
identify those sites which contributed most to juvenile salmon
production in the Lune catchment over the period 1981 to 1885
and these are shown in Table 6. It was noticeable that the
best sites for 0+ production were not necessarily the best
sites for 1+ production when taking into account the
variability about the mean.
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Table 6 A list of the most productive sites for salmon in the
Lune catchment based on mean site densities and
coefficient of variation (CV), 1981 - 1985

0+ Salmon
Sub- Site Mean cv Density
catchment {Nflﬂﬂmzl Class
10 Barbon Beck (129) 66.7 54.9 B
9 Des (125) 51.0 47.0 B
6 Chapel Beck (115) 66.8 60.0 B
1 Tebay (17) 42.7 43.0 C
1 0ld Tebay Br. (18) 51.2 59.5 B
1 Rayne Br. (19) 55.8 44.2 B
1 Felleth Br. (20) 43.8 38.8 C
1 Wath (21) 41.7 59.3 C
1+ Salmon
10 Barbon Beck (1320) 19.8 61.3 B
10 Leck Beck (132) 11.8 42.6 B
7 Sedbergh (118) 21.8 70.1 A
5 Borrowdale Beck (113) 12.4 12.8 B
5 Borrowdale Beck (114) 18.0 28,9 B
1 Kelleth Br. (20) 15.3 31.5 B
1 Tebay Gill (107) 44.4 76.5 A

With respect to the treut population there was considerable
variation in densities within the catchment, but some patterns
of distributien and abundance were evident. The main river
subcatchments 4 (lower Lune), 3 (lower middle Lune) and 2
(upper middle Lune) were virtually devoid of juvenile trout
while subcatchments 12 (Wenning), 11 (Greta), 10 (Barbon
Beck/Leck Beck), 9 (Dee), 7 (Rawthey) and 5 (Birk
Beck/Borrowdale Beck), although highly variable supported some
good populations of trout. The most productive areas were
found to be supcatchments 6 (Chapel Beck/Croasdale Beck), 1
(upper Lune and its tributaries), 13 (Hindburn/Roeburn) and 8
(Clough). As was the case for salmon the best sites for 0+
producticon were not necessarily the same for 1+ production.

There was some evidence from the River Lune stock assessment
survey (Faroogi and Aprahamian, 1992) to suggest that the
distribution of trout fry was related to the size of the water
course. The results of the regression analysis showed that for
0+ and 1+ trout a significant amount of the variation in
densities could be explained by the width of the water course.
Small streams are likely to provide conditions which are more
favourable for the production of high densities of trout than
larger streams where the only suitable trout habitat may be
associated with the margins. Nicholson (1987) found that 45.6%
of variation in 0+ trout density for streams of up to 8m wide
could be explained by stream width alone, and for 1+ trout in



47

streams of widths up to 9m the relationship was stronger {R2 =
67.7%). Gardiner (1989) showed that substrate type, stream
width and alkalinity accounted for almost half the variation
in trout fry densities. In the case of treout of 1+ and clder,
stream width, alkalinity, substrate type and presence/absence
of obstacles accounted for 70% of the variation in densities.
As a result of this pattern of distribution low densities of
trout may be recorded at wide sites whereas densities may in
fact be appropriate for the amount of suitable habitat
available.

The most productive sites for juvenile trout based on mean
site densities and coefficient of variation are shown in Table
7. Site 116 on Croasdale Beck was guite exceptional with
respect to the mean density recorded and the low CV making it
one of the most important trout nursery streams in the Lune
catchment. '

Table 7 A list of the most productive sites for trout in the
Lune catchment based on mean site densities and
coefficient of variation (CV), 1981 - 1985

0+ Trout
Sub- Site Mean cv Density
catchment (N/100m?) Class
12 dustwick Beck (151) 138.6 48.3 A
6 Croasdale Beck (116) 426.6 17.9 A
6 Chapel Beck (115) 56.8 76.8 B
5 Bretherdale Beck (112) 46.4 32.3 C
5 Borrowdale Beck (114) 33.2 43.0 e
1 Bowderdale Beck (103) 43.4 52.6 c
1+ Trout
13 Hindburn (156) 19.2 3B.7 B
13 Hindburn (155) 12.2 43.5 B
6 Chapel Beck (115) 170 58.8 B
& Croasdale Beck (116) 31.4 60.1 A

The analysis of site mean density and the coefficient of
variation showed that sites with low CV were likely to be
those with high densities of juvenile salmonids and these are
likely to be regulated by density dependent processes
{Elliott, 1992). These results may be useful when establishing
a policy of enhancement stocking by selecting against those
sites with low CV and planting in those areas where density
independent factors are more important in determining juvenile
salmonid population densities.

An important consideration with respect te the survival of fry
is flow. Low flows can result in increased predation by
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reducing the available habitat and cover. It can also act by
increased temperature effects. It is known that the upper
reaches of the Dee (subcatchment 9) experience such
conditions. With respect to the Lune data however, there was
no discernible effect of flow on the densities of young of the
year trout or salmon (with the excepticon of two sites).

1980 was the year in which the net limitation order was put
into effect. If we were to assume that there was little
natural variation in juvenile salmon production and that
exploitation was a limiting factor then an improvement in 0+
productivity in 1981 and consequently increased 1+
productivity in 1982 would be anticipated. In additicn
stronger year classes of 0+ and 1+ salmon could reascnably be
expected in subsequent years since the proportion being
recruited to the adult population would thecretically have
increased. 0+ productivity was in fact relatively low in 1981
but the population estimates should be considered as minimum
estimates for the reason outlined earlier. There was an
improvement in subsequent years, especially 1982 and 1983.
Compared teo the former years 1984 was a relatively
unproductive year for 0+ salmon. The subcatchments Wenning,
Hindburn/Roeburn and Clough were low productivity systems.
Salmon densities in the main river (subcatchments 2, 3, 4)
were very variable and although some guite good year classes
were preoduced on cccasions the overall conclusion is that
there was nc noticeable increase in productivity from 1982.

In general, 1+ densities in 1982 and 1985 were relatively
lower than that recorded in 1981, The higher densities
cbserved in 1983 and 1984 reflect the fact that the strongest
0+ year classes were produced in 1982 and 1983,

In order to fully assess the implications of the restriction
on fishing, juvenile salmonid data from the period prior to
the implementation of the restriction would be reguired and
this is not available.

If Elson and Toumi’s (1975) average density for pre-smolt parr
of 10-15/100m* is taken as a standard for a recognised salmon
stream (equivalent to class B under the KW region
classification system) then it appears that the Lune falls
short of this standard (Table 8). The availability of suitable
habitat and the presence of instream cobstructions may be
important factors in this respect. The most productive year
for pre-smolt parr was 1984 with 35.5§ of the sites sampled
having densities greater than 10/100m“.
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Table 8 The percentage of Lune sites with 14+ salmon densities
greater than 10/100m? over the period 1981 to 1985

Year lo81 1982 1983 1984 1985
% Of 21.5 14.1 19.5 35.5 9.8
Sites

The catchment profiles for 0+ salmon over the 1981 to 1985
period show some distinct patterns which are also evident in
the results of the 1991 Lune survey (Faroogi and Aprahamian,
1992) such as the low productivity of the Clough (subcatchment
8), Greta (subcatchment 11), tributaries of the Wenning
(subcatchment 12), and Hindburn/Roeburn (subcatchment 13). The
most productive areas were identified as the upper Lune and
its tributaries (subcatchment 1), Birk Beck/Borrowdale Beck
{subcatchment 5), Chapel Beck/Croasdale Beck (subcatchment &)
and Barbon Beck/lLeck Beck (subcatchment 10). Low densities of
salmon parr were recorded in the lower Lune (subcatchment 4)
and lower middle Lune (subcatchment 3) but this is likely to
be an artifact of the sampling technique.

From Fig. 32 it can be =seen that the percentage of sites
classified as A, B, €, D and E for juvenile salmon and trout
in 1991 is comparable to that of the 1981 to 1985 data. With
respect to 0+ salmon the most productive years were 1982, 1983
and 1991. Parr production in 1991 was not as high as in the
years 1981 and 1984, but was comparable to that recorded in
1982 and 1983,

The highest densities of trout were produced from
subcatchments 1 (upper Lune and its tributaries), 6 (Chapel
Beck/Croasdale Beck), & (Clough), 10 (Barbon Beck/Leck Beck),
12 (tributaries of the Wenning only) and 13 (Hinhdburn/Roeburn)
between the years 1981 to 1985 and this pattern was also
evident in the results of the 1991 survey. The upper middle
Lune (subcatchment 2), lower middle Lune (subcatchment 3) and
lower Lune (subcatchment 4) produced low densities of trout
throughout this pericd and it is likely that this is a habitat
related effect.

1983, 1984 and 1991 were the years in which high 0+ trout
density sites (i.e. class A and B) were more prevalent in
addition to having the highest percentage of sites in the
density range A to C. Parr production was at its highest in
the years 1382, 1983 and 1984. The only difference between the
1981, 1985 and 1991 results was that the latter had a greater
percentage of sites in the density range of class A to C.

Gardiner (198%) noted a weak relationship between salmon and
trout densities, with high numbers of trout associated with
lower numbers of salmon. On examination of the 0+ salmon and
trout data it was found that sites 101 (Weasdale Beck) and 105
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(Ellergill Beck) produced high densities of 0+ trout and low
densities of 0+ salmon. Conversely, site 128 (Barbon Beck)
produced high densities of 0+ salmon and low densities of 0+
trout. However, for the catchment as a whole regression
analysis showed that this type of relationship was not
significant. The 1+ data for salmon and trout showed sites 104
(Longdale Beck) and 107 (Tebay Gill) to be more productive for
salmon parr than trout parr. In the case of Tebay Gill this is
linked to the enhancement stocking that was carried out in
this beck during the survey period. 8 sites were identified as
being characterised by low 1+ salmon densities and relatively
high trout parr densities. These included sites 122, 123 of
the Clough and sites 155, 156, 157 of the Hindburn/Roeburn.
Croasdale Beck (site 116) was identified as highly productive
for salmon and trout parr. Analysis of salmon and trout parr
densities showed no significant relationship for the results
of 1982, 1984 and 1985. For the 1983 data however, a
significant relationship was found, but only 10% of the
variation in 1+ salmon densities could be explained by 1+
trout densities.

There was found to be a significant relationship between 0+
and 1+ salmon densities and this showed that as 1+ densities
increased 0+ densities increased. This is probably an
indication of the suitability of these sites for rearing
juvenile salmon.

No significant relationship was found between 0+ salmen and 1+
trout for the results cbhbtained in 1982 ,1984 and 1985, however
a significant negative correlation was recorded for 1983 where
11% of the wvariation in salmon fry density could be explained
by 1+ treout density. Thus as 1+ trout density increased 0+
salmon density decreased. This may be an indication of the
difference in habitat preferences of the two species.

The density of 0+ trout was found to be significantly
correlated with the density of 1+ trout, an increase in parr
densities was associated with an increase in fry densities.
This indicates the suitability of the sites sampled for
rearing trout. This can also be viewed in light of the fact
that high 0+ and 1+ trout density sites were correlated with
stream width hence good densities of trout are likely at the
same sites.

The relationship between 0+ trout and 1+ salmon was examined
and found to be significantly correlated for the 1982 and 1983
data but only 11% and 10% of the variation in trout fry
densities could be explained by salmon parr densities.

Cluster analysis proved to be a useful and quick methed of
examining large data sets of this nature and provided a
summary of the results over the whole of the study period.
From the results it can be seen that a number of sites from a
particular subcatchment and even groups of sites from other
subcatchments tended to appear in the same cluster. Gardiner
{1989) found that nearby sites tended to have more similar
densities of salmon fry than those further apart. Having
established the characteristics of the cluster a sampling
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strategy can be devised whereby only a few sites from within
the cluster need be surveyed, the results of which can be
taken as representative for all the sites in the cluster. This
would save on time and resources. Many of the sites in this
study were contained in cluster 1 and if we were to undertake
a similar study of the Lune then it would be feasible to
reduce the number of sites that need to be sampled from
cluster 1.

6. Conclusion

The results of the 1981 to 1985 and 1991 surveys have
identified certain features which are characteristic of
salmonid production in the catchment. The most productive
areas for juvenile salmon were found to be the upper Lune and
its tributaries (subcatchment 1), Birk Beck/Borrowdale Beck
(subcatchment 5) and Barbon Beck/Leck Beck (subcatchment 10).
Other areas of the catchment namely the Greta (subcatchment
11), Wenning (subcatchment 12) and Hindburn/Roeburn
(subcatchment 13), were found to be relatively unproductive
for juvenile salmon and it is suggested that this may be a
habitat/obstruction related phenomenon. Relatively low
densities of salmon parr were recorded in subcatchments 2
{upper middle ILune), 3 (lower middle Lune) and 4 (lower Lune)
of the main river and this may have been due to the
difficulties associated with sampling deep fast flowing areas
of water.

There was sufficient evidence to suggest that enhancement
stocking has been gquite successful in some areas particularly
those where barriers to adult salmon exist.

Although well distributed throughout the catchment 0+ and 1+
trout densities were low coverall, however certaln areas were
very productive such as Austwick Beck (subcatchment 12),
Chapel Beck/Croasdale Beck (subcatchment &) and
Hindburn/Roeburn (subcatchment 13). It seems that trout have
certain preferences for habitat which are only met in parts of
the catchment i.e water courses with mean widths less than
10m. Juvenile trout production was gquite prolific at some of
these sites. Thus in a comprehensive survey of a large river
system such as the Lune the overall density characteristics of
the catchment for juvenile trout will be determined by the
number of sampling sites greater than 10m.
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7. Recommendations

(1) To investigate the reasons for the low productivity of the
Wenning and Hindburn/Roeburn systems for salmon. This
could be achieved by carrying out stocking experiments in
areas upstream and downstream of the obstructions. This
would indicate the extent to which obstructions and
habitat determine the productivity of the system. A
similar study may be required for the Greta.

{(2) The methods used to assess juvenile trout densities in
large rivers needs to be reviewed to take account of the
fact that trout densities in the River Lune are highly
correlated with stream width.
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Appendix 1. The Subcatchments of the River Lune 1981-1985

Iszl
Subcatchment Site Site name Grid Ref, Width{m) Length{m) Area(m?} ArcESSReE
1 21 Lune Wath WY &B0052 700 35.0 245.0
20 Lune Kelleth 8r. WY &51051 10.00 50.0 500.0
19 Lune Rayne= Br. WY &44054 10.00 33.0 330.0 \
18 Lune s Tebay Br, WY £22054 18.00  50.0 900.0 |
1034 Bowderdale WY &7TDLL 500 45.0 225.0
1048 Lenadsle MY AL3051  6.00 50.0 3a0.0
2 15 Lune Fairmile &0 625588 2B.00 0.0 1680.4
1L Lune Flestholme sh A25968 28.00 3.8 B&A_ O
12 Lune Lineolns Br, 0 A32924  3A.00 270 gr2.0
3 10 Lore dis Eillington Beck SO &25882° 3I5.00 50.0 1750.0
2 Lune Middleton Hall S0 AZ22B5T . 59.00 55.0 326500
T Lune ufe Underley Br. S0 A0BBOA 5800 50.0 2000.0
6 Lune Kirkby lsland 50 A1TTRT 29.00 58:0 1682.0
& 5 Lune Whittingtan S0 A09756 0 41.00 £3.0 17630
4 Lune Newton sb &01742 57.00 230 1311.0
3 Lune Gressingham Sb STRYOR 34.00 &T.0 22T8.0
2 Lune Snab S0 SALETA X1.00 L2.0 1302.0
1 Lune Caton sh SL0&53 - 43.00 &2.0 26640
5 109 Birk B. dfs Bretherdale WY &02054 10.00 5.0 350.0
1108 Birk B. Greenholme NY SPs06T 12.00 53.0 &350
113 Borrow B. Wood BR. WY 584011 T.00 50.0 350.0 Y
1144 Borrow B. Low Borrow Fm, WY SRI019 12.00 50.0 s00.0 ¥
& 120 Rawthey Low Haygarth Fm, WY 694968 10.00 5.0 350.0
1198 Rawthey Caiutley Church Eb &930546 '9.00 LA0 £32.0
118 'Rawthey Sadbergh 50 &53918 10.00 I7.0 IT0.0
117 Rauthey Ingmire &b &38912 28.00 £2.0 11760
B 1234 Clough Garsdale sh F3SBRS  T7.00 54.0 3.0
1224 Clough New Br. S0 71406 10.00 57.0 570.0
121 Clough Farfield Mill &0 482018 10.50 55.0 Lo S
9 127 Dee Dent &b TOTRTI 10.00 42.0 420.0
126 Dee Bath Br. &b &95B7H 10.00 50.0 500.0
125 Des Wood Br. &b A7RBS? 9.00 25.0 225.0
124 Dee Rash Hill h ASTRO2 11.00 42.0 Le2.0
10 120 Barbkon B. Upper a0 6228246 9.50 56.0 532.0
128 Barbon B. Lower &0 413818 B.SD 45,0 374.0
132 Leck B. Overtown S0 B32TAS &.00 33.0 i58.0
131 Leck B. Above Burrow S50 &157%46 2 9.00 &0.0 5400
1 1344 Greta Ingleton S0 &RLTE2  12.00 &6.0 552.0
135 Greta Faleon Fm. 50 a6AT1A  12.00 42.0 504.0
134 Greta Burton in Lomsdale SD &55Y20 10.00 LB.0 £80.0
133 Gretn Greta Br. 80 &10726 12.00 56,0 T

12 148 Wenning Clapham B. S0 T44GB7 7.00 ar.0 359.0
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Subcatchment Site Site name Grid Ref. Width{m) Length{m} Area(m2)

12 T4éA Wenning Clapham Station 50 7334677 12.00 43.0 216.0

145 Wenning Greystonegill Br. 50 694683  7.00 &6.0 5%4.0

140 Menning Wennington s #15702  2%.00 &40 14T2.0

139 Wenning Hornby 50 S5B846BL 16,00 &0.0 950.0

13 156 Hindburn Top 50 631639 3.20 &6.0 7.2

155 Hindburn Furness Ford Br. 50 635668  11.00 50.0 530.0

1544 Hindburn Hindburn Br. 8 614675 10.00 50.0 EHB.U_

1584 Rosburn Top S0 601638 B.00 57.0 456.0

157 Roeburn Wray sh e046T2 §.00 50.0 400.0

1982

Subcatchment Site Site name Grid Ref. Widrhim) Lepgthim) Area{m)

1 21 Lune Wath HY 680052 P4.0

20 Lune Kelleth Br. HY 641051 4,00 25.0 150.0

1% Lune Rayne Br. HY 6440546 8.00 33.0 26 .0

18 Lune u/s Tebay Br. WY 622056 10.00 35.0 350.0

17 Lune Tebay WY 613044 18,00 35.0 &30.0

107 Weasdsle WY 690045 Z2.00 27.0 54,0

102 Bowderdsle Bottom WY 67RO0S0  4.00 G40 1760

103 Bowderdale HY 676041 5.00 30.0 1530.0

104 Longdale MY GR404T 400 40.0 240.0

105 Eltergill WY 639049 4.00 35.10 156.0

106 Rais B. WY &37065 &.00 3%.0 156.0

107 Tebay Gill WY &2203% &.00 32.0 128.0

108 Chapel B. Orton NY &22062 6.00 25.0 138.0

2 16 Lune Yorkshire 8r, WY &12008 20.00 30.0 600.0

15 Lune Fajrmile 50 625988 16.00 30.0 SB0.0

16 Lune Fleetholme 5D 625968 25.00 3%.0 S75.0

13 Lune Thwaites 50 629968 15,00 30.0 30,0

12 Lune Lincolns Br, 50 632924 17.00 20.0 340.0

11 Lune Four lane ends S0 GZ3E¥8  20.00 20.0 SO0, 0

3 10 Lune dfs Eillington Beck 50 625882 26.00 &9.0 1274.0

¥ Lune Migdleton Hell 50 &2286T7 16.00 38.0 608.0

8 Lune Rigmaden 50 e1686T 17.00 40.0 &680.0

T Lune u/s Underiey Br. S50 &08808 28.00 30.0 8400

& Lune Kirkby Isiand 50 &1T7ET  13.00 25:0 2500

& 5 Lune Whittingron sD &09756 57.00 40.0 1480.0

4 Lune Newton S 601742 30.00 16.0 340.0

3 Lune Gresssingham S0 57aTOS  27.00 54.0 1658.0

£ Lune Snab 80 564676 25.00 40.0 1000.0

T Lune Caton S0 540653 16.00 54.0 544.0

5 109 Birk B. dfs Bretherdale NY 600056 14.00 2.0 506.0

1D Birk B, Scout Green NY S96075 11.00 37.0 507.0



Appendin 1. (Cont.)

Subcatchment

Site Site Mams

10

"

12

13

111 8irk B, Shap Well
112 Bretherdale u/s Birk .
115 Borrow B. Low Borrow Br.
114 Borrow B. Wood Br.

115 Chapel B. Above Lune
116 Crossdele 8.

120 Rawthey Low Haygarth Fm.
119 Rawthey Burnt Mill

118 Rawthey Sadbergh

117 Rawthey Ingmire

1253 Clough™ Tep
122 Clouwgh' New Br.
12V Clough Farfield MilL

127 Des Dent

126 Der Bath Br.
125 Des Wood Br.
1246 Dee Rash Mill

130 Barbon 8. Tep

129 Barbon B. Hiddle
128 Barbon B. Lower

132 Leck B. Top

131 Leck B. Leck B. Br.

138 Kingsdale B.

137 Doe Dale House

136 Greta Ingleton

135 Greta Falcon fm.

134 ‘Greta Burten in Lorsdale
133 Grera Greta Br.

153 Eeasdan B.

152 Fen B. Fen B. Br.

151 Austwick B. Harden Br.
150 Austwick B. WUatersi Br.,
149 Austwick/Fen Confluence
148 Wenning Clapham B.

147 Wenning

14b Wenning Clapham Station
165 Wenning Greyctopegill Br.
164 Wenning High Bentham

13 Wenning Low Bentham

142 Wenning The Blands

141 Wenning Abowe Wennington
140 Wenning Wenningtaon

139 Wenning Hornby

156 Hindburn Top
155 Hingdburn Furness Ford Br.
154 Hingtaurn Gottom

Grid Ref,

WY
WY
NY
MY

=l

Y
S
18]
&b

&b
Eh
11

S0
S0
&0
50

S0
&0
50
50
=D

&0

50

SR2004
527051
584012
575023

LRl
E3TYEA

EOE AL
EF2EE3
BAES
£X8011

F30900
717004
&O304T

ToRETZ
&VIETE
LT
&5780F

58832
623824
413878
H2RThL
&1675T7

&R TAN
720758
SBTT2T
&58T1T
&55720
&09728

717684
To4640
TH1678
TLRETS
FLELTI
L4 AR5
TLEZETL
FRRATE
&9L6A2
ShLbR
&4 6493
&31700
&21702
&14702
282684

652439
BIRETO
E11675

Width{m] Length{m) Areaim?) =

r.oo
&.50
B.00
4200

2.50
2.00

15
10
1080
1300

oa
od

400
&.00
10.00

.00
7.00
13.00
15.00

7.00
.00
3.00
5.00
8.50

&.00
.00
10.00
7.0
11.00
&.00

4.00
400
L.50
750
9.00
7.00
f2.00
13.00
&6.00
10,00
5.00
15.00
10.00
13.00
14.00

4,50
&.00
g.00

43.0
2r.0
25.0
30.0

30.0
15.0

L2.0
30.0
a0.0
30.0

20.0
35.0
£5.0

5.0
35.0
21.0
7.0

34.0
28.0
30.0
346:0
38.0

50.0
40.0
25.0
40.0
36.0
Iv.0

30.0
6.0
28.0
LL.0
21,0
3%.0
17.0
36.0
&0.0
22.0
23.0
30.0
35.0
35.0
30.0

28.0
15.0
25.0

30%.0
1955
200.0
180.0

5L
231,
275,
555.

[ I o R o R =

238,
224,

0.
180.
323,

i I e Y e R e [ e |

300.
320.
250.
280.0
37a.0
9.0

[= = I =]

120.0
T4é .0
126.0
330.0
189.0
273.0
204.0
L6B.0
360.0
220.0
115.0
450.0
350.0
455.0
420.0

126.0
210.0
200.0

A



A fx 1. (Conmt.

Subcatchment

13

1983

gubcatchment

E‘.

Site Site name

158 Roeburn Top
157 Rosburn Wray

Site name

21 Lume Math

20 Lume Eelleth Br.
19 Lurme Rayne Br.

18 Lune w/s Tebay Br.
17 Lune Tebay

107 Weasdale

102 Bowderdale Bottom
103 Bowderdale Top
104 Lomgdale B.

105 Eblergill

105 Rais B.

107 Tebay Gill

108 Chapel B. Orton

1& Lume Yorkshire Br.
15 Lume Fairmile

Y& Lume Fleetholme
13 Lune Thuaites

12 Lune Lincelng [an
1A Lune Park Wood

Lume Hall B

Lune Rigmaden

0 o~ 03 -0 O

Lume Kirkby lsland

Lune Whitrington
Lune Newton
Lurie Gresssingham

Lune Snab

== fJ & & LN

Lune Caton

102 Birk B. Greenholme

110 Birk 8. Scout Green

111 Birk 8. Shap Well

112 Bretherdale ufs Birk B.
113 Borrow B. Low Borrow Br.

114 Borrow B. Wood Br.

115 Chapel 8. Above Lume

116 Crossdsle B.

120 Rawthey Low Haygarth Fm,

119 Rawthey Burnr WELI

1184 Rawthey Cautley

Lune Middleton Hall

Lune ufs Underley Br.

Grid Ref.

Widthim)

]
50

a03438
G06ETE

Grid Ref,

HY
HY
WY
WY
NY
NY
HY
HY
WY
NY
NY
WY
HY

NY
=1
1)
5o
5D
5D

L
5o
&b
5B
=1

58888

S
S0

HY
5D
1)

680052
&561051
L4056
E22056
B15044
ER004E
E7RO50
ETL0LT
BLLDET

I0ES

BET0AS
£220754
B22082

&12008
gl
B25958
£27048
632524
L2891

625882
H22BET
B168LT
&08E08
17787

&0F753
&01742
57avo3
SEabTh
540453

&00HI54
SRL0TS
582095
597051
588012
575023

B32948
&E7954

LF9EE
B02953
Pa0E9s

.00
&6.00

&.00
7.00
F.o0
15.00
10.08
2.50
200
5.00
[
2.50
b 00
2:50
F.oo

21.00
30.00
24 .00
1&.00
1¥.00
10.00

24.00
25.00
17.00
50,00
20.00

25.00
21.00
30.00
25.00
20.00

BB8¥838

8

11.00
11.00

Lengthim) Areai{m?)

30.0
40.0

120.0
240.0 o

Lengthim) Area(ms)

40.0 160.0
30.0 210.0
2r.0 189.0
35.0 S25.0
40.0 400.0
2.0 80.0
30.0 150.0
32.0 160.0
35.0 140.0
&40 110.0
53.0 212.0
35.0 B7.5
51.0 35T.0
2510 525.0
32.40 @&80.0
15.0 3480.0
35.0 560.0
27.0 513.0
5.0 450.0
25.0 &00.0
35.0 B875.0
30.0 570.0
220 1100.0
£2.10 440.0
20.0 500.0
26.0 546.0
25.0 750.0
30.0 750.0
L&.0 g20.0
32.0 254.0
3.0 2.0
58.0 152.0
L0.0 220.5
3.0 297.0
.o 259.0
&4.0 264 .0
L0 i0z.o
30.0 330.0
50.0 550.,0
550 371.0



Appendix 1. [Cont.}

Subcatchment Site Site Wame Grid Ref.  Widrhim) Lensthim) Areafm?]

T 118 Rawthey Sedbergh sh 663916 6.00 50.0 300.0
117 Rawthey Ingmire S0 63891 22.00 &0.0 8a80.0

8 123 Clough Top S0 TaeRO0D V.00 £2.0 29,0
122 Clough Wew Br. sb FI™0s 5.50 £1.0 22n.a

12% Clough Farfield Mill &0 683997 10.00 34.0 340.0

9 127 Des Dent 50 T0BETZ: 11.00 44,0 &84.0
126 Dee Bath Br. i 9 17.00  40.0 680.0

125 Dee Wood Er. ¢ 9.00 49.0 441.0

124 Dee Rash Hill 657902 15.00 36.0 540.0

10 130 Barben B. Top sh 658832 7.00 3.0 266.0.
129 Barbon B. Middle 50 623824 8.00 42.0 336.0

128 Barbon B. Lower S0 £13818 9.00 47,0 423,0

132 Leck 8. Top S0 429744 700 3&.0 252.0

137 Leck 8. Leck §. Br. S0 &Y6TST 700 35.0 265,0

1" 138 Kingsdale B. Sh&P5TED T.00 8.0 266.0
137 Dos= Dale House b 720758 8.00 40.0 320.0

1374 Doe Le Dale S0 TIITES 10,00 &0.0 &600.0

136 Greta ITngleton B0 &BTVRT 10.00 34.0 340.0

135 Greta Falcen Fm. 5) 668717 9.00 52.0 468.0

134 Greta Burten in Lonsdale 5D 655720 12.00 53.0 655.0

133 Grets Greta 8r, SO &O9VEE 10,00 &40 L40,0

12 153 Keasden 8. 50 T1TabG 5.00 &0.0 200.0
151 Austwick B. Harden Br. 50 TalaTE 7.00 30.0 210.0

15718 AustWick B, Above Harden &.00 44,0 352.0

148 Wenning Clapham B. S0 VL4685 5.00 55.0 eri.0

146 Wenning Clapham Station 5D 739678 13,00  47.0 611.0

145 Wenning Greystomegill Br, S0 &FL4E2 7.00 39.0 2ri.o

144 wenning High Bentham 80 664688 ¥.00 38.0 34z.0

143 Wenning Low Bentham S0 &46E93 &.00 49.0 294.0

142 Wenning The Blands S0 &31700 16,00 32.0 51z.0

140 Wenning Wenningten S0 614702 19.00 &2.0 T7B.0Q

137 Wenning Hornby S0 SB2684  15.00 4B.0 720.0

13 156 Hingourn Top 50 ﬁS-Eh!_‘? &, 00 &7.0 188.0
155 Hindourn Furness Ford Br. S50 &35670 8.00 &5.0 360.0

154 Hindburn Bottom 50 &11475 10.00 &0.0 &00.0

158 Roeburn Top S0 03638 5.00 34,0 170.0

157 Roeburn Wray 50 ABAGETE 7.00 30,0 350.0

1984
+Subcatchment Site Site name Grid Kef. Width{m) Lenothim) Areagme)

1 21 Lune Wath WY 680052 2.50 30.0 5.0
20 Lune Kelleth Br. NY 661031 T7.00 0.0 10,0

1% Lune Rayne Br. NY BG4056 5.00 30.0 150.0

18 Lune uw/s Tebay Br. NT 622054 13.00 40.0 520.0

17 Lune Tebay WY 613064 17.00 38.0 G, 1



ix 1, (C

Subcatchmant ite Site Wame Crid pef. Width(m) L:ﬁgth;m; Arealmd)

1 107 Weasdale NY &S004R  1.50 35.0 54.0
102 Bowderdale Bottom NY &T4061 3.00 25.0 75.0

103 Bowderdale Top MY &TBOSG 3,00 50.0 150.0

104 Lengdale B. NY HRL04T &£.00 18.0 2.0

105 Ellergill 8. NY £3904% 2.20 35.0 .0

106 Rais B. NY 637045  3.00 32.0 960

107 Tebay Gill NY &22034  1.70 28.0 47.6

108 Chapel B. Orton NY &22062  4.00 35.0 140.0

2 16 Lume Yorkshire Br, WY 612008 15.00 330 495.0
15 Lune Fairmile 0 625988 21.00 7.0 QB7.0

14 Lune Fleethelme SD 625968 20.00 35.0 700.0

13 Lune Thuaites £p &270LF 17.00 33.0 581.0

12 Lune Lincolns lnn sD &32924  21.00 3.0 693.0

114 Lune Park Wood 5D 423808 18.00 32.0 575.0

3 18 Lune Hall B. g0 AZSERE  21.00 30.0 &30.0
D Lune HWidd|etan Hall S0 422857 25.00 &0 1500.0

& Lune Rigmader S0 &16BTT WIHDU 35.0 &30.0

7 lune u/s Underley Br. &b A0BBOR 32.00 46.0 167E.0

& Lune Kirkby Jaland &b s17iar 26.00 0.0 P60.0

L 5 Lune Whittington &0 &097SE  26.00 35.0 210.0
& Lune MNewton S0 BO0TTLE 19.00 45.0 B55.0

3 Lune Greszsingham 50 STEPDE  33.00 &83.0 2079.0

2 Lune Snab S0 SALETE  25.00 48.0 1200.0

1 Lune Caton 50 540653 22.00 50,0 11000

5 109 Birk B. Greenholme HY &000%6 6.00 35.0 216.0
110 Birk B, Scout Greesh HY 594075 B.0D 30.8 240.0

111 Birk B. Shap Well HY SREO%E  L.00 I6.0 144.0

112 Bretherdale J/g Birk B. WY 5970571 &.00 9.0 234.0

113 Borrow B. Low Borrow Br.e WY 588012 7.50 33.0 247.5

114 Borred B. Weed Br. WY 575023 8.00 30.0 240.0

& 115 Chapel B. Abave Lune Sh &32%48 4,00 0.0 120.0
116 Crossdale B. S0 637956 1.40 25.0 35.0

b4 120 Rawthey Low Haygarth Fm. NY &95958 14.00 .0 G240
119 Rawthey Burnt Mill S0 492953  R.00 35.0 115.0

1104 Rawthey Cautley S50 659595 B.OD 0.0 240.0

118 Rawthey Sedbergh 50 &63916 10.00 30.0 300.0

117 Rauthey Ingdiire 50 438911  20.00 30.0 &00.0

a8 123 Clough Top ! Sp FI000  5.00 &4 .0 20,0
122 Clough New Br. 50 MTP0S . 3.00 24.0 720

121 Clough Farfield Mill S0 &83917 7.00 25.0 1750

") 127 Dee Dent S0 FoBsBY2  5.00 33.0 145.0
126 Dee Bath Br. < § 12.00 35.0 420.0

125 Dee Wood Er. : i 7.00 3.0 231.0

124 Dee Rash Hill sD &5Te0Z T.00 33.0 231.0

10 130 Barbon B. Top S0 658832 4.00 29,0 1160



Appendix 1. (Cont.}

Subcatchment Site Site name Crid Ref, Widthim) Lengthim} Area(mé)

10 129 Barben B. Middle 80 23824 7.00 30.0 210.0

128 Barbon B. Lower S0 &13878 4,00 £2a.0 00,0

132 Leck B. Top S0 &29 76N &.00 31.0 186.0

131 Leck B. Leck B. Br. S0 B1675T 4,00 30.0 120.0

11 138 Kingsdale B. S0 &95780 7.00 50.0 250.0

137 Doe Dale House S0 720758 8.00 55.0 450.0

13& Greta Ingleton 5D &BTV2T  12.00 £5.0 540.0

135 Grets Falcon Fo, 5C GEETIT .00 35.0 245.0

134 Creta Burton in Lonsdale S0 55720 12.00 35.0 420,0

133 Greta Greta Br. S0 09728 B.00 3.0 288.0

12 153 Keasden B, S0 -TI7666 4,00 40.0 160,0

152 fen B. u/s Waters E6r. 5D TS4668  3.00 5.0 108.0

151 Austwick B, Harden Br. S0 TA147B 2.50 30.0 165.0

1518 Austwick B, Above Harden 4.50 8.0 1.0

148 Menning Clapham B. S0 T4LEE5 5.00 £3.0 £15.0

146 Menning Clapham Station 8D 739478  13.00 55.0 715.0

145 Menning Greystonegill Br. SD&94482  10.00 £3.0 430.0

144 Wenning High Bentham 5D A&LEBB  1Z2.00 0.0 480.0

143 Wermning Low Bentham S0 GLEERE &.00 40.0 250.0

142 Wemning The Blands S0 31700  17.00 33.0 561.08

140 Wenning Wennington S0 &1470R 17,00 40,0 680.0

139 Wernning Hornby Sh SH2&E4 16,00 33.0 60,0

13 156 Hindburn Top S &h2839 .00 43,0 20,0

155 Windburn Furness Ford Br, Sh &3547D  10.00 50.0 500.0

154 Hindburn Bottom S0 &114675  8.00  36.0 288.0

158 Rosburn Top 50 A03438 5.00 32.0 160.0

157 Rosburn Wray S0 &04EF2 11,00 33.0 363.0

1985

Subcatchment Site Site nams Grid Ref. Width{m) Length(m} Arzafme)

1 21 Lune Wath NY 680052 6.00 38.0 228.0

20 Lune Kelleth Br. NY 851051 7.50 35.0 262.5

1% Lune Eayne Br. NY &44056 10,00 38.0 380.0

18 Lune u/s Tebay Br. MY &220%6 15.00 40,0 &00.0

17 Lune Tebay WY 613044 20.00 8.0 7&60.0

101 Weasdale WY &700438 2.00 45.0 ‘a';'l:I'.EI

102 Bowderdale Hattom NY 678050  4.00 42.0 168.0

10% Bowderdale Top NY &76041 3.50 37.0 136.5

104 Longdale B, NY &54047 8,00 &0,0 320.0

104 Rais B. NY 63706 3.00 27.0 B1.0

107 Tebay Gill MY 822034 2.00 28.0 56.%

108 Chapel B. Orton NY &22062° 5.50 24,0 145.0

2 16 Lure Yorkshire Br. WY 612008 17.00 42.0 T14.0

15 Lune Fairmile 50 625588 2%.00 42,0 1050.0

14 Lune Fleetholme 50 625968 22.00 20.0 1000

13 Lune Thwaites S0 62T9RE  24.00 52.0 758.0

12 Lune Lincolns Inn S0 632924 28,00 5.0 00,0



Appendix 1. {(Cont.)

Subcatchment $ite Site Name Grid Ref. Widthim) Lensth{m) Area{m?}
2 11A Lune Park Mood 5D &28891 52.00 22.0 1144.0
. 10 Lune Hall B. S0 625882 F8.00 35.0 1330.0

2 Lune Middleton Hall 5D &22BaAT  28.00 50.0 1500.0

8 Lune Rigmaden S0 616847  23.00 33.0 75%9.0

7 Lune w/s Underley Br. S0 &08BOE  40.00 25.0 1000.0

& Lune Kirkby [sland Sp &ITTRT  28.00 32.0 B96.0

&4 5 Lune Whittington S0 &097S3  33.00 8.0 1254.0
4 Lune Newton D 601742 56.00 22.0 1232.0

3 Lune Gresssingham 5D 57AFO3  21.00 52.0 1092.0

2 Lune Snab 50 SG4ATH 27.00 %2.0 1404.0

1 Lune Caton 5D 540853 30.00 50.0 1500.0

5 109 Birk 8. Greenholme NY &00056 9.00 32.0 e88.0
110 Birk 8. Scout Green NY 524075 12.00 34,0 408.0

111 Birk 8. Shap Well HY SB2O0YE  6.00 40.0 240.0

112 Bretherdale u/s Birk B. NY 357031 .00 420 294.0

113 Borrow B. Low Borrow Br. NY 588012 9.00 33.0 297.0

114 Barrow B. Wood Br. MY 575023 10.00 Wt 0 L60.0

& 115 Chapel B, Above Lume S0 B394 5.00 2¢.0 110.0
116 Crossdele B. S0 GITFI6  2.50 0.0 5.0

T 120 Rawthey Low Waygarth Fm, HNY &¥59&68 13.00 ed.0 3640
119 Rawthey Burnt Hill Sp' 492953 17.00 23.0 3.0

1194 Rawthey Coutley 5D PEGAYS  13.00 34.0 442.0

118 Rawthey Sedbergh 50 65396 20.00 36.0 720.9

117 Rawthey Ingmire 50 6IEFY 27.00 30.0 810.90

a8 123 Clough Top 50 730900  B.O0 45,0 360.0
122 Clough Wew Br, S0 717908 §.00 &0.0 340.0

121 Clouvgh Farfieid Mill S0 GAZIFIT 14,00 L3.0 &02.90

¥ 127 Dee Dent S0 TO0R&T2 15.00 f;ﬂ.ﬂ &00.0
126 Dee Bath Br. S0 &93B7Y  19.00 44,0 B35.0

125 Dee Wood Br. sb 675889 7.00 2.0 22k, 0

124 Dee Rash MiLL a0 &65TF02 13.00 £1.0 333.0

10 130 Barbon B. Top 50 658832 8.50 45.0. 382.5
129 Barben B. Middle 50 623824 7.00 43.0 387.0

128 Barbon B. Lower 50 613818 5.50 45,0 Eﬂ?.E

132 Leck B, Top S0 &29764  S5.50 42.0 231.,0

131 Leck B. Leck B. Br. 50 &16757  10.00 45.0 &30.0

1 138 Kingsdale 8. S0 695TED T.00 43.0 101.0
137 Doe Dale House &0 TE0758 8.00 at.0 3Te.0

136 Greta Ingleton Sb 687727 17.00  40.0 650.0

135 Greta Falcon Fm. S0 GEETIT T.00 0.0 350.0

134 Greta Burton in Lonsdale S0 635720 13.00 45,0 585.0

133 Greta Greta 8r. 30 B0F7EE 10,00 £5.0 450.0

12 153 Keasden B. 50 TIT6AHS 5.00 20.0 250.0
152 Fen B. u/s Waters Br. 50 753648 2.00 28.0 56.0



ix 1. (Cont.

Subcatehment  Site Site Mame Grid Ref. Width{m) Length(m) Area{ms)

12 187 Austwick B. Harden Br. o TAHIATA 5.50 450 247.5
1518 Austwick B. Above Harden 4.50 8.0 171.0

148 Wenning Clapham B. S0 TLLERS 7.00 55.0 85,0

14é Wenning Clapham Stetion S0 TEIREVE  13.00 8.0 234.0

145 Werning Greystonegill Br. 5b 494582 §.00 27.0 243.0

1é4 Werning High Bentham B0 G6LARR 15.00 35.0 495.0

163 Wernning Low Bentham S50 A44640% 10,00 36.0 350.0

142 Werning The Blands D A31700 20.00 23.0 &60.0

140 Wenning Wennington sp-A4T02  21.00 27.0 547.0

13% Wenning Hornby 5p 582684 16,00  38.0 08,0

13 156 Hindburn Top 5D £5253% 5.00 £3.0 215.0
155 Windburn Furmess Ford 8r. SO 635470 10.00 56.0 S40.0

154 Hindburn Bottom 80 &1167S  Y2.00 S50.0 &00.0

158 Roeburn Top &0 403438 400 5.0 210.0

157 Rosburn Wray &0 ADLETE 14.00 S0.0 700.0

159 Ketrles B. u/fs Waters Bri S0 74%od1 2.00 32.0 &0



Site  Name 1681 1982 1943 1984 1985 HEAN X
‘-73‘_15"'35 &f. 7 19.0) 8.3 (6.5) 6.7 (&.3) e.r (10.6 5.7 (un.By |
7 OLD TEBAY BR .2 (MIN) | 60. (6.6) ¥l (l.e) B4 (5.e) | 57, (MINY | 52.2 ([7.h)
19 RAYRE R 59.7 (12.4) | 513 (17.7) | 59.8 (1%.7) | 130 (#0.1) | 78.6 (&B.2) | 55.8 [205.4)
ki KELLETH ER 3.0 CHINY [ 3.6) 25, .03 a3 (3.9 2r.y_ (1.2) 43,8 A1.2)
Y WATH & 7 (5.9 0.3 (11.2) .9 (19.0) .7 (5.7} 187 (5.1 1.l (59.3)
101 WEASDALE B. £3.9 (0.9} - R+ 1.9 (0.0) 1.7 (0.0) 10.7 (43,3} |
07 __ HOWDERDALE 22.7__ lb.%) 19,6 (17,50 3.9 (5.9 3.0 (MIN) Z3.0 (3h.3)
03 HOWMDERDALE O 0.0y | S50 (7.R) [ TAT.E (5L.5) 2.0 (3.9 | 152.5 [AT.5) 24 (9 T)
iDL LOMNGDALE B. .0 0.0y b.4  (4.1) 0.7 (MIN} 1.4 (0.03 2.5  (MIN} 2.0 12,
05 ELLERGILL . 1.5 (MIN) L0 (0.0 35 (V.8 0, 0,0 1.8 A i
04 RAIS B. 0.0 (0.0 0.0 (0.0 L0 0Oy e.1 (0.0 0. 0.1 o, (1,%)
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117 BURNT MILL 0.3 (MIN} 5.3 {7 B.6  (4.B) 6.0 LILE] 0. (0.0 G5
154  CAUTLEY b6 (1.5) 12.5 (2,83 L.y (4.5 [
20 BAWIHET 1.9 {HIN} 0.k (h.B) 157 (12, 130 (10,13 0,2 (15,93
121 CLoUGH T (HIN) 2.0 (MiN) | Te.5  (h.) | 40.3 (9.5 3.3 (h.0) | 12.5
127 CLERIGH 5. 1.0) §7.1 (164 2.1 (4.5 | 1279 (62.9) 0.9 (5.5 25.3 [
173 CLOUGH T. 1.5 | 1163  (F8.7) 10 1.5 2r.5 ] 7.6 (P By 2%;& {
T4 DEE i L0) L0 {007 %i: jz;;; 0.3 (e.3) L1 (MIN) L7
125 DEE 0.0y 3.5 ) 19, {h.F) 9.9 2:59 11.¢  (1v.6) 15.5
138 DEE 2. (2.3} b %2y | 240 (h.2y | 5.5 8.5 L3 (MIN) 7.8
27 DOEE W (L% 31.3  (5.6) | 659 (12.3) | 10%.6 (¥.3) | 10.% (MINY | #%e.7 ¢
120 BAREON B. 0.0 ¢0n.0) Ta.7 (1.4} 15,2 (#0.6) 2.1 (12.8) 18 Y] 127
25 BAREON B. 5.5 (0.8) ; 2.0y | 23.8  (3.13 6.2 14.53 5.5 (i0.5) LA
30 BARBON B, L ¥ T X 7 5.1 __4MIN) 6.0 (3.0 - A 0.3 (0.0) !
151 LECK RECK 0.4 (MIN) B2 (5.0} h.; (9. 03 1.0 ¢2.0) 7.8 (3.2 11.2
132 LECK BECK 1.0-  (MIN) 0.0 (0.0) B, (5.1 &5.1 (6.3 .4 CRIND 35.7
% GRETA 0.2 (0.3} 0.0 (0.0) g (2.0) 1.5 (MIN2 - T 5
GRETH PO O 5 0.0 0.0y T, (1.2) 2.0 (0.4) 1.0 (0.0) 1.¢
135 GRETA 0.0 (0.0) B tF.1) L7 1.4% [ (0,03 2.0 (2.6) g7 1
T6_ GRETA 20,1 _(&.2) | W62 (NI 3% (1.6) | 6.4 (6,1) | 233 (1]
137 DoF 0.6 (HIN) 2.¢  (2.5) 1.8 (2.0} 1.5 (0.0) .7 1
T3/A_DoE 0.0 0.l 0.0
138 GRETA 0.0 (0.6 16,3 [(6.7) 6,7 (813 0.7 (0.0 7.0
;‘5‘9 HERNING 0.0 (0.0) [iN iR 0.1 (0.%) 0.2 (0.0) 0.0 ¢0.0) 0.0
40 WERHIHG g .0y - {0, 1% (0.4) 0.0 L0 0.7 (0.5 5]
147 HNING L (0.0 0. 0
¥ MMING 0.7 (1.3 7.0 (2.7) 0.2 (0.43 0.6 [_0) 2.1
jﬁ‘!:ﬁﬁ L7 (MIN} . O T T ) 6.0 ) 1.4
i WENHIHG Béd (v.1) | 20.0 (4.6) B () Gul 5 T4
TS WENNING 0.9 (0.2) 0.7 2.4 FE 7.1) 1.1 (8.1} T6.2 (1.0 .0
&b WENHING L7 (1.6} b.b 1.0} g3 300 0.8  (3.7) 15.5 (B_0) 1r
WENN]NG 3.9 (MIN)
f.g CLAPHAN B Lok (1. 227 (6.6) 5.9 (5.9) 5.3 (11,33 17.4 (RN} F]
AUSTWILCE c. {MINY
AUSTHWICK 5 (7.5} T00.0_(26.5) 5
5 AUSTWICK MéZ  (7.6) [ 034 (18,9 ¥a.h_ (63.3) 7Z2.9  (MIny | ¥38.
518 AUSTWICE 12,8 (3.9} 12,
13¢  FEW B, 12,5 [HIN) 0.0 (0.0} R (0.0)
53 KEASDEM B. 2.6 (7.0 15,5 (11.5) 1.8 1. 2.8 (0,
4 HIKDOURM D.2__ (0.0} 2.5 (0.5 0.5 (0.83 0 2.0 4 :
S HINDBURN 0.4 [MIN} 18.6 (10, - 1 L) 4 (4.6 iF o)
56 HINDEURN 0.0 (0.0 48.0 [ a6 (0.@) 3B (7.5} 5.7 (HIN)
57 ROEOURN A6 {1.5) 296 (11,9 0.5 a2 =0 (3.1 .5 a1
5H _ ROEAURN 15.%__ (3.0 [ 79.7 (0.0 | &9,5 (33.3} b8 _(3.4) | G7.1 (£e.6)
A g
"1 A%
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Appendix 5 RIVER LUNE CATCHMENT ELECTROF1SHIMG SURVEY 1981-85
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APPEMDIX &. O+ SALMON DATA FROM THE RIVER LUME,

1981- 1985,

SUMMARY STATISYICS FOR 7 CLUSTERS

[
&
&
&

&

WITHIN 55

5062.042
1664 T, 642
17935.806
20504 452
21255,4639

34
&4
&4
a1
54

F-RATIO

2,364
B, 839
159.740
&4, 201
22.258

PROB

0.053
0.000
0.000
0.000
0.000

VARTABLE BETWEEN 55 ©DF
SOET 2093,.788
s082 132609.53%
5083 268600.613
5084 85146.210
s0E5 59606584

5 R:
MEMBERS
CLASS SITE DISTANCE
o 101 Weasdale 16.73
o 102 FBowderdale 18.03
o 104 Longdale B 6,13
o 106 Rais B f.75
1] 108 Chapel B 8.65
1] 11 Lane Ends 5.24
3] 12 Lincoln Inn &.40
o 13 Thwaites 11.68
1] 14 Fleethoime 7.5
n] & Yorkshire Br T.583
o 8 Rigmaden 3.45
o ¢ Middleton 661
o 10 Hallbeck 5.04
] 1 Caton 12.25
[+ 2 snab 4 69
D ¥ cGressingham 24,57
1] 5 whittington 17.50
1] 118 Birk B 741
o111 Birk @ 4.50
5] 119 Burnt Mill 11.63
] 120 RaWwthey 8.00
8] 121 Clough 8.70
[¥] 122 Clough 7o lole
+] 123 Clough 11.08
o 124 Dee 10.17
] 127 Dee 31.59
] 132 Leck B 14,06
D 134 Greta B.49
D 135 Greta 1B.45
] 13& Grets &.60
E 137 Doe B.94
E 138 Greta B8.94
1] 139 Wenning 18.02
1] 140 Wenning 6.22
1] 1Y Wenning T.24
E 142  Wenning .94
E 143 Wenning 8.94
1] 146 Wenning 8.50
o 145 Wenming 2.46
b 151 Austwick B 11.88

VARIABLE

E0E1
s082
S0E3
s0&4
5085

STATISTICE

HINIHUM

0.00
0.00
0.00
0.00
.00

MEAN

1.58
11.54
10,70

8.13

5.85

MAX [MUM

12.30
43,70
2710
33.%0
39.%0

ST.DEV.

2.71
11.51
14.25

Bl

9.19



ix &. (Cont.

STATISTICS
MINT MM HEAN  MAXIMUM ST DEV.
0.o00 0.00 0.0d 0.00
43.70 £3.70 4370 0.00
505.60 505,60 505,60 0.00
113.10 11310 113,10 0.00
0. 00 o0.oo 0.00 0.00

STATISTICS
MIMIHLM MEAN  MAXIMUM  ST.DEV.
15.00 15.00 15.00 .00
223.20 22320 22820 0.00
&30 &9.70 &% .70 o.o0
273,90 279,50 27880 o.ao
152.50 152,90 152,80 0.00

STATISTICS
WINIMM MEAN  MAXIMUM ST .DEV.
1.40 i B0 B.20 3.40

T4.90 110.35 138.60 23.62
&0 28.03 55.10 1.9
0.00 13.34 35.40 14.05
3.40 11,95 22.50 i

b 152 Fen B 6.21 |
E 153 Keasden B B9 |
1] 184  Hirmdburn 9.43 |
E 185 Hindburn B.02 |
E 1846 Hindburn B.g2 |
1] 157 FRoeburn .91 |
E 158 Reeburn 8.02 |
CLUSTER NLIMBER: z
MEMEERS
CLASS ZITE DISTANCE | VARTABLE
A 107 Tebay Gill o.o00 | S0B1
| so82
| E083
[ 5084
| so8s
CLUSTER WLIMBER: ;
MEMBERS
CLASS SITE DISTANCE | VARTABLE
B 12B Barbon B 0.00 | 5081
| 5082
| 503
| S084
| 5085
CLUSTER NUMRBER: [
MEMBRERS
CLASS SITE DISTANCE | VARTABLE
1] & K Lonsdale 4.80 | S0R1
c 113 Borrow B g.16 | $0R2
c 114 Barrow B 20.80 | 5083
c 1194 Cautley 14.23 | 5084
] 125 Dee 19,96 | 085
V] 130 Barbon B 18. 11 |
] 150 Austwick B 1.95 |
CLUSTER WUHBER: 5
MEMEERS
CLASS SITE DISTANCE | YARIABLE
B 103 Bowderdale 0.00 =081

|

| 5082
| 083
| 084

STATISTICS

MIN [ MUK MEAN  MANIMUM  ST.DEV.

0.o0 0.00 o.00 0.00

-33.90 33.590 33,90 Q.00
143.40 143,40 143,40 0.00
£.00 2:00 2.00 0.00



Appendix 6. (font.)

LUST {1
MEMBERS
CLASS SITE B1STANCE
c 1T Tebay 15.45
B 18 old Tebay 18.70
B 1% ‘Rayne Br 21.04
c 20 Kelleth Br 14.98
C 21 Wath 30.34
] 114 '‘Park Wood 18.55
] T Linderlay 12.13
c 4 Newton 20.59
C 109 Birk B 32.35
c 112 Eretherdale 22.36
B 115 chapel 8 38.01
C 117 tngmire 17.46
c 118 Sedbergh 28.3%
] 125 Dee 25.81
] 129 Barbon B 43,79
i 131 Leck B 10.20
0 133 Greta 17.07
] 146 Werning 4268

5085

VAR IABLE

S081
S0&2
S083
5084
5085

152.60

PR 1 UM

64,70
104.30
104 .40
103.50
133.60

0.00

ST.DEV,

21.95
2d.62
21.70
30.4%
34,50

MEMBERS
CLASS SITE OISTANCE
D 105 Ellergill .83
(1] 15 Fairmile .05
B 116 Crosdale 8 .10
E 1374 Doe 0.08
7] 148  clapham B 0,94
D 1318 Austwick B .23

I

VAR [ABLE

5081
sbaz
s083
$084
085

152,40 152.60
STATISTICS
MINIMUM MEAN

0.00 17.98
11.30 46.5%
15.00 53.28
&.20 3450
18.90 53.07

STATISTICS

MIN EHUH HEAN
Q.50 0.50
251.30 251.30
0.00 0.08
1.40 2.73
0.00 0.00

HAK 1 HUM

0.50
251.30
0.30
3,90
0,00

§7.DEN.

0.00
0.00
0.13
1.03
.00



E, 1981-1

BF

&1
&4
-]
&7

&2

F-RATIO

15.810
12.335
64,582
61.51%
26.928

PROB

0.000
0.000
0.000
0.000
0.000

L L L T L T T s ——————————————— T T e e

PP + R

SUMNMARY STATISTICS FOR 7 CLUSTERS

VAR IABLE BETWEEN 55 OF WITHIN 55
S181 1802.069 & Trh.8a1
s1g2 1339.597 & 1158451
5183 TaiL .60 6 1300.386
s184 18713.154 6 2307 . 806
5185 1866.036 & T16.074

CLUSTER NUMBER: 1

MEMBERS

CLASS SITE DISTANCE | VARIABLE

B 17 Tebay 1.08 | s181

i) 18 old Tebay 3.06 | s1g2

c 21 Math T.28: | S183

c 106 Rais B 555 | S1E4

€ 108 Chapel B 3.66 | S185

D 11a Park Wood 1.62 |

D 1% Flesthalme  1.81 |

1] 13 Fafrmile 0.96 |

o & K Lonsdale 1.56 |

o T Linderlay 2.38 |

o B Rigmaden 1,80 |

o g Middleton .26 |

D 10 Hallback 376 |

D 1 Caton 2.51 |

n 2 Snmab 2.90 |

E 3 GCressingham 2.30 |

o 4 Newton 1.78 |

c 108 Birk B &.52 |

c 112 EGretherdate 7.29 |

] M7 Ingmire 2.53. |

] 1198 Cautley 1.43 |

) 120 Rawthey 3.85 |

€ 121 Clough .72 |

4] 122 Clough 2.7% |

b 123 Clough 2.55 |

] 125 Des .14 |

b 126 Des 3.5 |

C 127 Dee 456 |

C 128 Barbon B er |

v} 133 Grets £.43 |

o 134 Ereta 4.83 |

E 137 Doe F |

o 138 Greta 2.65 |

¥} 13 Wenning 4.79 |

o 140 wWenning 2.5 |

] 142 wWenning 2.70 |

D 143 Wenning 2.42 |

D 144 Wenning 2.97 |

D 145 Wenning 1.59 |

o 146 Wennirg 2.22 |

STATISTICS

FLEN T HLUM

0.00
0.00
0.00
G.00
0.00

MEAH

3.7
2.45
2.65
3.05
1.70

HAK [MUM

11.30
17.40
13.80
16.30
12.40

ST.DEV.

3.40
3.78
2.71
3.93
2.43



ndix 7. (Cont.

b 148 Clapham B 1.43 |
D 151 Austwick B 2.26 |
E 153 Keasden B 2. I
o] 154  Hindburn 1.89 |
E 155 Hindburn 2.85 I
E 158  Hindburn 2.86 |
1] 157 Reeburn 3.3 |
0 158 Reeburn 2.7 |
CLUSTER NUMBER: 2
MEMBERS STATISTICS
CLASE EITE DISTANCE I VARIABLE MINTHLUM MEAN  MAX[MUM ST DEV.
€ 19 Rayne 8r - Ta | 5181 £.90 1¢.35 25.10 6.01
B 20 kKelleth Br 6.95 | cig2 1.10 7.37 22.60 5.29
B 10 Weasdale 10,456 | 5183 0.90 Q.24 24.20 6.51
g 102 Bowderdale 5.14 | 5184 T.40 1924 £3.30 8.94
[ 103 Bowderdale 867 | 5185 1.10 &.81 17.10 5.05
C 12 Lincoln Irmn  G.48 |
c 13 Thwaites 4,15
B 1& Yorkshire B8r T7.11 |
C 110 Birk B 4.88 |
B 113 Borrow B LT
] 114 Borrod B 9.33
c 11 Burnt Hill 490 |
o 124 Dee 1.04 |
c 129 Barbon B 3.3 |
8 131 Leck B 11.06 |
B 132 Leck B 646 |
B 135 Grets &£.87 |
8 134 Grets 4,96 |
CLUSTER NUMBER: 3
MEMEERS ETATISTICE
CLASS E1TE DISTANCE t VARIABLE HINIHUM MEAN  MAXIMUM  ST.DEV,
B 104 Longdale B 0.10 | g181 14.20 14.20 14,20 0.00
A 107 Tebay Gill 0,12 | 182 7.50 7.70 770 D.20
| £183 70.20 70.20 70.20 0.00
| S184 &1.60 61,60 61,60 0.00
| £iBs 3.80 3.80 3.80 0.00
CLUSTER WUMBER: 4
MEMBERS STATISTICS
CLASS SITE FFI_‘-:'ITF-HBE i VARIABLE MIKIMUM MEAMN HAX 1HUM ST.DEV.
B 105 Ellergill .88 | 2181 0.60 0.60 0.60 0.00
] 5 Whittingtan 0.84 | 5182 0.00 1.77 5.60 2.23
D 150 Austwick B 0.66 | 5183 &b 60 44,60 44,60 0.00
E 152 Fen B 155 | 5184 a.00 Z.00 5.20 £-27



| S185

0.60

0.25

| VARIABLE

| s18
| 5182
| S183
| S184
| S185

MAK TML#

0.00
0.30
2.70
23,50
39.%0

| S181
[ S182
[ S183
[ S184
| 5185

0,00 0.27
STATISTICS
MINIMUM HEAN

0.00 0.00
0.00 B.15
0.00 1.20
23.50 23.50
39.70 39.70
STATISTICS
HINIMUM MEAN
21.30 £1.30

33.%90 33.%0
14.90 14.%0
38.40
15.%0 15.90

TER H -
MEMBERS
CLASS SITE 1 STAKCE
1] 11 Lane Ends £.15
B 115 Chepel B 0.87
E 13‘?5 foe ] +Eﬂ
E 141 Wenning 0.1%
o 151b Austwick B 0.30
CLUSTER NUMBER: &
MEMBERS
CLASS SITE DISTANCE
B 130 Barben 8 0.00
CLUSTER WUMBER: T
MEMBERS
CLASS SITE DISTANCE
B 111 Birk B &.20
B 116 Crosdale B .77
A 118 Sedbergh 2.36

| VARIABLE

5181
5182
5183
5184
5185

STATISTICS
HIHIMLM MEAN
33.80 33.80
3.70 ¥.20
16.40 26.17
33.20 41.97
2,570 7.30

MAN 1 HLIM

33.80
13.30
31.40
50.10

%50

ET.DEV.

0.00
4. 04
6.71
6.9
PR



SUMMARY STATISTICS FOR

0+ T

F

THE EIVER LUNE

T CLUSTERS

YARIABLE

Toal
082
T0A3
TOB4
7083

BETWEEN 55 OF

357.T12
266908.582
4R039.83%
Z06069.518
305591.012

o = O B

WITHIN 55

283,997
B383.817
21303.21
19446, 693
17435. 984

OF

32
58
[Td
61
50

F-RATIO

6.718
307.750
23. 787
107,732
145,098

PROB

0.000
0.000
0.000
0.000
0.000

CLUSTER WUMBER: 1

MEMBERS
CLASS SITE DISTANCE
D 17 Tebay 6.73
] 18 oOld Tebay 3.66
o 19 Rayre Or 5.25
D 106 Rais B B.20
b 12 Linceln Inn &.57
P 1% Fleethalme 7.58
[ 16 Yorkshire 8r 7.72
P & K Lonsdale B8.28
1] T Linderlay 8.37
D B Rigmaden 2.21
] ¥ Hiddieton 8.35
D 10 Hallbeck 8.33
E 1 Caton 6,80
E 2 sneb 8.3%9
b 3 Gressingham 8.37
) 4 Hewton 8.1%9
E 5 Whittingten 6,80
[+ 109 Birk B 11.67
L+ 110 Birk B 16. 68
b 1M1 Birk B 6.3
4] 113 Borrow B 15.48
[= 114 Borrow B 25,16
] 17 Ingmire 7.23
1] 119 Burnt Hill 4.3
b 11%a Coutley G ak
D 120 Raewthey 15.56
D 125 Dee 10.75
D 126 Dee 0.7
D 128 Barbon B 11.88
i 12% Barbon B 11.67
D 130« Barbon B .92
D 131 Leck B &.12
C 132 Leck B 25,65
1] 133 Greta T.47
1] 134 Greta T.22
1] 135 Greta 5.48
C 136 Gretas &2, ki
b 137 boe 7.7
[} 138 Greta 3.4
D 139 Wenning B.32

|
|
I
I
|
I
I
I
I
I
[
|
|
|
|
|
!
|
|
|
I
I
I
I
|
|
|
|
I
I
I
I
I
|
|
|
|
I
I
I

VARIABLE

081
o082
1083
T084
1085

STATISTICS

MIN 1ML

0.00
.00
0.00
0.00
0.00

HEAN

0,94
P.22
12.91
8.51
2.18

HAN MU

5.50
48.00
96.20
44,10
36.50

ST.DEY.

1.70
.79
16. 84
12.42
8.07



ix B. (Cont.

o 140 Wenning 7.7 |
] 142 Wenning .06 |
o 143 Wenning T.61 |
o 144  MWenning 5.82 |
o 145 Wenning 5.54 |
] 146  Wenning 16.34 |
] i52 Fen'B 15.26 |
o 153 Keasden B 8.55 |
o] 154  Hindburn L.89 |
[r] 155  Hindburn 1247 |
o 156  Hindburn 23.87 |
o 157 Roseblrn 12.05 |
TER HLM
HEMBERS STATISTICS
CLASS SITE DISTANCE | VARIABLE MINT MM HEAN  MAXIMUM  ST.DEV.
A 116 Crosdale B oo | TOat 0.00 000 0.00 0.00
o 1518 Auatwick B 0.0 | Tnsz2 502.10 s02.10 502.10 0.00
| TOB3 12.B0 12.80 12.80 Q.00
| ToEL 3LP.80 34T ED 349,80 0.0
| TD85 432,20 432,20 &32.20 0.00
CLUSTER NUMBER: 3
MEMEERS STATISTICS
CLASS SITE DISTANCE | VARIABLE HINTHUM MEAN  MAXIMUM  ST.DEV.
B 107 Tebey Gill 2:10 | ToE" 0.00 0.oo 0.00 0.00
b 11 Lane Ends 0.95 | ToEz2 0.00 1.24 5.90 2.33
b 114 Park Wood 2,86 | TOBS .00 3.54 B.70 3.48
1] 13 Thuaites 2.56 | TORG 0.0 4.38 10.30 3.84
1] 15 Fairmile 2.t | TOBS 361,20 361.20 381.20 0.0
1] 118 Sedbergh 3.07 |
i) 124 Dee 388 |
E 1374 Doe 354 |
E 141 Wenning 184 |
CLUSTER WUMBER: 4
MEMEERS ETATISTICS
CLASS " SITE DISTANCE ] VARIABLE MM MM MEAN  MAMIMUM  ST.DEV.
21 Wath 24.57 TO81 3:10 B.28 18.70 667
102 Bowderdale 32.31 1082 15.80 .M 57.10 11.87
103 Bowderdale 23.05 T083 15.%0 49.570 G400 27.42
105 Ellergill 32,97 TORS &.00 55.40 116.50 40,08

108 cChapel B L& 20
112 Bretherdale 19.08
15 Chepel B 25.33
122 Clough 27,81

L R o I BB B B B ]

|
I
|
104 Longdale B B.78 | T084 25.50  B5.42 127.90  33.88
|
|
|
|
|



ix 8. t

cC 127 Dbee 15.57 |
1] 148 Clapham B 20.77 |
C 150 Austwick 8 32.32 |

e g e e e e e e A e e e e e e A R s e A s N el R S S,

CLUSTER HWUMBER: 5

MEMBERS STATISTICS
CLASS SITE DISTAKCE | WARIABLE MIKTMUK MEAN  MAXIMUM  ST.DEW.
A 1517 Austwick B 0,00 i TORY .00 0.00 0.00 0.00
f TQE? 116.20 116.20 11620 0.00
f TOAS 203.40 203.40 203.40 0,00
| TOBG 73,40 T3.40 T3.40 0.0on
] TOBS 0.00 0.00 0.00 0.00
CLUSTER MUMBER: &
MEMBERS STATISTICS
CLASS SITE DISTANCE | VARIABLE MINIMUM MEAN  MAXIMUM  5T.DEV.
A 107 Weasdale .00 ] TOB 0.00 0.00 0.00 0.00
| TOB2 102,40 102.60 102 .60 0.00
| TOB3 &850 T&.50 T6.50 0.00
| TOB4 245,80 245 B0 245 B0 0.00
| TOES Q.00 0.00 0.00 0,00
CLUSTER WUMBER: T
MEMBERS STATISTICS
CLASS SITE DISTANCE | VARIABLE HIWIHUM MEAN  MAXIMUM  ST.DEV,
E £0 kKelleth 8r 2.57 | TO8 7.70 10.80 13.%0 3.180
18] 121 Clough 18.26 | TORZ 7920 oT.75 116.30 18.55
b 122 Clough 12.98 | TOB3 14.50 34.55 69.50 21.69
C 158 Roeburn 25.23 | TOBA &.BOD 2535 40,30 12.87
|

TOES L 22.67 57.10 2441



APPENDIN ¥. 1+ TROUT DATA FROM THE RIVER LUNE, 1961-1953.

SUMMARY STATISTICS FOR 7 CLUSTERS

VARIAELE BETWEEN 55 DF WITHIN 85 DF F-RATIO PROG

TiE 401.793 & 3r9.934 3T .52 0.000

TiEz 3091.520 6 To6.570 &3 L2.324 0. 000

TiES 19E.5T6 6 533.255 o7 41.850 0. 000

T84 8412830 & GLB.601 &3 136,193 0. 000

T185 2M1.671 6 661,593 56 59.480 0. 000
CLUSTER WUMBER: 1

MEMBERS STATISTICS

CLASS SITE DISTANCE | VARIABLE HINITHUM "MEAN  MAXIMUM  ST.DEV.
b 17 Tebay 0.30 | 1181 0.00 1.1% 14.00 2,62
o 18 old Tebay 0.1 | T182 0.00 1.21 10.70 2.51
] 1% Rayne Br 0.70 | 1183 0.00 1.74 &.20 1.57
o £0 EKelleth Bf 3.61 | T184 0.0o0 1.81 F.40 2.6
o £1 Wath 3.% | T185 0.00 1.50 5.40 1.6%
C 103 Eowderdale 5.0 |
] 106 Raeis B 3.58 |
o 107 Tebay Gill 2.30 |
E 11 Lene Ends 121 |
] 118 Park Wood T.24 |
o 12 Lincolm Inn 1.29 |
o 13 Thwaites 1.8 |
o 14 Fleetholme 1.35 |
b 15 Fairmile 1.3 |
o 16 Yorkshire Br T.66 |
o & K Lonadale 132 |
E ¥ Linderlay 1.40 |
E 8 Rigmaden 1.42 |
) ¥ Hiddleton 137 |
b 10 Hallbeck 1.35 |
o 1 Caton 132 |
3 2 smab 1,40 |
£ 3 Gressingham 1.27 |
] 4 Mewton 1.21 |
o 3 Whittington 137 |
D 109 Birk B 1.29 |
o 110 Birk B 1.19 |
B 117 Ingmire 1.30 |
o 118 Sedbergh 2.63 |
D 119a Cautley 2.96 |
b 120 Rawthey 247 |
b 121 Clough 2.22 |
b 126 Dee 1.1 |
o 125 Dee 1.93 |
D 126 Dee 2.49 |
b 128 Barbon B 1.96 |
b 129 Barbon B 0.86 |
b 133 Greta 1.62 |
1] 134 Greta 1.18 |
1] 135 Grets 1.08 |



Appendix 9. (Cont.)

o oo o009 oOQ9

137 Doe

137a Doe

139 Wenning
140 Wenning
142 Wenning
145 Wenning
146  Wenning
150 Austwick B
152 Fen B

CLUSTER WUMBER: 2

CLASS

o T = S IV o R Rl = - Y o B o R = S o AN o T = - B O TR Y |

MEMBERS

S1TE

101 Weasdale
1% Lengdale B
105 Elleraill
108 Chapel B
111 Birk B

112 Bretherdale
112 Borrow B
114 Borrow B
119 Burnt Mill
131 Leck B

152 Leck B

134 Greta

138 Greta

1463 Wemning
151 Austwick B
1518 Austwick B
153 Keasden B
154 Hindburn
157 Roeburn

DESTANCE

=i RN A e W RD PO = dn b b A e R
nA IRUBUBEIARRRIEEHT

{ 8
3.55
2.7&
2.29

I
I
-
I
I
|
I
I
I
I
|
|
I
I
[
|
|
|

I

VARTABLE

T1&%
Ti&2
T182
T84
T185

CLUSTER WUMBER: 3

CLASS

A

MEMBERS

EITE

11& Crosdele B

DISTANCE

VAR IABLE

e
T182
T3
T184

STATISTICS
IR MEAM
2.60 7.85
0.60 T.lb
0.00 £.82
0.90 10.25
0-00 34T
STATISTICS
MINIMUM HEAN
3.20 i20

10.00 10.00
20.60 20.50
35.00
23.30 23.30

CLUSTER MUMBER: 4

CLASS

HEMBERS

SITE

122 Clouwgh

DISTANCE

0.00

VARIABLE

T181
182

STATISTICS
MIKIMUH MEAN
4.50 4.50
30.%0 30.%0

MAXIMUM  ST.DEV,
14.40 5.1%
13.90 3.85
15.20 3.50
17.20 4.3
15.50 4.2

MAXIMUM  ST.DEV.
3.20 f.00
10.00 .00
20,60 0,00
35.00 0.00
23.30 0.00

MAXIMUM  ST.DEV.

£.50 0.00
30.50 0,00



1%

ont

e R e e T

- . g o T, O e, 1 B~ e B, A T o 8 el 0 e . 0 e

| T183
| T184
| T185
CLUSTER WUMBER: §
MEMBERS
CLASS SITE DEISTANCE | VARIABLE
B 115 <Chapel B 6.0 | 1181
B 127 Dee F2t 7| T182
C 130 Barbon B 5.97 | T183
c 148 Chapham B 2.0 | T84
B 156  Hindburn 5.48 | 1185
CLUSTER WUMBER: &
MEMBERS
CLASS SITE DISTANCE | VARIABLE
c 102 Bowderdsle 3| 181
B 144 Wenning 347 | 1182
8 135 Hindburn 2.53 | T183
B 158 Rosburn 3.8 | T184&
| 7185
CLUSTER WUMBER: 7
MEMBERS
LLASS SITE DISTANCE | VARIABLE
A 125 Clough 0.00 T181
1182
T183

I
I
I
| T184
| 7185

£3.30
39.10
5.30

STATISTICS

MINIMUM

4 .60
1.50
4.10
23.00
T.20

STATISTICS

HIN MM

F.10
21.30
&.50
12.30
3.00

STATISTICS

HINIMUK

3.20
23.00
18.30
61,90

0.0

£3.50
39.10
330

HEAN

T.50
¥ .64
14.06
2%.38
13.23

HEAN

10.25
25:43
10.55
1653

5.7

MEAN

3.20
23.00
18.30
61,90

0.00

£3.30
39.10
5.30

TEmrEETIASTTSESSTETEESTEEE S

FAX [ MLIM

13.70
18.10
19.50
34.90
18.50

MAX ML

11.40
33.30
13.40
21.60

@.20

MAK] MUM

3.20
25.00
18.30
a1.5%d

@.o0g

0.0G
0.60
0.00

ST.DEV.

3.52
5.52
5.88
4,70
& . Gk

ST.DEV.

1.15
5.56
2.80
3.48
2.23

ST.DEV.

0.00
0.00
0.00
0.00
0.00



AFPENDIX 10,

EUMMARY STATIETICS FOR

7 CLUSTERS

VAR IABLE

s081
S0z
SOB3
ShE
5085
s181
s182
5183
s184
5185

CLUSTER WUMBER:

BETWEEM 55 [DF

2004 &30
122452720
270092 346

P2419.964
54908, 405
1433.164
909,498

4538.5%6

£047.585

1097 .469

1

HEMBERS

CLASE

Os 1+
101
10z
Y
105
104
108

136
137
137=
138

mmmD DU oDoDo0D0D0o0DDD0oD 0o D oD 0O 00D D RO De B e
oomMmMmB DO 0N 000D B Dm0 D00 DO NN AE e
wun

SITE

DISTANCE

Weasdale 16,12
Bowderdale 14.80
Longdale B 20.4&
Ellergill 18.37

Rais B 6.9%
Chapel B b &2
Lane Ends 4,20
Linceln Inn. 5.21
Thwaites 2.03
Fleetholme 5.55%
Fairmile 4,15
Yorkshire Br 10.03
Rigmadan 3.9
Middleton 5.23
Hal lbeck 4,29
Caton 9.63
snab 4 86
Gressingham 19.07
Whittington 13.42
Birk B 5.78
Birk B 13.22
Burnt Will B.25
Rawthey &.28
Clough .17
Clough G bb
Clough 8.70
Des 8.05
Des 3.68
Leck B 12.07F
Greta 6.0
Greta 15.68
Greta 7.95
Doe 717
boe 7.72
Creta 791

&
[
&
&
&
&
6
6
&

&

I
I
I
I
I
I
|
|
I
I
I
|
I
I
I
I
I
I
I
I
|
|
I
I
I
I
[
I
I
I
|
|
I
I

WITHIN 85

5151399
26604, 450
15444, 073
17230708
25953, 821

1147766

1588,550

L3%6.486

8973.375

14846 . 641

VARIAELE

S081
sog2
s083
s084
5085
181
5182
183
s184
5185

oF

FRrIyIERY

&2

0+ AND 1+ SALMON DATA FROM THE RIVER LUNE, 1981-1985

RATIO

2.205

49,098
175.199
54.531
19.041

1

MINTHLUM

0.00
0.00
0.00
0.09
0.040
0.00
0.00
0.00
0.00
0.00

B.532
6. 107
1.356
7.526
T.637

STATISTICS

MEAN

1.54
11.54
9.73
5.9
5.91
b 45
3.09
4. %4
8.50
2.61

PROB

0.087
a.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
£.0o0

MAK [ MUY

12.30
43.90
57.10
33.90
35.90
19.80
£2.60
44,60
&1.60
14.20

ST.DOEV.

2.87
11.51
13.93

B.2r

e.09

5.48

L.45

&.26
11.87

3.7



Appendix 10. {(Cont.)

b b 139 Hemiirg 11.41 |
0 0 140 Wenning 5.00 |
0 E 141 Wenning 5.56 |
E 0 142 Wenning 7.9 |
E [ 143 Wenning .03 |
D b 44 Wenning 6.3 |
0D b 145 Wenning .04 |
0 D 148 Clapham B 3.47 |
D D150 Austwick B 4.92 |
D D151 Austwick B P46 |
0 D 1516 Austwick B F.26 |
0D E 152 Fen B 5.82 |
E E 153 Keasden B [T |
0 D154 Hindburn 5.9 |
E E 155 Hindburn 6.58 |
E E 156 Hindburp 5.58 |
P 0 157 Roeburn .11 |
E D0 158 Roeburn 6.54 |

CLUST LUMBER 2
MEMBERS

CLASS SITE DISTAKCE | VARIABLE
A & I07  Tebay Gill 0.00 | 5081
| 5082
| SO83
| SOB4
| S0AS
| 5181
| 182
| 5183
| 5184
| S185

ST.DEV.

_______________________________________________________________________________

MEMBERS
CLASS S1TE DISTANCE | WARIABLE

B C 128 SBarbon B 0.00 | 5061
| 5082
| 5083
| 5084
| 5085
| 5181
| 5182
| 5183
| 5164
| 5185

STATISTICS
HIHIHUM MEAN
0,00 0.00
43.70 &3.70
505.60 505.40
113.10 113.10
0.00 0.00
0,00 0.00
750 7.30
70,20 70,20
61,460 61.60
0.00 0.00

STATISTILS
MINTMUH MEAN
15,00 15.00
223.20 223.20
69,70 69.70
27%.50 279.%0
152.90 152.%0
5.50 5.50
0.o0 0.00
5.60 5.40
.50 .40
6.10 6.10

MAN TMUK

15.00
223.20
£9.70
279.50
152.90
5,50
0.00
5.40
.40
6.10

ST.DEV.

0.00
0.00
0.00
0.00
0.00
0.0o
0.00
0.00
.00
0.00



Appendix 10. {Cont.})

CLUSTER MUMBER: &

MEMBERS STATISTICS
CLASS S1TE DISTANCE | WARIABLE MINIHUM MEAN  MAKIMUM ST,DEV.
B B 116 Crosdale B 4,72 | SOEY 0.00 0.00 0.00 0.00
0 B 130 Barben B 4,42 | sngz2 251,30 251.30 251.30 0.00
| S0E3 55.10 55.10 55.10 0.00
| S0BS 0.oo 1.45 2.90 1.45
| S085 o.0d 1.70 3.40 1.70
| s181 2130 21,30 21,30 0.00
| 5182 13.30 23.60 33.90 10.30
| 5183 14,90 15.65 16.40 0.75
| s184 38.40 4, 25 50.10 5.85
| 5185 9.50 12.70 15.90 3.20
CLUSTER WUMBER: &
MEMBERS STATISTICS
CLASS SITE DISTANCE | VARIABLE MINIMUS MEAN  MAXIMUM  5T.DEV.
B C 103 Bowderdsle 0.00 | 5081 0.00 0.0 0.00 0.00
| 082 33.90 33.90 33.90 0.00
| s083 143,40 143,40 143,40 0.00
| S84 2.00 Z.00 2.00 0.o0
| SOES 15260 152.80 152.40 0.00
| 5181 25.10 25.10 25.10 0.oo
| 5182 1.10 1.10 1.10 0.00
| 5183 4,70 £.70 4,70 0.00
| 5184 7.50 7.50 7.50 0.00
| 185 2.50 2.90 2.90 0.00
CLUSTER MUMBER: &
MEMBERS STATISTICS
CLASS SITE DISTANCE | VARIABLE HINTHUM MEAN  MAXIMUM  ST.DEV.
€ 0 17 Tebay 6.72 | 5081 0.00 17.02 64 . 70 2.7
B 0 18 old Tebay  13.156 | 5082 13.20 £3.44  139.60 33.45
B € 19 Reyne Br 17.83 | S0E3 4,80 42.20 T7.T0 19.08
C B 20 Kelleth Br 11.31 | S084 0.00 #7.33  103.50 26.14
C C 21 Math 18.46 | SD8S , 480 45,97  133.80 36.59
D D 11a Park Wood  14.66 | £181 0.80 6.37 14,40 6.30
D U & K Lonsdale 20.67 | £182 0.00 5.7 17.40 4.85
D 0 7 Llinderlay 14.51 | s183 0.00 5.36 24.20 b.55
C 0 & Hewton 13.61 | s184 0.40 10.31 £3.30 10.32
C €109 Birks 26.57 | 5185 0.00 376 17.10 b AT
C £ 112 Eretherdale 12.03 |
E B 13 Borrow 8§ 22.43 |
C B 1% Borrow 8 18.67 |
C 0117 Ingmire 14.00 |
€ B 11%a Cautley 12.14 |



Appendix 10. (Cent.)

B 0 125 Dee 21.92 |
0 D126 Dee 30,34 |
B D 1279 Barbon B n.m |
0 B 131 Leck B 15.26 |
0 D133 Greta 1647 |
0 b 146 Wenning 3204 |

i 0 8 5 e e e 0 O T O A

CLUSTER WUMBER: i
MEMBERS
CLASS SITE DISTANCE | VARIABLE

80817
B0&2
EDE3
5084
5085

B B 115 Chapel 8 12.91 |

I

I

I

| ;
I 181
I

I

f

I

C A 1E Sedbergh 10,80

5182
5183
B184
8185

STATISTICS
MIKIHUM HEAN
Z2.20 2.20
11.30 2e.15
81.50 PZ2.95
55.70 Ta.10
29.60 34,45
33.80 33.80
10.60 10.60
2.70 16.70
£3.50 33,05
g.50 24 .70

HAKX T HLUM

2.20
353.00
104.40
94.50
39.30
33.80
10.60
30.70
42.60
39.%0

ST.DEV.

0.00
10.85
11.45
19.40
4. B3
0.00
0.00
14.00
£.55
15.20



1+
T
VARIARLE BETWEEN 55 DF
TOB1 290.67T3 &
TOE2 252970.813 &
TOB3 531B0.582 &
TOBL 199519.54%F &
TOES TOS3IT2.T2E &
T181 238.956 &
Tig2 958 883 &
T183 124125 &
T18 L9TL.606 &
T185 2590.%03 &
CLUSTER MLIMBER: 1
MEMBERS
CLASS SITE DISTANCE
O+ 1+
D D 17 Tebay 4. 75
D D 18 0Dld Tebay 355
C D 20 Xelleth Br 11.87
D D106 Raiz B 5.85
D D 2 LircolmInn 3.18
O Db 14 Fleetholme 5.9%
P D 16 Yorkshire Br 5.75
D b & K Lonsdale 8.0
D E 7 Linderlay .45
D E 8 Rigmaden T.53
D D 9 Hiddleton 3
D b 1 Hallbeck &.42
E D 1 ctaton 5.29
E E 2 Snab &.4T
0 E 3 Gressingham 6.54
0 D & Newton 6.15
E D 5 Whittington 5.32
D D109 Birk B 7. 76
D D110 Birk B 12.77
D C111 Birk B 527
B Db 113 Barrow B 11.14
C €114 Borrow B 15.91
B 0117 Ingmire 5,94
b €119 Burnt Will 3.87
B b 119 Cautley 3.20
b D 120 PRawthey 10.41
D 01271 Clough 12.02
D D 125 lDee 7.85
D D126 Dee & B9
D D128 Barbon B B.&L
D b 129 Barbon B B.4D
b € 130 Barbon B 10.81
b 0131 Lleck B L
P P 133 Greto 5.a7
b b 134 Grets 5.72

I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
|
I
I
I
I
|
|
I
I
I
I
I
|
|
|
|
|
|
|

-

ROM THE RIVE

RS

WITHIN 55

351.035
12321.587
17162488
25796658
15654 . 268

542.770

288%. 607

1407 . 644

4LDBS 826
212,321

VAR IABLE

T0a1
Toa2
TOES
TOBL
TOES
T181
T18e
T183
T184
T185

DF

52
38
&2
&1
30
T
&3
&7
63
56

LLIKE

1981 - 1985

F=RATIO

&
206,
32.
18.
162,
2.
3.
8.
12.
29.

416
30w
0y
0zr
561
75
521
¥18
TE
Taw

STATISTICS

HIK1HUM

0.00

0.00
0.00
0.00
D.00
0.00
0.00
0.00
0.00
0.00

MEAN

0.88
Fobd
12.7%
8.72
5.13
1.92
3.718
3.03
3,43
2.539

FROB

D.ooz
0.000
0.000
0.000
0.000
0.028
0.005
0.000
0000
0.000

MaX | HUM

5.30
48.00
¥h.20
41.80
36.50
1370
21,70
1630
34.90
18.50

ST.DEV.

1.73
11.84
16.16
12.31

F.98

5.36

5.80

3.8

T i

3.6z



iz 1%. {Cont.

0D O 135 Greta 4,61
€ [ 136 Greta 30.59 |
b 0 137 Doe 5.61 |
D B 138 Grets £.30
b D 139 Wenning 6.55
D O 140 Wenning 5.88
b D 142 Wemning 5.31 |
B D 143 Wenning 5.85 ||
D B 144 Wenning B.41
D D 145 Wemning G686 |
b D 145 Wenning 1.7 |
b € 157b Austwick B 1.67 |
b D152 Fen B 10.18 |
b C 153 Keasden 8 =]
b b 154 Hindburn 4,07 |
B B 155 Hindburn 1145 |
D B 154 Hindburn  20.54 |
b € 157 Roeburn 9.03 |

ELUSTER WUMBER: 2

MEMBERS STATISTICS

CLASS SITE DISTANCE | VARIABLE MIM I MUY MEAN  HMAMIMUM  ST.DEV,
A A 116 Crosdale B 0.00 | TOBY 0.00 0.00 0.00 0.00
[ 1082 502.10 502.10 502.10 0.o0

| 1083 0.00 .00 D.oo 0.00

| TO84 349,80 34980 349,80 0.00

| 1085 &32.20 432.20 432.20 0.0

[ 7181 0.00 .00 0.00 0.00

[ 1182 10.00 .00 10,00 .00

| 7183 20,60 20.60 20.60 0.00

| T184 35.00 35.00 35.00 .00

| T185 53.30 53.30 53.30 .40

CLUSTER WUMEER: 3
MEMBERS STATISTICS

CLASS SITE DISTANCE | VARIABLE MINTMLUM HEAN  MAXIMUM  ST.DEV.
0D 19 Rayne Br 3.99 | To81 0.00 0.63 2.50 1.08
B D107 Tebay Gill 2.46 | Tog2 0.00 1.24 5.90 2.33
P E 1 Lane Ends 0.70 | Toas 0.00 &.00 8.70 3.48
0 O 11a Park Wood 1.90 | T084 0.10 6. 60 15.50 5,62
D D 13 Theaites 1.45 | Toas 361.20 361.20 381,20 0,00
D 1% Fairmile 2.59 | 131 D.0d .73 2.20 .04
b D118 Sedbergh 2.7 | T182 0.00 0.33 1.10 D.42
b b 12% Dee 2.29 | 1183 0.00 1.23 &.20 2.09
E D 137a Doe 2.84 | 1184 0.00 1.23 F.50 1.28
E E 141 Wenning 1.24 | 1185 0.00 2:70 5.40 1.94



A iz 11, (Cent.

I
I
I
I
I
|
[
I
I
I

ST.DEV.

0.00

28,65
8.7
0,00
0.00
0.00
1.50
5.10
0.65
0.00.

§T.DEV,

0.00
0.od.
.00
.00
.00
.00
.00
.00
.00
oo

CLUSTER MUMBER: &
MEMBERE
CLASS SITE DISTANCE
A G107 Wessdale 10.76
B B 105 Ellergill  13.61
CLUSTER NUMBER: 5
MEMBERS
CLASS EITE B1STAMCE
A £ 151 Austuick B 0.00
CLUSTER NUMBER: &
HMEMBERS
CLASS BITE D ISTANCE
C 0 21 wMath 21.32
€ € 102 Eowderdale 26.2¢
C C 103 Eowderdale 13.16
C C 104 Longdale B 3.1
C C 108 chapel B 32.54
€ 0 112 Bretherdale 12.88
B 8 115 Chapel B 20.54
C 8 122 Clough 25.43
C B 127 [Dee 15.29
£ C 13 Leck B 16,454
0 C 148 Clapham B 13.24
€ 0 150 Austwick B 23.23
C B 158 Roeburn 28.456

|
|
|
|
|
I
I
I
|
I
I
|

|

STATISTICS
VARIABLE MIN TMUM MEAN  MAXIMUM
T081 0.00 0.00 0.00
T082 45,30 73.95  102.60
1083 76.50  85.25  ©94.00
To84 245.80  2i5.B0  245.80
TOAS 0.00 0.00 0.00
Ti81 0.00 0.00 0.00
Ti82 8.10 Q.60 11.10
Ti83 5.00 10.10 15.20
Ti84 12.80 1355 14,20
TI185 1.10 1.10 1.10

STATIETICS
VARIABLE WM THLIM MEAN M ] ML
TOEY .00 0.00 0.00
TOEZ 11&.20 118,20 116,20
TOEZ 203,40 203,40 203 .40
TOEL 73.40 T3.40 ¥3.40
T0BS 0. 00 0.0G 0.00
T1E1 0.00 0.00 0.00
T182 &, 40 -] 6,40
T183 ¥.60 7.560 7.60
T184 B. 4D B.40 8.40
T185 D.80 0.80 0.80

ETATIETICS
VARIABLE MINIMLM MEAN  MAXIMLIM
TOBT 1.00 8.00 19.70
T082 0.00  34.09  79.20
T083 15.90  47.04  77.80
TOBS 4,80 To.42 127.%0
TOBS 8.00 LT 116.70
T8 .60 7.82 1640
T182 0.60 10,44 33.30
T183 1,90  10.68  23.30
7184 0.70 15. 71 39.10
7185 0.0D 5.55 14 .00

ST.DEV.

6.61
19.14
22.07
37.25
3r.re

L.72
10.39

7.2
11.58

3.83



Appendix 11. (Cont.}

CLUSTER WUMBER: ¥

HEMBERS STATISTICS

CLASS SITE DISTANCE | VARIABLE MINTMUM MEAN  MAXIMUM  ST.DEV,

O A 123 Clough 0.00 | T081 T.70 7.70 7.70 0,00
| 1082 116.30 116,30 114.30 0.00
| 1083 18.50 18.50 18,50 0,00
| 1084 27.50 27.50 27.50 0,00
| 1085 T.60 7.40 7.60 0.00
| T8 3.20 3.20 3.20 0.00
| TiEe 23.00 23.00 23,00 0.00
| 1183 18.30 18.30 18,50 0.00
| T184 61,90 &1.50 61,90 0.00
|

1185 Q.00 0.00 0. 00 0.00



SUMMARY STATISTICS FOR

VAR

NOIK 12.

+ SALMON [5SA) AND O+ TROUT

7 CLUSTERS

IABLE

5081
5082
S0E3
5084
5085
T0E1
To&2
TOB3
TOBL
TOES

BETWEEN 55 ODF

155,281
BE10T. 149
246048, 605
79351.155
35713172
bL.626
246236.100
43370,5L8
159513, 749
2BEB53,835

6
&
6
6
b
L]
-]
&
é

&

WITHIN 85

7002, 808
60950, 031
LOLB7. 814
30299.516
45149.053

637.083
29056.300
26972.422
£5902,462
32163.161

CLUSTER NUMBER: 1

HEMBERS

CLASS SITE DISTANCE
SA TR

C 0 17 Tebay 21.56
B D I8 old Tebay  25.36
B 0 19 Rayne Br 30.67
C € 20 kKelleth 8r 23.469
C € 21 Wath 41 .67
0 € 102 Howderdale  44.63
0 0 10& Rais B 17.19
D C 108 cChapel B 41,32
0 0 11 Lane Ends 17.78
0 0 12 Park Wood 25,22
D D 12 Lincoln Inn 7.46
D 0 13 Thwaites 11.08
0 D 14 Fleetholme 17.25%
P D 15 Fairmile 15.94
D 0 1& Yerkshire Br 15.39
DD & KLomsdale 28.7%
D B 7 Linderlay 17.93
0 b0 B8 Rigmoden 16.22
DD 97 Middleton 12.54
D D 10 Hallbeck 12.36
D E 1 Caton 11.04
D E 2 Snab 15.49
0D 0O 3 Gressingham 17.00
C O & MHewton 18,48
B E 5 whittington 12.53
C D1WW? Birk B 35.18
D D10 Birk B 12.70
D D11 Birk B 13.56
C C 172 Bretherdale 25.15
C O 113 Borrow B 36.69
C € 114 Borrow B 24 .84
8 B 115 Chapel B 36.11
C 017 Ingmire 14,286
C 01718 Gedbergh 3n.M
D D11% Burnt Hill 10.56

VARIABLE

5081
G082
s083
084
5085
1081
1082
1083
1084
TOES

TR} DATA FROM THE RIVE

oF

S8

32
38
e
&1
50

F-RATIO

0.124
15.419
64,822
26.625

7.119

0.03%
E1.520
16.616
24,623
74,843

STATISTICS

MINTHUM MEAN

0.00 &.08
0.00 26,13
0.00 24.4%
0.00 15.53
0.00 18,74
0.00 2,18
0.oo 15,70
o.oo 17.09
0.o0 19.97
0.o00 12.59

WE, 1781-1985

PROE

0.793
0.000
0.000
0.000
0.000
1.000
0.000
0.000
0.000
0.000

HAK [ MUM

64,70
139.60
104.40
105.50
133.560

19.70
116.30

24.20
127.20
116.90

ST.OEV.

13.58
30.74
25.35
2247
28.3%

4,09
21.8%
20.77
32.80
24,87



Appendix 12. (Cont.)

C D0 119 Cautley 10.52 |
0 0120 FRawthey 10006 |
o 0121 Clough 12.96 |
0 €122 Clough wTe |
0 D123 Clough IT.eR |
D D124 Dee B.97 |
B D125 Dee 30.04 |
D D 126 Dee 41.32 |
D C 127 Dee 38.41 |
B D 129 Berboen B 4597 |
D D 130 Barbon B 16,73 |
D D131 Leck B 17.60 |
D C 132 Leck B 1732 |
D D135 Greta 15.55 |
b D 134 Greta 10.78 | ¥
D D135 Greta 1n.o7 |
D C 135 Greta 30.5% |
E D 137 Doe 1915 |
E 0 138 Greta Rt |
D D 139 Menning 14,38 |
D D 140 Wenning 15.465 |
D E 141 Wenning 19.02 |
E D 142 Wenning 18.51 |
E D W3 wenning 19.26 |
B D &6 Wenning 17,08 |
B D 145 Wenning 10.16 |
D D 14& Wenning IT.sL |
D 0 148 Claphea B 21.0% |
D €150 Austwick B 50.78 |
D b 152 Fen B 17.87 |
E D 153 Keasden B 17.25 |
O 0 15 Hindburn 13.85 |
E D135 Hindburn 16746 |
E D 15 Hindburn 20.31 |
O 0 157 Rosburn 12.77 |
E C 158 Roshurn 3323 |

CLUSTER WUMBER: 2

TOAS 432.20 $32.20 432.20 0.00

MEMBERS STATISTICS

CLASS SITE DISTAMCE | VARIABLE MINIMLM MEAN MAX TMLM ET.DEV.

B A 1146 Crozdele B p.oo | s081 o.o00 0.0o0 0.0 0.0o0

E E 1372 Doe 4.53 | s082 251.30 251.30 251.30 0.00

0 b 151k Austwick B 4.53 | 5083 a.00 n.15 o0.30 D.15
| s08L 2.%90 2.90 2.90 0.00
| 8085 .00 0,00 .00 0.00
| 081 .00 0.00 0.0 0.00
| Toa2 So2.10 502.10 502.10 0.00
| TR 0.00 6.40 12.80 &40
[ TOBL 350 B0 JL9. 80 349,80 0.00
|



Appendix 12. (Comt.)

MAK TMLIM

0.00
k370
505.60
11310
0.00
0.00
0.00
0.00
2.10
361.20

MAK | MLIH

15.00
223220
69,70
Zre.en
152.90
0.00
14.70
15.20
32.10
15.80

HAK THLUIM

0.00
L3.90
5.00
3.90
1.10
000
102.60
G400
24580

ST.DEV.

51

£T.

0.00
0.o0
.00
.o
0.00
0.00
0.o0
0.00
0.00
0.00

.DEV.

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

DEV.

0.00
0.00
2.50
1.00
0.00
0.00
28.85
B.7S
0.00

CLUSTER NUMBER: 3
MEMBERS STATISTICS
CLASS  SITE DISTANCE | VARIABLE MINTMIM MEAN
A 8 107 Tebay Gill  0.00 | 5081 0.00 0.00
| s082 4370 43.70
| S083 505.60  505.60
| S084 113.10 11310
| S085 0.00 0.00
| TO81 0.00 0.00
| ToB2 0.00 0.00
| TOE3 0.00 0.00
| T084 2.10 2.10
| 1085 361.20  361.20
CLUSTER NWUMBER: &
MEMBERS STATISTICS
CLASS SITE DISTANCE | VARITABLE MIN]MUM MEAN
B 0 128 Barbon B 0.00 | S081 15.00  15.00
| s082 223.20  223.20
I S083 §9.70  69.T0
I S84 279.90  279.90
I S085 152,90  152.90
I 1081 0.00 0.00
I T082 %70 14.70
I 1083 15.20  15.20
I 1084 32,10 32.10
| 1085 15.80  15.80
T ] h
MEMBERS STATISTICS
CLASS ZI1TE ODISTAMCE | VARTABLE MINIMLM MEAN
D A 101 Ueasdale  10.&3 | S0B1 0.00 0.00
D B 105 Ellergill  15.04 | 5082 43.90 4390
| S083 0.00 2.50
| SOB4 1.50 2.90
| $085 1.10 1.10
I 1081 0.00 0.00
I 1082 £5.30  73.95
I Y083 76.50  B5.25
I 1084 245.80  245.80
I TO8S 0.00 0.00

0.oo

0.00



ix 1 Cont .

CLUSTER WUMBER: &

MEMBERS STATISTICS

CLASS SITE DISTANCE | WARIABLE MINIMUE MEAN  MAMIMUIM  ST_DEV,

b A 151 Austuick B g.o0 | 081 0.00 0.0o 0.0a 0.a0
| S0A2 5.40 5.60 .60 0.00
| S0A% T.60 T.60 7.80 0,00
| SOAL 0.00 0.00 .00 0,00
| S0B5 27.80 27.80 27.80 0.a0
| TR 0.00 0.00 .00 0.00
| T082 116.20 11620 114.20 o.oo
| T0EZ 203,40 203.40 203_40 0.00
| TOB4 T3.40 7340 73.40 0.00
| T08S 0.o00 o.o0 0.o00 0.00

CLUSTER NUMBER: 7

HEMBERS STATISTICS

CLASS SI1TE DISTANCE | VARIABLE MM THUM MEAN  MAKIMUM  ST.DEV,

B € 103 EBowderdale 6593 | 081 0. 0o 0.00 0.00 0.o0

0D € 104 Longdale B 876 | S082 &40 20.15 3390 13,75
| s083 WE40 H3.A0 143,40 0.00
| 172 1.40 1.70 2.00 0.30
| S0RS 152,60 152.60 152.560 0.00
| TOB b.o0 0.00 .00 0.00
| TO82 18,90 26.3% 33._80 7.4
| T083 D.00 .60 0.00 0.00
| TOBL 49 &0 £1.40 1.2 11.80
I

TOHS £3.50 ‘43,50 £3.50 0.00



PP I

ND_ 1+ TROUT (TR) DATA FROM THE RIVER LUNE, 19B1-1985

VARIABLE

S8
£1E2
£183
S184
5185
Ti81
T182
Ti83
T84
1185

CLUSTER

CLASS

17
18
21
103
104
108
11a
12
13
14
15

10

T L

e

110
112
"7
19
11%9a
120
121
124
12%
126
128
133
134

3. 1+ 8§ 5
SUMHARY STATISTICS FOR 7 CLUSTERS
BETWEEN 55 DF WiTHIN 55
1293.0456 & 1287, 884
B35 & 1508, 67%
rige.325 & 1825.757
TI7RI 14T & 3227.812
1847611 & T34 499
235670 4 BLB. 054
2460.723 & 1397, 767
1830.841 & T00.928
5481696 & 1569, 735
2BL3.782 & 559,502
NLUMBER : 1
MEMEERE
EITE DISTANCE | VARIABLE
Tebay 147 | 181
old Tebay 2.2¢ | 182
Wath 5.26 | 5183
Bowderdale .76 | 5184
Rais B 4.59 | 5185
Chipe! 8 531 | 1181
Park Wood 1.8¢ | T182
Lincolm Inn 5.3F | 7183
Thuaites g | T184
Fleetholme 2,00 | 1185
Fairmile 167 |
K Longdale t.80 |
Linderlay 2.7 |
R igmaden 2.17 |
Middleton 2.18 |
Hal L beck 2.78 |
Caton 2.4% |
&Sneb J.08 |
Gressingham 2.30 |
WeWton 1.85 |
Whittingten 2.80 |
Birk 8 2.98 |
Birk 8 .99 |
Bretherdale &.72 |
Ingmire .92 |
Burnt Mill 5.1 |
Cautley .81 |
Rawthey 2.88 |
Clough 1.54 |
fee L9 |
Dee 2.15 |
bee 2.73 |
Barbon 8 2.52 |
Greta 4.55 |
Greta 3.27 |

UﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂnﬁﬁnﬁlﬂﬂﬂﬁﬂEﬂﬂﬂ'ﬂnnﬂnnnnuug
B0 o o0 9990909059 50 D800 mmE 8 mmD D 00 D oM o o oE -

DF

a1
&
&b
&7
&2
37
&3
&7

&3
56

F-RATIO

&.B51
&.001
42.833
40798
25.993
2,629
18,485
29, 168
14.153
47438

STATISTICS

MIHIMUN

o.00
0.00
0.00
0.00
0,00
0.00
0.0
a.00
a.0d
0,00

MEAN

4 .60
2.7
2.87
5.55
2.09
1.53
2.59
2.23
2.467
1.3

PROA

a.000

0.000

0.0

0., 000

0. 000

0.032

0.060

0. B0

0.000

0.000

MAXIMUM  5T.DEV.
25.10 4.8
17.40 .73
13.80 N
20.30 5.42
12.40 2.58
14,00 2.98
13,80 .09
1170 2.82
10,04 314
15,90 2.M



Apoendix 13, (Cont.}

E 0 137 Doe 2.83
E D 137a Doe 2.15
D B 138 Greta 6.95
D 0 137 Menning .45
b D 140 Wanning 2.36
0 D142 Wenning 2.55
B D143 MWenning 4,19
0 D 145 Menning 3.20
0 0D 14& Wenning 2.52
0 0150 Austwick B .42
B C 151 Austwick B8 I.B3
B C 151b Austwick B 2.564
E D152 Fen B 3.68
E C 153 EKeasden B 5.45
D D 154 Hindburn 3.9
b € 157 Roeburn 4,72
CLUSTER MWUMBER: &
MEHBERS
CLASS SITE DISTANCE
E b 19 Rayne Br 5.25
B O 20 Kelleth Br 5,84
B C 107 Weesdale 8,44
B C 102 Bowderdale L.68
B D 16 Yerkshire Br 6.39
B C 111 Birk B 7.99
B D113 Borrow B 5.63
B C 114 Borrow B 5.89
A D 118 Sedbergh 2.73
C D 129 Barben B 5.37
B € 130 Barbeon B 11.85
B D131 Leck B 7obh
B C 132 Leck B Vo3
B D 13% Greta &,4%
B C 135 Greta 5.90
CLUSTER WUMBER: 3
_ MEMBERS
CLASS S1TE DESTANCE
0 B 122 Cleugh 5.55
P A 123 Clough 11.73
C B 127 Des 5.56
b B &4 Wenning &5.17
D € 148 Clapham B 4.31
E B 155 Hindourn 5.34
E B 156 Hindourn & .24
D B 158 Roeburn 5.56

VAR[ABLE

YARLABLE

MEAN  MAXIHUM

ETATISTICS

MINIMUM
£181 8.50 17,37
g8z 1.20 10.55
5183 o.%0 13.85%
S84 7.40 24.81
5185 1,10 851
7181 0.00 445
1182 0.00 412
1183 0.00 L.23
1184 2.00 10.81
7185 0.00 3.38

STATISTICS

HINIHLM HEAN
5181 0.00 1.8
5182 0.00 1.35
5183 0.00 3.34
S184 0.00 1.4
5185 0.00 .43
T181 3.20 7.73
1182 10.50 21.27
TIE3 §.40 15.45
T84 “12.30 2v.30
T185 3.00 8.36

33.80
33.90
31.40
43.30
17.10
16,40
153,40
10.50
3L.90
10.60

M L MU

10,50
5.50
8,90
5.20
1.30

13,70

35.30

23.30

&1.%0

18.50

ST.DEV.

.38
B.0%
£.33
11.0%
5.52
5.64
4,23
3.43
8.86
2.84



ELUS R:
MEHBERS STATISTICS
CLASS SITE DISTANCE | VARIABLE HINIMUM HEAN  MAXIMUM  ST.DEV.
B C 104 Lomgdale 8 3.6 | 51 14.20 1420 14.20 0.00
A D107 Tebay Gill 3.37 | $182 7.50 T.70 7.90 0.20
| 5183 70.20 F0.20 70.20 0.00
| E184 67,60 &1.60 &1.60 0.00
| 185 3.B0 3.80 J.8o 0.00
| T181 2.60 .60 2.60 0.04
| Ti82 0.00 2.70 5.40 2.70
| T183 0.00 0.o0 0.00 0.00
| T84 0.00 8.50 17.00 B.50
Ti85 4 .80 5.10 5.40 0.30
CLUSTER MUMBER: 5
MEMBERS STATISTICS
CLASS SITE DISTANCE | WVARIABLE MIHIHLUN MEAN  MaxX|MUM  ST.DEV.
B8 & 1% Crosdale B o.oo | 5181 0.00 0.00 0.00 0.00
| 5182 13.30 13.30 13.30 0.00
| 5183 16.40 Ta.40 16.40 000
| 5184 50.10 50.10 50.10 0,00
| 5185 §.50 .50 .50 0.00
| T181 0.00 0.00 0.0a 0.00
| T182 10.00 10.00 10.00 0,00
| THE3 20.60 20.60 20,60 0.00
| T84 35.00 35.00 35.00 0.00
| T185 55.30 53.30 53.30 0.00
CLUSTER NUMBER: &
MEMEERS STATISTIES
CLASE SITE DISTANCE | VARIABLE HINIMUM KEAN  MAXIMUM  ST.DEV.

8 B 105 Ellergiil 0.00 | £181 .00 0.00 0.o0 .00
| 5182 5. 60 5.&0 5.60 .00
| 5183 ] & &0 44,60 0.00
| 5184 5.20 5.20 5.20 0.00
| E185 0.00 0.00 0.o0 0.00
| T181 = 0.00 0.0 o.oo .00
| T182 B.1D a.10 a.10 0.00
| T183 15.20 15,20 15.20 0.00
| T184 12.90 12.50 12.90 0.00
| T185 0.00 0.o0 0.00 po.o0o

-------------------------------------------------------------------------------



Con

CLUSTER MWUMBER: 7
MEMBERS
CLASS SITE DISTANCE
b E 11 Lane Ends 0.47
B B 115 chapel B8 0.25
E E 141 Wenning 0.15

I
I
I
I
I
!
|
I
|

VARIHABLE

5181
gla2
5183
E18L
g1as
T181
T8
T183
T84
T185

STATISTICE
MIHTHM HEAN
£.00 0.00
£.00 0.15
2.70 2.70
23.50 23.50
39.90 30,90
0.00 0.00
0.00 0.65
19.50 19.90
23.00 23,00
14.00 14.00

AKX THUM

0.00
0.30
2.70
23.50
3r.90
o.00
1.30
19.90
25.00
14.00

ET.DEV.

0.00
0.15
0.0o
0.0a
0.00
o.o00
0.65
0.0
0.00
o.00



