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SUMMARY

In 1983-4 and 1984~5 experiments were performed on brown trout (Salmo
trutta L.) eggs to examine the effect of a standard mechanical shock
(c. 2,500 ergs in 1983~-4 and c. 8,400 ergs in 1984-5) at various

stages of development upon survival to hatching and time of hatching.

Survival to hatching in unshocked eggs was c. 95.5% and handling

prior to shock treatment had no measurable effect on survival.

Shock treatment had no measurable effect on survival if applied
before water hardening, during the first 3 to 5 hours of water
hardening; and had little effeet after the completion of c. 60%

of development to median hatch.

A shock of c. 2,500 ergs at 22% development to median hatch reduced
survival to 8L :'5.4% but had no detectable effect at later stages

-

of development.

A shock of c. 8,400 ergs caused substantial reduction in survival

for eggs shocked between 12 and 54% ef development to median hatch.

_The largest observed effect was at 12% development (48% survival).

7

At c. 22% develdpment shocks of c. 2,500 and c. 8,400 ergs gave survivals

of 84% and 60% respectively.

Brown trout eggs appear to be less sensitive to mechanical shock

tby impact than coho salmon eggs.

The survival of 48% amongst eggs given a shock of c. 8,400 ergs at
12% development to median hatch is aimilar_to the survival of c. 50%
observed in previous experiments amongst eggs drifted along 10 m

of experimental channel.
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The administration of mechanical shock, even at shock intensities

and stages of development where there is no discernible effect on’
survival, appears to modify the time taken toe reach 50% hatch. The
pattern of change, in terms of its direction and magnitude, appears
to be rather complex and may be influenced by the intensity of the
shock, the marmer: in which the =hock is imj).arted and the developmental

stage at which it is given.



INTRODUCT ION

It is generally accepted by fish culturists that salmonid eggs are
sensitive to mechanical shock and that the sensitivity varies with the
stage of development of the eggs. 1In general, the period of greatest
sensitivity is thought to occur between fertiiization and "eyeing'.
However, it is reasonable to expect that, duriﬁg a period (pérhaps of
several hours) following fertilization, sensitivity will be’ low because
in nature during this period th; eggs may be subject to soée mechanical
sﬁock causéd by the parent fish covering them with gravel.

The methods used to impart mechanical shock experiﬁentally have been
briefly feviewad by Jensen & Alderdice (1983). They includ? drdpping B
" eggs into water from an arbitrary height, simulating water disturbances
over redds and the use bf vibrators. Jensen & Alderdice devised relatively
refined apparatus for dropping eggs from known heights in a standard manﬁer.
They found that their technique produced results which ciosely approximatéd
those obtained by pouriﬁg eggs from éimilaé height; into water,

‘P£eviou§ éxaminations of sensitivity to mechanical shock have

fcbncenﬁrated ‘on eggs of Pacific salmon (Oncorhynchus spp.) and have

o

giye'n rise to éonfucting results. For example, Smirnov (195%, 1955, 1975)
and.Ievleva (1967) shocked eggs by means of a vibrgtof énd ohsefved a |
rapid increase in sensitivity within minutes of~£ertilization, followed

by a period of reduced sensitivity and then a further increase which

lasted to the eyed stage. In contrast, other workers (e.g. Jénsen &
Alderdice) subjected eggs to impact rathgr than vibratien and observed

a stepwise increase in sensitivity up to completion of epiboly, after which

sensitivity decreased.



Recent work in Teesdale has shown that the drifting of brown trout
eggs along 10 m of experimental channel can impart sufficient mechanical
shock to kill 55-65% of eggs at 13-20% of development to median hatch
date but hae no detectable effect on the survival of eggs at 60~-70% of
development to median hatch date (Crisp & Cubby, 1984 unpubl.). Drifting
at both these stages of development caused a delay of about one week in
attainment of median hatch. Dur;pg the course of drifting 10 m along the
expefimental channel at c.‘80 cm s”Tl eacﬁ‘egg will, on average, make
c. 10 - 20 bed contacts (Crisp, 1984 unpubl.).

The present report describes experiments during 1983-4 and 1984-5
in vwhich eggs at several different stages of ‘development were subject‘to
a gténdard impact in order to obfain information on variation in sensitivity

during the course of development.

MATERIAL

' The brown trout (Salmo trutta‘L,) @aterial used in 1983~& was 6btaiﬁed
by Stripping 3 feﬁale brown trout of 32.3 to 39.7 cm length and 3 ﬁales,
all colle¢t§d ffom Cow Green'reservoir. On 28 Octbbgr i983, after
. fertilization, the eggs were mixed and 1,600 of them‘were coﬁnted in£o
eight batches of c. 200 eggs for experimental use. In 1984~5 =six -
female Cow Gneenl£rout of 30,2 to 35.9 cm aﬁd‘six males were stripped
and 2,000 eggs wereldivided into ten batéﬁes of ¢, 200 eggs. An additienal
experiment.using salmon ;ggs (§g152.53155 L.) from N. Tyne material was
also startédnin the autumn of 1984, However, there were very high

mortality rates not related to the experimental treatment and no useful



results were obtained. The remainder of this report cencentrates on the
experiments with trout eggs,

A summary of water temperatures during incubatioen is given in Table 1
and predicted development towards median hatch date (Crisp, 1981) is summarized

in Table 2,

METHODS

In each year’fhroughout‘the period from ferfilization to. completion
_of hatching the batches of eggs were held in identical me;h~sided boxes
>‘under similar flow conditions. The béxes were examined at frequent intervals
(1-3 days) and dead eggs and‘hatched alevina were remdved and counted on
each occasion.

The shocek treatment consisted of gently pouring the eggs from their
rearing box into a plastic container with a mesh bottom which allowed
surplus water to drain off. The eggs were then poured out of the container,
at a standard height above the water surface, into a bucket céntaining
15 cm depth of water. The original rearing béx‘wag‘placed at the bottom
of the bucket and received‘mo;t of the eggs. Any eggs which fell outside
" the rearing box were discarded. Those within the rearing box were retained
and reared on. The height from which the_eégs werQ.dropped was 30 cm in
1983-4 and 100 cin in 1984-5. Batch 8 in 1983-4 and Batch 10 in 1984-5
were used as controls and have been‘designaféd "01"' Experiment 5 in

19813-4 occurred at the same time as experiment 4 but consisted of preparing



TABLE 1, Mean water temperatures.

1983 - 1984 1984 - 1985
Month Mean water temp. Month Mean water temp.

(°c) | : (°c)
October (28-31) 6.4 . October (26-31) . 8.7
l;Iovember . 6.3 ’ Nov‘ember 6.9
December 4.5 _ December | 4.5
January 2.7 | January 1.h
Februar;'); . . 1.6 February { 1~é6 ) i. 2

March (1-20) 2.9



TABLE 2, vaﬁoonﬁm@o ooaﬁwoéwor of ao<mwoﬂ5m5¢ &otﬁ#&w wo& wm&owwmu,mm&m,om brown &ﬁo:m eggs mﬁ_<mwﬁ0ﬂu_awamu during
the periods of cbservation. Hd 1983-4, roxwoﬂmaanw 8" was dro.oo:&HoH Ava and experiment 5 AONV was a
repetition of experiment 4, except that the eggs were handled but not shocked. Hd uowrrm "experiment 10"
was the control AOWW.pSQ experiment m_ﬁomv was a repetition of owvmﬁwsﬁSﬁ 5, except that the eggs were

handled but not shocked.

1983-4 1984-5
| Predicted % Predicted %
Event Date development Event Date development
towards 50% hatch g towards 50% hatch
Eggys fertilized 28 October o Eggs fertilized .wm On&ovow o
Experiment 1 28 October s} Experiment 1 wm October o
Experiment 2 28 October 0.3 Experiment 2 26 October 0.4
Experiment 3 11 November 21.9 Experiment 3 31 Qctober 12.0
Experiment % 25 November 38.5 Experiment 4 5 November 21.6
Experiment 5 {25 November 38.5) Experiment 5 12 zo<wavow 32.9
Experiment 6 19 December 64.5 mmxﬁﬂ%wsonﬁ,m ,Hw zo<oawaﬂ um.ou
Experiment 7 9 January 85.5 mxﬁoﬂwsmmﬁ 7 - 16 November 39,2
Experiment 8 . Awﬂ_zo<¢ado% 53.8
(Predicted 50% hatch 31 uﬁbcwwq ~ 2 February) mxvoﬁwaozw.@ wm December 76.6
.G.mo&oa.& 50% hatch

3

16~17 January)



the eggs for shocking and then gently returning them to the rearing
box as a test of the effects of pre-shock handling. Similarly for
experiments 6 and 5 respectively in 1984-5. These handling experiments
have been designated "Cz". . J ‘

in both years experiments i and 2 were performed on the day of
fertilization, experiment 1 before water hardening and e;periment 2
s;me 2 to 5 hours later. | |

The paper of Jensen & Alderdice (1983) w%s not available at
this laboratory until shortly before thé 1983-4 experiments began.
They concluded that the techﬁique we used g;ve similar résults po
those obtained from their more sophisticatéd apparatus and there ié,
therefo;e. some validity in comparing our results with:theirs.
They =suggested that the work imparted to an egg in their
apparatus could be estimated, by as;uming complete ‘conversion
of poteﬁtial to kinetic ‘eneréy, as E = MGH, where E is

the potential energy, 'M is the wmass of an egg (g), G is the



acceleration due to gravity (981 cm 3—2) and H is the drop height (¢m).-
The application of similar assumptions to our method facilitates comparison
of results.

| Most authors have described the stage of development of eggs in'terms
of definable‘embrydﬁic stages. This involves.detailed embryonic examination
of the material. In the present work the development has been defined in
terms dfvestimated percentage development to median hatph date. Thi=
approa;h is simpler but lesélexact. However, it has considerabl; advantages
in field abplication of the results because it can be predicted from
obSerVed incubation temperatures and thus avoids the nead to actually handle
or, ev;n, Bee theveégsa' Jensen & Alderdiée incubéted their coho salmon
eggs .at 10°C and noted that 50% hatch occurred after L5 days.. ?he equations
of Crisp (1981) indicate that brown trout eggs would attain 50% ha£ch in
41 days at 1000. The assumpfion that the rate of development of coho
salﬁon eggs at any given temperature is similar to tﬁat of brdwh trout.
can,’therefofe, be used‘as.a Qaluable’ though approximate; basis for

-

comparison and has bean so used in the present report.

The results have been processed in the manner described by Crisp‘&-

. Cubby (198%, unpubl.).
RESULTS

The numbers of eggs in eachfbatch, losses during shocking and numbers
surviving are shown in Table 3, together with estimates of percentage
survival, after exclusion of losses during the shock treatment. Plots

of the résults are shown in Figure 1.
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The 1983-4 control batch and the sggs which were handled but not
shocked in 1983-4 and 1984-5 gave survivals to hatching of 95.5%. However,
the 1984-5 control had a lower survival than any of the experimental batches,
There is no obvious explanation for this but it must be attributed to some
accidental circumstances not related to the experimental treatments, The
results, therefore, indic;te that, i both yenrs; unshocked eggs could,
Attain 95.5% survival to hatching and that the haﬁdliug which was preliminary
to the shock treatment did not itself influence the survival rate. The
C2 egg batchés can, therefore be ¥¢garded as additional controls, The~
survival of eggs‘shocked before water-iiardening and for a few hours after
fertilizaiion (during water hardeniné) did not differ appreciably from the
control Vaiué of c. 95%;

Application of a shock of 2,540 ergs (1983-4) depressed survivgl'of
eggs shocked at 21.6% developmen£ to median hatch to 84% and this is .
significantly lower than the expected value of 95.5%. A shock of 2,540
ergs at other stages of development did not cause a statis£ica11y sigﬁificant
rédﬁction in survival. |

A shock of‘8,390 ergs’(1984—5) cauged appreciable reduction of survival
in eggs shocked between 10 and 55% of aévelopmeﬁt to median hatch. The
lowest recorqe&‘survival‘Was LB% in egés shbcked at 12% of deveiopment
to median‘hatch.‘ | o

A These results indicate that the shock treatment can cause appreciable

‘mortality of trout eggs buf ihat the magnitude of the effectbis related
to the amount of shock imparted and the developmental stage of the eggs

at the time of shocking. The results aéree with the lore of hatchery

managers and with the scientific findings for Oncorhynchus in N. America,

in showing that the eggs are most vulnerable to -the effects of impact
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between the completion of water-hardening and the time of eyeing (i.e. c.
50% of development to median hatch).

Median hatch dates for the controls were predicted as 1 February in
1984 and 17 January, 1985. Observed dates were 6 March,1984 and 28 January,
1985, The difference of ten days between prediction and observation -in
1985 was unexceptional. However, the difference of over one month in 1984

]

was unusual. In past experiments the observed and predicted dates of hatching b
have usually been within a few days of one another (e.g. Crisp & Cubby, 1984

“unpubl.). There is no obvious explanation for the 1984 result, but, as

the predictive model is a simple mathematicalvdescription of complex

biological procesSés. an occasional f;ulty ﬁrediction might be expected.v;““’mff&Jjﬁ
The observed date= of median hatch are shown in Figure 2, 1In both

fears there was a general tendency for eggs shocked at an early stage

of dev;lopment to hatch earliqr than eggs shocked at‘iater stéges.

In t£e 1983-4 material hatching of eggs shdcked at less than 50% development

to ﬁedian hatch was earlier than fer eggs inlthé dontkolibatchesfand:batches

shocked at stages later than 50% develppment hatched at about the samé

‘ time‘ag tﬁe controls., In 1984-5 thé.material shocked at less than 10%

developﬁent hatched about 2 -weeks earlier thén the epntrols, mate;ial

-shocked'at betwgen 10 and 50% development hatched at aboﬁt the éame

time as the controls andAbatches shocked at >50%Vdevglopment hatchéd

6 to 10 days later than the controls. The reiationship between development

at the time of shocking and the date of 50% hatch can be represented by a

linear regression. Appropriate lines are shown on Figure 2 and summarized

in Table 4.
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TABLE 4.

Summaries of linear regressions relating day number (x) of
date of 50% hatch (y) to percentage davelopment to median hatch
at the time of shocking. For the 1983-4 data day number 1 =

10 February and for the 1984-5 data day number 1 = 1 January.

1983-4 data 198L-5 data
n 6 8
a 6.397 17.362
b 0.240 ' 0.326
r 0097 . 0.81,1

P <0.001 ' <0.01



DISCUSSION

1. General comments

‘A really smatisfactory study of the effects of mechanical shock upon
the survival of eggs of any given salmonid species would'require adequate
replication of the experiments and tests of a wide rangé of mshock intensities
at a large numbér of developmental stages. Such an approach requires
extensive hatchéry faci1ities and a large input of laboﬁr.b Neither of
“these were-available in the present study and, therefore, the data lea;e
much to be demired. However, withiﬁ their limitations, the results do

‘givq useful information for one British salmonid species.

2. Effects of mechanical shock upon QurviVal

Although inadequate to give a detailed view of the effects of stage
of development at the time of shocking upon survival of trout eggs, the

data do show:

a.v "Maximum sensitivity‘to impact shock occursvbetweenAwater—hardeniﬁg
and 50% development to median ﬁat;h (50% = about the time of e)rei-rig)c~
b. Shocking at up to 8,590 ergs immediately after fertilization, '

and duriﬁg a pe-~iod 3 to 5 hours after fertilization, has little

effect upon survival.

Tﬁis general pattern is consistent with the more detailed information
for coho salmon in Jensen & Aldér&iée (1983). ‘ 0

The shock of c..8,390 ergs in 1984-5 at c. 12% of development to
_median hatch gave a survival of QB%r This is similar to the survival

of 45-55% for eggs drifted 10 m in an experimental channel at 13-20%

development to median hatch (Crisp & Cubby, 1984 unpubl.).



The brown trout egga used in our experiments showed little mortality
when subjected to a smhock of 2,540 ergs but mortality c. 50% occurred in
the most mensitive stages as a result of a shock of 8390 ergs. In the
experiments of Jensen & Alderdice (1983) mortality of 50% was caused by
shocks of from 4,395 to less than 2,747 ergs during the first 3 to 16 days
development at 10°C  (i.e. approximately 10-40% of development to median
hatch)., This strongly suggests that the eggs of coho salmen are considerably
more sensitive to mechanicai shock gy impact than are £he eggs of brown
trout. It would be valuable to have some comparable data f;r the

Atlantic salmone.

3. Time taken for development

In experiments on trout eggs drifting in experimental channels,
Crisp & Cubby (1984, unpubiiahed) found that allowing eggs to drift a
distance of 10 m at 13.5, 19.7, 59.5 and 69.2% of development to median
hatch delayed development to 50% hatch by 8 to 11 days. The present
experiments also showed modification of the dgte aof 56%‘hatch as a :
r;sult of.sh§ckltreatment, though the modification was generally'a
reduction in time to hatching éﬁd could be related to the stage of
dévelpphent gt the time of shockiﬁg. ’

All of the experiments show that sublethal mechanical shock can
‘modify the time taken to attain 50% hatch; relativé to the time taken
by unshocked eggs., However, the direction and magnitude of the change
in timing varied between experiments and probably depended upon a complex
of factora which could include the method of shock application, thg

intensity of the shock and the stage of development of the eggs at the

time of shocking. It is also important to note that the hatching of
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salmonid eggs doss not occur at a closely definable stage of embryonic
development. Therefore, there are two possible mechanisms whereby
shocking could influence the time of hatching:
a. By modifying the rate of embryonic development.
b. By having no effect on the rate of emgrjonicvdevelopment, but
having some effect on the exact stage at which the embryo emerges
from the egg. -

The présent data shed no light on this particular question.
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APPENDIX 1. PHYSICAL DATA ON EGGS OF BROWN TROUT AND ATLANTIC SALMON.

INTRODUCT ION

Crisp (1984, unpublishec) included some information on the dimensions,
weight and dry matter content of trout eggs at various stages of development.
During the studies summarized invthe present rep;rt additional data on a
further‘set of brown trout eggs and on a single set of sélmon eggs was
obtained. Details ofﬁthe prevenances of these eggs are given on p. 2

above., This appendix is a combined summary of all these data.

METHODS

The methods were outlined by Crisp (1984, unpublished).

RESULTS

The results are summarized in Table i. The general patterhyobaerved
‘was common to thes two sets of troﬁt eggs and to the salmon eggs aﬂd its
main featuges'were:

| 1. Throughout the course of development‘after water~hardening

there was no detectable chanQe in the dimensions; weight or water

content of the eggs. The values given in fhe Table for water-

hardened eggs are means of‘values obtained‘at all stages after the

complétién af water-hgrdening. |

2. The uptake of water during water-hardening increased the diameter,

voluﬁe and fresh weight of the eggs by 7 to 12% to give a dry matter

content of 31-34% and a density of c. 1.07 g ml_l. The.densitj of

-1
the dry matter in the eggs was 1.21 to 1.22 g ml .



TABLE i. Summary of physical data on eggs of brown trout and Atlantic salmon.

Material

Trout 1983-4
Before water-hardening

After water-hardening

Trout 1984-5
Before water-hardening

After water-hardening

Salmon 198L4-5
Before water-hardening

After water-hardening

Diameter

(em)

0.51

0.54

Volume

(m1)

G.071

0.081

0.066

0.080

0.057

0.105

Fresh weight

(g)

0.0777

0.0863

0.0702

0.0856

0.1022

0.1122

Dry weight-

(g)

0.0291

0.0277

0.0271

0.0272

0.0376

0.0381

&WWH% matter

37.2
32.6

38.6

C31,.h

37.3
33.9

Density

(g m1~ 1

1.071

1.069

1.071

)

;Uosmwww of

dry matter
-1
(g m1 7)

1.221

1.217



