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Mean survival of eggs in planted boxes ranged between 27-85%to
eyeing and 16-71% to hat chi ng.

Mean estinates of survival fromeggs to swimup fry in alevin traps
ranged from0.3 - 11.9%

A nunber of intragravel water oxygen concentrations were shown

to be lower than published critical levels for good egg survival.

G avel sanples fromredd sites were anal ysed for percentage fines
and percentage organics. No correlation was found between gravel
conposi tion and survival of eggs.

Evi dence of overcutting of redds was found in sonme Teesdal e streans.
Eggs and fry were shown to be vul nerable to downstream di spl acenent
by hi gh water vel ocities.

No evi dence was found to show that in situ freezing of eggs occurred.



I NTRODUCTI ON

This report brings together information collected in Teesdal e
concerning, | The survival rates of intragravel stages of brown trout
and, |1 The factors influencing survival.

The streans on which this information was col |l ected are shown in
Table 1 and they are described in further detail in Gtaway et al.

(in press). Athough all the becks contai ned brown trout spawni ng

areas, sone were utilised by nmore spawning trout than others. The

best spawning sites as judged by this criterion were Thorsgill and

QG eat Eggl eshope becks where the research effort was therefore concentrat ed.
There were two different spawni ng areas in Eggl eshope, nanely G eat

Eggl eshope beck itself and Geat Eggl eshope spring fed tributary

(Esft), data fromthese two areas are anal ysed separately in nmost parts

of the text.



Table 1. A summary of the activities carried out on the different streans. X signifies that the activity took pl ace

Site Grid ref. of Redd Egg box Alevin Quantitative Water tempe. Intragravel Cravel
areas studied ocounting burial trapping electrofighing recording water sampling sampling
Great NY 984288/
Eggleshope 578299 x x X X x x x
Eaft LA g:flgggg/ X x X 4 z x ' X
Thorsgill ¥z gﬁ?:gg/ x x x x X X X
NY 948232/ .
Carl Beck 543228 x x x
R. Lume KY 948231/ <

951235



.  THE SURVI VAL RATES CP | NTRAGRAVEL STAGES OF BROM TRQUT

Pl anted egg boxes were used to estinate survival of eggs to eyeing

and alevin traps to estimate survival to sw mup.

Survival estinates using egg boxes

R pe fenale and mal e fish caught by electrofishing in the field
were stripped for eggs and sperm Fertilisation of the eggs was carried
out according to the "dry" nethod (Bagenal & Braum 1978). After water
har deni ng, the eggs were counted into lots of 50, each lot being inter-
bedded with gravel in a nodified Harris egg box (Harris, 1973) (Fig. 1).
In 1979, all the brown trout redds observed in the study sites were
mar ked and neasured as previously described (Gtaway et al., in press).
Two egg boxes, secured to and marked by a netal stake, were buried in the
pot of each redd. (Fig. 1). Egg boxes were also buried in areas of
streamthat were not utilised for spawning, these |ocations were terned
"false redds". A sanple of 5 boxes was dug up 24 h after planting to
check that the eggs had been properly fertilised. Mean egg nortality in
the boxes was 2.0 + 1.3% S E

Water tenperature data were used to estimate the tine of 50% eyei ng
and hat ching of the eggs (Oisp, 1980 unpubl. report). The boxes were
checked at weekly intervals around the predicted dates. e box was
renoved when the eggs were judged to be eyed and hatched respectively
and the contents examned for survival of the enbryos. The dead eggs
could not always be counted with certainty since they rapidy deconposed,
percentage survival was therefore estinated by expressing the nunber of

eyed or hatched eggs as a percentage of those buried.



Survival estimates using alevin traps

Alevin traps nodified in size fromthose described by Phillips
& Koski (1969) were installed over a snall nunber of suitable redds
after eyeing (Fig. 2). Suitable redds were designated as those sufficiently
isolated to prevent disturbance of other redds or the streambank at
installation, and in which egg boxes had been previously buried so that
the times of eyeing and hatching were known. The traps were checked one
to three times a week after egg hatching and any al evins present in the
cod end of the trap were renoved and counted. 1In order to test that
all the emerging al evins were caught and that they did not escape laterally,
one of the alevin traps was enclosed within a large outer trap. Both
traps were checked for emerging fry.
An approxi mation of the percentage survival to swimup was obtai ned
by using the initial redd dinensions to estinate the size of female
cutting each redd (data recalculated fromQtaway et al., in press)
and by then applying a length/fecundity relationship (Appendix 1) to
estimate the nunber of eggs the redd contained. The percentage survival
was cal cul ated by expressing the total nunber energed as a percentage
of the nunber of eggs in the redd. Qher applications of alevin trap

data are briefly described in Appendix 2.

Results

Survival of eggs to eyeing. The nean survival to eyeing ranged from

27-85% the highest values being obtained in Esft and the lowest in
Thorsgill Beck (Table 2). There was no difference in egg surviva
inreal as against false redds except for Thorsgill where survival

in false redds was significantly lower (Student's t-test, P< 0.05).



Tabl e 2. Estimated nean percentage survival of eggs to eyeing as derived fromplanted egg boxes 1979/ 80.
Nunber in parentheses represents nunber of val ues neaned.

Total jo survival to eyeing

Real/False No. boxes % survival to eyeing in : .

redds Site washed out remaining boxes + 3S.E. a:::ﬁgigt z;;:n.;aé.gfr

Real Esft 0 84.9 + 8.8 (9) 84.9 + 8,8 (9)
Great Ggzleshope - 2 54.9 + 11,2 (9) 44.9 + 11.3 (11)
Thorsgill 1 573 + T«3 (16) 53.9 + T.6 {17)
Carl 1 65.0 (2) 43,3 + 24,3 (3)

False Esft 0 70.5 + 8.2 (4) 70.5 + 8.2 (4)
Great Sggleghope 0 63.3 + 16.8 (3) 63.3 + 16.8 (3)
Thorsgill 1 26.9 & 11,2 (9) 24,2 + 10.4 (10),
Carl 0 40,9 + 12.8 (7) 4049 + 12,8 (T)



Survival of eggs to hatching. Mean val ues ranged from 16-71% and were

significantly higher in Esft than any other site (Student's t-test
P 0.05) (Table 3). Although there were significant differences between
real and false redds in survival to eyeing in Thorsgill Beck, no such

difference could be denmonstrated in survival to hatching.

Survival to swimup. The nunber of al evins caught was very variabl e

(Table 4) the total catch per trap ranging from0-512. 1In the one
redd doubly trapped, one alevin energed in the outer trap as conpared
to 23 in the inner trap. The outer trap was slightly damaged in a
spate and it is possible that the one alevin swamin from outside rather
than emerged into the trap. This result is therefore a little inconclusive
but it does suggest that nost of the emerging al evins were contained
within the inner trap.

Estinmates of percentage survival fromeggs to swimup fry were
generally very low (Table 5). Survival rates in Esft were consistently

hi gher than at any other site.

D scussi on

Survival rates estimated fromegg boxes are nore likely to have
been over- than under-estimated since the boxes were firmy staked in
the gravel and this nmay have prevented a certain anmount of washout.
Wthin those boxes remaining in the gravel, survival of properly fertilised
eggs shoul d, according to Harris (1973), have been simlar to that of
eggs buried loose in the gravel. Fertilisation |loss was shown in this

study to be in the region of 2%



Table 3. Estimated nmean percentage survival of eggs to hatching as derived fromplanted egg "boxes.
Nunbers i n parent heses represent nunber of val ues meaned.

o . . Total % survival to hatehi
TR me TR CIIRIaTEE™  sesming 06 sl for
Real Esft 0. T3 2 5.6 (9) 1.3 1-_ 5¢6 {(9)
Great Lggleshope 3 35.5 + 11.3  (8) 28.8 + 9.5 (11)
Thorsgill 1 15.9 + 3.3 (16) 14.9 + 3.2 (17)
Carl 1 18,04 15.1 (3) 13.5 = 11.6 (4)
False Esft 1. 51.0 # 10,2 (4) C 4048 # 12,9 (5)
Great Egg1eshop; o 3303 + 12,7 (3)“ 33.3 & 12,7 (3)
Thorsgill 1 26.9 # 11,2 (9) | 24.2 2 10:4 (10)

Carl 0 23,74 9.7 (1) 237 2 9.7 ( 7)



Table 4. Summary of alevin trap data 1979-80. E represents Eggl eshope
T represents Thorsgill.

1979 1980 1981

Number of traps installed 12 10 14 6 19
Number of traps vandalised 2 0 0 1 00
Number of treps damaged by spates 0 2 0 ¢ 0
Remaining numbex ;f traps 100 8 14 5% 19
Number of traps with a ecatch ofs-
0 alevins 4 61 3 4 T
{-5 alevins 4 0 2 0 4
6~10 alevins 1 1 2 0 1
10 =zlevins : 1 1 TI 1 T

I tﬁree of these traps were subsequently stranded aftcr inatallatiﬁn

one trap was tempors&rily partestranded.
¥ all {traps were qtranded for approximately 4 smecks.



Table 5. Estimated nean percentage survival fromeggs to sw mup
fry as derived fromalevin trap data.

Spaiming Range of % ., :
senson Site survival dgan {» # S5.Bs n
1978/79  Great Iggleshope O - 00,8 0.2 4+ 0,2 4

Thorsgill - 0~ 2.8 0u4 + 0.4 8
1979/80 Great Eggleshope 0 - 14,6 4.6 + 1.9 8

Thorﬁgill 0 - 1.6 0.3 _:_"_ 003 5

sft 0 - 90.8 1149 + To6 12
1980/81

t

Great Egsleshope O = 28,3 8.2 £ 447 7



The results (Tables 2 & 3) indicate values of approxi mately 50%
survival to eyeing and 30%to hatching in Teesdal e streans. These val ues
are generally much I ower than others reported in the literature (Hobbs,
1948 Harris, 1970). There was sone variation between sites, surviva
at Esft being particularly good and survival at Thorsgill rather |ow
Apart fromeggs to eyeing in Thorsgill, no difference was seen in surviva
of eggs planted in real or false redds. This result supports a previous
suggestion (Qtaway et al., in press) that in Teesdal e, redds are dug
wherever there is gravel fine enough to be noved rather than in particularly
speci al i sed sites.

The estimates of survival to swmup using the alevin traps could
be criticised for several reasons:

1. The net hod used to conpute the number of eggs in the redd

relies on several estinmated val ues, the redd di nensi ons were used

to estimate the female size digging the redd and a fork I ength/

fecundity relationship was used to estimate the nunber of eggs

a female of this size produces.

2. The way in which the survival rate was conputed pre-supposes
that each female cuts only one redd (the term"redd" here being
taken to nmean the structure in the gravel containing all her eggs
in several egg pockets). This fact is commonly inplied in the
literature (Jones & Ball, 1954) but if it were untrue it would

cause the survival rates to be under-esti nmated.



3. The redds over which the traps were installed, were assuned
to he real redds rather than the results of the trial digging that
trout have been observed to occasionally undertake. Care was

taken to mnimse this source of error.

4. The trap nay not have captured all the energing al evins, somne
may have escaped | aterally, although such escapenent was thought

to he snall.

5. Silt collected on the surface of the gravel within the alevin
trap and this may have hindered energence or reduced intragravel
flow Phillips & Koski (1969) al so noticed the tendency for al evin

trap to silt-up hut did not investigate how this affected survival.

The val ues for survival to swimup (Tabl e5) may thus he under-
estimated, hut, even allowi ng for considerable error, they are nuch | ower
than other values reported in the literature (Hobbs, 1948; Alen, 1951,

Le Cren, 1961; Harris, 1970).

I'l. FACTORS | NFLUENG NG SURVI VAL COP YOUNG STAGES OF BROM TRCQUT.

Factors thought to influence survival of young sal nmoni ds incl ude
H GH WATER FLOAS, whi ch can cause washout of eggs and young fry (Needham
& Jones, 1959; Coble, 1961, 1961; Hliott, 1976); LONWATER FLOA5, which
associ ated with gravel silt'ation and, in extreme cases, stranding of
redds can reduce the intragravel oxygen supply to eggs resulting in their
deat h by asphyxi ation (Shelton, 1955, MNeil & Ahnell, 1964} MNeil,
1966} Hall & Lantz, 1969); SHORTAGE CF SPAWN NG SPACE, whi ch can result

inloss of eggs through overcutting of redds (Hobbs, 1948; McNeil, 1966);



PREDATCORS, leading to loss of both eggs and fry (MNeil, 1969)5 LOVN
WATER TEMPERATURES, whi ch can cause death of eggs in the gravel (Peterson
et al.,1977; Reiser & Wsche, 1979); and Sl ZE OF BED MATERI AL whi ch can
i nfluence the entraprment of alevins within the gravel (Hausle & Cobl e,
1976; Platts et al ., 1979).

Information is presented here relating to some of these factors
in brown trout redds in Teesdale. Cher information has been di scussed

el sewhere and the results are sumnari sed.

I ntragravel oxygen

St andpi pes were driven into the upstreamend of the tails of selected
redds (Fig. 1) enabling the renoval of small water sanples from15 cm
bel owt he gravel surface. The standpi pes were of tw types (Fig. 3).
Type 1 had to be installed and renoved for each sanpling occasion ot her-
wi se the standpi pes were damaged or |ost by washout in spates. Type 2
could be left in the streambed indefinitely but was costly to produce
and therefore only available in snmall nunbers. Approximately once a
nmonth during the egg incubation period 10 m water sanples were renoved
fromthe stand-pi pes. Their oxygen concentrati on was determned using
a mcro-Wnkler technique - scaled down fromthe nethod described in
Mackereth et al. 1978).

The val ues of oxygen concentration obtai ned are shown in Appendi x 3.
Let hal oxygen concentrations for brown trout eggs are not known. Davis
(1975 - Table 8) suggest that the follow ng concentration represent
oxygen response thresholds for salnonid fish in general i.e. |evels bel ow
which effects due to oxygen deprivation are seen:

spawni ng - eyeing 1.14my1t

eyed eggs 593my1?

hat ching - sw mup 8.09ny1?



Turnpenny & Wl lians (1980) found 50%nortality between eyei ng and
hat ching of brown trout enbryos at 6.5 ng 1'*. Wiat is clear fromthe
values in Appendix 3 is that the measured oxygen concentrations in many
of the redds fell belowthese critical levels during incubation. No
rel ationshi p was however found between percentage survival of eggs and
t he oxygen concentration of the intragravel water (Fig. 4). No information
on intragravel seepage velocity was obtained so that the rate of oxygen

supply to the eggs could not be cal cul at ed.

Percentage fines in bed nateri al

When the alevin traps were taken up in the sumrer of 1980, gravel
sanpl es were taken frominmmedi atel y adj acent areas of streambed using
short lengths of 20 cmdianmeter plastic piping. The pipes were pushed
approximately 25 cminto the streambed and all the |oose fines and gravel
frominside the pipe renoved. The average sanple size was 8 kg (dry
wei ght). The sanples were air dried and then sieved to determ ne percentage
conposition by weight of fine fractions less than 2 nmdi aneter. 1In
addition, fractions snmaller than 0.5 nmdi aneter were ashed in a muffle
furnace for 1.5 hr at 500°C to determne their organic content. The
organi ¢ anal ysis was carried out because the organic content of bed
material mght affect the anount of oxygen available to sal nonid enbryos.

The results are sunmarised in Tables 6 & 7. The nean percent age
by wei ght of fines and the nean percentage by wei ght of organics was
generally greater in Esft than G eat Eggl eshope or Thorsgill - a not
unexpected result since the bed of Esft consists largely of tailings
froma disused | ead m ne. The proportions of fines and of organics
inthe fine fractions were very simlar between Geat Eggl eshope and

Thorsgill. No correlation was found between survival of eggs (to eyeing,



Tabl e 6.
. Pgrcentage by weight x mm diamete::; 4 S.E,
Site n 2 m tmm 0.5 mn  0.25 mm  0.125 mm

Mean percentage by weight of fines in gravel sanples taken fromdifferent sites. n = nunber of sanples

Great Iggleahope 11 12.2 # 2.0 6¢8 + 1.6 248 4 0.7 1a1 £ C,3

Thorsgill

10 1307 _’_". 393 1041 -‘_‘; 2.9 608 j‘_ 2.4 3.6 ;l'_ 1.4

0.4 x 0012

0.8 + C.3

0.063 mm

0.3 + Out
Ot + 0,04

042 + 0ut



Tabl e 7. Mean percentage by weight of organics in total gravel

Site

Esft

Great Eggleshope

Thorsgill

1A

9

sanpl es. n = nunber of sanpl es.

Mean percentage by weight x mm 4 S5.E.

0e5 mm 0.25 mm 0.125 m™m

0e39 # 0409 0,17 4 0,05 = 0,06 4 0,01
0.12 o 0.04 0005 * Q.02 0,02 * 0,01

0.19 sl 0.09 0.00 * 0.04 0.04 * 0u02

O¢063 mm

0.02 * 0000'5

0.01 & 0.00

0«02 :!: 0.00



hat chi ng or swi mup) and percentage organics or percentage fines (any

size class) inindividual redds.

Shortage of spawni ng space

An attenpt was nmade in 1978/ 79 to mark all the redds cut in the
study sites. Sone overcutting of redds was observed chiefly in Esft

(Table 8).

H gh water flows and washout

i) Eggs Washout of eggs is discussed in a separate report. Disruption
of streambed was shown to occur to the level of the egg pockets
in some Teesdal e streans. A mnimumfigure of 12%egg | oss through
washout was suggest ed.

ii) Swmup fry Results of experinments in G asshol ne channel s show
that swmup brow trout fry are vulnerable to displacenent by

hi gh water velocities (Qtaway & d arke, in press).

Low wat er tenper at ures

Streamand intragravel water tenperatures were neasured, over the
course of a year, on a brown trout spawning riffle in Geat Eggl eshope
Beck (unpubl. data). Lethal tenperatures for brown trout eggs are not
known but thought to be c. 0°C (Alabaster & LI oyd, 1980). Intragravel
wat er tenperatures never fell below 0.5°C In situ freezing of trout

eggs is not thought to occur in this beck.



Tabl e 8. Nunber of redds overcut in the 1978/ 79 spawni ng season

Site Nunber of redds marked Nunber overcut %
Esft 49 4 8.2
G eat Eggl eshope 90 1 1.1

Thorsgi | | 45 0 0.0
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APPENDI X 1.

Table 1. Length/feoundity data of brown trout sampled from study sites

£ = 0,30 1°*1 3 =069  ro= 083
Fork length Peoundity
(cr::i) £
22.0 192
24,3 31
26.8 491
27.8 o835
2749 376
35.5 291

42,1 1169



APPENDI X 2.

The use of alevin traps

Alevin traps designed after Phillips & Koski (1969) were installed
over redds in Teesdal e streans in 1978-1980. They were used to coll ect

three different types of information:

1. To estimate survival of eggs to energence

(See Table 5 of report). As a nethod of estimating survival
the alevin traps were not very successful because of:
(i) The difficulty of knowi ng exactly how many eggs were originally
buried in the trapped area.
(ii) possible alevin lateral escapenent

(iii)possible siltation of the gravel - hindering emrergence.
A better procedure inthe field may have been to install traps
over false redds, i.e. over known nunbers of eggs stripped fromtrout and

buried in the streamgravel s.

2. To collect tenperature data on tinme to 50% sw mup

Trout collected in the cod-ends of the alevin traps were
mainly swmup fry i.e. the yolk sac had al nost di sappeared and t he
fish were feeding externally. Promtenperature records of thernographs
installed in the streans, the nean water tenperature to 50% ener gence
(= swimup) was calculated. A relationship between tenperature and
time to 50% swi mrup was established but the range of tenperatures

over which the equation applied was rather snmall (Table 1).



APPENDI X 2. TABLE 1. Time and tenperature to 50% sw mup

fromal evin trap data.

Ti me(D) Mean wat er
Redd No. (days) tenperature(T)

e

34 186 4.0
42 189 4.2
21 177 4.2
101 204 4.3
19 177 4.3
36 166 4.5
24 151 4.9
9 168 51
31 151 5.3
27 172 5.8

2 = 0,61 T w 0,T8%*



APPENDI X 2

3. To collect information on the general pattern of energence of young

trout.

For alevin traps in which the total catch was 50 fry the
frequency patterns of emergence were plotted (see figures). The
total emergence period was in sone cases very long e.g. redds
36, 44, 9, 24 and in sone cases very short e.g. redds 42, 27.

The long energence period in some instances may have been due to
the inadvertent trapping of nore than one redd since there were
exanpl es of percentage frequency plots with binodal patterns (e.g.
redds 24, 9). The long energence period could al so have been due
to some fry remaining in the body of the trap for some time before
noving into the cod-end. Size at energence was general ly 24-26 nmm
(see figures), and a gradual increase in size of alevins was seen
over the energence period in nost traps.

No correlation could be found between mean condition factor
of alevins at emergence (W13) and percentage fines in the gravel
(percentage by wei ght 2 mmor percentage by wei ght 0. 063 mm)
or mean gravel size (data givenin table). Neither could a correlation
be established between | ength of energence period and these same

gravel parameters (data given in Table 2).
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TABLE 2. Information on redds where total catch 50 fry. Esft rep. Eggl eshope spring fed trickle. Esft; = upper course.

Esft, = lower course. E(m = Qeat Eggl eshope Beck - main stream CF rep. condition factor.

Length of emetgence period{days) Vean CF at % fines (by weight)

Mean
Redd
Tear Toa Site 'fcota‘l period 10=904 emergencs emergence x 10 size (mm) % 2mm % 0.063 mm
1978 101 Baft, 64 43 6230 2647 - -
1979 31 Esft, 59 30 6453 945 43453 0,70
36 Baft, 88 42 6441 19,0 -49.08 0.22
42 Em 2 7 6495 38,5 13.91 . 0.06
34 En 35 32 8.27 54,8 9.31 0410
1980 27  Eeft, 28 11 6,49 16.3 Te34 1.32
9 Beft, 73 49 6457 29.7 6.40 0.12
19 Em 54 19 757 351 12401 007
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Tabl e showi ng di ssol ved oxygen content of intragravel water sanpled fromredds during the 1979/ 80 spawni ng
season.

TABLE 1. Esft = Geat Eggleshope spring fed trickle. Em = Great Eggl eshope Beck. T = Thorsgill Beck.

Redd g4, t..e‘ o Sampling date {day, month, year) Mean O, concs
Nos T 442479 19412479 2841.80  21.2.80 1644480 mg 1=1 +°S.E.(n)
M Beft 949 9.0 6.8 749 7.6 8.2 4 0.5 (5)
84 .. 19 95 6.8 8.9 . 8+3 + 0.6 (4)
68 11,8 8.8 10.8 8.9 945 10,0 + 0.6 (5)  REAL
11 _ 11.4 Fe0 11.0 Te3 845 9.4 + 0.8 (5) REDDS
40 10.1 10,7 3.4 3.8 742 To1 £ 1.7 (5)
3 . 10.1 10.3 (1)
37 Em 942 4.0 8.9 2.7 1.7 5¢3 + 146 (5)
13 8.5 8.5 5¢8 5e0 11.0 7.8 + 1.1 (5)
42 1045 T4 §.6 4,2 7e2 T+2 + 1.1 (5)
50 , 045 0.5 (1)
2 - T+0 7.0 (1)
13 - 2.1 2.1 (1)
146  Tsft 2.7 1.7 2.4 2.0 3.5 2.5+ 0.3 (5)
140 8.6 8.6 (1) FALSE
122 | Tt 4.6 2.7 503 5.8 5.1 £ 0.7 (5)  REDDS
144 Em %8 14,1 8.6 541 Te3 9.0 + 1.5 (5)

148 6.4 1.4 2.6 1043 542 % 2.0 (4)
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TABLE 1. Conti nued.

Redd

Noo O 4.2,79
54 T 349
86 7.8
35 6ol
61 ;1 Te2

s 341
39 10
38 0.0
80 L 6eT
12 o
58

48

5 T

109

11

104

126

19.12.79  28.1.80
10.8
10.8
2.3 0.5
11.2 109
Te3 2.9
Ted 949
10.8 1.8
3.0
3.2
8.4 1.5
91 Te5

eyed

C.9

2.8
11.9
1.4
2.2
6.8

1.8
1{[
1.4
5¢5

Sampling date (day, month, year)

21 o2-80 1604180

1.2
1e3
3.9

1.9
2.8

4,2
8.9
4.9

Te2

hatched

Hean 02 CONC.
ng 1-1 + S.E.

4.2 4 2.3 (4)

9.3 (2)
2.6 +.140 (5)
10.3 + 1.1 (4)

5¢7 ;.". 1‘6 (5)

2.2 (2)
2.5 (2)
1.7 (1)
3.9 + 1.6 (4)
7.4 (3)
8.9 (1)
4.9 (1)
7.2 (1)

REAL
REDD3

FALSE
REDDS
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