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SUMMARY

Plasma conisol levels are elevated in salrnonid fish subjected to all forms of

environmental stress.

In the short-term, this is an adaptive response but under chronic conditions, elevated

cortisol levels may be maladaptive.

Chronic cortisol elevation is directly responsible for many of the damaging effects on

survival (disease resistance), growth and reproduction.

Rainbow trout appear to be less sensitive than either brown trout or Atlantic salmon

to environmental stress. However, this may reflect stain differences rather than

genuine species differences.

A series of guidelines for fish farmers has been developed to minimize stress-induced

damage under aquaculture conditions.

Current work is directed towards selecting strains of rainbow trout with a reduced

cortisol response to common aquacultural stresses.
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I INTRODUCTION

The term 'environmental stress' is frequently used to describe those conditions detrimental

to the state of well-being of an animal, although it is a difficult concept to defme in precise

terms (Pickering,1981). In the past, considerable attention has been given to conditions which

are directly lethal to fish and, consequently, the factors leading to sudden fish kills are usually

well-understood. However, most environmental disturbances are not directly lethal, yet can

still damage fish populations by increasing their susceptibility to disease, by reducing fish

growth and by interfering with reproducdve processes. Such disturbances, or stresses, may

take the form of sudden temperature or pH changes, water quality deterioration, sublethal

pollution or suesses associated with intensive fish husbandry. Indeed, it has been suggested

that most outbreaks of infectious diseases in the expanding aquaculture industry are related

to poor husbandry techniques. An understanding of the basic physiological and

endocrinological processes occurring in fish subjected to such types of stress is, therefore

essential if we are to avoid or minimize the worst consequences of stress on the fish's

performance capacity (survival, growth and reproductive success).

This report summarizes the results of a research programme, part-funded by the Ministry of

Agriculture, Fisheries and Food (Project NBB 13) from I April 1985 to 31 March 1990,

designed to provide such an understanding of the response of salmonid fish to various forms

of environmental fish.
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H INITIAL OBJECTIVES OF THE RESEARCH

I. The developmentof techniquescapableof measuringphysiologicalstress responses

withoutthe inherentproblemsof changesrelatedto the processesof experimentation

themselves.

Elucidationof thelinksbetweentheimmediatephysiological/endocrinologicalchanges

occurring in stressed fish and their ultimate expression in terms of survival, growth and

reproduction.

To investigatethe possibilityof using changesin the physiologyor endocrinologyof

the fish as a predictiveindicatorof longer-termsurvivalprobabilities(ie.as an 'early warning

system').

To develop methods for controlling the stress response or for minimizing the

subsequentdamageto the fish.

III BACKGROUND

Studieson thebrowntrout,Salmo trutta prior to 1985hadestablishedseveralimportantfacts.

It is possible, by means of careful experimentaldesign and with sufficient tank to tank

replication,to measuresome of the more sensitiveand rapid changesthat occur in stressed

fish withoutthe resultsbeing obscuredby changescausedby disturbanceof the fish during

the samplingprocedures- Objective1 (Pickeringet al., 1982). However,work of this type

can only be successfullyundertakenat an organisationsuch as the FBA (now the IFE) with

extensivefish-rearingand experimentalfacilities. An invariableresponseof stressedfish to

all formsof environmentalstressis an activationof the hypothalamic-pituitary-interrenalaxis
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witha resultantelevationin thebloodplasmaof thesteroidhormone,cortisol(Pickering&

Pottinger,1984,1985b;PickeringandStewart,1984). Thisaspectof thestressresponse,in

associationwithotherhormonalchanges,is believedto be of adaptivesignificancein the

short-termby mobilizingenergyreservesnotnormallyavailableto thefish as it attemptsto

avoid and overcomethe immediatethreat. However,duringchronicstress or under

aquacultureconditions,wherethereis noescape,elevatedcortisollevelsmaybemaladaptive.

Thus,administrationof cortisoltootherwiseunstressedfishcausesa decreasein whiteblood

cell counts(Pickering,1984)andan increasein susceptibilityto commonformsof disease

(Pickering& Duston,1983; Pickering& Pottinger,1985b). This link betweenelevated

cortisollevelsanddisease(Objective2) mayexplainwhy,inchronically-stressedfish,plasma

cortisollevelsmayultimatelybe reducedto basalvalues(acclimation)despitethecontinued

presenceof the stress(Pickering& Pottinger,1985a; Pickering& Stewart,1984). Theuse

of elevatedplasmacortisollevelsasanindicatorof stress(Objective3) isfurthercomplicated

by seasonalanddid rhythmsof cortisollevels,bypost-prandialfeedingpet (Pickering&

Pottinger,1983)andbychangesassociatedwithsexualmaturity(Pickering& Christie,1981).

Interestingly,periodsof chroniccortisolelevationduringthelaterstagesof sexualmaturation

areassociatedwithlyrnphocytopenia(Pickering,1986; Pickering& Pottinger,1987)andan

increasein the susceptibilityof post-spawningfish to disease(Richards& Pickering,1978;

Pickeringand Christie,1980; Pickering& Willoughby,1982 a,b). This increased

susceptibilityto diseaseis exacerbatedby androgen-inducedchangesin theskin(Pickering,

1977; Pottinger& Pickering,1985a,b). Environmentalstresscanalso activateotheraspects

of thepituitarygland,includingtheparsintermedia(Sumpteret al., 1985; Pickeringet al.

1986).

5



The research programme was part-funded by MAFF from April 1985 and, against the above

background of information on the stress response of brown trout, greater emphasis was then

given to studies of the rainbow trout, Oncorbinchusmvkiss (Walbaurn), (formerly Salrno 

gairdneriRichardson) because this species forms the basis of the expanding aquaculture in

England. However, for comparative purposes, some work on the brown trout was maintained.

The rest of this report summarizes the work from 1985-1990 and is organized on the basis of

subject matter, rather than as a chronological record. During this period, a total of 21 papers

from the project have been published, or have been accepted for publication, and these are

included as Appendix 1 at the end of the report.

IV ENDOCRINOLOGY OF THE RESPONSE OF SALMONID FISH TO STRESS

In qualitative terms, rainbow trout respond to various forms of environmental stress in a

similar manner to brown trout. Thus, the hypothalamic-pituitary-interrenal axis is activated

but the magnitude of the stress-induced cortisol elevation is, in general, lower than that of the

brown trout (Pickering & Pottinger, 1989). However, this apparent species difference might

well be the result of strain to strain differences in sensitivity to stress bennse, from a survey

of 5 different strains of rainbow trout, we found one strain (Caribou) which consistently

responded to a standard form of confmement stress with a higher cortisol response than the

other 4 strains and, in this respect at least, was similar to the brown trout (Pickering &

Pottinger, 1989). Clearly, further work on different strains of both domesticated and wild

rainbow tout is needed if we are to resolve this problem. Regarding wild strains of fish,

during the course of this work we had the opportunity to sample 2 natural populations of

Salmotronaand found that, contrary to speculative suggestions by other workers in this field,
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wild brown trout had extremely low plasma cortisol levels (< 2 ng mr) for much of the year.

This agrees with our studies on hatchery-reared fish. Preliminary evidence, however, suggests

that sea trout in Dale Pa& Beck (SD 353 927) may have significantly higher and more

variable plasma cortisol levels than resident trout in Stainton Beck (SD 528 865) (Pickering

& Pottinger, unpublished). Sexual maturation in wild fish, as in hatchery-reared fish, appears

to be associated with elevated plasma cortisol levels.

For a steroid hormone, such as conisol, to have a physiological effect it must first combine

with specific hormone receptors in the cells of the target tissues. In rainbow trout, continuous

(chronic) confmement causes the expected elevation of plasma cortisol levels but the cortisol

binding capacity of one of the principal target organs, the liver, is significantly reduced within

48 h of confmement (Pottinger, 1990). Moreover, implantation of physiological doses of

cortisol into otherwise unstressed fish also caused a reduction in hepatic cortisol binding

capacity. In view of the potentially damaging effects of cortisol on the defence systems,

growth processes and reproductive physiology (seebelow), this 'down-regulation' of target

tissue sensitivity might represent an acclimatory response prior to the ultimate reduction of

plasma cortisol levels in chronically-stressed fish (Pickering & Pottinger, 1989). Clearly, this

is an important area for further study because change in target tissue sensitivity is yet another

form of control which must influence the physiological consequences of hormonal changes

during the stress response of fish.
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V STRESS AND DISEASE RESISTANCE

We have shown that chronic elevation of plasma cortisol in response to most forms of

environmental stress is sufficient to cause a significant increase in the susceptibility of

salmonid fish to disease. Thus there is a direct, and highly significant, correlation between

mean plasma cortisol levels in hormonally-implanted brown trout and the mortality rate, due

to disease, within the experimental population (Pickering, 1989a). Indeed, brown trout are so

sensitive that chronic elevation of plasma cortisol from a basal value of < 2 ng niti to only

10 ng m1-1 is sufficient to cause a significant increase in susceptibility to Saprolegnia

infection, furunculosis and fin-rot (Pickering, 1989b). Rainbow trout also respond to plasma

cortisol elevation with an increase in susceptibility to disease but evidence by Pickering et al.,

(1989) indicates that this species is less sensitive than the brown trout to physiological doses

of cortisol. Nevertheless, a chronic stress such as social domination of one fish by another,

under conditions of prolonged confinement, is capable of elevating plasma cortisol, reducing

the number of circulating lymphocytes and increasing the susceptibility of rainbow trout to

Flexibacter infection (Pickering & Pottinger, in preparation). Thus, the species difference

again seems to be quantitative rather than qualitative. This comparative approach was

extended to Atlantic salmon, Salmo salar, and we were able to show that during the fish's

fust winter in freshwater, the increased mortality rate was also associated with elevated

plasma cortisol levels and reduced white blood cell counts (Pickering & Pottinger, 1988). It

seems likely, therefore, that the results of our studies can be applied, in principle, to all

salmonid species.
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The most important conclusion from this aspect of our work is that chronic plasma conisol

elevation, as a result of environmental stress, is a major factor in predisposing fish to common

bacterial and fungal infections and to parasitic infestations. Moreover, this has been

demonstrated at cortisol levels well within the physiological range for the species and at

levels which have frequently been reported in the literature as being typical of 'unstressed'

fish. It is clear, therefore, that the defence systems of salmonid fish are much more sensitive

to chronically-elevated plasma cortisol levels than was hitherto realised. The quantitative

relationship between plasma cortisol and mortality due to disease also suggests that from a

knowledge of the state of activity of the hypothalarnic-pituitaiy-interrenal axis and target

tissue sensitivity to cortisol, one might be able to predict, and thus take steps to prevent,

potential disease outbreaks (Objective 3).

VI STRESS AND GROWTH

We have demonstrated 3 possible hormonal pathways involved in the growth suppression of

stressed, salmonid fish (Pickering, 1990 a,b). The catabolic action of elevated plasma cortisol

levels is one mechanism which can suppress growth in fish. We have shown that cortisol

elevation in both brown trout and rainbow trout causes a significant reduction in the

coefficient of condition of the fish (Pickering et al.,1989), a result of the mobilisation of body

reserves. Ultimately, growth rate is suppressed in cortisol-treated fish. However, growth

suppression continues in chronically-stressed brown trout long after plasma cortisol levels

have acclimated to basal values (Pickering & Stewart, 1984). Clearly, the control of growth

processes in sahnonid is a complex subject, probably involving many other aspects of the

fish's endocrine system. One such aspect concerns the effect of environmental stress on the
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levels of pituitarygrowthhormonecirculatingin the blood of rainbowtrout. However,this

study was the subjectof a separateMAFFCommissionand full detailscan be found in the

Final Customer's Report (FBA Report Reference Number W1/272/1F,May 1988). In

summary,it was alreadyknown that pituitarygrowth hormoneis an importantand highly

effectivegrowthpromoterin salmonidfish and we have shown that an acutestress, such as

short-termhandlingand confinement,is capableof suppressingcirculatinggrowth hormone

levels in the rainbowtrout. Paradoxically,chronic stresses such as overcrowdingcause a

significantelevationof growthhormonelevels,aneffectwhichwe interpretas a physiological

responseto starvationin the stressedfish. In the short-term,however,stressmight contribute

to growthsuppressionby reducingcirculatinggrowthhormonelevels.

A thirdhormonalpathwaywhichcouldcausegrowthsuppression,at leastduringcertainparts

of the animal'slife cycle,is via the suppressionof circulatinganabolicsteroids,such as some

of the reproductivehormones. The effectof stresson androgensand oestrogenswill be dealt

with in the next sectionon reproduction. It is apparentthat the controlof growth processes

is a complex subject involving many factors and ought to be the focus of continuing

investigation,particularlyin relation to recent advances in the techniquesfor measuring

growthhormones,insulinsand somatomedins(insulin-likegrowthfactors)in fish.

VII STRESS AND REPRODUCTION

The investigationof endocrineprocessesgoverningthe relationshipbetweenenvironmental


stressandreproductivephysiologyof salmonidfish is a relativelynew areaof research,much


of whichoriginatesdirectlyfrom this MAFFCommission. Progresshasbeen facilitatedby
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a fruitful collaboration with Dr. J. P. Sumpter and colleagues (Brunel University), a

collaboration for which we are most grateful. Both acute and chronic stresses have been

shown to suppress, significantly, the levels of circulating androgens, testosterone and 11-

ketotestosterone, in sexually maturing male brown trout (Pickering et al., 1987; Sumpter

et al., 1987). This effect could be mimicked by cortisol administration to otherwise unstressed

fish (Carragher et aL, 1989). Furthermore, the reproductive endocrinology of sexually

maturing female trout (both brown and rainbow) was suppressed by cortisol treatment,

resulting in a significant suppression of pituitary gonadotropin levels, of plasma oestradiol and

testosterone and of circulating yolk precursors in transit from the liver to the ovary. The net

effect after 3 weeks of cortisol treatment was a significant reduction in the size of the gonad

in both male and female fish. Thus, cortisol elevation as a result of chronic stress is capable

of seriously interfering with the maturational processes of salmonid fish. Many of the

mechanisms linking the hypothalamic-pituitary-interrenal axis to the pituitary-gonadal axis

require elucidation but in vitro studies at Brunel University have already shown that

physiological doses of cortisol can suppress oestradiol release from the oocytes (Sumpter

et al., 1987) and gonadotropin secretion from the pituitary gland (Carragher & Sumpter, 1990).

Moreover, Pottinger & Pickering (1990) have demonstrated that in vitro cortisol administration

reduces the number of oestradiol receptors in the liver of female rainbow trout (vitellogenin

production by the liver is stimulated by oestradiol from the ovary of maturing fish). Thus,

cortisol has the potential to suppress the pituitaty-gonadal axis at several different sites.

Future studies should attempt to elucidate the effects of environmental stress and cortisol

elevation on the reproductive system in terms of the quantity and quality of the gametes.
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VIII PRACTICALMEASURESTO AVOID OR MINIMIZETHE DAMAGING

EFFECTSOF STRESS

Oneof therequirementsof MAFFwasthattheresultsof thisworkshouldbe fed backto the

aquacultureindustryin theformof adviceforavoidingorminimizingstress-relateddamage

in thefish farm. As a consequence,papershavebeengiven at severalmeetings,including

the prestigiousAquaNormeeting(Pickering,1988)whichis attendedbylargenumbersof

U.K. fish farmers,anda seriesof guidelineshasbeenpublishedin TroutNews (Pickering,

1989c).A fullerversionof theseguidelines,withadditionalbackgroundinformation,hasalso

beenacceptedforpublicationin RecentAdvancesin Aquaculture(Pickering,1990b). The

guidelinescanbe brieflysummarizedas follows:-

Minimizethedurationof unavoidablestress.

Avoidstressingathighwatertemperatures.

Avoidmultiplestressesat all times.

Use dilutesaltsolutionsfortransportationof freshwatfish.

Withdrawfoodpriorto stressing(e.g. grading).

Use mildanaesthesiaunderextremeconditions.

Inadditiontoproducingtheseguidelines(manyof whichconstitutegoodhusbandrypractice),

we have also investigatedthe valueof floating,overheadcoverin attemptingto minimize

stressresponses(Pickeringet al., 1987a). Althoughineffectivewithbothbrowntroutand

rainbowtrout,the provisionof overheadcover more than doubledthe growth rate of

underyearlingAtlanticsalmon,resultinginadoublingof theproportionofpotentialSI smolts
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(uppersizemodeat the end of the first summer'sgrowth). Moreover,overheadcoverhalved

the mortalityrate due to diseaseof potentialS2 fish (lowersize modeparr)duringtheir first

winter in freshwater(Pickering& Pottinger,unpublished). It is not yet dear whether these

beneficial effects of cover on Atlantic salmon, but not on brown trout or rainbow trout,

represent a speciesor a strain difference. It is, perhaps,relevantthat the brown trout and

rainbowtrout were fromdomesticatedstrainswhereasthe salmonwere first generationfrom

wild fish. Nevertheless,overhead cover is a valuable tool that the fish farmer should

consider;particularlyif breedingfrom wild stocksfor restockingpurposes.

IV FUTURE DEVELOPMENTS

This study has clearlyshownthat many of the damagingeffectsof environmentalstress are

mediatedby chronically-elevatedplasma cortisol levels. Consequently,it is appropriateto

examinemethodsfor reducingthis aspectof the stressresponseor for blockingthe actionof

cortisol on the target tissues. As already pointed out, the hormonal effects of cortisol

(includingits potentiallydamagingeffects)are mediatedvia specificcortisolreceptors. It is

possible,by meansof dexamethasonetreatment,to blockthesereceptorstherebyinactivating

the hypothalamic-pituitaty-interrenalaxis (pituitaryACTHsecretionis ultimatelycontrolled

by a feedbackmechanisminvolving cortisol receptors). Thus, dexamethasonetreatment

completelyabolishesthe stress-inducedelevationof plasmaACTHand cortisol (Pickering

et al 1987b). However, dexamethasoneis itself a potent synthetic corticosteroid and

produces cortisol-likeeffects such as lymphocytopenia(Pickering et aL, 1987b). It is,

therefore,an inappropriatetoolto minimizestress-induceddamageon, forexample,the fish's

defencesystems. Othersyntheticsteroidshavesincebeendevelopedformammalianuse and
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one of these, RU 486, appears to bind effectively to the rainbow trout cortisol receptor

(Pottinger, 1990). If this steroid behaves in fish as it does in manmrals, it ought not to act as

a corticosteroid in its own right and might, therefore, be useful in minimizing stress-induced

damage. However, steroid treatment is not acceptable to the industry and this approach could

only be used for research purposes. Nevertheless, it could provide a powerful tool for

investigating other roles of cortisol in the stress response.

An alternative approach to minimizing the stress response is to attempt to develop strains

which only produce limited amounts of corticosteroids in response to husbandry stresses, an

approach which has been successfully adopted in the poultry industry. By means of careful,

repeated screening of the cortisol response of individually marked rainbow trout, we have

been able to identify fish which give a consistently low or a consistently high cortisol

response to the stress of confmement (Pickering, Pottinger & Hurley, in preparation). Eggs

from these fish have been fertilized and have recently hatched. The resultant offspring will

be examined for differences in the magnitude of their cortisol response (evidence from

Norwegian studies on the Atlantic salmon suggests that stress-induced cortisol elevation has

a heritable component). If it is possible to develop new strains of fish with different

physiological/endocrinological stress responses, further work will be required to monitor the

performance of these fish (survival, growth, reproduction) under conditions of aquacultural

stress. In addition, attention must also be given to the possibility of differences in target

tissue sensitivity to cortisol. Clearly, this research is long-term in nature with a high basic

science component.
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th
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u
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w
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h
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e
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th

e
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d

u
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n

d
itio

n
o

f
th

e
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affect

N
ate

resp
o

n
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to
stress.

S
exu

elly
m
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r
m

atu
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tro

u
t

h
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w
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w

arth
o

g
levels

after
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o
f

am
te

R
•su

lts

acu
te

stress
cau

sed
•

m
arked

•tio
u

latio
n

o
f

th
e

h
yp

o
th

alealc-p
itu

itary-ln
terren

al
(101)

axial
acre

an
d

co
rtlso

l
levels

h
ad

risen
fro

m
b

as•1
levels

o
f

50
p

u
h

a
an

d
13

n
g

/al,
resp

ectiv•ly,
to

120
rg

/m
1

an
d

70
n

o
/

l
at

th
e

en
d

o
f

th
e

III
co

n
fin

em
en

t
(P

(0.01
in

both
cases).

U
p

o
n

r•tu
rn

to
th

eir
larg

e
tan

ks
th

e
A

C
III

level
fell

rap
id

ly
to

th
at

o
f

th
e

co
n

tro
l

fish
,

an
d

rem
ain

ed
th

ere
fo

r
th

e
fo

lim
in

g
48

h
o

u
rs.

C
o

ttle:11
levels

to
o

k
lo

n
g

er
to

retu
rn

to
u

n
stressed

valu
es,

th
ey

w
are

still
elevated

after
B

h
o

u
rs,

b
u

t
w

ere
b

ack
to

b
asal

b
y

24
h

o
u

rs
(fig

.
1).

T
h

is
exp

ected
•tim

latio
n

o
f

th
e

B
P

I
axis

w
as

so
m

m
th

ied
b

y
•

o
p

p
ressio

n
L

s
p

lasm
a

an
d

ro
g

en
s.

T
eeto

etero
n

e
levels

w
ere

sig
n

ifican
tly

d
ep

tessed
.

co
m

p
sred

to
th

e
u

n
stressed

fish
,

after
111

o
f

co
n

flam
en

t
(K

0.01),
an

d
resseln

ed
d

ep
ressed

fo
r

at
least

8h
,

b
efo

re
retu

rn
in

g
to

th
e

u
n

stressed
level.

P
lasm

a
11-keto

testo
stero

n
s

levels
w

ere
also

sig
n

ifican
tly

d
ep

ressed
,

cap
ered

to
th

e
catro

l
fish

,
b

u
t

o
n

ly
at

th
e

all
sap

lin
g

p
o

in
t

(N
0.05).

P
lasm

a
G

T
E

levels
w

ere
h

ig
h

et
th

e
b

eg
in

n
in

g
o

f
th

e
exp

erim
en

t,
b

ecau
se

th
e

fish
w

ere
fu

lly
m

atu
re.

T
h

e
11a

o
f

•cu
ta

tres•
cau

sed
a

sig
n

ifican
t

in
crease

la
th

e
b

lco
d

G
T

.
level,

Ira
2

to
4

sq
/el

(1140.051.
T

h
is

elevated
level

w
as

m
ain

tain
ed

fo
r

•
fu

rth
er

3
b

o
ars

at
L

ast,
b

u
t

b
ad

fallen
b

ack
to

th
e

level
in

to
u

streesed
,

=S
U

M
fish

b
y

13
h

o
u

rs
(F

ig
.

U
.

C
laro

n
ically-co

n
fth

ed
tro

u
t

d
id

m
o

t
accli-

m
ate

fu
lly

to
th

e
o

o
rd

itio
n

s,
ead

even
after

m
e

m
o

n
th

th
ey

still
b

ad
sig

n
ificeatly

levated
p

lasm
cartlacl

levels
(14

ag
/al)

p
aw

ed
b

e
th

e
m

streesed
fish

12
eg

/ed
.).

Ih
e

streseed
fish

also
fed

sig
ailican

tly
d

ep
ressed

p
ito

n
testo

stero
n

e
(1110.05)

th
d

11-keto
testo

etero
n

e
(K

0.05)
levels

after
1

m
o

n
th

o
f

ch
ro

n
ic

co
n

fiaset.
R

s
o

b
served

in
th

e
exp

erim
en

t
assessirq

th
e

effects
o

f
acu

th
stress,

th
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su
p

p
ressio

n
o

f
p

lasm
a

an
d

ro
g

en
s

w
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w
o

re
p

ro
n

o
u

n
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r

testo
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n
e
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r
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p

an
lfish

th
at

w
illsrn

o
ltify

after
I

year
in

fresh
w

ater)
kep

t
u

n
d

ersim
ilarco

n
d

itio
n

s.
T

h
e

lo
sso

f

co

n
d

itio
n

(K
facto

r)
o

f
th

e
52

p
arr

w
as

p
ro

p
o

n
io

n
ally

g
reater

th
an

th
at

o
f

S
I

p
arr

d
u

rin
g

th
e

early

w

in
ter

m
o

n
th

s
an

d
th

is
co

in
cid

ed
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p
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p
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m
b

o
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p
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e

52
p

arr.
L
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evid
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d
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th
at

52
p

arr
h

ave
ch
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n

ically
elevated

b
lo

o
d

co
rtiso

l
levels

d
u

rin
g

th
e

w
in

ter
m

o
o

th
s.

It
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su
g

g
ested

th
at

ch
ro

n
ic

stressresu
ltin

g
(in

p
art)

fro
m

n
u

tritio
n

al
d

eficien
cy

h
as

a
d

eb
ilitatin

g
effect

o
n

th
e

d
efen

ce
system

s
o

f
th

ese
fish

.
T

h
e

u
ltim

ate
cau

se
o

f
m

o
rtality

in
m

o
u

cases
w

as
b

actd
rialfin

-ro
t

an
d

/o
r

fu
n

g
al(S

aprolegnia)infection.T
h

ese
fin

d
in

g
s

are
d

iscu
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relatio
n

to
th

e
h
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req
u

irem
en

ts
o

f
o

verw
in

terin
g

salm
o

n
id

fish
.

I.
IN

T
R

O
D

U
C

T
IO

N

C
om

pensatory
m

ortality
in

the
juvenile

(rather
than

adult)
stages

is
a

m
ajor

factor
in

the
regulation

of
fish

population
size

(R
icker,

1954).
T

hus,
an

understanding
of

the
m

echanism
s

responsible
for

juvenile
m

ortality
is

fundam
ental

to
any

study
of

fish
population

dynam
ics

and
the

subsequent
im

plem
entation

of
m

anagem
ent

policies.
In

general,
populations

ofjuvenile
salm

onids
are

characterized
by

a
high,

initially
density-dependent,

m
ortality

during
the

first
3

m
onths

post-hatching
follow

ed
by

a
persistent,

but
low

er,
m

ortality
rate

for
the

rest
of

the
year

(Lana,
1962;M

ortensen,
1977;

E
gglishaw

&
S

hackley,
1977,

1980;G
ee

et
at,

1978a,b)
although

som
e

exceptions
to

this
pattern

of
m

ortality
do

exist
(E

lliott,
1987).

Little
is

know
n

about
the

exact
causes

of
death

although
M

ason
&

C
hapm

an
(1965),

H
unt

(1969)
and

G
ee

et
al.

(1978b)
have

all
suggested

that
'physiological

stress
'

m
ight

be
a

contributing
factor.

D
uring

the
w

inter
m

onths,
the

grow
th

of
underyearling

salm
onid

fishes
slow

s
dow

n
or

even
ceases

(E
gglishaw

&
S

hackley,
1977;T

horpe,
1987)

and
the

fish
depend

heavily
upon

energy
stores

laid
dow

n
during

the
previous

grow
ing

season.
U

nder
natural

conditions,
larger

fish
have

a
greater

survival
capability

than
sm

aller
fish

during
these

w
inter

m
onths

(H
unt,

1969;
P

eterson,
1982)

and
it

has
b

een
show

n
in

juvenile
A

tlantic
salm

on,
S

alm
o

salar,
that

overw
inter

m
ortality

is
associated

w
ith

a
depletion

of
the

fish's
energy

stores
(G

ardiner
&

G
eddes,

1980).
M

oreover,
G

ardiner
&

G
eddes

also
dem

onstrated
that

larger
individuals

had
pro-

portionally
less

w
ater

(i.e.,
proportionally

greater
energy

reserves)
than

sm
aller

fish.
A

sim
ilar

size
difference

in
overw

inter
m

ortality
of

underyearling
A

tlantic
salm

on
has

been
reported

for
hatchery-reared

fish
(Lindroth,

1965),a
difference

in
m

ortality
rate

that
w

as
largely

density-independent.
Interestingly,

Lindroth
689
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show
ed

that
it

w
as

the
size

position
w

ithin
the

year
class,

and
not

size
per

se,
that

determ
ined

first
w

inter
m

ortality.
It

is
now

know
n

that
m

uch
of

the
size

variation
of

underyearling
A

tlantic
salm

on
al

the
end

of
the

sum
m

er
grow

ing
season

is
related

to
a

bim
odal

distribution
of

potential
S

I
and

S
2

sm
olts

(K
nutsson

&
G

ray,
1976;

T
horpe,

1977).
T

his
raises

the
possibility

that
the

w
inter

survival
of

potential
S

I
sm

olts
(fish

that
w

ill
sm

oltify
at

1
year

old)
is

greater
than

that
of

potential
S

2
sm

olts
(fish

that
w

ill
rem

ain
in

fresh
w

ater
for

at
least

2
years

before
sm

oltifying).
T

he
present

study
investigates

the
overw

inter
m

ortality
rates

of
segregated

populations
of

potential
S

I
and

S
2

A
tlantic

salm
on

sm
olts

(from
here

on
referred

to
as

S
I

and
S

2
parr).

In
an

attem
pt

to
assess

the
degree

of
stress

experienced
by

these
fish

during
the

w
inter

m
onths,

differential
blood

cell
counts

w
ere

also
m

ade.
O

ur
previous

studies
w

ith
salm

onid
fish

have
show

n
that

periods
of

chronic
stress

and
periods

of
increased

m
ortality

are
frequently

associated
w

ith
elevated

blood
cortisol

levels
and/or

a
reduction

in
the

num
ber

of
circulating

w
hite

blood
cells,

particularly
the

lym
phocytes

(P
ickering

&
P

ottinger,
1985,

I987a,
b

).

H
.

M
A

T
E

R
IA

LS
A

N
D

M
E

T
H

O
D

S

F
IS

HF
reshly

fertilized
eggs

from
w

ild
A

tlantic
salm

on
taken

on
thcir

spaw
ning

m
igration

in
the

R
iver

Lune,
Lancashire

w
ere

kindly
provided

by
the

N
orth

W
est

W
ater

A
uthority

in
D

ecem
ber

1985.
T

heeggsw
ereincubated

in
a

H
eath

incubator
at

the
F

reshw
ater

B
iological

A
ssociation's

hatchery
and

alevins
w

ere
transferred

to
fish-rearing

troughs.until
the

yolk
sac

w
as

fully
resorbed

and
the

fish
w

ere
actively

feeding
on

B
P

N
utrition

'
M

ainstream
'

pellets
(size

00).
T

he
resultant

fry
w

ere
then

transferred
to

large
(2

m
dia.),

outdoor,
fibre-

glass
tanks

each
supplied

w
ith

a
consta

nt
flow

of
W

inderm
ere

lake
w

atcr
(351

m
in

').
T

he
young

salm
on

w
ere

fed
w

ith
com

m
ercial

salm
on

food
at

the
rates

recom
m

ended
by

the
m

anufacturers
and

grow
n

on
until

N
ovem

ber
1986

(the
end

of
the

first
grow

ing
season).

A
t

this
point

all
the

fish
w

ere
lightly

anaesthetized
in

phenoxyethanol
(0.5

m
11-

')
and

m
easured

(fork
length)

to
the

nearest
0.5cm

.
T

he
length/frequency

data
revealed

a
clear

bim
odal

distribution
(F

ig.
1)a

nd
the

population
w

as
segregated

into
fish

longer
than

8.5
cm

(S
I

parr)
and

fish
shorter

than
7

cm
(52

parr).
T

hese
tw

o
groups

of
fish

w
ere

then
uscd

for
the

subsequent
study

on
haem

atology
and

overw
inter

m
ortality.

E
X

P
E

R
IM

E
N

T
A

L
D

E
S

IG
N

T
w

elve
large,

outdoor,
fibreglass

tanks
w

ere
random

ly
allocated

to
receive

a
total

of
1800

underyearling
salm

on
so

that
six

tanks
each

contained
150

S
I

parr
and

six
tanks

each
contained

150
52

parr.
T

he
fish

w
ere

left
for

a
period

of
2

w
eeks

to
recover

from
the

effects
of

handling
(P

ickering
et

at,
1982)

and
w

ere
then

sam
pled

on
a

m
onthly

basis
from

D
ecem

ber
1986

to
M

arch
1987.

T
hroughout

this
period

the
young

salm
on

w
ere

fed
at

the
rates

recom
m

ended
by

the
food

m
anufacturers

(exact
rate

dependent
upon

w
ater

tem
pera-

ture;
see

F
ig.

2(a))
and

the
tanks

w
ere

cleaned
on

a
fortnightly

basis
w

ith
the

fish
in

situ.
D

ead
or

m
oribund

fish
w

ere
rem

oved
daily

and
cum

ulative
w

eekly
m

ortality
rates

(corrected
for

sam
pling

losses)
w

ere
calculated.

A
t

each
sam

pling
tim

e
six

fish
tank

w
ere

anaesthetized
in

phenoxyahana
w

eighed,
m

easured
and

exam
ined

for
gross

signs
ofdisease.

B
lood

sam
ples

w
ere

taken
by

sectioning
the

caudal
peduncle

and
collecting

the
blood

in
heparinized

capillary
tubes.

A
liquots

of
5

pi
blood

w
ere

diluted
in

trout
R

inger
solution

(final
dilution

1:40
000),

fixed
w

ith
Lugol's

iodine,
and

sedim
ental

in
polypropylene

tubes
m

ounted
on

glass
m

icroscope
slides.

T
otal

blood
cell

counts
w

ere
m

ade
on

the
sedim

ented
blood

sam
ples,

using
an

inverted
m

icro-
scope,

and
differential

counts
w

ere
m

ade
from

air-dried,
m

ethanol-fixed,
stained

(haem
atoxylin

and
eosin)

blood
sm

ears.
A

bsolute
concentrations

of
erythrocytes,

neutro-
phits,

throm
bocyta,

and
lym

phocytes
w

ere
calculated

from
the

total
and

differential
blood

cell
counts.
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C
hanges

in
w

eight
(a),

length
(b).•nd

coefficient
of

condition
(c)

of
S

I
parr

)
and

57
parr

(-
-

-)
during

the
w

inter
m

onths.
E

ach
point

is
the

arithm
etic

m
ean;

venial
lines

represent
±

S
aa

(n
.36).

Inm
ost

cases
the

am
.

is
too

sm
all

to
be

depicted
graphically.

S
I

parr
(F

ig.
4(b))

but
the

high
variability

of
these

data
again

prevented
the

dem
onstration

of
a

significant
difference

betw
een

the
tw

o
groups.

B
y

contrast,
both

the
throm

bocyte
and

lym
phocyte

concentrations
in

the
circu-

lating
blood

show
od

m
arked

and
highly

significant
group

x
tim

e
interactions

(P
c

0-005
and

0.001,respectively).
T

hrom
bocyte

and
lym

phocyte
counts

in
the

S
I

parr
w

ere
significantly

greater
than

in
the

52
parr

during
D

ecem
ber

and
January

(F
ig.

4(c),
(d))

but
by

the
end

of
F

ebruary
these

differences
had

disappeared.
T

hus,
in

D
ecem

ber
1986

the
m

ean
blood

throm
bocyte

count
of

S
I

parr
w

as
15

673
cells

pl-
I

com
pared

w
ith

10
668

cells
-

I
for

the
S

2
parr.

B
y

M
arch

1987
the

m
ean

throm
bocyte

counts
for

S
I

and
S

2
parr

w
ere

16
841

and
16

763
cells

ill
-

I,
respectively.

S
im

ilarly,
the

m
ean

lym
phocyte

count
of

S
I

parr
at

the
start

of
the

investigation
w

as
27462

cells
A

l
Icom

pared
w

ith
16

688
cells

ttl-
I

for
the

52
parr,

but
by

the
end

of
the

study
the

lym
phocyte

counts
w

ere
22

674
and

25
136

cells
gl-

I,
respectively.

In
both

the
S

I
and

52
parr,

the
lym

phocyte
counts

decreased
significantly

during
D

ecem
ber

and
January,

stabilized
during

F
ebruary

and
started

to
increase

during
M

arch
(F

ig.
4(d))

thus
paralleling,

to
a

large
degree,

the
changes

in
w

ater
tem

perature
(F

ig.
2(a)).
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T
he

present
investigation

has
show

n
that

the
w

inter
m

ortality
rate

of
52

salm
on

parr
(m

ean
w

eight
1-6

g)
is

approxim
ately

ten
tim

es
greater

than
that

of
S

I
parr

(m
ean

w
eight

9-7
g)

kept
under

sim
ilar

conditions.
T

he
initial

stocking
density

w
as

identical
for

both
groups

of
fish,

thus
supporting

the
conclusion

of
Lind

roth
(1965)

that
overw

inter
m

ortality
in

hatchery-reared
A

tlantic
salm

on
is

largely
density-

independent.
P

revious
studies

on
natural

populations
of

salm
onids

have
show

n
that

overw
inter

survival
is

size-dependent
(H

unt,
1969;P

eterson,
1982)w

ith
larger

fish
having

a
greater

survival
rate

than
sm

aller
fish.

Little
is

know
n

about
the

m
echanism

s
responsible

for
this

differential
survival,

although
P

eterson
(1982)

suggested
that

avian
predation

w
as

probably
the

m
ain

cause
of

m
ortality

in
over-

w
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populations
of

juvenile
coho

salm
on,

O
ncorhynehus

kauteh.
H

ow
ever,

H
unt

(1969),
w

orking
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ith
the

brook
trout,

S
alvelinus

fontinalis,
considered

that
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a
r
t
i
f
i
c
i
a
l
c
o
v
e
r
s
a
t

s
t
r
a
t
e
g
i
c
p
o
i
n
t
.
.

D
u
r
i
n
g

t
h
e

a
u
t
u
m
n

a
n
d
w
i
n
t
e
r

m
o
n
t
h
s
,

t
h
i
s

p
r
e
f
e
r
e
n
c
e
f
o
r

c
o
v
e
r
i
s
f
u
r
t
h
e
r

i
n
c
r
e
a
s
e
d
a
s
y
o
u
n
g
s
a
l
m
o
n
l
d
s

c
h
a
n
g
e

t
h
e
i
r
h
a
b
i
t
a
t

f
r
o
m
s
i
x
e
s

a
d
j
a
c
e
n
t
t
o
o
v
e
r
h
e
a
d
c
o
v
e
r
c
o
p
o
s
i
t
i
o
n
s
d
i
r
e
c
t
l
y

u
n
d
e
r
c
o
v
e
r
,
f
o
r
e
x
a
m
p
l
e
u
n
d
e
r

t
h
e
l
a
r
g
e
r
s
t
o
n
e
s
o
n

t
h
e
b
e
d
o
f

•
s
t
r
e
a
m
.

T
h
u
s
,

o
v
e
r
h
e
a
d

c
o
v
e
r

i
s
a
n
i
m
p
o
r
t
a
n
t

e
e
e
e
e
e
e
o
f

t
h
e
n
a
t
u
r
a
l
e
n
v
i
r
o
n
m
e
n
t

e
n
d
o
n
e

w
h
i
c
h

i
s
e
e
e
e
e
e
i
m
a
l
y
u
s
e
d
b
y
y
o
u
n
g

s
a
l
n
o
n
i
d
f
i
s
h
.

T
h
e
r
e
a
r
e

v
e
r
y
f
e
w

p
u
b
l
i
s
h
e
d

a
c
c
o
u
n
t
s
o
f

a
t
t
e
m
p
t
s

t
o
e
x
p
l
o
i
t

t
h
i
s

p
h
e
n
o
m
e
n
o
n
f
o
r

a
q
u
a
c
u
l
t
u
r
a
l
p
u
r
p
o
s
e
s

b
y
p
r
o
v
i
d
i
n
g

f
l
o
a
t
i
n
g
,

o
v
e
r
h
e
a
d
c
o
v
e
r
s

u
n
d
e
r
w
h
i
c
h

t
h
e

f
i
s
h
c
a
n

t
a
k
e

r
e
f
u
g
e
.

A
t

t
h
e

F
r
e
s
h
w
a
t
e
r

B
i
o
l
o
g
i
c
a
l
A
s
s
o
c
i
a
t
i
o
n
,

w
e

h
a
v
e
r
e
c
e
n
t
l
y
c
o
m
p
a
r
e
d
t
h
e

e
f
f
e
c
t
s
o
f

o
v
e
r
h
e
a
d

c
o
v
e
r

o
n

t
h
e
p
h
y
s
i
o
l
o
g
y
a
n
d

g
r
o
w
t
h
o
f

s
a
l
m
o
n

p
a
r
r
,
r
a
i
n
b
o
w

c
r
o
u
t
a
n
d

b
r
o
w
n

t
r
o
u
t
d
u
r
i
n
g

t
h
e
i
r
f
i
r
s
t
6
m
o
n
t
h
s

o
f
l
i
f
e
u
n
d
e
r

a
q
u
a
c
u
l
t
u
r
e
c
o
n
d
i
t
i
o
n
s
.

T
h
e

f
i
s
h
w
e
r
e

r
e
a
r
e
d

i
n
s
t
a
n
d
a
r
d
2
m
e
t
r
e

_
o
u
t
d
o
o
r

t
a
n
k
s
a
n
d
f
l
e
d
w
i
t
h

c
o
m
m
e
r
c
i
a
l
d
i
e
t
s

a
t

t
h
e

r
a
t
e
s

r
e
c
o
m
m
e
n
d
e
d
b
y

t
h
e

m
a
n
u
f
a
c
t
u
r
e
r
s
.

-
P
r
o
v
i
s
i
o
n
o
f

f
l
o
a
t
i
n
g
,

a
n
n
u
l
a
r

c
o
v
e
r
s

t
o

t
h
e

t
a
n
k
s
m
a
r
k
e
d
l
y

i
n
c
r
e
a
s
e
d
t
h
e
g
r
o
w
t
h

r
a
t
e
o
f
A
t
l
a
n
t
i
c

s
a
l
m
o
n

p
a
r
r

a
n
d
d
o
u
b
l
e
d

t
h
e
p
r
o
p
o
r
t
i
o
n
o
f

p
o
t
e
n
t
i
a
l
S
I

m
o
l
t
s

(
i
d
e
n
t
i
f
i
e
d
a
r
c
h
e

u
p
p
e
r

m
o
d
e
-
o
f

a
b
i
m
o
d
a
l
d
i
s
t
r
i
b
u
t
i
o
n
i
n

l
e
n
g
t
h
i
n
N
o
v
e
m
b
e
r
o
f

t
h
e
i
r
f
i
r
s
t
g
r
o
w
i
n
g

s
e
a
s
o
n
)
:

T
h
e
:
p
a
r
r
w
i
t
h
o
u
t
a
c
c
e
s
s
t
o

c
o
v
e
r
s
h
o
w
e
d

p
h
y
s
i
o
l
o
g
i
c
a
l
s
i
g
m
a
o
f

c
h
r
o
n
i
c

s
t
r
e
s
s
,

I
n
.
t
h
e

f
o
r
m
o
f

r
e
d
u
c
e
d
w
h
i
t
e

b
l
o
o
d
c
e
l
l

c
o
u
n
t
s
,
w
h
e
r
e
a
s

c
h
e
f
i
s
h

i
n
.
t
h
e

t
a
n
k
s

p
r
o
v
i
d
e
d
w
i
t
h

c
o
v
e
r
w
e
r
e

m
u
t

e
e
e
e
e
d
.

M
o
r
e
o
v
e
r
,

i
n
a
m
o
r
e

r
e
c
e
n
t
,
u
n
p
u
b
l
i
s
h
e
d

s
t
u
d
y
w
e

f
o
u
n
d
c
h
a
t
t
h
e

o
v
e
r
w
i
n
t
e
r
i
n
g
m
o
r
t
a
l
i
t
y
o
f

p
o
t
e
n
t
i
a
l

$
2
s
m
o
l
t
a
w
a
s
t
e
n

t
i
m
e
s
g
r
e
a
t
e
r

t
h
a
n

t
h
a
t

o
f
p
o
t
e
n
t
i
a
l

$
I
s
m
e
l
t
s
b
u
t
t
h
a
t

t
h
i
s
h
i
g
h

m
o
r
t
a
l
i
t
y

t
a
t
e
c
o
u
l
d

b
e
h
a
l
v
e
d

b
y
t
h
e

p
r
o
v
i
s
i
o
n
o
f

o
v
e
r
h
e
a
d
c
o
v
e
r
.

W
e
w
e
r
e

u
n
a
b
l
e

t
o
r
e
p
r
o
d
u
c
e

t
h
e
g
r
o
w
t
h
4
r
o
s
o
t
i
n
g

e
f
f
e
c
t

o
n
e
i
t
h
e
r

s
p
e
c
i
e
s

o
f
t
r
o
u
t

e
e
e
e
e
d
u
n
d
e
r

i
d
e
n
t
i
c
a
l
c
o
n
d
i
t
i
o
n
s
.

S
i
n
c
e

p
u
b
l
i
s
h
i
n
g

o
u
r

i
n
i
t
i
a
l
s
t
u
d
y
,

h
o
w
e
v
e
r
,
i
s
D
a
n
i
s
h

t
r
o
u
t
f
a
r
m
e
r
h
a
s

w
r
i
t
t
e
n

t
O
m
e
w
i
t
h

d
e
t
a
i
l
s

O
f

a
n

e
x
p
e
r
i
m
e
n
t

h
e
l
a
u
n
d
e
r
t
a
k
i
n
g

o
n

t
h
e
e
f
f
e
c
t

o
f

f
l
o
a
t
i
m
g
o
v
e
r
h
e
a
d

c
o
v
e
r
o
n
y
o
u
n
g

r
a
i
n
b
o
w

t
r
o
u
t
.
r
e
a
r
e
d

I
n
a
n
e
a
r
t
h
p
o
n
d
s
y
s
t
e
m
.

P
r
e
l
i
m
i
n
a
r
y

r
e
s
u
l
t
s

a
p
p
e
a
r
e
d
t
o
s
h
o
w
a

g
r
o
w
t
h
-
p
r
o
m
o
t
i
n
g
e
f
f
e
c
t
,
a
s
w
e

f
o
u
n
d

f
o
r

s
a
l
m
o
n

p
a
r
r
,

b
u
t

t
h
e

s
t
u
d
y
i
s
s
t
i
l
l
i
n

i
t
s
i
n
f
a
n
c
y

a
n
d

t
h
e
I
n
i
t
i
a
l

r
e
s
u
l
t
s

r
e
q
u
i
r
e
v
e
r
i
f
i
c
a
t
i
o
n

W
i
t
h

a
m
o
r
e

r
i
g
o
r
o
u
s

e
x
p
e
r
i
m
e
n
t
a
l

d
e
s
i
g
n
.

I
t
i
s
n
o
t

c
l
e
a
r
,

a
t
t
h
i
s
s
t
a
g
e
,

w
h
e
t
h
e
r

t
h
e
d
i
f
f
e
r
e
n
c
e
s

w
e

f
o
u
n
d
i
n
t
h
e

r
e
s
p
o
n
s
e

t
o
o
v
e
r
h
e
a
d

c
o
v
e
r
b
e
t
w
e
e
n

t
r
o
u
t

a
n
d

s
a
l
m
o
n

p
a
r
r

r
e
p
r
e
s
e
n
t

t
r
u
e
s
p
e
c
i
e
s

d
i
f
f
e
r
e
n
c
e
s

o
r
w
h
e
t
h
e
r

t
h
e
y
a
r
e
a

c
o
n
s
e
q
u
e
n
c
e

o
f

t
h
e

p
a
s
t

h
i
s
t
o
r
y
o
f

c
h
e
s
t
r
a
i
n
s

o
f
f
i
s
h
u
s
e
d

I
n
t
h
e
s
t
u
d
y
.

T
h
e

A
t
l
a
n
t
i
c

s
a
l
m
o
n
w
e
r
e
f
i
r
s
t

g
e
n
e
r
a
t
i
o
n

f
r
y
f
r
o
m

w
i
l
d
,

a
d
u
l
t

f
i
s
h

t
a
k
e
n
o
n
t
h
e
i
r
s
p
a
w
n
i
n
g

m
i
g
r
a
t
i
o
n

I
n

t
h
e

R
i
v
e
r
L
u
n
e
,

L
a
n
c
a
s
h
i
r
e
,
w
h
e
r
e
a
s
b
o
t
h
s
p
e
c
i
e
s
o
f

t
r
o
u
t

w
e
r
e

d
e
r
i
v
e
d

f
r
o
m
d
o
m
e
s
t
i
c
a
t
e
d

s
t
r
a
i
n
s
.

I
t
i
s
p
o
s
s
i
b
l
e
t
h
a
t
t
h
e

b
e
n
e
f
i
c
i
a
l

e
f
f
e
c
t
s

o
f

o
v
e
r
h
e
a
d

c
o
v
e
r
m
a
y

b
e

e
v
i
d
e
n
t

i
n
s
o
m
e
,

b
u
t
n
o
t

a
l
l
,
s
t
r
a
i
n
s

o
f

d
o
m
e
s
t
i
c
a
t
e
d

t
r
o
u
t

e
n
d
m
a
y

b
e
m
o
d
i
f
i
e
d

b
y
o
t
h
e
r

f
a
c
t
o
r
s
,

s
u
c
h
a
s
s
t
o
c
k
i
n
g
d
e
n
s
i
t
y
.

C
l
e
a
r
l
y
,

m
o
r
e

w
o
r
k

i
n

t
h
i
s
a
r
e
a
i
s

h
e
e
d
e
d
.

W
h
a
t
e
v
e
r

t
h
e

f
i
n
a
l
e
x
p
l
a
n
a
t
i
o
n
,

o
v
e
r
h
e
a
d

c
o
v
e
r

w
o
u
l
d

s
e
e
m

c
o
b
e
a
n

I
m
p
o
r
t
a
n
t

t
o
o
l

f
o
r

a
n
y
u
n
i
t

r
e
a
r
i
n
g

s
m
e
l
t
s

f
r
o
m
w
i
l
d

f
i
s
h

(
f
o
r
s
t
o
c
k

e
n
h
a
n
c
e
m
e
n
t
)

a
n
d

m
a
y
,
u
l
t
i
m
a
t
e
l
y
,
p
r
o
v
e

t
o
b
e
o
f
m
o
r
e
g
e
n
e
r
a
l

v
a
l
u
e
i
n

r
e
d
u
c
i
n
g

a
q
u
a
c
u
l
t
u
r
a
l

s
t
r
e
s
s
.

I
w
o
u
l
d

b
e

i
n
t
e
r
e
s
t
e
d
c
o
h
e
a
r

f
r
o
m
a
n
y

f
i
s
h

f
a
r
m
e
r

w
h
o

h
a
s

v
i
e
w
s
o
n

(
a
n
d
,

p
r
e
f
e
r
a
b
l
y
•

e
x
p
e
r
i
e
n
c
e

o
f
)

t
h
e
;
:
z
e
o
f

f
l
o
a
t
i
n
g
,

o
v
e
r
h
e
a
d

c
o
v
e
r
a
s
a

t
e
c
h
n
i
q
u
e

f
o
r

r
e
d
u
c
i
n
g

s
t
r
e
s
s

a
n
d
I
n
c
r
e
a
s
i
n
g

t
h
e

g
r
o
w
t
h

r
a
t
e

o
f

s
a
l
m
o
n
i
d

f
i
s
h
.
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I.
Introduction

It
is

generally
accepted

that
there

is
a

strong
associa-

tion
betw

een
deleterious

changes
in

the
environm

ent
and

an
increase

in
the

susceptibility
of

fish
td

diS
ease

(W
edem

eyer,
1970:

S
nieszko.

1974).
U

nder
aquacul-

ture
conditions

such
environm

ental
changes,

or
stres-

ses,
include

w
ater

quality
deterioration.

sudden
tem

-
pera

tu
re

changes,
social

interaction
betw

een
fish.

dis-
turbance.

physical
handling

and
confinem

ent.
H

ow
e-

ver,
m

uch
of

the
evidence

is
anecdotal

or.
at

best,
circum

stantial
and

there
are

surprisingly
few

rigorous
experim

ental
studies

ol
the

links
betw

een
environ-

m
ental

stress
and

the
onset

of
disease

in
fish

popula-
tions.

D
isease

outbreaks
occur

w
hen

susceptible
fish

are
exposed

to
potential

pathogens
under

conditions
that

favour
the

survival
and

grow
th

of
the

infective
organism

.
C

hanges
in

the
physical

and
chem

ical
cha-

racteristics
of

the
environm

ent
can

increase
the

abun-
dance

and
virulence

of
pathogenic

organism
s,

a
factor

w
hich

m
ust

have
an

im
portant

Influence
on

the
outcom

e
of

a
situation

in
w

hich
fish

are
challenged

by
pathogens.

H
ow

ever
another

influence
nam

ely
the

degree
of

suscepteslifty
of

the
host,

m
ay

also
be

in-
strum

ental
in

determ
ining

w
hether

or
not

pathogenic
C

hallenge
results

In
disease.

T
he

aim
of

this
paper

is
to

review
the

evidence
for

increased
vulnerability

of
stressed

fish
to

cG
sease

and
to

identify
the

m
echa-

nism
s

behind
this

response.
In

view
of

the
irnm

uno-
suppressive

and
anti-inflam

m
atoryeffectsof

corticos-
terO

id
horm

ones
on

the
defence

system
s

in
m

am
m

als
and

the
fact

that
corticosteroid

elevation
is

an
alm

ost
Invariable

response
of

teleost
fish

to
stress,

partiarlar
attention

w
ill

be
given

to
the

role
of

the
pituitary-Inter-

renal
axis.

N
o

attem
pt

w
ill

be
m

ade
to

define
the

opti-
m

al
aquacultucal

conditions
corsistent

w
ith

m
axim

i-
zing

the
econom

ic
return

—
this

can
only

be
achieved

by
experienced

fish
farm

ers
for

each
particular

set
of

circum
stances

and
is

likely
to

be
affected

bY
the

sle-
cies

and
strain

of
fish

under
cultivation,

the
physical

and
chem

ical
characteristics

of
the

w
ater

supply
and

by
the

design
of

the
aquaculture

facilities.
H

ow
ever,

a
deeper

understanding
of

the
pinsiological

and
endoc-

rinological
m

echanism
s

behind
stress-induced

vulne-
rability

to
disease

w
ill

allow
us

to
outline

suitable
ap-

proaches
for

alleviating
this

response.
W

herever
pos-

sible,
evidence

has
been

selected
from

studies
of

sal-
rnonid

fish
although

som
e

reference
w

ill
be

m
ade

to
other

groupsof
lath

Ifevidence
for

salm
onids

Is
G

alled
or

Lacking.

IL
E

vidence
of

stress
predisposing

nth
to

disease

P
erhaps

the
noel

rigorously
doatm

eM
ed

evidence
concerts

the
Im

pact
of

poletants
on

disease
a/thre-

es
In

fish
popdations.

In
general,

the
incidence

of
ditrease

ts
greater

In
polluted

environm
ents

than
in

clean
ones

(A
m

y
&

H
are,

1969;
O

rem
et

al
1979:

S
inderm

ann,
1979;

M
oller,

1985).
T

hus,
chronic

low
-

level
pollutionof

the
w

ater
steel),

Is
likeY

to
reS

tA
t

In
an

Increased
Ircidence

of
disease

in
an

aquaculture

unit.
M

ore
specifically,

H
etrick

et
al.

(1979)
and

K
nittel

(1381)
have

show
n

that
exposure

ol
rainbow

trout,
S

alm
o

gairdned,
to

copper
increases

their
susceptibi-

lity
to

infections
haem

atopoielic
necrosis

virus
an

d
to

the
bacterium

responsible
for

rectm
outh

infection.
Y

erstnia
nicked.

C
opper

has
also

been
show

n
to

pre-
dispose

channe
catfish,

ictalurus
punctatus,

to
expe-

rim
ental

infection
w

ith
w

hite-spot
disease.

Ichthy-
ophthlrlus

m
ultif

O
ils,

(E
w

ing
et

aL
1982)

and
to

predis-
pose

eels.
A

nguilla
angullia,

to
vibriosis,

V
ibrio

anguil-
larum

(R
odsaether

et
al.,

1977).

W
ater

quality
deterioration

as
a

result
of

aquaculturel
processes

them
selves

can
also

lead
to

disease.
T

h
e

stress
of

elevated
am

m
onia

and
C

arbon
dioxide

levels
com

bined
w

ith
low

dissolved
oxygen

concentrations
w

as
sufficient

to
increase

the
m

ortality
of

channel
catfish

caused
by

experim
ental

infection
w

ith
A

erom
-

one
hydrophlla

(W
alters

&
P

lum
b.

1980).
E

levated
nitrite

levels
w

ere
also

capable
of

predisposing
this

species
of

fish
to

bacterial
infections

(H
anson

&
G

rizzle,
1985).

Itseem
s

probable
that

a
sim

ilar
associa-

tion
betw

een
w

ater
quality

and
disease

resistance
exists

for
salm

onid
fish.

F
or

exam
ple,

S
odeberg

et
al.

(1983)
found

that
the

m
ortality

rate
(due

to
parasite

epizootics)
of

rainbow
trout

reared
in

an
intensive

static
w

ater
culture

system
w

as
directly

related
to

the
average

daily
m

axim
um

concentration
of

unionized
am

m
onia.

A
n

outbreak
of

P
seudom

onas
fluerescens

in
farm

ed
rainbow

trout
w

as
attributed

to
high

levds
of

organic
m

atter
in

the
w

ater
originating

from
dusty

food
(E

iras
&

S
araiva,

1986).
T

he
stress

of
sim

ulated
transportation

for
21

hours
w

as
sufficient

to
m

arkedly
increase

the
m

ortality
rate

of
A

tlantic
salm

on.
S

alrno
B

aler,
subsequently

exposed
to

A
.

hydrophlla
(Jo-

hansson
&

B
eroström

.
1977)

and
crow

ding
and

hand-
ling

have
been

show
n

to
result

In
significantly

higher
m

ortalities
In

funm
culosis-infected

brovm
trout

(H
osm

er,
1980).

H
eat

stress
Increased

the
rate

of
transm

ission
of

Y
.

nicked
betw

een
experim

ental
po-

pulations
of

rainbow
trout

(H
unter

et
al.,

1980)
and

the
of

a
viral

Infection,
chronic

pancreatic
necrosis,

ap-
peared

to
Increase

the
incidence

of
a

bacterial
disease.

P
.

fluoresces
(R

oberts
&

H
orns,

1978).

T
hese

exam
ples

fam
part

of
an

accum
ulating

body
of

evidence
linking

various
loam

of
stress

to
a

subse-
quent

Increase
in

the
susceptibility

of
fish

to
a

w
ide

range
of

Infectious
diseases

(see
also

W
edem

ayer
M

cLeay,
1981).

O
ne

m
ight

argue
that

each
represents

specific
response

to
a

particular
set

of
environm

ental
circum

stances
end

that
there

Is
no

fundam
ental

rela-
tionship

betw
een,

M
ese

studies.
H

ow
ever,

11seem
s

m
uch

m
ore

probable
that

there
are

com
m

on
m

echa-
nism

sat
w

ork
w

hich
m

ight
account

for
thedm

ilartties
In

the
response

of
the

fish
to

pathogenic
challenge.

T
he

next
section

of
this

paper
exam

ines
one

such
m

echanism
,

activation
of

the
hypthatam

ic-pituitary-
Interrerial

axis,
w

hich
occurs

In
response

to
m

any
different

form
s

of
environm

ental
stress

(T
able

1).

S
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isease
R
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F
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A
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P
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F
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ater

B
iological

A
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T
he

F
eny
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ouse,F

ar
S
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m
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C

um
bria,
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22

O
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,
E

nglandA
n.
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ink.;
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ro:m
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atiorrea

A
sseelstion.

nw
F

erry
H

ours.
F

orS
neer.
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u

td
a.

L
A

22
ca.P

.E
n

g
lan

d

36



M
IN

M
I

U
M

IS
S

R
M

R
a

O
a

0
M

IN
M

O
In

a
M

O
a

M
I

a

on
o


M
oC

ca
ss



of

tu
es

O
E

S
\

to
•

•
••

r•
••

•

r
" -
 "

T
ab

le
I.

S
el

ec
te

d
ex

am
pl

es
ol

en
vi

ro
nm

en
ta

l
st

re
ss

kn
ow

n
to

st
im

ul
at

e
th

e
H

P
I

ax
is

in
sa

lm
on

id
fis

h.

in
..

e•
•

le
a

P
o

lia
P

ec
an

O
at

C
aw

O
.

as
E

ra
le

as
.

xl
-0

O
.

ra
st

.
U

m
p

H
IL

fe
ta

O
ar

el
ia

N
ea

p
a

M
O

M
N

ap
a.

V
IM

ta
a

V
an

Z
ei

n
&

•
G

o
la

n
.

O
N

O
O

d
ia

el
t

C
al

N
an

a.
ow

n
Y

an
a

O
W

N



iv
aa

fl
el

n

N
at

•
vo

ila
O

N
*

N
o

.•
•

•
U

N
Ia

b
n

Ili
ow

n
R

an
a

O
M

(P
.

•
Ic

ab
la

l
N

am
.

el
N

O
M

)

P
ai

n
e

•O
N

N
ie

am
en

(m
en

%
am

oi
sm

ow
l

III
.

S
tr

es
s

an
d

th
e

hy
po

th
al

am
ic

-p
itu

ita
ry

-I
nt

er
ne

e!
(H

P
I)

ax
is

T
he

H
P

I
ax

is
Is

pa
rt

of
th

e
fis

h'
s

en
do

cr
in

e
sy

st
em

an
d

co
ns

is
ts

of
a

hi
er

ar
ch

y
of

fo
nt

an
el

pa
th

w
ay

s
(F

ig
.

1)
.

T
he

re
le

as
e

of
th

e
ho

rm
on

e
co

rt
ic

ot
ro

pi
n-

re
le

as
in

g
fa

ct
or

(C
R

F
).

fr
om

ce
rt

ai
n

ne
ur

os
ec

re
to

ry
ce

lls
in

a
sp

ec
ia

liz
ed

re
gi

on
of

th
e

ve
nt

ra
l

pa
rt

of
th

e
br

ai
n

(t
he

hy
po

th
al

am
us

).
st

im
ul

at
es

a
gr

am
of

ce
lls

in
th

e
pi

tu
i-

ta
ry

gl
an

d
to

se
cr

et
e

an
ot

he
r

ho
rm

on
e.

ad
re

no
co

rt
ic

o-
bo

ot
h

(A
C

T
H

).
In

to
th

e
bl

oo
d

st
re

am
.

A
C

T
H

in
tu

rn
st

im
ul

at
es

ce
rt

ai
n

ce
lls

in
th

e
an

te
rio

r
re

gi
on

of
th

e
fis

h'
s

ki
dn

ey
(t

he
in

te
rr

en
al

tis
su

e)
to

se
cr

et
e

on
e

or
m

or
e

st
er

oi
d

ho
rm

on
es

,
th

e
co

rt
ic

os
te

ro
id

s,
In

to
th

e
bl

oo
d.

In
sa

lm
on

id
fis

h,
co

rt
is

ol
is

th
e

m
aj

or
co

rt
ic

os
-

te
ro

ld
(I

dl
er

&
T

ru
sc

ot
t.

19
72

).
T

he
ac

tiv
ity

of
th

is
ax

is
ca

n
be

co
nt

ro
lle

d
an

d
m

od
ifi

ed
by

fe
ed

ba
ck

lo
op

s
ac

tin
g

on
th

e
hy

po
th

al
am

us
an

d/
or

th
e

pi
tu

ita
ry

an
d

by
se

ve
ra

l
ho

m
on

es
fr

om
ot

he
r

co
m

po
ne

nt
s

of
th

e
fis

h'
s

en
do

cr
in

e
sy

st
em

.
F

or
fu

rt
he

r
de

ta
ils

of
th

e
H

P
I

ax
iS

In
fis

h
th

e
re

ad
er

is
re

fe
rr

en
d

to
D

on
al

ds
on

(1
98

1)
.

A
s

in
di

ca
te

d
in

th
e

pr
ev

io
us

se
ct

io
n.

th
e

H
P

I
ax

is
of

te
le

os
t

fis
h

is
ac

tiv
at

ed
In

re
sp

on
se

to
al

m
os

t
al

l
to

m
e

of
en

vi
ro

nm
en

ta
l

st
re

ss
,

w
ith

a
re

su
lta

nt
el

ev
at

io
n

of
bl

oo
d

co
rt

ic
os

te
ro

ld
le

ve
ls

.
T

hi
s

fo
rm

s
pa

rt
of

a
co

m
-

pl
ex

re
ac

tio
n,

th
e

so
-c

al
le

d
4f

i9
ht

or
fli

gh
t.

re
sp

on
se

,
w

hi
ch

sw
itc

he
s

th
e

m
et

ab
ol

is
m

of
th

e
fis

h
fr

om
an

an
ab

ol
ic

sl
at

e
(t

he
up

ta
ke

an
d

st
or

ag
e

of
en

do
w

)
to

a
ca

ta
bo

lic
st

at
e

(t
he

br
ea

kd
ow

n
ol

bo
dy

re
se

nt
s)

.
C

a-
te

ch
ol

am
in

es
.

su
ch

as
ad

re
na

lin
e

an
d

no
te

dr
en

al
ln

e,
al

so
pl

ay
a

vi
ta

l
ro

le
in

th
is

as
pe

ct
of

th
e

st
re

ss
re

-
sp

on
se

(s
ee

M
az

ea
ud

&
M

az
ea

ud
,

19
81

).
U

nd
er

na
tu

-
ra

l
co

nd
iti

on
s

th
e

fis
h

ut
ili

ze
s

th
es

e
ch

an
ge

s
in

its
ph

ys
io

lo
gi

ca
l

st
at

e
to

av
oi

d
or

ov
er

co
m

e
th

e
im

m
e-

di
at

e
th

re
at

T
he

pr
ec

is
e

ro
le

(s
)o

f
co

rt
is

ol
In

tie
st

re
ss

re
sp

on
se

Is
si

ll
th

e
su

bj
ec

t
of

m
uc

h
sp

ec
ul

at
io

n
al

t-
ho

ug
h

so
m

ee
vi

de
nc

es
ug

ge
st

s
th

at
,

es
In

m
am

m
al

s.
it

ha
s

th
e

ab
ili

ty
to

st
im

ul
at

e
gl

uc
on

eo
ge

ne
si

ll
(t

he
P

ro
-

du
ct

io
n

of
gl

uc
os

e
or

gl
yc

og
en

fr
on

no
n-

ca
st

oh
y-

dr
at

e
so

ur
ce

s,
us

ua
lly

pr
ot

ei
n)

(S
to

re
r,

19
67

;
C

ha
n

&
W

oo
.1

97
13

;
W

re
n

et
d.

,
19

79
;

Le
ac

h
&

T
ay

lo
r,

19
13

2)
.

C
on

tr
ol

m
ig

ht
th

er
ef

or
e,

at
te

nu
at

e
th

e
ca

te
ch

ot
em

l-
ne

-in
du

ce
d

br
ea

kd
ow

n
of

ca
rb

oh
yd

ra
te

re
se

rv
es

db
l.

ul
tim

at
el

y
pr

om
ot

e
th

e
re

co
ve

ry
of

ca
rb

oh
yd

ra
te

no
-

•

le
a

M
IA

C
an

na



nr
co

Lo
ci

C
A

L
E

m
E

M
S

is
te

ns
an

E
ea

us
sE

ct
ut

C
E

P
O

C
E

F
ig

.
1.

A
si

m
pl

if
ie

d,
sc

he
m

at
ic

di
ag

ra
m

of
th

e
hy

po
th

a-
la

m
ic

-p
itu

ita
ry

-in
te

rr
en

al
(H

P
I)

ax
is

In
sa

lm
on

id
fis

h.

se
rv

es
in

th
e

liv
er

an
d

nI
lis

C
le

.
T

he
lip

ol
yl

ic
ac

tiv
ity

of
co

rn
ea

l
(U

dm
an

et
aL

.
19

79
;

D
av

e
at

al
.,

19
79

;
S

he
ri-

da
n.

19
86

)
m

ay
al

so
be

an
im

po
rt

an
t

fa
ct

or
in

th
e

m
ob

ili
za

tio
n

of
en

er
gy

re
se

rv
es

In
st

re
ss

ed
fis

h.
In

ad
di

tio
n.

se
ve

ra
l

lin
es

of
ev

id
en

ce
In

di
ca

te
M

at
co

ot
-

so
l

ha
s

an
os

rn
or

eg
ut

at
or

y
ro

le
In

fis
h

(B
ai

rn
,

19
86

;
se

e
al

so
E

dd
y.

19
81

an
d

C
he

st
er

Jo
ne

s
et

el
,

19
69

fo
r

ea
rli

er
re

fe
re

nc
es

).
C

on
se

qu
en

tly
,

th
e

ho
rm

on
e

m
ay

ac
ce

le
ra

te
th

e
re

-e
st

ab
lis

hm
en

t
of

os
m

ot
ic

an
d

Io
ni

c
eq

ui
lib

riu
m

du
rin

g
th

e
re

co
ve

ry
ph

as
e,

fo
lb

w
in

g
st

re
ss

.
H

ow
ev

er
,a

gr
ea

t
de

al
m

or
e

re
se

ar
ch

is
ne

ed
ed

if
w

e
ar

e
to

fu
lly

tr
id

er
st

an
d

th
e

ad
ap

tiv
e

si
gn

ifi
ca

nc
e

of
el

ev
at

ed
bl

oo
d

co
rt

is
ol

le
ve

ls
du

rin
g

pe
rio

ds
of

en
vi

-
ro

nm
en

ta
l

S
tr

O
S

S
pa

rt
ia

lta
rly

In
vi

ew
of

th
e

go
te

rM
ai

lr
da

m
ag

in
g

ef
fe

ct
s

of
th

is
ho

rm
on

e
on

th
e

fis
h'

s
de

-
fe

nc
e

sy
st

em
s

(s
ee

se
ct

io
ns

IV
an

d
V

).

W
he

n
a

fis
h

is
su

bj
ec

te
d

to
an

ac
ut

e
st

re
ss

(L
e.

a
si

tu
at

io
n

in
w

ht
h

th
e

st
re

ss
is

re
rn

m
ed

be
fo

re
ph

ys
io

-
lo

gi
ca

l
co

m
pe

ns
at

io
n

ha
s

be
en

ac
hi

ev
ed

)
bl

oo
d

A
C

T
H

la
va

s
ar

e
ge

ne
ra

lly
el

ev
at

ed
w

ith
in

2
m

in
ut

es
of

th
e

on
se

t
of

st
re

ss
(S

um
pt

er
itS

,.
19

E
16

)a
nd

ca
lls

ol
le

ve
ls

ris
e

du
rh

g
th

e
ne

xt
5-

10
m

in
ut

es
(S

um
pt

er
el

5.
,1

98
5)

.
In

m
os

t
ca

se
s,

pe
ak

co
rt

bo
lle

ve
l3

ar
e

at
ta

i-
ne

d
w

ith
in

a
fe

re
ho

ur
s

an
d

th
ls

Is
fo

lia
te

d
by

a
re

c-
ov

er
y

to
ba

sa
l

le
ve

ls
w

ith
in

12
-2

4
ho

ur
s

(F
ig

.
2)

.B
ot

h
th

e
m

ag
ni

tu
de

en
d

ra
te

of
ch

an
ge

of
bl

oo
d

ox
tis

ol

37

F
ig

.
2.

C
ha

ng
es

in
th

e
bl

oo
d

co
rt

is
ol

le
ve

ls
of

br
ow

n
tr

ou
t

(c
on

tin
uo

us
lin

e)
an

d
ra

in
bo

w
tr

ou
t

(b
ro

ke
n

lin
e)

su
bj

ec
te

d
to

an
ac

ut
e

em
er

si
on

st
re

ss
(3

0
se

c
ex

po
-

su
re

of
th

e
fis

h
to

ai
r

at
0

h)
.

V
al

ue
s

ar
e

ar
bh

m
et

ic
m

ea
ns

±
S

E
M

(n
=

12
).

•

le
ve

is
in

st
re

ss
ed

sa
lm

on
id

fis
h

ar
e

in
flu

en
ce

d
ne

t
on

ly
by

th
e

na
tu

re
an

d
se

ve
rit

y
of

th
e

S
tr

eS
S

bu
t

al
so

by
th

e
sp

ec
ie

s
an

d
st

ra
in

of
fis

h
(D

av
is

&
P

ar
ke

r.
19

86
;

A
D

.
P

ic
ke

rin
g

an
d

ID
.

P
on

in
ge

r,
un

pu
bl

is
he

d)
an

d
bY

th
e

en
vi

ro
nm

en
ta

l
te

m
pe

ra
tu

re
(S

um
pt

er
el

al
..1

98
5;

B
ar

-
to

n
&

S
ch

re
ck

,
19

87
).

T
he

co
ni

so
l

re
sp

on
se

ha
s

be
en

us
ed

as
a

qu
an

tit
at

iv
e

in
de

x
of

ire
de

gr
ee

el
st

re
ss

ex
pe

rie
nc

ed
by

th
e

fis
h

al
th

ou
gh

its
re

lia
bi

lit
y

in
th

is
co

nt
ex

t
Is

no
t

ab
so

lu
te

.
F

or
ex

am
pl

e,
S

C
h

re
d

&
1.

01
2

(1
97

8)
fa

ile
d

to
ob

se
rv

e
an

y
el

ev
at

io
n

ol
co

ni
co

st
er

oi
d

le
ve

ls
in

ra
in

bo
w

tr
ou

t
ex

po
se

d
to

a
le

th
al

do
se

of
ca

dm
iu

m
al

th
ou

gh
Ja

m
es

&
V

ith
am

(1
98

6)
w

er
e

un
ab

le
to

ve
rif

y
th

is
re

su
lt.

In
ge

ne
ra

l,
ho

w
ev

er
,

co
nt

-
ro

l
le

ve
ls

er
e

de
va

te
d

In
re

sp
on

se
to

m
os

t
fo

rm
s

of
su

m
s,

in
cl

ud
in

g
th

os
e

hi
gh

lig
ht

ed
in

th
e

pr
ev

io
us

se
c-

tio
n

as
pr

ed
is

po
si

ng
he

lo
ts

lo
r

fis
h

di
se

as
es

.
T

ab
le

I
lis

ts
so

m
e

of
th

e
st

re
ss

es
th

at
ha

ve
be

en
sh

ow
n

to
st

im
ul

at
e

th
e

ax
is

in
S

al
M

O
ni

d
fis

h.

F
re

qu
en

tly
.

en
vi

on
m

en
ta

l
st

re
ss

es
oc

cu
r

in
co

m
bi

na
-

tio
n

ra
th

er
th

en
as

is
ol

at
ed

fa
ct

or
s

an
d

un
de

r
su

ch
C

irC
uM

S
ta

nC
eS

th
e

m
ag

ni
tu

de
an

d
du

ra
tio

n
of

th
e

ca
r-

tiS
el

11
11

11
0n

S
ea

m
le

ss
ea

sy
to

pr
ed

ic
t.

B
ar

to
n

at
a

(1
98

5)
re

po
rt

ed
th

at
th

e
re

sp
on

se
of

ra
in

bo
w

tr
ou

t
to

ac
ut

e
ha

nd
lin

g
S

he
a

w
as

In
cr

ea
se

d
in

fis
h

w
hi

ch
ha

d
be

en
pr

ev
io

us
ly

ex
po

se
d

to
lo

w
pH

w
he

re
as

P
ic

ke
rin

g
&

P
on

in
ge

r
(1

98
7a

)
fo

un
d

th
at

po
or

w
at

er
qu

al
ity

re
-

du
ce

d
th

e
co

ne
ol

re
sp

on
se

of
bo

th
br

ow
n

tr
ou

t
an

d
ra

in
bo

w
tr

ou
t

to
ha

nd
lin

g
an

d
co

nf
in

em
en

t.
S

ch
ro

ck
(1

98
1)

ar
gu

es
co

nv
in

ci
ng

ly
th

at
M

e
co

rt
is

ol
re

sp
on

se
to

st
re

ss
b

la
rg

sl
y

de
pe

nd
en

t
up

on
th

e
fis

h'
s

se
ns

e
of

'a
w

ar
en

es
s'

,
a

ca
se

th
at

is
su

pp
or

te
d

by
th

e
in

du
ct

io
n

of
an

ae
st

he
si

a
al

&
al

m
on

d
fis

h
w

ith
ou

t
an

y
el

ev
at

io
n

of
pl

as
m

ac
od

a:
xi

(S
tr

an
ge

&
S

ch
re

ck
,1

97
8;

A
D

.
P

ic
-

ke
rin

g
an

d
T

.G
.

P
ot

tin
ge

r,
un

pu
bl

is
he

d)
.

H
ow

ev
er

.
co

rd
ia

l
le

ve
ls

ar
e

el
ev

at
ed

so
on

af
te

r
th

e
lis

h
re

co
ve

r
co

ns
ci

ou
sn

es
s.

A
re

du
ct

io
n

or
ta

ck
ol

'a
w

ar
en

es
s'

m
ig

ht
ac

co
un

t
fo

r
th

e
ab

se
nc

e
of

a
co

rt
is

oi
re

sp
on

se
to

ca
dm

iu
m

(S
di

re
ck

&
Lo

rz
,

19
78

)
an

d
fo

r
th

e
su

p-

38

pr
es

sI
ve

ef
fe

ct
of

po
or

w
at

er
qu

al
ity

O
n

th
e

re
sp

on
se

10
ha

nd
lin

g
an

d
co

nf
in

em
en

t
(P

ic
ke

rin
g

&
P

ot
tin

ge
r,

19
87

a)
.

W
he

n
a

fis
h

is
su

bj
ec

te
d

lo
a

ch
ro

ni
c

st
re

ss
(i.

e.
a

co
nt

in
uo

us
fo

rm
of

st
re

ss
fr

om
w

hi
ch

th
er

e
Is

no
es

-
ca

pe
)

th
e

H
P

I
ax

is
is

in
iti

al
ly

st
im

ul
at

ed
,

w
ith

a
re

su
l-

ta
nt

el
ev

at
io

n
of

bl
oo

d
co

rt
is

ol
le

ve
Ls

.
U

lti
m

at
el

y,
ho

-
w

ev
er

,
th

e
fis

h
m

us
t

ac
cl

im
at

e
(a

lb
ei

t
at

-
a

re
du

ce
d

le
ve

l
of

pe
rf

or
m

an
ce

)
it

th
ey

ar
e

to
su

rv
iv

e.
S

ev
er

e
cr

ow
di

ng
an

d/
or

re
du

ce
d

w
at

er
qu

al
ity

ar
e

co
m

m
on

ex
am

pl
es

of
cl

ao
ni

c
st

re
ss

is
th

e
aq

ua
cu

ltu
re

in
du

-
dr

y.
U

nd
er

su
ch

ci
rc

um
st

an
ce

sc
on

is
ol

le
ve

ls
m

ay
be

el
ev

at
ed

fo
r

se
ve

ra
l

da
ys

bu
t

'id
ea

l'
co

m
pe

ns
at

io
n

is
ev

en
tu

al
ly

a-
ch

ew
ed

w
ith

pl
as

m
a

co
rt

ic
os

te
ro

id
s

re
-

tu
rn

in
g

to
ba

sa
l

le
ve

ls
(S

ch
ro

ck
,

19
81

).
P

ic
er

in
g

&
S

te
w

ar
t

(1
96

4)
ha

ve
sh

ow
n

th
at

co
rd

ed
le

l/e
ls

m
ay

be
el

ev
at

ed
in

ch
ro

ni
ca

lly
-c

ro
w

de
d

br
ow

n
tr

ou
t

fo
r

as
lo

ng
as

25
da

ys
be

fo
re

aC
el

iM
at

iO
n

O
C

C
U

M
al

th
ou

gh
co

rli
so

l
el

ev
at

io
n

fo
r

a
pe

rio
d

of
7-

10
de

ys
Is

m
or

e
us

ua
l

(S
ch

re
ck

,
19

81
;

P
ic

ke
rin

g
&

P
ot

tin
ge

r.
19

87
6)

.
A

ch
an

ge
In

th
e

by
e

of
aq

ua
cu

ltu
re

fa
ci

lit
y

ca
n

al
so

co
ns

tit
ut

e
an

im
po

rt
an

t
fo

rm
of

ch
ro

ni
c

en
vi

ro
nm

en
ta

l
st

re
ss

to
sa

lm
on

id
fis

h.
S

im
ps

on
(1

97
51

76
)

fo
un

d
th

at
bl

oo
d

co
rli

so
l

le
ve

ls
w

er
e

st
ill

si
gn

ifi
ca

nt
ly

el
ev

at
ed

in
tr

ou
t

10
da

ys
af

te
r

th
ei

r
tr

an
sf

er
fr

om
ra

ce
w

ay
s

to
ci

rc
ul

ar
re

ar
in

g
ta

nk
s.

T
hu

s,
a

no
ve

l
en

vi
ro

nm
en

t
is

su
f

fic
ie

nt
to

ca
us

e
a

pr
ol

on
ge

d
st

im
ul

at
io

n
of

th
e

F
IP

I
ax

is
in

sa
lm

on
ld

fis
h.

•

It
ha

s
be

en
kn

ow
n

fo
r

m
an

y
ye

an
s

th
at

co
rt

ic
os

te
ro

id
s

ca
n

ac
t

as
po

te
nt

an
ti-

in
fla

m
m

at
or

y
an

d
an

m
un

os
up

-
pr

es
si

ve
dr

ug
s

in
m

am
m

al
s

(s
ee

P
an

tie
&

F
au

ci
.1

97
9;

M
un

ch
et

81
..1

98
4)

.
In

vi
ew

of
th

e
fa

ct
th

at
m

os
t

fa
m

e
of

en
vi

ro
nm

en
ta

l
st

re
ss

M
X

on
ly

st
im

ul
at

e
th

e
se

cr
e-

tio
n

of
co

rt
ic

os
te

ro
id

s
in

fis
h

bu
t

al
so

in
cr

ea
se

th
e

su
sc

ep
tib

ili
ty

of
fis

h
to

di
se

as
e,

it
is

re
as

on
ab

le
to

pr
op

os
e

th
at

ca
tic

os
te

ro
id

s
ca

n
lim

it
th

e
&

bi
tty

of
st

re
ss

ed
fis

h
to

re
si

st
pa

th
og

en
ic

ch
al

le
ng

e.
T

he
ne

xt
se

ct
io

n
of

th
is

pa
pe

r
ex

am
in

es
th

e
ev

id
en

ce
fo

r
su

ch
de

bi
lit

at
in

g
ef

fe
ct

s
of

co
rt

ic
os

te
so

id
s

on
th

e
de

fe
nc

e
sy

st
em

s
of

te
le

os
t

Ii
sh

.

IV
.

S
tr

es
s,

co
rt

ls
ol

en
d

th
e

de
fe

nc
e

sy
st

em
s

of
fi

sh

T
he

de
fe

nc
e

sy
st

em
s

of
fa

h
in

cl
ud

e
tis

su
e

re
pa

ir.
In

-
fla

m
m

at
io

n,
ph

ag
oc

yt
os

is
an

d
a

m
ul

tit
ud

e
of

sp
ec

ifi
c

an
d

nO
n-

S
pe

C
III

C
re

sp
on

se
s

m
ed

ia
te

d
by

th
e

tY
m

P
ho

id
sy

st
em

(s
ee

E
lli

s,
19

81
).

M
os

t
of

th
e

ex
pe

rim
en

ta
l

st
u-

di
es

lin
ki

ng
st

re
ss

w
ith

pa
rt

ic
ul

ar
co

m
po

ne
nt

s
of

th
e

de
fe

nc
e

sY
st

er
re

In
fis

h
ha

ve
co

nc
en

tr
at

ed
O

n
sp

ec
if

ic
im

m
un

e
re

sp
on

se
s,

bo
th

ce
llm

ed
ia

te
d

an
d

hu
m

or
s!

.
H

ea
vy

m
et

al
po

llu
tio

n
ha

s
be

en
re

pe
at

ed
ly

sh
ow

n
to

su
pp

re
ss

th
e

im
m

un
e

re
sp

on
se

of
fis

h
to

pa
th

og
en

ic
ba

ct
er

ia
an

d
vi

ru
se

s
as

w
el

l
as

to
hu

m
an

an
d

sh
ee

p
re

d
bl

oo
d

ce
lls

(S
ar

ot
&

P
er

lm
ut

te
r,

19
76

;
R

oa
le

s
&

P
er

l-
m

ut
te

r,
19

77
;

S
te

ve
ns

,
19

77
;

&
pa

d
19

80
;

O
'N

ei
ll,

19
81

).
P

hy
si

ca
l

st
re

ss
es

su
ch

as
ha

nd
lin

g,
tr

an
sp

or
t,

cr
ow

di
ng

an
d

ca
pt

iv
ity

ha
te

al
so

be
en

sh
ow

n
to

be
m

ar
ke

dl
y

im
m

un
os

up
pr

es
si

ve
(P

er
tr

nu
tte

re
l

at
.

19
73

;
M

ill
er

&
T

rip
p,

19
8Z

E
llu

te
ss

ea
r

&
C

le
m

.
19

66
)

al
th

o-
ug

h
in

no
ne

of
th

es
e

st
ud

ie
s

w
as

th
e

ph
ys

io
lo

gi
ca

l
m

ec
ha

ni
sm

be
hi

nd
st

re
ss

-I
nd

uc
ed

im
m

un
os

up
pr

es
-

do
n

in
ve

st
ig

at
ed

R
ec

en
tly

,
ho

w
ev

er
,

ev
id

en
ce

ha
s

be
gu

n
to

ac
cu

m
ul

at
e

w
hi

ch
su

gg
es

ts
th

at
co

rt
ic

os
te

-
ro

ds
pl

ay
a

ce
nt

ra
l

ro
le

in
th

is
ty

pe
al

in
ol

un
O

su
p-

pr
es

si
on

.
E

xp
er

im
en

ta
l

ad
m

in
is

tr
at

io
n

of
A

C
M

or
co

rt
ic

O
st

er
ol

ds
su

pp
re

ss
es

th
e

nu
m

be
r

of
ci

rc
ul

at
in

g

R
ea

..

N
O

•
N

ee
...

1a
)

D
n

a
O

n
O

n
n

i
•

sa
lt

pm
,

C
le

n
sa

01
00

&
a

a.
O

M
)

C
la

y
••

••
O

.
is

.

_e
a

ea
se

a•
C

as
a

F
at

E
w

a
IL

e.
t.

a.
S

al
m

•
N

aw
l

ra
ri

o
n

a
le

a

—
>

re
0,

Ir
a

O
ac

O
. w

ee
o

ar
S

al
m

o
n

W
s.

0.
tr

eo
.

O
w

en
s

0.
tb

.a
ck

D
in

s
em

.~
.

In
s.

Id
ee

el
ab

a
'S

al
E

N
D

0_
ea

se
s

E
X

T
E

R
N

A
L

N
C

N
T

E
R

N
A

L
S

T
Ie

JJ

W
A

N

Y
P

O
T

N
A

L
A

Y
IS

E
i/C

,

•

sm
ar

m
%

A
ro



III
IO

11
11

1
M

I
a

14
11

1
O

S
M

I
11

11
1

0
M

B
III

III
01

O
N

61
11

1
ly

m
ph

oc
yt

es
,

ce
lls

re
sp

on
si

bl
e

fo
r

th
e

fis
h'

s
im

m
un

e
re

sp
on

se
,

in
M

e
bl

oo
d

of
sa

lm
on

id
fis

h
(M

cL
ea

y.
19

73
a,

ix
P

ic
ke

rin
g.

19
84

)
an

d
de

pl
et

es
th

e
ly

m
ph

o-
cy

te
po

pu
la

tio
ns

fr
om

th
e

ki
dn

ey
,

sp
le

en
an

d
th

ym
us

(C
hi

lm
on

cz
yk

.
19

82
.

G
ho

ne
um

et
al

.,
19

86
).

O
ra

l
ad

-
m

in
is

tr
at

io
n

ol
a

ph
ys

io
lo

gi
ca

l
do

se
of

C
O

rli
S

cr
to

br
ow

n
tr

ou
t

el
ic

ite
d

a
tr

an
si

en
t

su
pp

re
ss

io
n

of
th

e
nu

m
be

r
of

ci
rc

ul
at

in
g

ly
m

ph
oc

yt
es

ov
er

a
tim

e
co

ur
se

ve
ry

si
m

ila
r

to
th

at
ob

se
rv

ed
w

he
n

th
e

fis
h

w
er

e
st

re
s-

se
d

by
ha

nd
lin

g
(F

ig
.

3)
.

T
hu

s,
th

e
ly

rn
ph

oc
yt

op
en

ia

nw
e

In
N

U
M

F
irs

3.
C

ha
ng

es
in

th
e

nu
m

be
r

of
ck

cu
la

tin
g

ly
m

ph
o-

cy
te

s
in

th
e

bl
oo

do
f

th
e

br
ow

n
tr

ou
t

fd
llo

w
in

g
a

si
ng

le
in

ci
de

nc
e

of
F

on
dl

in
g

(u
pp

er
gr

ap
h)

or
th

e
or

al
ad

m
i-

ni
st

ra
tio

n
of

a
ph

ys
io

lo
gi

ca
l

do
se

of
co

rt
is

ol
(lo

w
er

gr
ap

h)
.

T
he

br
ok

en
lin

e
re

pr
es

en
ts

tr
ea

te
d

fis
h,

th
e

co
nt

in
uo

us
lin

e
re

pr
es

en
ts

ur
ot

re
ss

ed
co

nt
ro

l
lis

h.
V

al
ue

s
ar

e
ar

ith
m

et
ic

m
ea

ns
t

S
E

M
(n

=
12

).

ob
se

rv
ed

in
ac

ut
el

y
st

re
ss

ed
fis

h
Is

al
m

os
t

ce
rt

ai
nl

y
m

ed
ia

te
d

by
ch

an
ge

s
In

bl
ee

d
as

tis
ol

le
ve

ls
.

U
nd

er
co

nd
iti

on
s

of
ch

ro
ni

c
st

re
ss

.
ho

w
ev

er
,

th
e

si
kr

at
io

n
Is

le
ss

de
ar

.
P

ic
ke

rin
g

&
P

ot
U

ng
er

(1
98

70
)

no
te

d
th

at
th

e
irn

ph
oc

yt
op

en
ia

in
bo

th
br

ow
n

tr
ou

t
an

d
ra

in
bo

w
tr

ou
t

su
bj

ec
te

d
bo

a
ch

ro
ni

cc
ra

nd
in

g
st

re
ss

ou
tla

st
ed

th
e

pe
rio

d
of

el
ev

at
ed

bl
oo

d
co

rt
is

ol
le

ve
ls

.
S

im
ila

rly
,

K
lin

ge
r

et
al

.
(1

98
3)

fo
un

d
a

m
ar

ke
d

Ie
uc

op
en

ia
en

C
hr

O
nl

ai
lly

st
re

ss
ed

ch
an

ne
l

ca
tfi

sh
m

en
th

ou
gh

bl
oo

d
co

rt
is

ol
ha

d
ac

cl
im

at
ed

to
th

e
le

ve
ls

lo
un

d
In

un
st

re
ss

ed
fis

h.
T

hi
s

ra
bi

es
th

ep
os

si
bi

lit
y

th
at

fa
ct

or
s

ot
he

r
th

an
th

e
11

P
1a

xi
s

ca
n

ab
o

su
pp

re
ss

ly
m

ph
oi

d
ac

tiv
ity

.
It

Is
be

co
m

in
g

ge
ne

ra
lly

ac
C

ep
te

d
th

at
ly

m
ph

oc
yt

e
he

te
ro

ge
ne

ity
ex

is
ts

In
te

le
os

t
rs

h
al

th
ou

gh
th

er
e

Is
st

ill
a

gr
ea

t
de

al
of

di
sc

us
si

on
co

nc
er

ni
ng

th
e

Id
en

tit
y

an
d

or
ig

in
of

T
-li

ke
an

d
B

-li
ke

ca
lls

(C
le

m
et

al
.

19
77

;
M

in
er

al
al

_
19

85
).

T
hu

s,
gr

os
sc

ha
ng

es
of

to
ta

l
ly

m
p-

ho
cy

te
nu

m
be

rs
in

re
sp

on
se

to
oe

tti
C

as
te

rt
rid

s
m

us
t

be
co

ns
id

er
ed

to
be

a
ra

th
er

C
ru

de
(a

lb
ei

t
us

ef
ul

)
es

ti-
m

at
e

of
th

e
ef

fe
ct

of
th

es
e

ho
rm

on
es

on
th

e
Im

na
m

s
S

Y
st

em
O

f
fis

h.
H

ow
ev

er
A

nd
er

so
n

el
se

(1
98

21
).

w
or

-
ki

ng
w

ith
ra

in
bo

w
tr

ou
t,

an
d

M
et

tle
al

.
(1

98
7)

,
w

oe
ki

ng
w

ith
W

ho
sa

lm
on

,
ha

ve
bO

th
de

m
on

st
ra

te
d

a
co

rt
ic

os
te

rv
id

-W
od

uc
ed

su
pp

re
sS

io
n

of
th

e
P

ro
du

ct
iO

n

of
sp

ec
ifi

c
an

tib
od

y-
se

cr
et

in
g

ly
m

ph
oc

yt
es

in
fis

h
in

-
je

ct
ed

w
ith

V
.

an
gu

lli
ar

um
an

tig
en

.
A

nt
ib

od
y-

se
cr

e-
tin

g
ce

lls
w

er
e

id
en

tif
ie

d
by

pl
aq

ue
fo

rm
at

io
n

w
he

n
in

cu
ba

te
d

w
ith

sh
ee

p
re

d
bl

oo
d

ce
lls

th
at

ha
d

be
en

co
at

ed
w

ith
V

lb
rlo

an
tig

en
.

A
sp

ec
ifi

c
su

pp
re

ss
io

n
of

th
e

im
m

un
e

sy
st

em
w

as
al

so
ob

se
rv

ed
in

th
e

st
rip

ed
ba

n.
M

or
en

e
sm

at
ai

s,
by

W
ec

hs
le

r
et

al
.

(1
98

6)
w

ho
sh

ow
ed

th
at

th
e

sy
nt

he
tic

co
rt

ic
os

te
ro

d.
tr

ia
m

ci
no

-
lo

ne
ac

et
on

id
e.

de
la

ye
d

th
e

ap
pe

ar
an

ce
an

d
re

du
ce

d
th

e
le

ve
ls

of
ci

rc
ul

at
in

g
vi

ru
sn

an
ra

liz
in

g
an

tib
od

ie
s

to
in

fe
ct

io
us

pa
nc

re
at

ic
ne

cr
os

is
vi

ru
s.

G
rim

m
(1

98
5)

re
-

P
or

te
d

th
at

ph
ys

io
lo

gi
ca

l
le

ve
ls

of
co

rt
is

ol
w

er
e

ca
-

P
ab

le
of

su
pp

re
ss

in
g

th
e

m
ito

ge
ni

c
re

sp
on

se
of

pl
ai

ce
ly

m
ph

oc
yt

e
po

pu
la

tio
ns

.
T

hu
s,

co
rt

ic
os

te
ro

id
s

ca
n

no
t

on
ly

ca
us

e
a

ge
ne

ra
l

ly
m

ph
oc

yt
op

en
ia

in
te

le
os

t
fis

h
bu

t
oa

n
al

so
su

P
P

re
S

3
sp

ec
ifi

c
im

m
un

e
re

sp
on

se
s

to
bo

th
ba

ct
er

ia
l

an
d

vi
ra

l
an

tig
en

s.

P
ha

go
cy

to
si

s.
th

e
ce

llu
la

r
In

ge
st

io
n

an
d

di
ge

st
io

n
O

f
pa

rt
ic

ul
at

e
m

at
te

r,
S

at
so

an
ex

tr
em

el
y

im
po

rt
an

t
co

m
po

ne
nt

of
th

e
fis

h'
s

de
fe

rc
e

sy
st

em
(M

ac
A

rt
hu

r
&

F
le

tc
he

r,
19

85
).

A
s

in
m

am
m

al
s

th
e

ph
ag

oc
yt

ic
ce

lls
of

fis
h

fa
ll

in
to

tw
o

ca
te

go
rie

s,
th

e
gr

an
ul

oc
yt

es
an

d
th

e
m

on
on

uc
le

ar
do

go
cy

te
s

(t
in

la
tte

r
be

in
g

re
pr

es
en

-
te

d
by

tis
su

e
m

ac
ro

ph
ag

es
an

d
ci

rc
ul

at
in

g
m

un
uL

y-
te

s)
.

P
ha

go
cy

to
si

s
In

vo
lv

es
th

e
pr

oc
es

se
s

of
re

co
gn

i-
tio

n
of

th
e

fo
re

ig
n

m
at

er
ia

l.
at

ta
ch

m
en

t.
en

gu
lfm

en
t

de
gr

an
ul

at
io

n,
ki

lli
ng

(i
th

e
ca

se
of

ba
ct

er
ia

)
an

d
di

ge
st

io
n.

A
ll

of
th

is
is

so
m

et
im

es
pr

ec
ed

ed
by

a
ch

e-
m

ic
al

ly
-g

ui
de

d
m

ov
em

en
t

of
m

ob
ile

ph
ag

oc
yt

es
to

-
w

ar
ds

th
ei

r
ta

rg
et

(c
he

rn
ot

ax
is

).
R

ec
og

ni
tio

n
of

th
e

ta
rg

et
is

us
ua

lly
en

ha
nc

ed
by

th
ep

rc
ce

ss
of

op
so

ni
sa

-
lio

n
(c

oa
tin

g
of

th
e

pa
rt

ic
le

w
ith

va
rio

us
pr

ot
ei

ns
.

P
re

do
m

in
an

tly
an

tib
od

ie
s)

.
T

hu
s,

th
er

e
le

a
st

m
ng

in
-

te
rr

el
at

io
n

be
tw

ee
n

th
e

pr
od

uc
tio

n
of

sp
ec

ifi
c

an
tib

o-
di

es
by

ce
lls

of
th

e
ly

m
ph

oi
d

sy
st

em
an

d
th

e
ph

ag
oc

y-
to

si
s

of
pa

rt
ic

ul
at

e
m

at
te

r
by

th
e

m
ac

ro
ph

ag
es

of
th

e
re

tic
ul

e-
en

do
th

el
ia

l
sy

st
em

.

W
ee

ks
et

al
.

(1
98

6)
ha

ve
S

ha
w

n
th

at
th

e
ch

em
ot

ac
tic

ef
fic

ie
nc

y
(t

o
E

sc
he

dc
ha

co
il)

of
m

ac
ro

ph
ag

es
is

ol
a-

te
d

fr
or

n
th

e
ki

dn
ey

s
of

tw
o

sp
ec

ie
s

of
es

tu
ar

in
e

fis
h

w
as

re
du

ce
d

In
fis

h
fr

oM
po

llu
te

d
w

at
er

an
d

th
at

th
is

ef
fe

ct
co

ul
d

te
re

ve
rs

ed
by

ho
ld

in
g

th
e

fa
h

In
de

an
w

at
er

fo
r

3
w

ee
ks

.
U

si
ng

an
In

vi
vo

ap
pr

oa
ch

.
M

ac
A

r-
th

ur
et

al
.

(1
98

4)
de

m
on

st
ra

te
d

th
at

co
rt

is
ol

In
je

ct
io

n
ca

us
ed

a
si

gn
irc

an
t

re
du

ct
io

n
In

th
e

ex
te

nt
of

In
fla

rn
-

m
at

or
y

ce
ll

in
fil

tr
at

io
n

(p
re

do
rn

in
an

tly
ne

ut
ro

ph
ils

an
d

m
ac

ro
ph

ag
es

)
ki

th
e

pe
rit

O
ne

um
of

th
e

pt
si

C
e„

P
ta

k
re

m
ot

e,
&

le
ss

;
ch

al
le

ng
ed

by
gl

yc
og

en
or

V
br

to
al

gI
no

ly
ec

us
..

T
hi

s
st

ud
y

w
ee

S
up

po
rt

ed
by

an
In

di
re

de
m

on
st

ra
tio

n
O

f c
or

tis
ol

-I
nd

uc
ed

su
pp

re
ss

io
n

of
m

i-
gr

at
or

y
ac

tiv
ity

In
In

fla
m

m
at

or
y

ne
ut

ro
ph

ils
de

riv
ed

fr
om

th
e

pe
rit

on
eu

m
of

gl
yc

og
en

-I
nf

ec
te

d
pl

ai
ce

(F
le

tc
he

r,
19

86
).

M
uc

h
ea

rli
er

,
W

el
nr

eb
(1

95
8)

ha
d

re
po

rt
ed

a
S

up
pr

es
si

ve
ef

fe
ct

of
co

rt
io

as
te

ro
id

s
on

ch
em

ic
al

an
d

su
rg

ic
al

ly
-I

nd
uc

ed
in

fla
m

m
at

io
n

In
th

e
ra

in
bo

w
tr

ou
t.

O
nc

e
th

e
ta

rg
et

ha
s

be
en

ba
te

d,
its

et
ta

ch
m

en
t

to
th

e
ph

ag
oc

yt
ic

ce
ll

m
em

br
an

e
In

iti
at

e!
.

se
rla

sO
lm

et
ab

o-
lic

re
ac

tio
n!

,
th

e
re

sp
ira

to
ry

bu
re

t
T

hi
s

re
su

lts
in

th
e

fo
rm

at
io

n
O

f a
nu

m
be

eO
f

hi
gh

ly
re

at
tiv

e
m

kn
el

ci
de

l
ox

yg
en

ra
di

ca
ls

w
hi

ch
,

in
co

M
un

ct
io

n
w

ith
ly

so
so

rn
al

en
zy

m
es

,
ar

e
re

sp
on

si
bl

e
fo

r
be

ct
ed

al
ki

lli
ng

by
ph

s-
go

cy
tic

ca
lls

.
T

he
re

sp
ira

to
ry

tu
rd

ca
n

be
tr

ea
su

re
d

by
m

on
ito

rt
ng

ph
ag

0C
yt

iC
C

el
ch

er
no

lu
m

in
es

ce
nc

e
du

rin
g

th
e

pr
oc

es
s

of
ph

ag
oc

yt
os

ts
.S

tr
ie

&
R

ob
er

so
n

(1
98

5)
fo

un
d

th
at

hy
dr

oc
or

tis
on

e
ac

et
at

e
re

du
ce

d
Ih

e
no

rm
al

ab
ili

ty
of

ph
ag

oc
yt

es
fr

om
th

e
ki

dn
ey

ol
th

e
S

tr
ip

ed
ba

ss
to

ge
ne

ra
te

a
ch

em
ilu

m
in

es
ce

nt
re

sp
on

se
w

he
n

ex
po

se
d

to
ba

ct
er

ia
al

th
ou

gh
it

m
us

t
be

P
oi

nt
ed

ou
t

th
at

th
e

co
nc

en
tr

at
io

ns
of

co
rt

ic
os

te
ro

id
s

us
ed

in
th

is
st

ud
y

w
er

e
m

uc
h

hi
gh

er
th

an
th

e
le

ve
ls

no
rm

al
ly

fo
un

d
in

te
le

os
t

fis
h.

N
ev

er
th

el
es

s,
w

he
n

au
th

e
da

ta
ar

e
co

ns
id

er
ed

,
it

se
em

s
lik

el
y

th
at

el
ev

at
ed

co
rt

is
ol

le
ve

ls
,

as
a

re
su

lt
ol

en
vi

ro
nm

en
ta

l
st

re
ss

,
su

m
,

re
ss

ph
ag

oc
yt

os
is

in
fis

h
by

ac
tin

g
on

at
le

as
l

tw
o

di
ffe

re
nt

m
ec

ha
ni

sm
s

(c
he

m
ot

ax
is

an
d

in
tr

ac
el

lu
la

r
ki

lli
ng

).

T
he

ef
fe

ct
s

ol
st

re
ss

an
d

co
ni

co
st

er
oi

ds
on

th
e

w
ou

nd
he

al
in

g
pr

oc
es

s
in

fis
h

is
a

vi
rt

ua
lly

un
ex

pl
or

ed
su

b-
je

ct
(s

ee
F

le
tc

he
r,

19
81

)
an

d
it

is
ne

ce
ss

ar
y,

th
er

ef
or

e.
to

re
ly

he
av

ily
on

ou
r

kn
ow

le
dg

e
of

m
am

m
al

ia
n

sy
s-

te
m

s.
M

or
ga

n
8

R
ob

er
ts

(1
97

6)
,

in
a

st
ud

y
on

th
e

hi
st

op
at

ho
lo

gy
of

sa
lm

on
ta

gg
in

g.
pr

ov
id

e
so

m
e

ev
i-

de
nc

e
th

at
st

re
ss

ca
n

ha
ve

a
de

le
te

rio
us

ef
le

ct
on

th
e

w
ou

nd
he

al
in

g
pr

oc
es

s.
T

he
y

fo
un

d
th

at
A

tla
nt

ic
sa

l-
m

on
pa

rr
.

st
re

ss
ed

by
se

ve
re

ex
er

ci
se

at
hi

gh
te

m
pe

ra
-

lu
re

.
de

ve
lo

pe
d

ex
te

ns
iv

e
ne

cr
ot

ic
le

si
on

s
at

th
e

si
te

of
ta

g
in

se
rt

io
n.

T
hi

s
w

ou
ld

se
em

to
be

an
ef

fe
ct

on
w

ou
ld

he
al

in
g

pe
r

se
be

ca
us

e
th

er
e

w
er

e
no

si
gn

s
of

se
co

nd
ar

y
m

ic
ro

bi
al

In
fe

ct
io

n.
T

he
m

os
t

im
m

ed
ia

te
de

fe
nc

e
tO

an
y

ph
ys

ic
al

in
ju

ry
in

vo
lv

in
g

da
m

ag
e

to
th

e
va

sc
ul

ar
sy

st
em

is
th

e
cl

ot
tin

g
pr

oc
es

s.
T

hi
s

Is
a

co
m

-
pl

ex
ca

sc
ad

e
of

ev
en

ts
w

hi
ch

ul
tim

at
el

y
re

su
lts

In
th

e
co

nv
er

si
on

of
a

so
lu

bl
e

pl
as

m
a

pr
ot

ei
n,

fib
rin

og
en

,
in

to
an

in
so

lu
bl

e
pr

ot
ei

n,
fib

rin
w

hi
ch

in
tu

rn
fo

rm
s

a
fib

ro
us

ne
tw

or
k

at
th

e
si

te
of

in
ju

ry
.

T
he

cl
ot

is
co

m
pl

e-
te

d
by

th
e

at
he

re
nc

e
an

d
tr

ap
pi

ng
of

so
m

e
of

th
e

ce
llu

la
r

co
m

po
ne

nt
s

of
th

e
bl

oo
d.

T
hr

O
m

b0
C

yl
es

ar
e

in
tim

at
el

y
in

vo
lv

ed
by

vi
rt

ue
of

th
ei

r
ad

he
si

on
to

th
e

fo
rm

in
g

cl
ot

an
d

by
th

e
re

le
as

e
of

fa
ct

or
s

w
hi

ch
st

im
u-

la
te

th
e

en
zy

m
at

ic
pr

oc
es

s
of

fib
rin

Is
:in

fla
tio

n.
In

fis
h

th
e

cl
ot

tin
g

pr
oc

es
s

m
ay

O
cc

ur
ra

pi
dl

y
(w

ith
in

3m
in

u-
te

s)
bu

t
th

e
ra

te
of

do
tti

ng
is

di
re

ct
ly

pr
op

or
tio

na
l

to
th

e
co

nc
en

tr
at

io
n

of
th

ro
m

bo
cy

te
s

in
th

e
bl

oo
d

(S
ri-

va
st

av
a.

19
69

).

In
pr

ev
io

us
st

ud
ie

s
w

e
ha

ve
be

en
un

ab
le

to
de

m
on

-
st

ra
te

an
y

ef
fe

ct
of

ac
ut

e
W

re
n

O
f

co
rt

iC
O

st
er

ol
d

ad
-

m
in

is
tr

at
io

n
on

th
e

ci
rc

ul
at

in
g

th
ro

rn
bo

cy
te

po
pu

ta
-

lio
n

of
br

ow
n

tr
ou

t
(P

ic
ke

rin
g

et
al

.,
19

82
:

P
uc

ke
rin

g.
19

84
).

M
or

eo
ve

r,
M

cL
ea

y
an

d
co

lle
ag

ue
s

co
ul

d
no

t
fin

d
an

y
ef

fe
ct

of
ch

ro
ni

c
st

re
ss

(e
xp

os
ur

e
to

po
llu

t-
an

ts
)

on
th

e
th

ro
m

bo
cy

te
s

of
ju

ve
ni

le
co

ho
sa

lm
on

(M
cL

ea
y

19
73

c;
M

cL
ea

n
IS

B
ro

w
n.

19
74

)
an

d,
de

sp
ite

sh
ow

in
g

th
at

A
C

T
H

an
d

de
xa

m
et

ha
so

ne
(b

ut
no

t
co

r-
lis

ol
)

co
ul

d
ca

us
e

th
ro

m
bo

cy
lo

pe
ni

a
(is

cl
ea

y.
19

73
a,

b)
,

w
er

e
un

ab
le

to
co

rr
el

at
e

se
as

on
al

va
ria

tio
n

In
th

ro
m

bo
cy

te
nu

m
be

rs
w

ith
ad

en
oc

or
tic

al
ac

tiv
ity

(M
cL

ea
y.

19
75

).
H

ow
ev

er
,

ch
ro

ni
c

cr
ow

di
ng

st
re

ss
ca

us
ed

a
m

ar
ke

d
an

d
pr

ol
on

ge
d

re
du

ct
io

n
In

th
e

ci
r-

cu
la

tin
g

th
ro

rr
es

oc
yt

e
co

un
t

of
bo

th
br

ow
n

tr
ou

t
an

d
ra

in
bo

w
tr

ou
t

(P
ic

ke
rin

g
8

P
ot

tin
ge

r.
19

87
b)

th
er

eb
y

su
gg

es
tin

g
th

at
th

is
ty

pe
of

ch
ro

ni
c

st
re

ss
m

ig
ht

im
-

pa
ir

th
e

cl
on

in
g

pr
oc

es
s

in
sa

lm
on

ld
fis

h.
If

so
,

th
is

di
ffe

rs
fr

om
th

e
re

S
po

nS
e

to
ac

ut
e

st
re

ss
be

ca
us

e
C

a-
sa

le
s

&
S

m
ith

(1
97

7)
no

te
d

a
th

re
ef

ol
d

In
cr

ea
se

In
th

ro
m

bo
cy

te
nu

m
be

rs
an

d
a

de
cr

ea
se

In
th

e
do

tti
ng

tim
e

In
ra

in
bo

w
tr

ou
t

Im
m

ed
ia

te
ly

af
te

r
an

ac
ut

e
st

re
ss

,
a

re
sp

on
se

w
hi

ch
ap

pe
ar

s
to

be
of

ad
ap

tiv
e

si
gn

ifi
ca

nc
e.

F
br

in
ol

ys
iS

,
th

e
pr

oc
es

s
of

cl
ot

di
ss

ol
-

ut
io

n,
m

ay
al

so
be

In
flu

en
ce

db
y

en
vi

rO
nM

en
ta

l
st

re
ss

.
T

hu
s,

W
oo

dw
ar

de
t

al
.

(1
97

9)
bo

un
d

th
at

ra
pi

dd
ec

om
-

pr
es

si
on

st
re

ss
ac

ce
le

ra
te

d
lib

rin
dy

si
s

in
fin

ge
rli

ng
sa

lm
on

,
a

pr
oc

es
s

th
at

co
ul

d,
un

de
r

ce
rt

ai
n

ci
rc

um
-

st
an

ce
s.

an
ta

go
ni

se
th

e
su

cc
es

s
of

cl
ot

fo
rm

at
io

n.
In

m
am

m
al

s,
it

is
kn

ow
n

th
at

ad
re

na
l

co
ni

co
st

er
oi

ds
ca

n
en

ha
nc

e
th

e
ra

te
of

fib
rin

ol
yt

ic
ac

tiv
ity

(K
ee

le
&

N
ei

l.
19

71
)

bu
t

no
th

in
g

is
kn

ow
n

ab
ou

t
th

e
co

nt
ro

l
of

th
is

pr
oc

es
s

in
fis

h.
T

he
S

om
ew

ha
t

co
nf

lic
tin

g
ev

id
en

ce
lin

ki
ng

st
re

ss
w

ith
th

e
cl

ot
tin

g
pr

oc
es

s
In

fis
h

em
ph

a-
si

ze
s

th
e

ne
ed

lo
r

fu
rt

he
r

re
se

ar
ch

in
th

is
ar

ea
.

C
lo

t
fo

rm
at

io
n.

an
im

m
ed

ia
te

m
ec

ha
ni

sm
fo

r
re

du
ci

ng
bl

oo
d

lo
ss

an
d

se
at

in
g

th
e

w
ou

nd
,

is
fo

llo
w

ed
by

tis
su

e
re

pa
ir.

In
ca

se
s

of
m

in
or

,
su

pe
rf

ic
ia

l
in

ju
ry

to
fis

h
th

er
e

is
a

ra
pi

d
m

ig
ra

tio
n

of
M

al
pi

gh
ia

n
ce

lls
ov

er
th

e
da

m
a-

ge
d

ar
ea

w
hi

ch
,

in
th

e
pl

ai
ce

,
is

no
t

ac
co

m
pa

ni
ed

by
an

im
m

ed
ia

te
in

cr
ea

se
in

ep
id

er
m

al
m

ito
tic

ac
tiv

ity
(B

ul
lo

ck
el

al
.,

19
78

).
H

ow
ev

er
,

in
th

e
ca

se
of

m
or

e
se

ve
re

le
si

on
s,

it
O

di
f

fic
ul

t
to

se
ee

ho
w

tis
su

e
re

pa
ir

co
ul

d
be

af
fe

ct
ed

w
ith

ou
t

so
m

e
In

cr
ea

se
in

th
e

ra
te

of
m

ito
si

s
of

th
e

da
m

ag
ed

tis
su

es
.

T
he

im
m

ed
ia

te
co

n-
tr

ol
of

ep
id

er
m

al
m

ito
si

s.
by

m
ea

ns
of

an
an

tim
ito

tic
ch

em
ic

al
m

es
se

ng
er

(e
pi

de
rm

al
ch

al
on

e)
.

w
ou

ld
se

em
to

be
si

m
ila

r
th

ro
ug

ho
ut

th
e

ve
rt

eb
ra

te
se

rie
s

(B
ul

lo
ug

h
el

al
,

19
67

).
H

ow
ev

er
,

un
lik

e
th

e
si

tu
at

io
n

in
m

am
m

al
s,

lit
tle

is
kn

ow
n

ab
ou

t
th

e
ef

fe
ct

s
of

ci
rc

ul
a-

tin
g

ho
rm

on
es

on
th

is
sy

st
em

in
fis

he
s,

In
m

an
,

co
rt

i-
so

l
an

d
re

la
te

d
co

m
po

un
ds

In
la

rg
e

do
se

s
in

te
rf

er
e

w
ith

co
lla

ge
n

fo
rm

at
io

n
an

d
w

ou
nd

-h
ea

lin
g,

bu
t

ph
y-

si
ol

og
ic

al
or

sn
ai

l
th

er
ap

eu
tic

do
se

s
do

no
t

Im
pa

ir
he

al
in

g.
W

he
n

ap
pl

ie
d

to
pi

ca
lly

to
th

e
sk

in
,

co
rt

ic
os

te
ro

id
de

riv
at

es
m

ay
ev

en
pr

om
ot

e
he

at
in

g
in

m
an

y
ty

-
pe

s
of

de
rm

at
itd

s
by

su
pp

re
ss

in
g

th
e

In
fla

m
m

at
or

y
re

sp
on

se
.

H
ow

ev
er

In
ot

he
r

m
am

m
al

s.
It

ha
s

be
en

de
m

on
st

ra
te

d
th

at
lo

w
co

nc
en

tr
at

io
ns

of
ca

lis
ol

.
al

t-
ho

ug
h

ha
vi

ng
lit

tle
In

he
re

nt
an

tim
ito

tic
ac

tiv
ity

,
ca

n
P

ro
lo

ng
th

e
m

ito
tic

de
pr

es
si

on
in

du
ce

d
by

do
lo

ne
an

d
ad

re
na

lin
e

(B
ul

lo
ug

h
8

La
w

re
nc

e.
19

68
).

T
hu

s.
co

rt
ic

os
te

ro
ld

s
m

ay
ha

ve
an

in
di

re
ct

ph
ys

io
lo

gi
ca

l
ro

le
in

th
e

co
nt

ro
l

of
ep

id
er

m
al

m
ito

si
s.

A
s

fa
r

as
th

e
au

th
or

IS
aw

ar
e,

no
da

ta
ar

e
av

ai
la

bl
e

on
th

e
ef

fe
ct

s
of

co
rt

ic
os

te
ro

ld
s

on
m

ito
tic

ac
tiv

ity
In

th
e

fis
h

ep
id

er
m

is
an

d
on

e
ca

n
on

ly
sp

ec
ul

at
e

on
th

e
po

ss
ib

le
ef

fe
ct

s
of

st
re

ss
on

w
ou

nd
he

al
in

g.
H

ow
ev

er
,

it
is

in
te

re
st

in
g

th
at

In
an

ot
he

r
gr

ou
p

of
lo

w
er

ve
rt

eb
ra

te
s.

th
e

am
ph

ib
ia

ns
.

an
In

ve
rs

e
re

la
tiO

ns
hi

p
ha

s
be

en
fo

un
d

be
tw

ee
n

ep
i-

de
rm

al
m

ito
tic

ra
te

an
d

th
e

le
ve

l
of

pl
as

m
a

co
rt

ic
os

te
ra

id
s

(G
ar

ci
a-

A
rc

e
&

M
iz

el
l,

19
72

).
In

su
m

m
ar

y,
It

ha
s

be
en

sh
ow

n
In

th
is

se
ct

io
n

th
at

el
ev

at
ed

bl
oo

d
co

rd
S

O
..e

ve
.S

C
an

C
O

m
pr

O
m

is
el

he
de

-
fe

nc
e

of
fis

h
by

su
pp

re
ss

in
g

im
m

un
e

re
S

pO
ns

es
,

In
hi

-
bi

tin
g

in
fla

m
m

at
or

y
re

ac
tio

ns
en

d
ph

ag
pc

yl
os

is
an

d,
po

ss
ib

ly
,

by
re

ta
rd

in
g

w
ou

nd
he

al
in

g
pr

oc
es

se
s.

T
o

co
m

pl
et

e
th

ee
vi

de
nc

e
In

la
va

so
f

th
e

hy
po

th
es

is
th

at
th

e
pr

ed
is

po
si

tio
n

to
di

se
as

e
of

st
re

ss
ed

lis
h

is
la

rg
el

y
m

ed
ia

te
d

by
el

ev
at

ed
bl

oo
d

co
rt

ic
os

te
ro

ld
s,

It
ou

gh
t

to
be

po
ss

ib
le

to
in

cr
ea

se
th

e
In

ci
de

nc
e

of
di

se
as

e
in

fis
h

P
O

pu
la

tio
ns

by
co

rt
ic

os
te

ro
id

tr
ea

tm
en

t.
T

he
ne

xt
se

c-
tio

n
ex

am
in

es
th

e
ef

le
as

of
th

e
ad

m
in

is
tr

at
io

n
of

ex
o-

ge
no

us
co

rt
ic

os
te

ro
ld

s
on

th
e

m
od

al
ity

ra
te

an
d

in
ci

-
de

nc
e

of
di

se
as

e
In

ot
he

rw
is

e
tr

st
re

ss
ed

fis
h.

V
.

T
he

ef
fe

ct
of

co
rt

ko
st

er
ol

d
ad

m
in

is
tr

at
io

n
on

th
e

In
ci

de
nc

e
of

di
se

as
e

W
or

k
In

th
is

ar
ea

Is
ex

tr
em

el
y

lir
nI

te
d

an
d

so
m

e
of

th
e

ea
rli

er
st

ud
ie

s
m

us
t

be
cr

iti
ci

ze
d

on
th

e
gr

ou
nd

s
th

at
ei

th
er

th
e

de
gr

ee
of

C
at

ic
os

te
ro

ld
el

ev
at

io
n

In
th

e
bl

oo
d

w
as

n'
t

m
ea

S
ur

ed
O

r
lh

at
th

e
dO

S
es

w
er

e
°b

rie
-

,

C
an

n
•

-4
..

I
IL

•
I




•
•

.1
 

34
N

I

I

3.
34

1,
73

d
o

39
40



[1
!3

III
a

M
I

IS
el

0
O

r
A

ll
M

O
A

M
a

e
a

N
M

V
A

)
io

t
• I

V
3

u
s!

),
p

h
ar

m
ac

o
lo

g
ic

al
ra

th
er

th
an

p
h

ys
io

lo
g

ic
al

.
P

er
-

h
ap

s
th

e
m

o
st

ri
g

o
rO

u
s

o
f

th
e

ea
rl

y
st

u
d

ie
s

is
th

at
o

f
R

o
b

er
ts

o
n

et
aL

(1
96

3)
.

In
th

ei
r

st
u

d
y,

ra
in

b
o

w
tr

o
u

t
w

er
e

g
iv

en
in

tr
ap

er
it

o
n

ea
l

im
p

la
n

ts
co

n
si

st
in

g
o

f
a

m
ix

tu
re

o
f

co
rl

is
o

l
an

d
C

h
o

le
st

er
o

l
an

d
it

w
as

sh
o

w
n

th
at

a
p

ro
lo

n
g

ed
el

o
ra

ti
o

n
o

f p
la

sm
a

17
-h

yd
ro

co
rt

i-
co

st
er

o
id

s
(3

03
-2

00
0

n
g

m
r1

)
in

cr
ea

se
d

th
e

m
o

rt
a-

lit
y

n
at

e.
F

is
h

tr
ea

te
d

w
it

h
th

es
e

h
ig

h
d

o
se

s
lo

st
w

ei
g

h
t

ra
p

id
ly

an
d

d
ev

el
o

p
ed

ic
h

ty
o

p
th

ir
ie

si
s

(w
h

it
e

sp
o

t
d

is
ea

se
)

an
d

/o
r

kr
ig

al
in

fe
ct

io
n

.
R

o
th

(1
97

2)
co

n
fi

r-
m

ed
th

e
p

re
d

is
p

o
si

n
g

ef
fe

ct
o

f c
o

rt
is

o
l

o
n

fu
n

g
al

In
fe

c-
ti

o
n

s
(i

n
th

is
ca

se
in

th
e

w
h

it
e

su
ck

er
.

C
at

as
to

m
u

s
co

m
m

en
o

n
l

co
rn

n
w

n
o

n
g

b
u

t
fr

o
m

th
e

pr
ed

ic
te

d
le

-
ve

ls
of

co
rt

ic
o

st
er

o
id

s
in

th
e

b
lo

o
d

ft
,2

0,
00

3
ri

g
m

r
1)

th
is

in
ve

st
ig

at
io

n
ca

n
o

n
ly

b
e

d
es

cr
ib

ed
as

p
h

ar
m

ac
o

-
lo

g
ic

al
.

M
cC

ar
th

y
(1

97
7)

u
se

d
a

co
m

b
in

at
io

n
o

l
th

e
sy

n
th

et
ic

st
er

o
id

p
re

d
n

is
o

lo
re

ac
et

at
e

an
d

h
ea

t
st

re
ss

to
id

en
ti

fy
ca

rr
ie

r
fi

sh
In

fu
ru

n
cu

lo
si

s
st

u
d

ie
s

al
th

o
u

g
h

n
o

rn
ea

su
re

m
en

ts
o

f
p

la
sm

a
co

rt
ic

o
st

er
o

id
le

ve
ls

w
er

e
m

ad
e.

F
o

llo
w

in
g

a
se

ri
es

o
f

st
u

d
ie

s
o

n
th

e
b

ro
w

n
tr

o
u

t
tO



d

ef
in

e
th

e
p

h
ys

io
lo

g
ic

al
ra

n
g

e
fo

r
p

la
sm

a
co

n
is

o
l

le
-

F
ig

. 4
. S

ca
n

n
in

g
el

ec
tr

O
n

m
ia

cg
ra

p
h

of
th

e
ca

ra
t*



no

us
fin

-r
ay

of
a

br
ow

n
tr

ou
t

w
ith

se
ve

re
fin

ro
t.

N
ot

e

th

e
d

am
ag

e
ca

n
te

d
b

y
th

e
la

rg
e

nu
m

be
r

of
ad

he
re

nt

ex
po

se
d

to
lo

w
pH

w
ire

st
ir—

80
ng

m
1-

1)
3

w
ee

ks
af

te
r t

he
on

se
to

f a
dd

ifi
ca

tio
ni

nd
ee

d.
in

fu
ng

al
4

nf
ac

-
te

d
S

ew
n

tr
o

u
t

b
lo

o
d

co
rn

ed
le

ve
ls

m
ay

ex
ce

ed
60

0
n

g
m

r1
(P

ic
ke

rin
g

a
G

h
ar

ed
ie

.1
98

1)
.

S
ln

ce
o

ls
tn

iti
al

st
ud

y
on

th
e

br
ow

n
tr

ou
t

W
oo

et
at

(1
98

7)
ha

ve
C

O
n

-
fi

rm
ed

th
at

ex
p

er
im

en
ta

lly
-l

n
ac

ed
el

ev
at

io
n

s
o

f
b

lo
o

d
C

an
n

o
t

ta
n

te
o

f
a

S
im

ila
r

m
ag

n
it

u
d

e
ca

n
pr

e-
di

sp
os

e
ra

in
bo

w
tr

ou
t

to
di

se
as

e.
In

th
ei

r
st

ud
y,

co
rt

l-
ao

l I
m

pl
an

ta
tio

n
in

cr
ea

se
d

th
e

m
or

ta
lit

y
of

fis
h

ex
pe

-
rim

en
ta

lly
In

fe
ct

ed
w

ith
th

e
he

er
na

tia
ge

ha
te

,
C

ry
pt

o-
bl

a
an

d
th

ey
w

er
e

al
so

ab
le

to
sh

ow
th

at
th

e
st

er
oi

d
tr

ea
tm

en
t s

ig
ni

fic
an

tly
de

pr
es

se
d

th
e

ci
rc

u-
la

tin
g

an
tib

od
y

lit
re

s.

N
on

-s
al

m
on

id
fis

h
al

so
se

w
n

to
be

se
ns

iti
ve

to
th

e

ef

fe
ct

s
O

fc
or

tio
nt

em
ed

tr
ea

tm
en

t
U

si
ng

in
ha

pe
rit

0-



ne
al

in
je

ct
io

ns
of

th
e

sy
nt

he
tic

co
nk

:a
st

er
oi

d,
M

em
el

-

ve
ts

in
u

n
st

re
ss

ed
I i

sh
. a

cu
te

ly
st

re
ss

ed
fi

sh
an

d
ch

ro
-

n
ic

al
ly

st
re

ss
ed

fi
sh

,
w

e
in

it
ia

te
d

an
in

ve
st

ig
at

io
n

in
to

th
e

ef
fe

ct
s

o
l

ch
ro

n
ic

el
ev

at
io

n
o

f
b

lo
o

d
co

rt
is

o
l

w
it

h
in

th
e

P
h

ys
io

lO
g

ic
al

ra
n

g
e

fo
r

th
e

sp
ec

ie
s.

o
n

th
e

in
ci

d
en

ce
o

f
th

o
se

d
is

ea
se

s
co

m
m

o
n

th
ro

u
g

h
o

u
t

th
e

aq
u

ac
u

lt
u

re
in

d
u

st
ry

(P
ic

ke
ri

n
g

&
D

u
st

o
n

.
19

83
).

F
is

h
w

er
e

g
iv

en
ex

o
g

en
o

u
s

co
rt

is
o

l
ei

th
er

o
ra

lly
(b

y
n

co
r-

P
O

ra
ti

n
g

th
e

h
o

rm
o

n
e

in
to

th
e

n
o

rm
al

d
ie

t
o

f
th

e
I i

sh
)

o
r

b
y

sl
o

w
-r

el
ea

se
in

tr
ap

en
to

n
ea

l
im

p
ta

n
n

an
d

w
er

e
th

en
ex

p
o

se
d

n
at

u
ra

lly
to

p
at

h
o

g
en

s
in

th
e

in
co

m
in

g
w

at
er

(u
n

tr
ea

te
d

la
ke

w
at

er
).

In
b

o
th

ca
se

s.
co

n
is

o
f

tr
ea

tm
en

t
si

g
n

if
ic

an
tl

y
in

cr
ea

se
d

th
e

in
ci

d
en

ce
o

f
fu

n
-

g
al

in
fe

ct
io

n
(S

ap
ro

le
g

n
la

d
el

in
a

T
yp

e
I

—
P

ic
ke

ri
n

g
&

W
ill

o
u

g
h

b
y.

19
82

)
b

ac
te

ri
al

fi
n

-r
o

t
(F

ig
.

4)
an

d
fu

-
ru

n
cu

lo
si

s.
It

w
as

co
n

cl
u

d
ed

th
at

ch
ro

n
ic

el
ev

at
io

n
o

f
b

lo
o

d
co

n
is

o
l

le
ve

ls
w

it
h

in
th

e
ra

n
g

e
30

-1
30

n
g

m
r

1)
w

as
su

f f
ic

ie
n

t
to

p
re

d
is

p
o

se
th

e
fi

sh
to

d
is

ea
se

.
S

u
ch

p
la

sm
a

le
ve

ls
o

f
th

e
h

o
rm

o
n

e
ar

e
w

el
l

w
it

h
in

th
e

p
h

y-
si

o
lo

g
ic

al
ra

n
g

e
fo

r
sa

lm
o

n
id

fi
sh

(i
.e

.
le

ve
ls

w
h

ic
h

ca
n

b
e

p
ro

d
u

ce
d

an
d

m
ai

n
ta

in
ed

b
y

th
e

ac
ti

vi
ty

o
f

th
e

fi
sh

's
(-

tP
l

ax
is

).
F

o
r

ex
am

p
le

.
B

ro
w

n
et

el
.

(1
98

4)
fo

u
n

d
th

at
th

e
b

lo
o

d
co

rt
is

o
l

le
ve

ls
o

f
ra

in
b

o
w

tr
o

u
t

ba
ct

er
ia

(b
ar

M
e

-1
0

um
).

0n
rig

ht
hi

gh
po

w
w

vi
ew

of
th

e
m

at
of

ro
d-

sh
ap

ed
ba

ct
er

ia
co

lo
ni

zi
ng

th
e

fin
-r

ay
(b

ar
lin

e
-2

ur
n)

.

no
lo

ne
ac

et
on

kl
e,

H
ou

gh
to

n
&

M
at

th
ew

s
(1

98
6)

w
er

e
ab

le
to

ov
er

co
m

e
th

e
de

fe
nc

e
sy

st
em

s
of

Ju
ve

ni
le

m
ir-

ro
r

ca
rp

,
C

yp
rin

us
ca

ro
b,

im
m

un
iz

ed
ag

ai
ns

t
ic

ht
hy

-
op

ht
hl

ria
tis

.
S

h
ed

d
-t

re
at

ed
,

im
m

u
n

iz
ed

fi
sh

sh
o

w
ed

a
m

ar
ke

d
in

C
re

as
e

In
th

e
m

o
rt

al
it

y
ra

te
af

te
r

ex
p

o
su

re
to

a
p

o
te

n
ti

al
ly

le
th

al
d

o
es

01
Ic

h
th

yo
p

la
h

h
iu

s
th

e-
fo

n
ts

w
h

en
co

m
p

ar
ed

w
it

h
sa

lin
e-

in
le

ct
ed

,
Im

m
u

n
iz

ed
co

nt
ro

l
fis

h.
La

ck
of

in
fo

rr
m

tio
n

ab
ou

t
th

e
re

la
tiv

e
po

te
nc

y
of

tr
ia

m
ci

no
to

ne
ar

te
tO

rt
id

e
in

th
is

re
sp

ec
t

m
ak

es
it

di
ffi

cu
lt,

h
o

w
ev

er
,

43
C

o
m

m
en

t
o

n
th

e
re

le
-

va
nc

e
of

th
e

dO
se

O
fS

te
ro

id
us

ed
.

In
a

fu
rt

he
r

st
ud

y
on

th
e

br
aw

n
tr

ou
t

(P
ic

ke
rin

g
&

P
ot

tin
ge

t
19

85
)w

e
w

er
e

ab
le

to
sh

ow
th

at
th

e
ch

rO
nI

C
el

ev
at

io
n

of
pl

as
m

a
co

rt
is

ol
le

ve
t

fr
om

a
ba

se
-li

ne
of

1-
4

rig
m

1-
1)

to
on

ly
10

ng
m

1-
1)

w
as

su
ffi

ci
en

t
to

in
cr

ea
se

th
e

su
sc

ep
tib

ili
ty

of
th

e
fis

h
to

a
ra

ng
e

of 41

n
at

u
ra

lly
-o

cc
u

rr
in

g
p

at
h

o
g

en
s:

In
te

re
st

in
g

ly
in

th
is

st
u

d
y,

as
in

th
at

o
f

W
o

o
et

al
.

(1
98

7)
.

th
e

d
o

se
o

f
co

rt
is

o
l

u
se

d
w

as
n

o
t

su
ff

ic
ie

n
t

to
d

ep
re

ss
th

e
C

o
n

C
en

-
b

at
o

n
o

f
ci

rc
u

la
ti

n
g

ly
m

p
h

o
cy

te
s

ev
en

th
o

u
g

h
it

co
-

u
ld

st
ill

p
re

d
is

p
o

se
so

m
e

o
f

th
e

lis
h

w
it

h
in

th
e

p
o

p
u

la
-

ti
o

n
to

d
is

ea
se

.
F

ig
.

5
p

re
se

n
ts

th
e

re
su

lt
s

o
f

se
ve

ra
l

o
0"



so

n
o

u
n

ae
ro

so
l

n
o

fa
r'

F
ig

.
5.

E
ffe

ct
of

ch
ro

n
ic

el
ev

at
io

n
O

f
P

la
sm

a
w

el
d

le
ve

ls
b

y
m

ea
n

s
o

f
sl

o
w

-r
el

ea
se

Im
p

la
n

te
o

n
th

e
m

al
e-

lit
y

ra
te

o
f

br
ow

n
tr

ou
t

M
or

ta
lit

y
ra

te
a

an
d

co
al

ed
le

ve
ls

w
er

e
m

on
ito

re
d

fo
r

5-
10

w
ee

ks
an

d
ca

u
se

e
C

4
d

ea
th

In
cl

u
d

ed
S

ap
ro

le
g

n
la

In
fe

ct
io

n
,

fu
ru

n
cu

lo
d

s-
an

d
fi

n
-r

o
t

V
al

u
es

ar
e

w
ee

kl
y

m
ea

n
S

*
S

E
M

.

ex
p

er
im

en
ts

in
w

h
ic

h
w

e
h

av
ec

h
ro

n
lc

al
ly

el
ev

at
ed

th
e

b
lo

o
d

C
o

rt
is

o
l

le
ve

ls
o

f
b

ra
w

n
tr

o
d

b
y

m
ea

n
s

o
f

sl
o

w
-

re
le

as
e

in
tr

ap
er

ito
ne

al
im

pl
an

ts
an

d
sh

ow
s

th
at

th
e

m
or

ta
lit

y
ra

te
(a

sa
re

su
lt

o
f

d
is

ea
se

)
b

p
o

si
ti

ve
ly

co
n

e-
la

te
d

w
it

h
th

e
m

ea
n

b
lo

o
d

co
rt

is
o

l
le

ve
l.

It
is

cl
ea

r
fr

o
m

th
is

th
at

sh
ou

td
a

gr
ou

p
of

fa
h

no
t

ac
cl

im
at

e
to

a
ch

ro
ni

c
eq

ua
ad

tu
ra

l
st

re
es

,
pr

ol
on

ge
d

el
ev

at
io

n
of

bl
oo

d
co

rt
is

ol
te

ve
ts

w
ill

In
ev

ita
bl

y
in

cr
ea

se
th

e
in

ci
-

de
nc

e
di

se
as

e
w

ith
in

th
e

po
pu

la
tio

n.
F

ur
th

er
m

or
e.

ev
en

th
ou

gh
fis

h
po

pu
la

tio
ns

do
no

rm
al

ly
ac

cl
im

at
e

to
ch

ro
ni

c
en

vi
ro

nm
en

ta
l

st
re

ss
es

(s
ee

S
ec

tio
n

U
l).

th
e

pe
rio

d
of

el
ev

at
ed

bl
oo

d
co

rt
lo

as
te

ro
id

s
pr

io
r

to
ac

e-
°m

ut
to

n
is

a
F

et
ed

of
In

cr
ea

se
d

vu
ln

er
ab

ili
ty

.
T

h
u

s,
ch

ro
n

ic
co

re
ed

el
ev

at
io

n
In

st
re

ss
ed

sa
lm

o
rt

ld
fi

sh
co

u
ld

be
us

ed
as

a
po

te
nt

ia
l

in
di

ca
to

r
of

di
se

as
e

su
s-

ce
pt

ib
lit

y.

V
L

O
th

ee
fa

ct
o

n
ic

ap
rb

le
o

f p
re

d
is

p
o

si
n

g
fi

sh
lo

d
b

ea
se

In
th

is
p

en
u

lt
im

at
e

se
st

io
n

,
tw

o
o

th
er

le
ct

or
s

w
hi

ch
ha

ve
a

m
ar

ke
d

In
flu

en
ce

on
th

e
ab

ili
ty

of
fis

h
to

re
si

st
pa

th
og

en
ic

ch
al

le
ng

e
w

ill
be

br
ie

fly
m

ol
de

re
d.

T
he

se
ar

e
th

e
pr

oc
es

s
of

se
st

a!
m

at
ur

at
io

n
in

sa
lts

*.
ni

d
fa

h
an

d
th

e
st

at
e

of
nu

tr
iti

on
.

a)
S

ex
ua

l M
at

ur
at

io
n

A
s

fis
h

fa
rm

er
s

ar
e

al
l

to
°

aw
ar

e,
se

xu
al

ly
m

at
ur

e
sa

lm
on

id
fis

h
ar

e
m

uc
h

m
or

e
su

sc
ep

tib
le

th
an

In
t:n

a-
tu

re
fo

h
to

di
se

as
e,

pu
tic

ul
ad

y
to

fu
ng

al
an

d
pa

ra
si

tic
In

fe
st

at
io

ns
O

f
th

e
in

te
gu

m
en

t
T

hi
s

os
cu

ra
in

bo
th

42

se
xe

s
al

th
o

u
g

h
th

e
p

ro
b

le
m

is
u

su
al

ly
g

re
at

es
t

in
m

a-
tu

re
m

at
e

fi
sh

.
W

e
h

av
e

sh
o

w
n

th
at

se
xu

al
ly

m
at

u
re

m
al

e
b

ro
w

n
tr

o
u

t
ar

e
m

o
re

fr
eq

u
en

tt
y

o
r

m
o

re
se

ve
re

ly
in

fe
st

ed
b

y
lc

h
th

yo
p

h
th

kl
u

s,
S

cy
p

N
d

la
,

G
yr

o
d

ac
ty

fu
s

an
d

S
ap

ro
le

g
n

ia
th

an
ar

e
im

m
at

u
re

fi
sh

o
r

se
xu

al
ly

m
at

u
re

fe
m

al
e

I i
sh

(P
ic

ke
ri

n
g

&
C

h
ri

st
ie

.
i9

80
).

S
im

i-
la

rl
y.

P
al

in
g

(1
96

5)
ob

se
rv

ed
a

g
re

at
er

in
ci

d
en

ce
o

f
in

fe
st

at
io

n
b

y
th

e
m

o
n

o
g

en
ea

n
.O

ls
co

co
ty

le
sa

g
It

ta
ta

.
in

se
xu

al
ly

m
at

u
re

m
al

es
fr

o
m

a
n

at
u

ra
l

P
o

p
u

la
ti

o
n

o
f

b
ro

w
n

tr
o

u
t

an
d

R
o

b
er

ts
o

n
(1

97
9)

h
as

sh
ow

n
th

at
se

xu
al

m
at

u
ra

ti
o

n
in

fa
rm

ed
ra

in
b

o
w

tr
q

u
t

is
as

so
ci

a-
te

d
w

it
h

an
In

cr
ea

se
in

su
sc

ep
ti

b
lit

y
to

th
e

fl
ag

el
la

te
,

Ic
h

th
yb

o
d

o
(F

ig
.

6)
.

F
lg

. 8
. U

pp
er

—
se

ve
re

in
fe

st
at

io
n

O
H

M
ep

id
er

m
is

of
th

e
br

ow
n

tr
ou

t
by

th
e

fla
ge

lla
te

pr
ot

oz
oa

n,
Ic

ht
hy

-
ob

od
o

(b
ar

lin
e

10
0

um
)

Lo
w

er
—

hi
gh

po
w

er
sh

ow
in

g
th

e
at

ta
ch

m
en

t
of

le
o

pa
ra

si
te

s
to

ad
O

ce
nt

ep
id

er
m

al
ce

lls
(b

ar
lin

e
10

ur
n)

.

T
he

ph
ys

io
lo

gi
ca

l
m

ec
ha

nt
w

ns
be

hi
nd

th
is

re
sp

on
se

ap
pe

ar
to

be
tw

ol
oi

l
F

irs
tly

, t
he

ta
te

r s
ta

ge
s

ot
se

xu
al

m
at

ur
at

io
n

ar
e

as
so

ci
at

ed
in

bo
th

sa
xe

s
w

it
h

ch
an

g
es

w
h

ic
h

p
ar

al
le

l
th

os
e

ex
hi

bi
te

d
bu

rs
tr

es
se

d
fi

sh
.

T
h

u
s,

th
er

e
is

a
p

ro
lo

n
g

ed
el

ev
at

io
n

O
f

b
lO

o
d

co
n

tr
o

l
le

ve
ls

(P
ic

ke
rin

g
&

C
hr

is
tie

,
19

81
:

P
ic

ke
rin

g
&

P
ot

tin
ge

t
19

86
)

co
up

le
d

w
ith

a
pr

on
ou

nc
ed

ty
m

ph
oc

yl
op

en
ia

(P
ic

ke
rin

g,
19

86
).

F
ro

m
th

e
O

ra
ce

d1
19

ev
id

en
ce

it
w

o-
ul

d
se

em
th

at
th

es
e

ch
an

ge
t

al
on

e
ar

e
su

ffc
le

nt
to

co
m

pr
om

is
e

bo
th

sp
ec

ifi
c

an
d

no
n-

sp
ec

ifi
c

co
m

po
-

ne
nt

s
of

th
e

fis
h'

s
de

fe
nc

e
S

ys
te

m
.F

ur
th

er
m

ec
e,

K
at

z
&

S
ou

th
w

ar
d

(1
95

0)
de

m
on

st
ra

te
d

th
at

sa
lm

on
un

-
de

rg
oi

ng
sp

aw
ni

ng
st

re
ss

ha
d

C
O

ns
id

er
ab

ly
le

ng
th

e-
ne

d
bl

oo
d-

cl
ot

tin
g

tim
es

w
he

n
co

m
p

ar
ed

tO
P

re
sP

ea
l-

ne
m

, a
ga

in
In

di
ca

tiv
e

O
fa

n
br

ca
lre

d
de

fe
nc

es
ys

te
m

.



4113
a

a
M

I
E

ll
1111

1111
IS

M
IN

10
IS

S
eco

n
d

ly.
sexu

al
m

atu
ratio

n
in

th
e

m
ale

fish
is

ac-
co

m
p

an
ied

b
y

an
an

d
ro

g
en

-d
ep

en
d

en
t

lo
ss

o
f

m
u

cu
s-

secretin
g

g
o

b
let

cells
(P

o
ttin

g
er

&
P

ickerin
g

.1985a.b
).

It
a

su
g

g
ested

th
at

th
is

exacerb
ates

th
e

existin
g

p
ro

-
b

lem
s

o
f

co
rtiso

l-in
d

u
ced

ch
an

g
es

in
d

isease
su

scep
-

tib
ility

an
d

acco
u

n
ts

fo
r

m
u

ch
o

f
th

e
o

b
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p
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b
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d
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b
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d
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m
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p
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d
eficien
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d
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d
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p
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b
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f
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b
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b
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p
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p
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d
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d
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b
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b
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p

h
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b
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rep
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p
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s
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term
s

o
l

en
erg

y
m

o
b
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p
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d
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itio
n

s
o

f
ch

ro
n

ic
stress,

h
o

w
ever,

th
e

d
eb

ilitatin
g

effects
o

f
p

ro
lo

n
g

ed
co

n
iso

l
elevatio

n
resu

lt
in

a
m

arked
p

red
isp

o
sitio

n
to

d
isease.

In
su

ch
cases

th
e

fish
m

u
st

u
ltim

ately
accli-

m
ate

to
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b
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d
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p
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b
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p
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p
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b
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b
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b
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p
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b
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b
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p
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b
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b
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d
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d
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d
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b
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b
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l
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p
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h

is
critical

co
m

m
en

ts
o

n
th

e
m

an
u

scrip
t.
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p
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C
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M
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A
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A
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E
N

D
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C
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O
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G

Y
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310-321
(1989)

C
O

R
T

ISO
L

A
N

D
R

E
PR

O
D

U
C

T
IO

N
IN

T
R

O
U

T
3

I
1

S
tress

is
a

w
ell-recognised

suppressor
of

reproductive
function

in
m

am
m

als
(S

tephens,
1980;M

oberg,
1985;A

rm
strong,

1986).T
here

is
considerable

evidence
from

adm
inistration

studies
that

corticosteroids
can

m
ediate

this
phenom

enon.
C

orticoste-
naidchaye

been
found

to
have

effects
at

the
level

of\the
hypothalam

us
(T

hibier
and

R
olland,

1976),
the

pituitary
gland

(W
elsh

and
Johnson.1981;M

anna
at,

1982),and
the

gonads
them

selves
(B

am
bino

and
H

sueh,
1981;

S
apolsky,

1985).
In

general,
the

effect
of

corticosteroid
is

to
suppress

the
secretion

of
the

various
releasing

fac-
tors

or
horm

ones.
S

tress-induced
suppres-




sions
of

reproductive
functions

have
also

been
observed

in
birds

(S
iegel,

1980),
rep-

tiles
(Lance

and
E

lsey,
1986),and

am
phib-

ians
(Licht

etat,
1983,M

oore
and

Z
oeller,

1985).T
he

effect
of

corlicosteroid
adm

inis-
tration

on
reproductive

param
eters

in
tw

o
of

these
groups

has
also

been
described:

birds
(W

ilson
and

F
ollett,

1976;D
eviche

et
at,

1979;P
etitte

and
E

tches,
1988)and

am
-

phibians
(M

oore
and

Z
oeller,

1985;
K

up-
w

aide
and

S
aidapur,1987).

In
all

of
these

studies,
adm

inistration
of

corticosteroid
had

a
significant

deleterious
effect

on
re-

productive
function.

T
here

is
presently

only
very

lim
ited

pub-

lished
inform

ation
on

the
effects

of
either

stress
or

corticosteroids
on

reproductive
function

in
teleosts

(see
B

illard
et

al..
1981;

P
ickering

et
al..

1987a;
S

um
pter

et
al.,

1987;S
afford

and
T

hom
as,

1987).O
ur

pre-
vious

w
ork

(Pickeringetal.,
I987a)show

ed
that

chronically
stressed

sexually
m

ature
m

ale
brow

n
trout

had
elevated

plasm
a

cor-
tisol

levels
and

that
this

w
as

accom
panied

by
a

suppression
of

plasm
a

testosterone
and

11-ketotestosterone
levels.

F
urther-

m
ore,

w
e

also
dem

onstrated
that

an
acute

stress
(duration

I
hr)

elevated
plasm

a
A

C
T

H
and

cortisol
levels,

but
tem

porarily
suppressed

the
plasm

a
levels

of
both

andro-
gens.

H
ow

ever,
the

plasm
a

gonadotropin
level

w
as

tem
porarily

increased.
E

xoge-
nous

adm
inistration

of
cortisol

to
brow

n
tro

u
t,

S
alm

o
m

in
a,

is
know

n
to

increase
the

susceptibility
of

the
fish

to
disease

(P
ickering

and
D

uston,
1983),but

its
effects

on
reproduction

are
ototknow

n.
T

he
present

study
W

asdesigned
to

inves-
tigate

w
hether

elevated
plasm

a
cortisol

lev-
els

could
have

been
responsible

for
the

ef-
fects

on
reproductive

endocrinology
ob-

served
in

our
previous

studies.
T

o
this

end,
sexually

m
aturing

brow
n

and
rainbow

trout
w

ere
given

cortisol-releasing
im

plants,
and,

after
a

period
of

tim
e,

a
w

ide
range

of
re-

productive
param

eters
w

as
assessed.

M
A

T
E

R
IA

LS
A

N
D

M
E

T
H

O
D

S

&
p

ed
im

en
tal

fah
.

T
he

brow
n

troutused
for

this
"L

udynere
of

the
D

unsopB
ridgestrainand

had
been

keptatthe
W

inderm
erehatcherysince

beingbrought
in

as
I+

fish
theprm

iousyear.T
herainbowtrout(I

+
(Ish,C

loanstrain)w
ereraisedoo

site
from

eyed
con.

T
he

brow
ntroutsam

pledw
ereallm

aturingfuh,
sex

ratio(8:9)
of

1.4:1.T
he

rainbow
trout w

elt
•

year
younger,and

thepopulationconsistedof
m

aturem
ale

fish
and

im
m

aturefish
ofboth

sexes,w
ith

•
sex

ratio
of

1.75:1.Sixty-fivepaccatofm
alerainbowtroutw

ere
m

aturing
F

ult
w

ere
keptoutside

in
15004itercinarlartanks

suppliedw
ith

35
litersm

io-' W
m

desm
ere

lake
w

ater
(tem

peraturerange11.7-16S)
and

w
ere

fed
duly

at
recom

m
endedrale.E

ightybrow
n

'nig
nee

divided
am

assfourtanks(tw
o

tankscontrol,tw
o

tankscorti-
sol-treated).R

ainbowtroutw
eresim

ilarlydistdbuted


am
ongfourtanksbutata

densityof
50

fish
pertank.

T
W

Q
w

eeks
w

ere
allow

ed
forthe

fish
to

recoverfrom
handlingstressand

acclim
ateto

the
conditions(P

ick-
ering

et
al.,

1982)beforethe
experim

entcom
m

enced.
Im

p
lan

tatio
n

.
F

ish
w

ere
anaesthetized

using
2-

phenoxyahanol(Sigm
a,1:2000).C

ontrolfish
received

0.5
m

lm
olten

(401
cocoa

butterasan
intraperitoneal

injection,cortisol-im
plantedfish

receiveda
sim

ilarin-
jection

butcontainingcortisolata
concentrationof60

m
g

kg-
3fish.T

hc
solidifiedcocoa

butterpelletactsas
a

slow
release

im
plantover

severalw
eeks

(see
P

ick-
eringand

D
uston

(1983)fordetails).
S

am
p

lin
g

.
Im

m
ediatelyafter

netting,the
fish

w
ert

anaesthetized
and

blood
w

as
taken

from
the

caudal
vessels

using
a

heparinizedsyringeand
kepton

ice
untilcentrifugation.F

ish
w

erew
eighedand

m
easured

and
then

killedby
spinalsection.G

onadsfrom
m

ature
fish

w
ereexcised

and
w

eighed,and
thepituitarygland

w
as

rem
oved

and
frozen.P

lasm
aw

as
stored

frozen
priorto

radioim
m

unoassay(R
E

A
).

R
ad

io
im

m
u

n
o

assays.
M

ost
horm

ones
w

ere
m

ea-
sured

using
established,previously

validated
itlA

s,
thedetailsof

w
hichhavebeen

published.C
ortisolw

as
determ

inedaccordingto
P

ickering et
al.

(1987b).T
es-

tosteroneand
II-ketotestostcronew

ere
m

easuredas
described

L
nP

ottingerand
P

ickering(1915),butusing
the

antisera
m

entioned
in

P
ickering

et
al.

(1987a).
17o.2013-D

ilydroxy-4-pregnen-3-one
(170,2013-P

)w
as

determ
inedasdescribedby

Scott
et

al.
(1982).except

thatethylacetateextractionsof
plasm

asw
ere

m
ade.

17B
-O

esuadiolw
as

m
easured

using
the

sam
e

basic
m

ethodologyas
adopted

for
the

othersteroid
assays.

Steroidsw
ereextracted

from
plasm

ausingethylace-
tate,duplicatealiquotsof

w
hich

w
ere

evaporated
in

assay
tubes

before
being

redissolvedin
100

pl
assaY

buffer.L
abel(approxim

ately10.0)0
dolls2,4,6,7,16.

174'rn
catradiol,

A
raw

akan,International)andanti-
body,in

separate
I00-plaliquots.w

ere
then

added.
T

ubesw
ereincubatedovernightat4

and
sepam

tionof
free

and
boundradiolabelw

as
achievedw

ith
dextran-

coated
charcoal.T

heantibodyw
askindlyprovidedby

D
r.Z

.Y
aroa(T

elA
viv,Israel).T

hedetection
lim

itof
the

assay
(takalas

10%
depressionofm

axim
um

bind-
ing)

w
as

8.6
a

1.7
pg

m
1-1

(n
w

5).
E

thyl
acetate

extractionsof plasm
asdilutedparallelto

the
standard.

T
he

gooadotropinassay
is

fully
descrlbedin

P
icker-

.
M

g
er

al.
(1987a)and

Sum
pterand

Scott
(1989);the

assay
preferentially detects

the
gonadotropinreferred

w
as

eitherG
T

E
IIor

m
aturationaland

ovulatorygo-
nadotropin

(see
Sum

pter
and

Scott
(1989)

(or
full

details).K
aunasw

ere
diluted

1
in

2
beforeasny.

P
i-

tuitaryglandsw
ere

hom
ogenisedin

assay
bufferand

diluted
appropriatelyto

dm
eanine

pituitarygooado-
tropin

cooked.
R

ainbow
troutvitellogeninw

as
m

ea-
sured

asdesaM
ed

in
Sum

pter(1985)and
C

opeland a
al.

(1986)and
brow

n
troutvilellogeninw

as
m

easured
usingthe

hom
ologousassay

describedin
M

othersand
H

ata
(1988).W

ethankD
r.B

.M
others(A

ustevollM
a-

T
he

D
eleterious

E
ffects

of
C

ortisol
Im

plantation
on

R
eproductive


F
unction

in
T

w
o

S
pecies

of
T

rout,
S

alm
o

trutta
L.

and

S

alm
o

gairdneri
R

ichardson

J.
F

.
C

A
R

R
A

G
H

E
R

,
LP

.
SU

M
PT

E
R

,
T

.
G

.
PO

T
T

IN
G

E
R

,`
A

N
D

A
.

D
.

PIC
K

E
R

JN
G

•

D
ep

artm
en

t
o

f
B

io
lo

g
y

an
d

B
io

ch
em

istry.
B

ru
n

el
U

n
iversity,

U
xb

rid
g

e.
M

id
d

lesex,
U

B
E

3P
11.


U
n

ited
K

in
g

d
o

m
,

an
d

'In
stitu

te
o

f
F

resh
w

ater
E

co
lo

g
y,

F
erry

H
o

w
e.

F
ar

S
aw

rey:N
rA

m
b

lesid
e,


C
u

m
b

ria,
1.422

O
L

P
,

U
n

ited
K

in
g

d
o

m

A
cceptedF

ebruary17,1989

Im
plantationofa

conisol-releasingpellet(60
m

g
ks-

(ish)into
thc

peritonealcavityof
brow

ntrout,S
alm

o
m

in
a

L
.(sexuallym

aturingm
alesand

fem
ales),and

rainbow
trout,

S
alin

a
g

aird
n

eri
R

ichardson(m
aturingm

alesandim
m

aturefish
ofboth

sexes),significantly
elevatedtheirplasm

acortisollevet
A

t
18dayspostim

plantation.cortisol.im
plantedsexu-

ally
m

aturingm
alebrow

ntrouthadsm
allergonads,a

low
erplum

s
testosteronelevel,and

less
gonadotropin

in
their

pituitary
gland

than
control

fish.
P

lasm
a

levels
of

11-
ketotestosteroneandgonadotropinw

ereootsignificantlyaffected.C
ortisol-im

plantedsex-
ually

m
aturingfem

ale
brow

n
trout

had
sm

aller
gonads,

reduced
plasm

a
levels

of
1713-ocuradiol, testosterone,and

vitellogenin,and
•

low
er

pituitarygland
gonadotropin

contentthancontrolfish.T
heplasm

agonadotropinlevelw
as

unaffected.A
t36

dayspost-
im

plantation,conisoltreatm
entof

m
aturingm

alerainbow
troutsignificantly'oppressed

plasm
a

gonadotropinlevels.
P

lasm
alevels

of
testosterone,

11-ketotestosterone,and
17.1,208-dihydroxy-4-pregnen-3-one,

pituitarygonadotropincontent,and
gonad

size
w

ere
notsignificantlyaffected.In

actuallyim
m

aturefem
alerainbow

trout,conked
adm

inistra-
tion

suppressedthelevelofvitellogeninin
theplasm

a,com
paredto

control-im
plantedfuh.

T
he

1713-oestradiol
levelw

asnotaffected.C
orinthim

plantationdid
notaffectthe

plasm
a

testosteronelevelin
sexuallyim

m
aturem

alebout.T
hese

m
ulls

suggestW
atprolonged

elevationof
plasm

acortisol,to
levelsw

ellw
ithinphysiologicalrange,can

affecta
w

ide
rangeof

reproductive
param

etersin
both

brow
nand

rainbow
trout.F

urther,som
eeffects

arem
anifestin

im
m

atureas
w

ellas
in

m
aturefish.T

hesefindingsare
discussedin

relation
to

theeffectsofcortisoltreatm
entotithestateofhealthofthe

treatedfish.
os

M
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P
10;

iN
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d
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C
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E
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E
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A
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C
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R
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O

L
A

N
D

R
E

P
R

O
D

U
C

T
IO

N
IN

T
R

O
U

T
315

1.54
1.56

1.55
1.46

1.41
1.50

1.52

Log
body

length

F
lo.

2.
T

he
relationship

betw
een

testes
w

eight
and

body
length

in
control

(0)
and

catisol-im
planted

(II)
m

ature
m

ale
brow

n
trout.

T
he

tw
o

sets
of

data
can

be
described

by
the

regressions
(l081,

testes
w

eight
w

3.84
loam

fish
length

—
4.48;

control
fish)

and
(long,

testes
w

eight
w

3.74
log,,,

fish
length

—
4.43;

cortisol-irnplanted
fish).

A
n

F
test

fo
r

parallelism
in

the
tw

o
lines

show
ed

that
•

com
m

on
gradient

(P
>

0.05)
w

as
adequate

to
describe

the
tw

o
data

sets
but

that
a

separate
intercept

w
as

required
(P

<
0.005).

L
o

g

testes

w
eig

h
t

el30

t.
20

IL
10

00
0

no.
3.

T
he

effect
of

earthed
im

plantation
on

sexually
m

aturing
fem

ale
brow

n
trout:

(a)
P

lasm
a

tcdy
w

eight,
(c)

body
length,

(d)
ovary

w
eight,

(e)
plasm

a
78-oestradiol,

(I)
plasm

a
testosterone,

(g)
plasm

a
gonadotropin

00
niluitarY

&
and

gooadotroP
in

an0
0210tralt,

and
(I)

plasm
a

vitellogenin.
O

pen
colum

ns
represent

control
fish

(n
w

19),
hatched

colum
ns

represent
cor-

tisol-im
planted

G
sh

(n
w

8).
(*P

<
0.05,

"P
<

0.01,
m

e'
<

0.001). 30

?
20

F
ig.

6a).
B

ody
w

eight
and

length
w

ere
not

affected
by

cortisol
(F

ig.
6b

and
6c),

and
neither

w
as

the
one

reproductive
param

eter
determ

ined,
plasm

a
testosterone

(F
ig.

64).
T

he
pituitary

glands
of

im
m

ature
fish

of
both

sexes
w

ere
not

analysed
for

gonado-
tropin

because
levels

are
extrem

ely
low

(S
um

pter
and

S
cott,

1989).

D
IS

C
U

S
S

IO
N

T
his

study
show

s
that

adm
inistration

of
cortisol

to
both

brow
n

and
rainbow

trout
leads

to
reductions

in
a

num
ber

of
repro-

ductive
param

eters.
S

uch
studies

are
open

to
the

criticism
that

these
deleterious

effects
of

cortisol
adm

inistration
are

a
secondary

consequence
of

the
poor

health
of

such
fish.

It
is

w
ell

established
that

elevated
plasm

a
cortisol

levels
lead

to
reduced

dis-
ease

resistance
and

hence
an

increase
in

the
m

ortality
rate

of
fish

(P
ickering

and
D

us-
ton,

1983).
It

is
also

w
ell

established
that

elevated
plasm

a
cortisol

levels
are

associ-
ated

w
ith

reduced
grow

th
(P

ickering
and

S
tew

art,
1984),

im
paired

reproduction
(P

ickering
et

al.,
1987a;

S
um

pter
et

al.,
1987),

and
probably

other
regulatory

sys-
tem

s
that

have
not

been
investigated

as
yet.

W
hat

is
presently

unknow
n

are
the

interre-
lationships

betw
een

these
different

sys-
tem

s.
In

the
present

study
w

e
do

not
attrib-

ute
the

reduction
in

reproductive
function

to
a

direct
effect

of
cortisol

on
the

hypotha-
lam

ic—
pituitary—

gonadal
axis,

but
neither

do
w

e
dism

iss
this

possibility.
A

lthough
it

is
possible

that
the

reproduc-
tive

effects
are

secondary
to

the
reduced

health
of

the
fish,

there
is

som
e

evidence
available

suggesting
that

cortisol
can

act
di-

rectly
to

m
odify

horm
one

output
from

re-
productive

tissues.
F

or
exam

ple,
cortisol

suppresses
sex

steroid
secretion

from
cul-

tured
rainbow

trout
ovarian

follicles
(S

um
pter

cr
at,

1987)and
gonadotropin

se-
cretion

frorn
cultured

pituitary
glands

(un-
published

observations).
S

uch
studies

in
fish

are
strongly

supported
by

studies
using

m
am

m
alian

tissues
(B

am
bino

and
H

sueh,
1981;

P
adm

anabhan
el

at,
1983).

F
urther




support
for

this
hypothesis

can
be

obtained
from

the
present

study,
by

exam
ining

in
m

ore
detail

the
results

from
the

cortisol-
im

planted
brow

n
trout.

F
or

exam
ple,

of
the

19
m

ale
brow

n
trout

sam
pled,

I
I

had
visible

signs
of

disease,
w

hereas
8

did
not.

T
he

diseased
fish

w
ere

characterized
by

the
first

signs
of

Saprolegnia
infection

along
the

m
argin

of
the

fins
(a

com
m

on
feature

in
sex-

ually
m

ature
m

ale
brow

n
trout;

see
R

ich-
ards

and
P

ickering
(1978)).

It
has

been
show

n
that

the
degree

of
m

orbidity
is

di-
rectly

related
to

the
extent

of
fungal

colo-
nization

(R
ichards

and
P

ickering,
1979)and

in
no

w
ay

could
the

fish
sam

pled
during

the
present

study
be

described
as

severely
dis-
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T
he

effect
of

cortisol
im

plantation
on

sexually
im

m
ature

m
ale

rainbow
trout:

(a)
P

lasm
a

°prase!,
(b)

bod
w

etgh
,

(c)
body

length.
and

(d)
plasm

a
testosterone.

O
pen

colum
ns

represent
control

fish
(n

7),
hatched

colum
ns

represent
conisol-im

planted
fish

(a
13).

(••
•P

<
0001).
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N
ondiseased

(a
D

iseased


(/1II)
P

value
C

ontrols


(a
18)

T
estes

w
eight

(g
)

13.8
1.2

16.9
1.3

0.11
21.4

±
1.7

10.9
2.5

7.2
IA

0.23
18.2

±
2.0

T
estosterone

(ng
m

l
P

ituitary
gonadotm

pin
(ag)

10.3
g

2.5
9.6

1.4
0.90

21.9
±

2.4

N
o

te.
Levels

in
conuokm

piantedfish
are

included
for

com
parison.

N
ote

that
there

are
no

significant
differ-

ences
betw

een
the

visibly
diseased

and
nondiscased

trout
in

any
of

these
patarneten,

although
they

w
ae

significantly
suppressed

com
pared

to
control-im

planted
fish.

cortisol-im
planted

fish
than

in
the

control
fish,

but
the

differences
w

ere
not

signifi-
cant.

B
ecause

the
plasm

a
gonadotropin

lev-
els

w
ere

sim
ilar

in
the

tw
o

sexes
at

this
stage

of
sexual

m
aturity

(see
also

S
um

pter
and

S
cott,

1989),
w

e
felt

justified
in

com
-

bining
data

from
the

tw
o

sexes.
W

hen
this

w
as

done
there

w
as

a
significant

suppres-
sive

effect
of

cortisol
on

the
plasm

a
gonad-

otropin
level

(P
<

0.05).
W

hen
m

aturing
m

ale
rainbow

trout
w

ere
im

planted
w

ith
cortisol,

only
one

reproduc-
tive

param
eter,

the
plasm

a
gonadotropin

level,
w

as
found

to
be

significantly
af-

fected.
T

his
further

suggests
that

rainbow
trout

are
less

sensitive
than

brow
n

trout
to

chronic
cortisol

elevation,
although

again
this

conclusion
is

com
plicated

because
plasm

a
cortisol

levels
differed

betw
een

the
tw

o
groups.

A
lthough

cortisol
im

plantation
affected

m
ost

reproductive
param

eters
in

m
aturing

brow
n

trout
including

plasm
a

testosterone
levels

,plasm
a

levels
of

the
other

androgen,
I

I-ketotestosterone
show

ed
no

such
change.

T
his

suggests
that

the
enzym

es
of

the
steroidogenic

pathw
ay

m
ay

have
vary-

ing
sensitivities

to
cortisol.

It
is

interesting
to

note
that

acute
and

chronic
stresses

af-
fected

plasm
a

testosterone
levels

to
a

greater
degree

than
I

1-ketotestosterone
levels

in
m

ature
m

ale
brow

n
trout

(P
icker-

ing
er

a).,
I987a).

T
he

present
study

also
revealed

that
the

detrim
ental

effects
of

chronic
cortisol

ele-
vation

on
reproductive

function
are

not
re-

stricted
to

fish
in

the
later

stages
of

m
atu-

rity,
but

can
also

occur
in

im
m

ature
fish.

F
em

ale
rainbow

trout
are

know
n

to
begin

preparing
for

spaw
ning

over
12

m
onths

be-
fore

the
event

(S
um

pter
et

al.,
1984).

A
very

early
indication

of
this

is
a

rise
in

the
plasm

a
level

of
vitellogenin,

the
precursor

m
olecule

for
yolk.

T
his

study
show

s
that

vitellogenin
production

can
be

suppressed
by

low
plasm

a
levels

of
cortisol

in
sexually

im
m

ature
fish.

T
his

study
reveals

that
chronic

cortisol



elevation,
to

w
ithin

the
range

typical
for

chronically
stressed

salm
onid

fish
(D

onald-
son,

1981),
reduced

the
level

of
gonadotro-

pin
in

the
plasm

a
of

m
aturing

m
ale

rainbow
trout

and
brow

n
trout

(com
bined

data).
In-

terestingly,
acute

stress
elevated

the
plasm

a
gonadotropin

level
in

m
ature.trout

(P
ickering

et
al.,

I987a).
T

his
differential

response
of

the
gonadotropes

to
acute

or
chronic

stresses
is

sim
ilar

to
the

pattern
found

in
som

e
m

am
m

als
(G

ray
et

al.,
1978;

D
ucharm

e
et

al.,
1982),

but
the

m
echanism

is
still

unknow
n.

T
he

notion
that

stress
detrim

entally
af-

fects
reproduction

in
fishes

is
not

new
.

W
hat

has
been

lacking
prior

to
this

and
our

earlier
studies

(P
ickering

et
al.,

1987a;
S

um
pter

et
al.,

1987)is
anything

m
ore

than
fragm

entary
or

circum
stantial

evidence
that

the
tw

o
are

linked
(see

B
ry

and
Z

ohar,
1980;Z

ohar,
1980;G

illet
etal.,

1981).In
the

present
study

w
e

have
dem

onstrated
that

cortisol
elevation

is,
at

least
partly,

respon-
sible

for
the

suppressive
effects

of
acute

and
chronic

stress
on

the
reproductive

en-
docrinology

of
trout.

W
ork

is
now

needed
to

identify
the

precise
m

echanism
s

through
w

hich
these

effects
are

m
ediated

and
to

ex-
am

ine
the

biological
consequences,

in
term

s
of

fecundity,
gam

ete
quality;

off-
spring

viability,
and

overall
reproductive

success,
of

incidences
of

stress
during

sex-
ual

m
aturation.

A
C

K
N

O
W

LE
D

G
M

E
N

T
S

T
he

authors
thank

D
r.

P
.

A
.

C
opeland

(P
ort

A
ran-

sas
M

arine
Laboratory,

T
exas)

and
D

r.
B

.
B

reton
(IN

R
A

.
R

ennes)
for

their
gifts

of
ingredients

for
the

gonadotropin
R

I&
D

r.
H

.
M

.
D

ye
(D

epartm
ent

of
F

isheries
an

d
O

ceans,
W

est
V

ancouver)
for

the
I

I-

ketotestosterone
antiserum

,
D

r.
A

.
P

.
S

cott
(M

A
F

F
,

Low
estoft)

for
the

antiserum
and

label
to

m
easure

170,2013-dihydroxy-4-pregnen-3-one.
D

r.
Z

.
Y

aron
(T

el
A

viv)
for

the
17ft-oestradiol

antiserum
,

D
r.

B
.

N
otterg

(A
ustcvoll

M
arine

A
quaculture

S
tation,

H
or-

ny)
for

the
brow

n
I/00I

vitellogenin
reagents.

M
ts.

J.
P

ollard
and

M
iss

J.
M

.
F

letcher
(1F

E
)

for
can

and
m

aintenance
of

the
fish,

and
M

rs.
M

.
A

.
M

urky
(IF

E
)

1987).T
he

reason
for

these
differences

is
not

know
n,

but
w

ork
on

the
m

etabolic
clearance

rate
of

the
horm

one
during

sexual
m

aturation
m

ay
be

useful
in

answ
ering

these
questions.

D
espite

these
differences

am
ong

the
var-

ious
groups

of
fish,

it
is

obvious
that

chronic
low

-level
cortisol

elevation
had

a
m

arkedly
suppressive

effect
on

a
w

ide
range

of
reproductive

param
eters

in
brow

n
trout

of
both

sexes.
T

hus,
pituitary

gonad-

otropin
content,

plasm
a

testosterone
level,

and
testes

w
eight

w
ere

suppressed
in

m
ale

fish.
S

im
ilarly,

pituitary
gonadotropin

con-
tent,

plasm
a

17B
-oestradiol,

testosterone,
and

vitellogenin
levels,

and
ovary

w
eight

w
ere

suppressed
in

the
fem

ales.
A

lthough
sex

steroid
and

vitellogenin
levels,

w
hich

are
thought

to
be

regulated
by

gonadotro-
pin,

w
ere

suppressed,
plasm

a
gonadotropin

levels
w

ere
not.

In
both

m
ales

and
fem

ales,
plasm

a
gonadotropin

levels
w

ere
low

er
in
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Introduction

S
udden

fish
kills,

as
a

result
of

rapid,
deleterious

changes
in

the
aquatic

environm
ent,

are
all

too
fam

iliar
to

fishery
biologists.

H
ow

ever,
a

m
ore

gradual
deterioration

of
environm

ental
condi-

tions
rnay

go
undetected

even
w

hen
the

fishery
is

in
serious

decline.
U

nder
such

circum
stances,

environm
ental

stresses,
although

not
directly

lethal
them

selves,
m

ay
reduce

the
probability

of
survival

of
fish

stocks
by

increasing
their

suscep-
tibility

to
disease

(W
edem

eyer,
1970;S

nicsako,
1974)

and
by

reducing
reproductive

success
(June,

1977).
U

ntil
recently,

little
w

as
know

n
of

the
physiological

and
endocainological

changes

C
orrespondence:D

r
A

.
D

.
P

ickering,
F

reshw
ater

B
iologicalA

ssociation,T
he

F
erry

H
ouse,A

m
bleaide,

C
um

bria
1-A

22O
LP

.


responsible
for

this
decrease

in
disease

resist-
ance;

even
less

w
as

know
n

about
the

m
echa-

nism
s

inhibiting
reproduction

(see
H

illard,
B

ry
&

G
illet,

1981).
H

ow
ever,

during
the

past
decade,

evidence
has

accum
ulated

w
hich

show
s

that
excessive

or
prolonged

stim
ulation

of
the

hypothalam
io-pituitary-interrenal

(H
P

I)
axis

is
a

m
ajor

factor
in

the
m

ediation
of

such
changes.

T
hc

present
paper

review
s

som
e

of
the

recent
literature

in
this

field
and

draw
s

heavily
on

our
ow

n
experim

ental
studies

w
ith

the
brow

n
trout,

S
alm

°
m

um
L.

M
uch

of
the

original
w

ork
em

phasizes
the

aquacultural
aspects

of
both

acute
and

chronic
stress

but
the

physiological
and

endocrinological
changes

that
ow

n
in

stressed
trout

appear
to

have
several

com
m

on
com

ponents,
irrespective

of
the

nature
of

the
stress.

C
onsequently,

such
studies

have,im
por-

tant
im

plications
for

understanding
how

48
A

.
D

.
P

ickering

environm
ental

stresses
m

ay
influence

natural
fish

populations.

S
tress

and
the

hypothalam
ic-pituitary-

interrenal
(F

IP
I)

axis

T
he

H
P

I
axis,

a
central

com
ponent

of
the

fish's
endocrine

system
,

consists
of

a
hierarchy

of
horm

onal
pathw

ays
controlling

the
secretion

of
corticosteroids

into
the

blood
stream

(see
D

onaldson,
1981,

for
details).

C
orticotropin

releasing
factor

(C
R

F
)

from
the

hypothalam
us

stim
ulates

the
release

of
adrenocorticotropin

(A
C

T
H

)
from

the
pituitary

gland
w

hich,
in

turn,
prom

otes
the

synthesis
and

release
of

cortico-
steroids

from
the

interrenal
tissue

(F
ryer

&
P

eter,
1977).

C
ortisol

is
the

principal
cortico-

steroid
in

salm
onid

fish
(H

enderson
&

G
arland,

1980)
and

is
released

in
response

to
m

ost,
if

not
all,

form
s

of
environm

ental
stress

(D
onaldson,

1981).
C

orticosteroids
are

catabolic
horm

ones
capable

of
prom

oting
gluconcogenesis

(S
torer,

1967;
C

han
&

W
oo,

1978;
Leach

&
T

aylor,
1982)

and
stim

ulating
lipolysis

(Lidm
an

et
al.,

1979;
D

ave
et

at,
1979;

S
heridan,

1986)
and

it
seem

s
likely

that
such

energy-m
obilizing

proper-
ties

are
of

adaptive
value

as
the

fish
attem

pts
to

avoid
or

overcom
e

the
im

m
ediate

threat.
H

ow
ever,

direa
evidence

of
the

advantage
of

elevated
blood

cortisol
levels

in
stressed

fish
has

yet
to

be
produced.

•
B

lood
oortisol

levels
in

brow
n

trout
are

rapidly
elevated

in
response

to
physical

stresses
such

as
handling

and
confinem

ent
(P

ickering,
P

ottinger
&

C
hristie,

1982),
to

the
chem

ical
stresses

of
m

alachite
green

and
form

alin
treat-

m
ent

(P
ickering

&
P

ottinger,
1984,

1985a)
and

to
the

stress
of

overcrow
ding

(P
ickering

&
S

tew
art,

1984;P
ickering

&
P

ottinger,
I987c).

In
general,

thecortisol
response

of
trout

to
an

acute
stress

(i.e.
a

stress
of

short
duration

in
w

hich
the

tim
e-course

of
the

response
of

the
fish

is
m

uch
greater

than
that

of
the

stress
itself)

m
ons

over
a

few
hours,

w
ith

a
return

to
basal

levels
(<

2
ng

m
1-1)w

ithin
24-48

h.
B

y
com

parison,
the

eleva-
tion

of
blood

cortisol
levels

in
response

to
a

chronic
stress

(i.e.
a

continuous
form

of
stress

from
w

hich
there

m
ay

be
no

escape)
m

ay
last

for
several

d
ays,or

even
w

eeks,
before

acclim
ation

°cars
(P

ickering
&

S
tew

art,
1984).

In
m

ost
cases,how

ever,
blood

cortisol
levels

eventually
return

to
norm

al
despite

the
continued

presence



of
the

stress
(S

chreck,
1981).

U
nder

aquaculture
conditions

handling
and

disturbance
are

exam
-

ples
of

acute
stresses,

w
ater

quality
deteriora-

tion
and

overcrow
ding

are
exam

ples
of

chronic
stresses.

In
the

natural
environm

ent,
predator

avoidance
and

territorial
defence

w
ould

be
classed

as
acute

stresses,
sublethal

pollution
(including

acidification)
w

ould
constitute

a
chronic

stress.
T

he
m

agnitude
and

duration
of

the
coned

response
to

environm
ental

stress
is

dependent
not

only
upon

the
nature

of
the

stress
itself,

but
also

on
the

species
and

strain
of

fish
(P

ickering
&

P
ottinger,

1989),
the

fish's
age

and
sex

(S
um

pter
etal.,

1987),
tem

perature
(S

um
pter,

P
ickering

&
P

ottinger,
1985;

B
arton

&
S

chreck,
1987)

and
even,

under
certain

circum
stances,

on
the

chem
ical

com
position

of
the

w
ater

(P
ickering

&
P

ottinger,
1987b).

N
orm

ally,
how

ever,
the

blood
cortisol

levels
of

acutely-stressed
brow

n
trout

are
tem

porarily
elevated

in
excess

of
100

ng
m

l-'
(P

ickering
et

al.
,

1982),
cortisol

levels
in

chronically-stressed
brow

n
;trout

(including
the

stress
of

spaw
ning)

are
ih

the
range

10-20
ng

m
l-'

(P
ickering

&
S

tew
art:1984;

P
ickering

&
P

ottinger,
1987a).

C
orticosterolds

an
d

disease
resistance

It
has

been
know

n
for

m
any

years
that

cortico-
steroids

are
m

arkedly
im

m
unosuppressiye

in
m

am
m

als
(see

P
arrillo

&
F

auci,
1979;

M
unck,

G
ruyre

&
H

olbrook,
1984)

and
evidence

has
accum

ulated
w

hich
show

s
that

these
steroids

can
also

suppress
the

defence
system

s
of

fish.
F

or
exam

ple,
w

e
have

show
n

that
the

blood
lym

pho-
cyte

count
of

the
brow

n
trout

is
significantly

reduced
36

h
after

an
acute

stress
(P

ickering
et

at,
1982)

and
that

this
response

can
be

reproduced,
alm

ost
exactly,

by
the

adm
inistra-

tion
of

a
physiological

dose
of

cortisol
in

the
diet

of
otherw

ise
unstressed

fish
(P

ickering,
1984).

In
other

studies
w

ith
teleost

fish
it

has
been

show
n

that
corticosteroids

cause
involution

of
lym

phoid
tissues

such
as

the
thym

us
(C

hil-
m

onczyk,
1982;

G
honeum

et
al.,

1986),
inhibit

inflam
m

atory
responses

(M
acA

rthur
et

al,
1984),

suppress
phagocyte

activity
(S

tave
&

R
oberson,

1985),
block

lym
phccyte

m
itogen

responsiveness
(G

rim
m

,
1985;

E
llsaesser

&
C

lem
,

1987)
and

reduce
specific

antibody
pro-

E
nvironm

ental
stress

and
the

survival
of

brow
n

trout,
Saltno

trutta

A
.

D
.

P
IC

K
E

R
IN

G
'F

reshw
ater

B
iological

A
ssociation,

W
inderm

ere
Laboratory,

E
ngland

S
U

M
M

A
R

Y
.

1.
T

he
hypothalam

ic-pituitary-interrenal
axis

of
the

brow
n

trout,
&

lim
o

trutta,
is

activated
in

response
to

m
ost

form
s

of
environm

ental
stress.

T
his

results
in

an
elevation

of
blood

cortisol
levels.

E
xperim

ental
elevation

of
blood

cortisol
levels

in
otherw

ise

unstressed
brow

n
trout

caused
a

dose-dependent
increase

in
m

ortality
rate

due
to

disease.
In

our
studies,

S
oprolegnia-infection,

furunculosis
and

bacterial
fin-rot

w
ere

the
principal

diseases.

C
hronic

cortisol
elevation

also
suppressed

several
of

the
endocrine

prorecces
controlling

sexual
m

aturation,
resulting

in
a

significant
reduc-

tion
in

the
size

of
the

gonad
in

both
m

ale
and

fem
ale

fish.

It
is

argued
that

m
any

of
the

deleterious
effects

of
sublethal

pollution

(including
acidification)

on
natural

trout
populations

can
be

attributed
to

chronically-elevated
blood

cortisol
levels

and
that

a
know

ledge
of

such

physiological
changes

w
ould

allow
an

assessm
ent

of
the

im
pact

of
pollution

events
and

act
as

an
early

w
arning

of
potential

disease
and

recruitm
ent

problem
s.



•
0

01
IS

M
I

IS
S

O
•

M
I

a
M

I
a

M
S

d
u

ct
io

n
(A

n
d

er
so

n
,

R
o

b
er

so
n

&
D

ix
o

n
,

19
82

;
M

au
le

,
S

ch
re

ck
&

K
aa

tt
ar

i,
19

87
).

It
is

p
re

su
m

ed
th

at
al

l,
o

r
co

m
b

in
at

io
n

s
o

f
so

m
e,

o
f

th
es

e
fa

ct
o

rs
ar

e
re

sp
o

n
si

b
le

fo
r

th
e

o
b

se
rv

ed
in

cr
ea

se
in

su
sc

ep
ti

b
ili

ty
to

d
is

ea
se

o
f

st
re

ss
ed

fi
sh

H
o

w
ev

er
,

w
it

h
o

n
e

o
r

tw
o

n
o

ta
b

le
ex

ce
p

ti
o

n
s,

m
u

ch
o

f
th

e
ea

rl
ie

r
w

o
rk

in
th

is
fi

el
d

h
as

in
vo

lv
ed

th
e

u
se

o
f

ex
ce

ss
iv

el
y

h
ig

h
d

o
se

s
o

f
co

rt
ic

o
st

er
o

id
s,

o
r

sy
n

th
et

ic
st

er
o

id
s

o
f

u
n

kn
o

w
n

o
r

u
n

m
ea

su
re

d
p

o
te

n
cy

in
te

le
o

st
fi

sh
.

In
m

an
y

ca
se

s,
eo

m
ea

su
re

m
en

ts
h

av
e

b
ee

n
m

ad
e

o
f

th
e

le
ve

ls
o

f
ci

rc
u

la
ti

n
g

st
er

o
id

s
in

tr
ea

te
d

fi
sh

an
d

it
is

d
if

fi
cu

lt
,

th
er

ef
o

re
,

to
ev

al
u

-

E
nv

iro
nm

en
ta

l
st

re
ss

an
d

su
rv

iv
al

49

at
e

th
e

p
h

ys
io

lo
g

ic
al

si
g

n
if

ic
an

ce
o

f
m

u
ch

o
f

th
e

d
at

a. In
a

se
ri

es
o

f
st

u
d

ie
s,

w
e

h
av

e
ex

am
in

ed
th

e
se

n
si

ti
vi

ty
o

f
b

ro
w

n
tr

o
u

t
to

ex
p

er
im

en
ta

lly
el

e-
va

te
d

p
la

sm
a

co
rr

is
o

l
le

ve
ls

u
si

n
g

d
o

se
s

o
f

th
c

h
o

rm
o

n
e

w
el

l
w

it
h

in
th

e
p

h
ys

io
lo

g
ic

al
ra

n
g

e
fo

r
th

is
sp

ec
ie

s
(P

ic
ke

ri
n

g
&

D
u

st
o

n
,

19
83

;
P

ic
ke

r-
in

g
,

19
84

;
P

ic
ke

ri
n

g
&

P
o

tt
in

g
er

,
19

85
b

).
It

is
p

o
ss

ib
le

,
b

y
m

ea
n

s
o

f
sl

o
w

-r
el

ea
se

in
tr

a-
p

er
it

o
n

ea
l

im
p

la
n

ts
o

f
co

rt
is

o
l

(s
ee

P
ic

ke
ri

n
g

&
D

u
st

o
n

,
19

83
,

(o
r

d
et

ai
ls

),
to

el
ev

at
e

th
e

b
lo

o
d

co
rt

is
o

l
le

ve
ls

o
f

o
th

er
w

is
e

u
n

st
re

ss
ed

fi
sh

fo
r

a
p

er
io

d
o

f
se

ve
ra

l
w

ee
ks

(F
ig

.
la

).
T

h
e

co
n

ce
n

-




50
A

.
D

.
P

ic
ke

rin
g

tr
at

io
n

of
ho

rm
on

e
ap

pe
ar

in
g

in
th

e
bl

oo
d

st
re

am
is

di
re

ct
ly

pr
op

or
tio

na
l

to
th

e
im

pl
an

t
si

ze
,

al
th

ou
gh

th
is

re
la

tio
ns

hi
p

is
ex

tr
em

el
y

te
m

pe
ra

tu
re

-s
en

si
tiv

e
(F

ig
.

16
).

U
si

ng
th

is
te

ch
-

ni
qu

e
to

el
ev

at
e

th
e

co
rt

is
ol

le
ve

ls
of

br
ow

n
tr

ou
t

in
a

pr
ed

ic
ta

bl
e

m
an

ne
r

w
e

ha
ve

st
ud

ie
d

th
e

re
la

tio
ns

hi
p

be
tw

ee
n

th
e

m
ea

n
pl

as
m

a
co

rt
is

ol
le

ve
ls

an
d

m
or

ta
lit

y
ra

te
,

du
e

to
di

se
as

e,
in

ot
he

rw
is

e
un

st
re

ss
ed

fis
h

(P
ic

ke
rin

g
&

D
us

to
n,

19
83

;
P

ic
ke

rin
g

&
P

ot
tin

ge
r,

19
85

b)
.

C
or

tis
ol

-
t r
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w
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P
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rin

g
&

P
on

in
ge

r
(1

48
5b

)
an

d
1.

F
.

C
on
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xt
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P
.

S
um

pt
er

.
T

.
G

.
P

ot
tin

ge
r

an
d

A
.

D
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P
ic

ke
rin

g
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tio
n
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w

el
l

w
ith

in
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e
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l
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ng
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r
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ow
n
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an
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l
of

fis
h
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te

d
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ch
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c
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en
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en
ta

l
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hu
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d
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d
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re
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ra
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p
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g
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n
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o
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o
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g
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w
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h
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o
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m
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w
n

tro
u
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E
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e
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e
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m

etic
m
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O
p

en
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n
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resen

t
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e
sh

am
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p
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n
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l
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(nn
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sh
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ed
ad

rim
s

th
e

co
rtiso

l-irn
p
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ted

F
ish

(iw
•13).

*P
c0.05.

•
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<0.01.

testosterone
and

II-ketotestosterone
in

the
blood

of
sexually

m
aturing

brow
n

trout
(P

icker-
ing

cat,
1987).In

this
study

it
w

as
also

observed
that

the
blood

cortisol
levels

of
the

chronically-
stressed

fish
(stressed

by
confinem

ent)
w

ere
still

significantly
elevated

1
m

onth
after

the
onset

of
the

stress,
thus

raising
the

possibility
that

the
pituitary-interrenal

axis
m

ay
be

instrum
ental

in
suppressing

sexual
developm

ent
in

these
fish.

In
an

attem
pt

to
resolve

this
question,

w
e

have
recently

undertaken
a

study
to

exam
ine

the
effects

of
chronic

cortisol
elevation

(by
m

eans
of

slow
-release

intraperitoneal
im

plants)
on

the
reproductive

endocrinology
of

sexually
m

atur-
ing

brow
n

trout
and

rainbow
trout,

S
alrno

gairdneri,
of

both
sexes

(J.
F

.
C

arragher,
J.

P
.

S
um

pter,
T

.
G

.
P

ottinger
and

A
.

D
.

P
ickering,

unpublished).
T

he
full

details
of

this
experim

ent
w

ill
be

published
elsew

here
but

a
sum

m
ary

of
the

m
ain

effects
of

cortisol
elevation

on
the

reproductive
endocrinology

of
brow

n
trout

is
presented

in
F

igs.
3

and
4.

A
t

18
oays

post-
im

plantation
there

w
as

a
significant

suppression
of

pituitary
G

T
H

and
blood

testosterone
levels

in
the

m
aturing

m
ale

fish
(F

ig.
3b,

c)
and

a
reduction

in
the

w
eight

of
the

testes
(F

ig.
3e).

In
the

sexually
m

aturing
fem

ale
brow

n
trout,

cortisol-im
plantation

also
raised

blood
cortisol

levels
and

suppressed
the

pituitary
G

T
H

content
(F

ig.
4a,

b).
M

oreover,
the

plasm
a

levels
of

testosterone
and

oestradiol
w

ere
m

arkedly
sup-




pressed
in

the
cortisol-treated

fish
(F

ig.
4c,

d).
T

he
reduction

in
ocstrad

iol
levels

fitted
w

ell
w

ith
a

suppression
of

the
concentration

of
yolk

pre-
cursers

in
transit

from
the

liver
to

the
ovary

(F
ig.

4e)
and,

again,
the

overall
effect

of
these

changes
w

as
a

significant
reduction

in
gonad

w
eight

(F
ig.

41).

T
h

u
s,

th
e

effects
o

f
ch

ro
n

ic
stress

o
n

sexu
al

m
atu

ratio
n

in
brow

n
trout

can
be

m
im

icked
by

chronic
cortisol

elevation
in

otherw
ise

unstressed
fish

and
it

seem
s

m
ost

likely,
therefore,

that
the

deleterious
effects

of
stress

on
the

pituitary-gonadal
axis

are
largely

m
edi-

ated
by

corticosteroids
released

as
a

conse-
quence

of
activation

of
the

hypothalam
ic-

pituitary-interienal
axis.

S
im

ilar
functional

links
betw

een
the

tw
o

axes,
resulting

in
the

sup-
pression

of
m

any
reproductive

characteristics,
have

been
dem

onstrated
in

m
am

m
als

(see
M

oberg,
1985).

C
learly,

m
uch

m
ore

w
ork

is
now

needed
on

the
precise

m
echanism

s
involved

in
this

cortisol-
m

ediated
suppression

of
reproductive

endocrinology
in

fish,
and

on
the

consequences,
in

tenns
of

gam
ete

quality
and

quantity,
for

reproductive
success.

H
ow

ever,
our

data
strongly

suggestthat
incidences

of
chronic

stress
in

the
prespaw

ning
period

w
ill

have
deleterious

effects
on

sexual
m

aturation
and

reproductive
success.

T
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P
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A
.D

.
(1984)

C
ortisobinduced

Ilym
pho-

cytopenia
in

brow
n

trout,
S

alm
o

trutta
L.

G
eneral

and
C

om
parative

E
ndocrinology.

53,
252-259.

P
ickering

A
.D

.
&

D
uston

J.
(1983)

A
dm

inistration
of

cortisol
to

brow
n

trout.
S

alm
°

trona
L„

and
its

effects
on

the
susceptibility

to
S

aprolegnia
infec-

tion
and

furunculosis.
Journal

of
F

ish
B

iology,
23,

163-175.
P

ickering
A

.D
.

&
P

ottinger
T

.G
.

(1984)
A

cclim
ation

of
the

brow
n

trout,
S

alm
o

trutta
L.,

to
the

stress
of

daily
m

alachite
green

treatm
ent.

A
quaculture,

44,
145-152.

P
ickering

A
.D

.
&

P
otunger

T
.G

.
(1985a)

F
actors

influencing
blood

conisol
levels

in
brow

n
trout

under
intensive

culture
conditions.

C
urrent

T
rends

in
C

om
parative

E
ndocrinology

(E
ds

B
.

Lofts
and

W
.

N
.

H
olm

es),
pp.

1239-1242.
H

ong
K

ong
U

niversity
P

ress,
H

ong
K

ong.
P

ickering
A

.D
.

&
P

ottinger
T

.G
.

(1985b)C
ortisol

can
increase

the
6U

sceptibility
of

brow
n

trout,
S

alm
o

frusta
L.,

to
disease

w
ithout

reducing
the

w
hite

blood
cell

count.
Journal

of
F

ish
B

iology,
27,

611-
619.

P
ickering

A
.D

.
&

P
ottinger

T
.G

.
(1987a)

Lym
pho-

cytopenia
and

interrenal
activity

during
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m
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in
the

brow
n

trout,
S

alm
o

truna
L.

Journal
of

F
ish

B
iology,

30,
41-50.

P
ickering

A
.D

.
&

P
ottinger

T
.G

.
(1987b)

P
oor

w
ater

quality
suppresses

the
cortisol

response
of

salm
onid

fish
to

handling
and

confinem
ent.

Jour-
nal

of
F

ish
B

iology,
30,

363-374.
P

ickering
A

.D
.

&
P

ottinger
T

.G
.

(1987c)
C

row
ding

causes
prolonged

leucopenia
in
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onid
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despite

interrenal
acclim

ation.
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F

ish
B

iology,
30,

701-712,
P
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A

.D
.

&
P

ottinger
T

.G
.

(1989)
S

tress
responses

and
disease

resistance
in

salm
onid

fish:
effects

of
chronic

elevation
of

plasm
a

cortisal.
F

ish
P

hysiology
and

B
iochem

istry
(in

press).
P

ickering
A

.D
.,

P
ottinger

T
.G

.,
C

arragher
J.F

.
&

S
um

pter
J.P

.
(1987)

T
he

effects
of

acute
and

chronic
stress

on
the

levels
of

reproductive
hor-

m
ones
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the

plasm
a

of
m

ature
m

ale
brow

n
trout,

S
elm

a
num

L.
G

eneral
and

C
om

parative
E

ndocrinology,
68,

249-259.
P
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A

.D
.,

P
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T
.G

.
&

C
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P
.
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R
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of
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n
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S
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cclim
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B
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24,
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and
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.
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F
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reproduction:
B

asic
and

applied
research

on
hor-

m
ones.

C
ontrol

P
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D
ifferences

in
the

sensitivity
of

brow
n

trout,
Salm

o
trutta

L
.,


and
rainbow

trout,
Salm

o
gairdneri

R
ichardson,

to

physiological

doses
of

cortisol

A
.

D
.

P
IC

K
E

R
IN

G
,T

.
G

.
P

O
T

T
IN

G
E

RA
N

D
J.

F
.

C
A

R
R

A
G

H
E

R
•

Institute
of

F
reshw

ater
E

cology.
W

inderm
ere

Laboratory,
T
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F

erry
H

ouse.
F

ar
S

aw
rey.


N
r.

A
m

bleside.
C

um
bria

LA
22

O
LP

,
U

.K
.

and
•D

epartm
ent

of
A

pplied
B

iology,
B

runel

U

niversity.
U

xbridge.
M

iddlesex
U

B
8

3
P

11.U
.K

.

(R
eceived

22
S

eptem
ber

1988.
A

ccepted
14

N
ovem

ber
1988)

Interspecific
differences

in
the

stress
response

of
fish

m
ay

be
due,

in
part.

to
differences

in
the

sensitivity
of

target
tissues

10
cortisol

T
he

relative
response

of
brow

n
and

rainbow
trout

to
•

standardized
dose

of
cortisol

w
as

assensed
by

m
onitonng

condition
(K

factor),
the

num
ber

of
circulating

lym
phocytes

and
m

ortality
due

to
disease,

follow
ing

cortisol
treatm

ent.
C

ortisol
im

plantation
resulted

in
a

significant
decline

in
K

factor
and

num
ber

of
circulating

lym
phocytes

in
im

m
ature

brow
n

trout,
but

not
in

im
m

ature
rainbow

trout,
despite

plasm
a

cortisol
levels

being
sim

ilar
in

both
cases.

C
ortisol

im
plantation

in
m

ature
brow

n
and

rainbow
trout

significantly
increased

the
m

ortality
rale

due
to

bacterial
and

fungal
infection

com
pared

w
ith

control
fish.

F
urtherm

ore,
the

m
ortality

rate
due

to
disease

w
as

significantly
greater

in
brow

n
trout

than
rainbow

trout,
despite

both
groups

receiving
sim

ilar
doses

of
steroid.

I.
IN

T
R

O
D

U
C

T
IO

N

C
orticosteroid

release
from

the
adrenal

cortex
(or

its
hom

ologue)
is

a
characteristic

response
of

m
ost

vertebrates
to

stressful
situations.

T
he

catabolic
effects

of
corticosteroid

horm
ones

(lipolysis
and

gluconeogenesis)
com

plem
ent

the
glyco-

lytic
action

of
catecholam

ines
to

give
the

anim
al

access
to

energy
reserves

not
norm

ally
avails

ble
to

it,
energy

w
hich

theanim
al

can
then

use
to

avoid
or

overcom
e

the
stress

(M
oberg,

1985).
S

alm
onid

fish
are

sensitive
to

m
any

form
s

of
environm

ental
stress

(D
onaldson,

1981;S
chrock,

1981)and
respond

by
increasing

the
rate

of
secretion

of
cortisol,

the
predom

inant
corticosteroid

in
teleost

fish
(H

enderson
&

G
arland,

1980).
H

ow
ever,

prolonged
elevation

of
blood

cortisol
levels

has
been

show
n

to
pre-

dispose
som

e
species

of
salm

onid
fish

to
infectious

diseases
(P

ickering
&

D
uston,

1983;P
ickering

&
P

ottinger,
1985;W

oo
et

al.,
1987),

an
effect

alm
ost

certainly
m

ediated
by

the
suppressive

action
of

corticosteroids
on

the
fish's

defence
system

s
(A

nderson
et

al.,
1982;M

acA
rth

ur
er

at,
1984;G

rim
m

,
1985;M

aule
et

al.,
1987).

T
here

is
now

an
accum

ulating
body

of
evidence

linking
various

form
s

of
stress

to
a

subsequent
increase

in
the

susceptibility
of

fish
to

a
w

ide
range

of
infectious

diseases
(Johansson

&
B

ergstrom
,

1977;
H

etrick
et

at,
1979;H

anson
&

G
rizzle,

1985;see
also

W
edem

eyer
&

M
cLeay,

1981)and
w

e
believe

that
elevated

cortisol
levels

play
a

m
ajor

role
in

this
phenom

enon.
In

general,
rainbow

trout
are

m
ore

am
enable

than
brow

n
trout

to
aq

uaculture
co

nditions
and,

in
our

experience,
show

few
er

problem
s

of
stress-related

diseases.
In

a
series

of
studies,

G
.

A
.

W
edem

eyer
has

dem
onstrated

m
arked

interspecific
differences

in
the

response
of

salm
onid
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T
he

species,strain
and

age
of

the
fish

used
in

the
present

study

E
xperim

ent
no.

D
ate

S
pecies

S
train

H
atching

date

2

A
ugust

1986

S
eptem

ber-
O

ctober
1987

B
row

n
trout

R
ainbow

trout
B

row
n

trout
R

ainbow
trout

D
unsop

B
ridge

2
A

nnandale
1

D
unsop

B
ridge

2a
C

loan

F
ebruary

1985
M

ay
1985

F
ebruary

1985
January

1986

fish
to

the
com

m
on

aquacultural
stresses

of
handling,

crow
ding,

sudden
tem

pera-
.

Lure
change

and
form

alin
treatm

ent
(W

edem
eyer,

1971,
1972,

1973,
1976).

T
hese

differences
w

ere
m

anifest
in

a
w

ide
range

of
physiological

processes
including

ionic
regulation,

carbohydrate
and

sterol
m

etabolism
,

acid/base
balance,

oxygen
con-

sum
ption

and
interrenal

ascorbate
m

etabolism
.

S
uch

differences
betw

een
species

w
ith

regard
to

their
sensitivity

to
stress

m
ay

be
reflected

not
only

by
quantitative

differences
in

the
levels

ofcirculating
stress

horm
ones,

such
as

cortisol
(W

ederneyer
&

Y
asutake,

1974),but
also

by
differences

in
the

sensitivity
of

the
target

tissues
to

the
horm

one.
It

has
been

show
n

previously
that

cortisol
treatm

ent
causes

a
reduction

in
thc

coefficient
of

condition
(K

factor)
of

salm
onid

fish
(P

ickering
&

D
uston,

1983)and
that

the
steroid

can
also

depress
the

num
ber

of
circulating

lym
phocytes

(M
c

Leay,
1973;

P
ickering,

1984).
T

he
present

study
investigates

the
possibility

that
inter-

specific
differences

in
the

stress
response

m
ay

be
caused,

at
least

in
pa

rt,
by

differ-
ences

in
the

sensitivity
of

the
target

tissues
to

cortisol,
by

com
pa

ring
the

sensitivity
of

tw
o

species
of

trout,
the

brow
n

trout,
S

abno
trutia

L.,
and

the
rainbow

trout,
S

.
gairdneri

R
ichardson,

to
cortisol

adm
inistration.

C
are

w
as

taken
to

ensure
that

the
steroid

w
as

adm
inistered

at
sim

ilar
physiological

doses
to

each
species,and

the
responses

of
the

fish
w

ere
m

onitored
in

term
s

of
changes

in
the

coefficient
of

condition,
circulating

lym
phocyte

counts
and

m
ortality

rate
due

to
disease.

II.
M

A
T

E
R

IA
LS

A
N

D
M

E
T

H
O

D
S

F
IS

HD
etails

o
f

th
e

sp
ecies,strain

an
d

ag
e

o
f

th
e

fish
u

sed
in

th
is

study
are

g
iven

in
T

ab
let.

A
ll

th
e

fish
,

w
ith

th
e

excep
tio

n
o

f
th

e
b

ro
w

n
tro

u
t

u
sed

in
exp

erim
en

t
2

(D
u

n
so

p
B

rid
g

e
2a),

w
ere

o
b

tain
ed

as
eyed

-o
va

an
d

h
atch

ed
at

th
e

1.F
.E

.'s
W

in
d

erm
ere

h
atch

ery.
T

h
e

fish
w

ere
reared

,
via

fry-tro
u

g
h

s,
in

larg
e

(15001),
circu

lar,
o

u
td

o
o

r,
fib

reg
lass

tan
ks

each
su

p
p

lied
w

ith
a

co
n

stan
t

flo
w

o
f

W
in

d
erm

ere
lake

w
ater

(35
I

m
in

')
an

d
fed

,
o

n
ce

d
aily,

w
ith

co
m

m
ercial

tro
u

t
p

ellets
at

a
rate

o
f

1-2%
b

o
d

y
w

eig
h

t
d

ay
(exact

rate
d

ep
en

d
en

t
u

p
o

n
tem

p
eratu

re).
T

h
e

b
ro

w
n

tro
u

t
fo

rexp
erim

en
t

2
w

ere
b

ro
u

g
h

t
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species
difference
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ickering
el
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m

ortality
rate
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n

trout
and

rainbow
trout

(F
ig.

3;P
<

0-001
for

each
species).

T
he
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ptive

cause
of

death
w

as
identified

as
furunculosis

(characterized
by

internal
haem

orrhage,
a

bloody
exudate

from
the

vent
and

occasional
furuncles

on
the

flank
of

the
fish)

com
bined

w
ith

severe
fungal

infection
in

the
brow

n
trout

but
not

in
the

rainbow
trout.

B
oth

sexes
w

ere
affected

in
the

brow
n

trout
population;

the
dead

rainbow
trout

included
both

m
ature

m
ales

and
sexually

im
m

ature
fish.

B
ecause

of
the

high
m

ortality
in
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cortisol-treated
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n

trout
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of
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exper-
im

ent
w

as
term

inated
at
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days

post-im
plantation.

O
f

the
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n
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m

ore
than

50%
of
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cortisol-treated

fish
had

visible
signs

of
fungal

infection,
com

pared
w

ith
less

than
10%

of
the

cocoa-butter-im
planted

control
fish

(P
<0.005).

N
o

m
ortalities

occurred
in

the
control

groups
of

either
species

during
the

course
of

the
experim

ent
and

no
signs

of
disease

w
ere

observed
in

any
of

the
control

rainbow
trout.

T
he

rainbow
trout

study
w

as
allow

ed
to

continue
for

a
period

of
36

days
post-im

plantation.
B

lood
cortisol

levels
w

ere
sign

ifica
n

tly
elevated

M
all

groups
ofcortisol-im

planted
fish

[F
ig.

4(a);
P

ic
0-001

in
all

casesj.
H

ow
ever,
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differences
in
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com
bination

of
both),

rem
ains

to
be

determ
ined.

C
ertainly,

rainbow
trout

feed
m

ore
readily

than
m

any
other

species
of

salm
onid

fish
follow

ing
an

incidence
of

stress
(W

edem
eyer,

1976;J.
P

ollard,
pers.com

m
.)

and
an

increase
in

food
uptake

m
ay

w
ellexplain

the
significant

increase
in

K
factor

of
both

cortisol-im
planted

and
sham

-im
planted

rainbow
trout

during
the

course
of

experim
ent

I.
B

y
com

parison,
both

groups
of

brow
n

trout
show

ed
an

overall
decrease

in
K

factor.
T

he
effects

of
steroid

horm
ones,

such
as

cortisol,
are

m
ediated

by
specific

intracellular
receptors

(B
aulieu,

1979)and
cortisol

receptors
have

been
identified

in
the

intestine
and

gills
of

teleost
fish

(D
i

B
attista

et
al.,

1983,1984;S
andor

et
at,

1984;
C

hakraborti
et

al.,
1987).

T
he

characterization
and

quantification
of

such
receptors

in
other

potential
target

tissues
(m

uscle,
liver,

adipose
tissue)

should
increase

our
understanding

of
the

relative
sensitivity

of
such

tissues
to

cortisol,
both

w
ithin

and
betw

een
species.

T
he

drop
in

the
num

ber
of

circulating
lym

phocytes
in

cortisol-treated
brow

n
trout

reflects
a

generalsuppressive
effectof

corticosteroids
on

fish
lym

phoid
tissues

(C
hilm

onczyk,
1982;E

llsaesser&
C

lem
,

1987;G
honeum

et
at,

1986).
M

oreover,
corticosteroids

have
been

show
n

to
be

severely
im

m
unosuppressive

in
fish

(A
nderson

et
at,

1982;G
rim

m
,

1985;W
echsler

et
rd.,

1986;M
a

ule
et

at,
1987)a

nd
can

result
in

a
m

arked
predisposition

to
disease

(R
obertson

et
at,

1963;P
ickering

&
D

uston,
1983;P

ickering
&

P
ottinger,

1985;W
oo

et
al.,

1987).
T

hus,
it

m
ight

be
suspected

that
the

greater
responsiveness

of
the

brow
n

trout
lym

phocyte
popu-

lation
to

cortisol
treatm

ent
w

ould
result

in
a

m
ore

severe
predisposition

of
this

species-to
disease.

T
his

appears
to

be
strongly

supported
by

the
results

of
exper-

im
ent

2,
in

w
hich

both
the

incidence
of

disease
(furunculosis

and
S

aprolegnia
infection)

and
the

m
ortality

due
to

disease
w

ere
significantly

greater
in

cortisol-
treated

brow
n

trout
w

hen
com

pared
w

ith
rainbow

trout
given

a
sim

ilar
dose

of
the

steroid
(60

m
g

kg-I).
T

hus,
at

18
days

post-im
plantation

(the
tim

e
at

w
hich

the
experim

ent
w

as
term

inated
for

the
brow

n
trout

population)
the

cum
ulative

m
or-

tality
for

the
brow

n
trout

w
as

30%
com

pared
w

ith
only

2%
for

the
cortisol-

im
planted

rainbow
trout.

H
ow

ever,
interpretation

of
this

result
is

com
plicatod

by
the

fact
that

the
plasm

a
cortisol

levels
achieved

by
intraperitoneal

im
plantation

(60
m

g
kg"

I
)

varied
significantly

betw
een

the
groups.

T
hese

differences
are

clearly
related

to
the

sex
and

state
of

sexual
m

aturation
of

the
fish.

In
the

im
m

ature
rainbow

trout,
w

hich
w

ere
given

an
im

plant
of

60
m

g
kg-1

(experim
ent

2),
the

m
ean

blood
cortisol

levelat
36

days
post-im

plantation
w

as
290

ng
m

l-I,
tw

ice
that

of
im

m
ature

rainbow
trout

given
a

cortisol
im

plant
of

30
m

g
kg-1

(14-3
ng

m
1-1,

experim
ent

I).
T

he
m

ean
plasm

a
cortisol

levelof
im

planted,
sexually

m
ature,

m
ale

rainbow
trout

w
as

alm
ost

50%
low

er
than

that
of

the
im

planted
im

m
ature

fish.
S

im
ilarly,

the
plasm

a
cortisol

levels
of

im
planted,

m
ature,

m
ale

brow
n

trout
w

ere
50%

low
er

than
those

of
im

planted,
m

ature,
fem

ale
brow

n
trout.

T
his

suggests
that

the
rate

of
clearance

of
the

horm
one

differs
significantly

betw
een

the
groups.

In
this

context,
it

is
interesting

to
note

that
S

um
pter

et
al.

(1987)
reported

that
sexually

m
ature

m
ale

brow
n

trout
and

rainbow
trout

had
a

significantly
reduced

cortisol
response

to
a

standardized,
short-term

(I
h)

handling
and

oanfinem
ent

stress
w

hen
com

pared
w

ith
sexually

im
m

ature
fish

from
the

sam
e

population.
T

hese
differences

in
circulating

cortisol
levels

m
ake

it
m

ore
difficult

to
correlate

differences
in

lym
phocyte

sensitivity
to

cortisol
(experim

ent
I)

w
ith

the
observed

differences
insusceptibility

to
disease

seen
in

experim
ent

2.
H

ow
ever,

the
dram

atic
increase

in
diseaseseen

in
cortisol-treated

brow
n

trout
(com

pared
w

ith
the

rainbow
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trout)
strongly

suggest
that

the
greater

sensitivity
of

the
circulating

lym
phocyte

population
in

the
brow

n
trout

is
at

least
partly

responsible
for

the
increased

suscep-
tibility

to
disease.

T
hus,

w
hen

attem
pting

to
assess,by

m
eans

of
physiological

and
endocrinological

changes,
the

sensitivity
of

fish
populations

to
environm

ental
stress,not

only
m

ust
one

take
into

account
species

differences
in

the
m

agnitude
of

the
m

easurable
cortisol

response
but

also
potential

differences
betw

een
species

in
the

sensitivity
of

the
target

tissues
to

the
steroid.

T
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authors
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Introduction

A
ctivation

of
the

hypothalam
ic-pituitary-inter-

renal
axis

is
a

central
com

ponent
of

the
response

of
teleost

fish
to

m
ost

form
s

of
environm

ental
stress

(D
onaldson

1981).
It

has
been

presum
ed,

although
by

no
m

eans
convincingly

dem
onstrated,

that
the

energy-m
obilizing

properties
of

the
secreted

cor-
ticosteroids

are
of

adaptive
value

in
the

fish's
at-

tem
pts

to
avoid

or
overcom

e
the

im
m

ediate
threat.

P
aradoxically,

corticosteroids
are

also
know

n
to

have
suppressive

effects
on

the
defence

system
s

of
fish

(see
E

llsaesser
and

C
lem

1987;
M

aule
et

at
1987;

T
ripp

et
at

1987
for

key
referenceS

),
effeC

ts
w

hich
are

believed
to

be
responsible

for
the

ob-

Ilish
P

hysiology
and

B
iochem

istry
w

ill-
7

no
1-4

P
p

233.258
(1989)

K
uglcr

P
ublications.

A
m

sterdam
/B

erkeley

served
increase

in
susceptibility

to
disease

during
or

after
periods

of
environm

ental
stress

(W
edem

eyer
and

M
cLeay

1981).
T

hus,
there

m
ust

be
a

balance
betw

een
the

adaptive
and

m
aladaptive

effects
of

this
com

ponent
of

the
fish's

stress
response.

S
om

e
of

the
earlier

studies
on

the
effects

of
car-

ticosteroids
on

the
defence

system
s

and
disease

resistance
of

teleost
fish

used
pharm

acologically
high

horm
one

doses
(e.g.

R
obertson

et
al.

1963;
R

oth
1972;

C
hilm

onczyk
1982),

others
have

used
synthetic

corticostcroids
of

unknow
n

or
unm

eas-
ured

potency
in

teleost
fish

(B
ullock

and
S

tuckey
1975;

A
nderson

et
at

1982;
H

oughton
and

M
at-

thew
s

1986;
W

echsler
et

al.
1986)or

have
not

m
eas-

ured
the

concentration
of

circulating
corticos-

254

teroids
follow

ing
experim

ental
adm

inistration
(G

honeum
etat

1986).
T

his
m

akes
it

difficult
to

as-
sess

the
physiological

significance
of

these
studies

and
em

phasizes
the

need
for

m
ore

detailed
infor-

m
ation

on
the

levels
of

circulating
corticosteroids

in
both

unstressed
and

stressed
fish

if
w

c
arc

to
under-

stand
how

the
balance

betw
een

adaptive
and

m
aladaptive

effects
of

elevated
corticosteroids

lev-
els

is
achieved

in
stressed

fish.
T

he
present

study
exam

ines
the

m
agnitude

and
duration

of
the

cortisol
response

of
brow

n
trout,

S
alm

o
truila

L.,
and

rainbow
trout,

S
alm

o
gaird-

neri
R

ichardson,
to

both
acute

and
chronic

stresses
and,

in
the

light
of

this
inform

ation,
investigates

the
effects

of
physiological

doses
of

cortisol
on

the
resistance

of
brow

n
trout

to
the

natural
challenge

of
com

m
on

fungal
and

bacterial
pathogens.

M
aterials

and
m

ethods

E
xperim

ental
,fiS

h

A
ll

the
fish

used
in

this
investigation

W
ere

reared
at

the
F

B
A

's
experim

ental
fish

hatchery
in

large
(1500

I).
outdoor,

fibreglass
tanks

each
supplied

w
ith

a
constant

flow
of

W
inderm

ere
lake

w
ater

(35
1

m
in-4.

T
he

fish
w

ere
fed

w
ith

com
m

ercial
trout

pellets
at

the
rates

recom
m

ended
by

the
m

anufac-
turers

(exact
rate

dependent
upon

w
ater

tem
pera-

ture
-

annual
range

3-18°C
).

R
esponse

to
acute

stress

828
2

+
brow

n
trout

(F
B

A
strain,

m
ean

body
'w

eight
330

g)
w

ere
divided

equally
into

18
rearing

tanks
during

early
A

pril
and

left
for

a
period

of
tw

o
w

eeks
to

recover
from

the
effects

of
handling

(P
ick-

ering
etat

1982).
T

he
fish

from
each

tank
w

ere
then

stressed
by

transfer
to

sm
all

(80
x

40
x

20
cm

)
tanks,

each
supplied

w
ith

a
constant

flow
of

lake
w

ater
(201

m
in

°I,
6•C

),
for

a
period

of
1

h
before

being
returned

to
their

original
rearing

tanks.
S

am
-

ples
of

6
fish

w
ere

taken
from

duplicate
tanks

at
0,

0.5,
I,

2,
4,

13,24.
48

and
96

h
post-stress

so
that

no
tank

w
as

repeatedly
sam

pled.
A

t
each

sam
pling

tim
e

the
fish

w
ere

rapidly
anaesthetized

in
phenox-

yethanol
(1:2000)

and
blood

sam
ples

taken
by

m
e-

ans
of

a
heparinized

syringe
from

the
caudal

ves-
sels.

A
liquots

of
blood

plasm
a

w
ere

then
stored

at
-70°C

until
assayed

for
cortisol.

T
he

experim
ent

w
as

then
repeated

w
ith

1+
rainbow

trout
(H

om
c

strain,
m

ean
body

w
eight

207
g,

w
ater

tem
perature

9°C
).

A
further

com
parison

of
the

effects
of

acute
stress

on
brow

n
trout

and
rainbow

trout
w

as
per-

form
ed

in
a

subsequent
study

during
July.

A
popu-

lation
of

660
I

+
brow

n
trout

(D
unsop

B
ridge

strain)
w

as
divided

equally
into

22
rearing

tanks
and

left
for

a
period

of
2

w
eeks

to
recover

from
the

handling
stress.

T
he

w
ater

in
each

tank
w

as
then

drained
and

the
fish

w
ere

exposed
to

the
air

for
a

period
of

30
seconds

(em
ersion

stress)
before

the
tanks

w
ere

refilled.
T

hus,
the

stress
w

as
of

shorter
duration

than
in

the
first

experim
ents

(see
above)

and
did

not
include

the
stress

of
handling.

W
ater

tem
perature

during
this

study
w

as
in

the
range

11-14°C
.

B
lood

sam
ples

w
ere

takenat
regular

in-
tervals

up
to

336
h

post-stress
from

duplicate
tanks

(6
fish

tank
-1).

A
parallel

study
w

ith
1

+
rainbow

trout
(S

tirling
strain)

w
as

undertaken
and

again,
no

tank
w

as
sam

pled
m

ore
than

once.

S
train

differences
in

response
to

aculte
stress

F
ive

strains
of

1+
rainbow

trout
(A

C
aribou,

B
N

ew
Z

ealand,
C

B
utley,

D
H

om
e,

E
C

loan)
and

three
strains

of
I

+
brow

n
trout

(F
D

unsop
B

ridge,
G

F
B

A
,

H
H

ungerford)
w

ere
subjected

to
a

period
of

1
h

confinem
ent

stress
(see

above)
at

four
differ-

ent
tim

es
of

the
year

(O
ctober,

January.
M

arch,
July).

B
lood

sam
ples

w
ere

taken
from

10
fish

of
each

strain
at

the
end

of
each

confinem
ent

period
for

subsequent
plasm

a
cortisol

determ
ination.

In
addition,

blood
sam

ples
w

ere
taken

from
ten

un-
stressed

fish
of

each
strain

at
the

start
of

the
study

for
the

determ
ination

of
basal

plasm
a

cortisol
levels.

R
esponse

to
chronic

stress

a)
C

onfinem
ent

In
July.

ten
I

+
rainbow

trout
(B

ulky
strain,

m
ean


body
w

eight
250

g)
w

ere
individually

confined
in

S
tress

responses
and

disease
resistance

in
salm

onid
fish:

E
ffects

of
chronic

elevation
of

plasm
a

cortisol

A
.D

.
P

ickering
and

T
.G

.
P

ottinger
F

reshw
ater

B
iological

A
ssociation,

T
he

F
erry

H
ouse,

F
ar

S
aw

rey,
N

r
A

m
bleside,

C
um

bria,
L1422

O
LP

,
U

K

K
eyw

ords
stress

response,
pituitary-into-renal

axis,
cortisol

elevation,
S

alm
onidae,

disease
resistance,

im
m

unosuopression

A
bstract

B
asal

levels
of

plasm
a

cortisol
in

unstressed
salm

onid
fish

are
norm

ally
in

the
range

0-5
ng

m
1-1.

A
n

acute
stress

such
as

handling
or

1
h

confinem
ent

caused
a

tem
porary

elevation
of

the
plasm

a
cortisol

levels
of

both
brow

n
trout,

S
alm

o
trutta

L.,
and

rainbow
trout,

S
elm

a
gairdneri

R
ichardson.

in
the

range
40-200

ng
m

l
w

ith
a

return
to

basal
levels

w
ithin

24-48
h.

T
he

extent
of

the
cortisol

elevation
in

response
to

an
acute

stress
w

as
dependent

upon
both

the
species

and
strain

of
trout.

C
hronic

stresses,
such

as
prolonged

confinem
ent

or
crow

ding,
resulted

in
an

elevation
of

plasm
a

cortisol
levels

to
approxim

ately
I

ng
m

1-1.
U

nder
these

dr-
cum

stances,
blood

cortisol
levels

rem
ained

elevated
for

periods
of

up
to

4
w

eeks
before

acclim
ation

finally
occurred.

It
is

show
n,

by
m

eans
of

intraperitoneal
im

plantation
of

C
O

rliS
01,

that
chronic

elevation
of

plasm
a

cortisol
levels

in
the

brow
n

trout
results

in
a

dose-dependent
increase

in
m

ortality
due

to
com

m
on

bacterial
and

fungal
diseases.

T
his

effect
is

apparent
at

plasm
a

cortisol
levels

as
low

as
10

ng
m

1-1,
levels

below
those

often
reported

as
being

representative
of

'unstressed'
fish.

T
hese

findings
are

discussed
in

relation
to

the
know

n
im

m
unosuppressive

effects
of

corticosteroids
in

telcost
fish.
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orrelation
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conisol

levels
of


stocks
of
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and
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instan.

logy
-

tancous
m

onality
rate

(2
w

	,
T
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here

N
T

and
t.

N
,

are
the

num
bers

of
surviving

lish
at

tim
es

T
and

respective.

ly)
w

ithin
each

experim
ental

population.
T

he
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r

causes
of

death
in
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cortisol-treated
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ere
diagnosed
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S
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infection,
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lin.rot

and
furunculosis.

Linar
regression

y
w

0.05
.7

0.034s,
r2

=
93.31/4,

p
<

0.001.

infection,
severe

bacterial
fin-rot

and
furunculosis,

all
w

ell
know

n
stress-related

diseases
(see

W
ed:-

m
eyer

and
M

cLeay
1981).
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iscussion
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his

paper
sum
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arizes

a
series

of
studies

on
the
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agnitude

and
duration

of
the

cortisol
response

of
trout

to
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stress

and
dem

onstrates
that

chronic,
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of
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levels
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found
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and
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susceptibility
to

disease
(P

ickering
and

C
hristie
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1980).
H

ow
ever,

as
the

present
study

show
s,

the
m

agnitude
of

the
stress-induced

cortisol
response

m
ay

differ
significantly

not
only

betw
een

species
but

also
betw

een
strains

of
the

sam
e

species.
It
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difficult

to
equate
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findings

w
ith
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the

previous
studies
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this

field
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of
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use
of

excessively
high

doses
of

natural
corticos-

teroids
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the
use

of
synthetic

corticosteroids
of

unknow
n

potency
(see

Introduction).
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ow
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study

M
aule

etal.
(1987)
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elevation
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a

cortisol
levels

in
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salm

on,
O

ncorhynchus
kisutch,

from
basal

values
of

0.5
ng

m
l

-I
to

only
14

ng
m

l-I
w

as
suffi-

cient
to

reduce
the

num
ber

of
antibody-secreting

cells
in

fish
im
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unized

w
ith

V
ibrio

anguillarum
an-

tigen.
M

oreover,
in

an
in

vitro
study

T
ripp

et
al.

(1987)
also

show
ed

that
10

ng
m

l
cortisol

sup-
pressed

the
m

itogenic
response

of
coho

salm
on

lym
phocytes.

T
hus,

thc
coho

salm
on

w
ould

seem
to

bc
as

sensitive
to

chronically
elevated

cortisol
levels

as
the

brow
n

trout.
C

ircum
stantial

evidence
indi-

cates
that

the
defence

system
s

of
A

tlantic
salm

on
parr,

S
alm

o
solar,

are
also

very
sensitive

to
car-

icosteroid
elevation

(P
ickering

and
P

ottinger
1988)

although
other

evidence
suggests

that
rainbow

trout
m
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be

less
sensitive

than
brow

n
trout

to
cor-

ticosteroid
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.D

.
P

ickering,
T

.G
.

P
ot-

inger
and

J.F
.

C
arragher,

unpublished).
T
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levels

of
cortisol
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of

suppressing
the
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s
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are
low

er
than
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of
the
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plasm

a
cortisol

levels
from

'un-
stressed
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Indeed

in
a

literature
survey

of
this

field,
of

82
publications
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salm
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fish

w
e

found
that

the
m

ajo
rity

(46
papers)

reported
basal

cortisol
levels

of
salm
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in
excess

of
10

ng
m

l-t.
U
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doubtedly
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and
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cortisol
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W
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1987),
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S
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&
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S
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tw
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S
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(S
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S
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0-5
ng

m
1-1
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.D
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P

ickering
and

T
.G
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P

ot-
finger,

unpublished),
and

further
com

parative
stu-

dies
w

ithin
the
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alm

onidae
are

needed.
If,

how
ever,

the
degree

of
sensitivity

of
the

defence
system

s
of

the
brow

n
trout

to
chronic

elevation
of

plasm
a

cortisol
levels

proves
to

be
characteristic

of
m

any
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a
t
e
d
a
t

h
i
g
h
w
a
t
e
r

t
e
m
p
e
r
a
t
u
r
e
s
.

S
t
e
e
e
e
ed

f
i
s
h
a
l
s
o
l
o
s
e

s
a
l
t
s
i
n
f
r
e
s
h
w
a
t
e
r
a
n
d
c
a
n

d
i
e

b
e
c
a
u
s
e
t
h
e
s
a
l
t
c
o
n
c
e
n
t
r
a
t
i
o
ni
n
t
h
e
b
l
o
o
d

d
r
o
p
s
t
o
l
e
t
h
a
l
l
e
v
e
l
s
.
T
h
e
'
i
h
i
r
d
,a
n
d
p
e
r
h
a
p
s
m
o
s
t
f
a
r
-
r
e
a
c
h
i
n
g
,
c
o
n
s
e
q
u
e
n
c
e

o
f
s
t
r
e
s
s
i
s

t
h
e
a
b
i
l
i
t
y
o
f

t
h
e

f
i
s
h

t
O
r
e
s
i
s
t
d
i

.
M
o
s
t

a
s
p
e
c
t
s
o
f
t
h
e

f
i
s
h
'
s
d
e
f
e
n
c
e
s
y
s
t
e
m
s
a
r
e
s
o
e
e
e
e
e
e
l
y
s
u
p
p

d
t
h
a
t
t
h
e

f
i
s
h
b
e
c
o
m
e
e
x
t
r
e
m
e
l
y



v
u
l
n
e
r
a
b
l
e
t
o
a
w
i
d
e

r
a
n
g
e
o
f
c
o
m
m
o
n

p
a
t
h
o
g
e
n
s

(
v
i
r
a
l
,
b
a
c
t
e
r
i
a
l
,

f
u
n
g
a
l
a
n
d

p
a
r
a
s
i
t
i
c
)
.

A
r
e
l
a
t
e
d
c
o
n
s
e
q
u
e
n
c
e
o
f
t
h
i
s
t
y
p
e
o
f

d
a
m
a
g
e

i
s
a
m
a
r
k
e
d
r
e
d
u
c
t
i
o
n

i
n
t
h
e
e
f
f
e
c
t
i
v
e
n
e
s
s
o
f

v
a
c
c
i
n
e
s
i
n
s
te
e
e
e
ed

f
i
s
h
(
s
e
e
a
r
t
i
c
l
e
b
y
P
D
S
m
i
t
h
,

T
r
o
u
t
N
e
v
a

N
o
4
,

1
9
8
7
.
1
1
-
1
3
)
.

G
r
o
w
t
h

O
n
e

o
f

t
h
e

f
i
r
s
t
,
a
n
d
m
o
s
t
u
s
e
f
u
l
,
i
n
d
i
c
a
t
i
o
n
so
f
s
t
r
e
s
s
i
s
a

r
e
f
u
s
a
l
o
f

t
h
e

f
i
s
h
t
o
f
e
e
d
.

T
h
i
s
,

t
o
g
e
t
h
e
r
w
i
t
h

t
h
e
h
o
r
n
o
n
a
l

c
h
a
n
g
e
s

t
h
a
t

c
a
u
s
e
a

s
t
r
e
s
s
e
d
f
i
s
h

t
o
b
r
e
a
k
d
o
w
n

i
t
s
o
w
n

b
o
d
y

t
i
s
s
u
e
s
,

i
s
r
e
s
p
o
n
s
i
b
l
e

f
o
r

r
e
d
u
c
e
d
g
r
o
w
t
h

r
a
t
e
,
i
n
c
r
e
a
s
e
d
f
o
o
d
c
o
n
v
e
r
s
i
o
n

r
a
t
i
o

a
n
d

r
e
d
u
c
e
d
c
o
n
d
i
t
i
o
n

f
a
c
t
o
r
.

F
r
o
m
a
n
e
c
o
n
o
m
i
c
v
i
e
w
p
o
i
n
t
,

l
o
s
s
o
f

p
r
o
d
u
c
t
i
o
n
v
i
a
g
r
o
w
t
h
s
u
p
p
r
e
s
s
i
o
n

o
a
f

b
e
a
s
d
a
m
a
g
i
n
g

t
o
a
f
i
s
h
f
a
r
m
a
s
s
t
r
e
s
s
-
r
e
l
a
t
e
dd
i
s
e
a
s
e
p
r
o
b
l
e
m
s
.

R
e
p
r
o
d
u
c
t
i
o
n

R
e
c
e
n
t

e
v
i
d
e
n
c
e
h
a
s
l
i
n
k
e
d
t
h
e
s
u
p
p
r
e
s
s
i
o
no
f

r
e
p
r
o
d
u
c
t
i
v
e
p
r
o
c
e
s
s
e
s

i
n
f
i
s
h
t
o
s
t
r
e
s
s
f
u
l

e
n
v
i
r
o
n
m
e
n
t
a
l

c
o
n
d
i
t
i
o
n
s
.

H
o
w
e
v
e
r
,

m
u
c
h
m
o
r
e
w
o
r
k

i
s
n
e
e
d
e
d
o
n

t
h
e

r
e
l
a
t
i
o
n
s
h
i
p
s
b
e
t
w
e
e
n

t
h
i
s

e
f
f
e
c
t

o
f
s
t
r
e
s
s
a
n
d

t
h
e
d
i
f
f
e
r
e
n
c
e
s

b
e
t
w
e
e
n
v
a
r
i
o
u
s

r
a
i
n
b
o
w

t
r
o
u
t
s
t
r
a
i
n
s
o
n

r
e
p
r
o
d
u
c
t
i
v
e
s
u
c
c
e
s
s

(
s
e
e
a
r
t
i
c
l
e
b
y
J

S
p
r
i
n
g
a
t
e
a
n
d

N
B
r
o
m
a
g
e
,
T
r
o
u
t

N
e
w
s

N
o
.

3
,

1
9
8
7
,
6
-
7
,

f
o
r
•

1
2

P
r
o
d
u
c
t

Q
u
a
l
i
t
y

F
i
s
h

s
h
o
u
l
d

b
e
c
a
p
t
u
r
e
d

a
n
d

s
l
a
u
g
h
t
e
r
e
d

a
s
q
u
i
c
k
l
y

a
n
d

c
a
r
e
f
u
l
l
y

a
s

p
o
s
s
i
b
l
e

i
n
o
r
d
e
r

t
o
a
v
o
i
d

c
h
e

s
t
r
e
s
s
-
i
n
d
u
c
e
d

d
e
p
l
e
t
i
o
n

o
f

g
l
u
c
o
s
e

r
e
s
e
r
v
e
s
i
n

t
h
e
m
u
s
c
l
e
.

T
h
i
s

i
m
p
r
o
v
e
s

t
h
e

k
e
e
p
i
n
g

q
u
a
l
i
t
y

a
n
d

f
l
a
v
o
u
r

(
s
e
e

B
T
A

Q
u
a
l
i
t
y

A
s
s
u
r
a
n
c
e

C
o
d
e
o
f

P
r
a
c
t
i
c
e
)
.

F
u
r
t
h
e
r
m
o
r
e
,

s
t
r
e
s
s

r
e
d
u
c
e
s

p
i
g
m
e
n
t

d
e
p
o
s
i
t
i
o
n

i
n

f
i
s
h
d
e
s
t
i
n
e
d

f
o
r

t
h
e

t
a
b
l
e

(
s
e
e

a
r
t
i
c
l
e

b
y

R
S
i
m
n
o
t
t
,

T
r
o
u
t

N
e
w
s

N
o

7
,
1
9
8
8
,
8
-
1
1
)

a
n
d
m
a
y

r
e
d
u
c
e

t
h
e

f
i
r
m
n
e
s
s

o
f

t
h
e

f
l
e
s
h

b
y

i
n
h
i
b
i
t
i
n
g

c
h
e

n
o
r
m
a
l

d
e
v
e
l
o
p
m
e
n
t

o
f
c
o
n
n
e
c
t
i
v
e

t
i
s
s
u
e

b
e
t
w
e
e
n

t
h
e

m
u
s
c
l
e

f
i
b
r
e
s
.

M
i
n
i
m
i
s
i
n
g

S
t
r
e
s
s

S
o

f
a
r
,

t
h
i
s

a
r
t
i
c
l
e
h
a
s

o
u
t
l
i
n
e
d

t
h
e

n
a
t
u
r
e

o
f

t
h
e

s
t
r
e
s
s

r
e
s
p
o
n
s
e

i
n
f
i
s
h

a
n
d

e
m
p
h
a
s
i
s
e
d

t
h
e
d
a
m
a
g
e

c
o
f
i
s
h

p
r
o
d
u
c
t
i
o
n

b
u
t

l
i
t
t
l
e

h
a
s

b
e
e
n

s
a
i
d
a
b
o
u
t

t
h
e

f
a
c
t
o
r
s
c
a
u
s
i
n
g

s
t
r
e
s
s
a
n
d

m
e
t
h
o
d
s

o
f

m
i
n
i
m
i
s
i
n
g

d
a
m
a
g
e
.

I
t
i
s

t
h
e
c
o
n
v
e
n
t
i
o
n

t
o
d
e
s
c
r
i
b
e

s
t
r
e
s
s
e
s

a
s
e
i
t
h
e
r

a
c
u
t
e

o
r

c
h
r
o
n
i
c
,

a
d
i
s
t
i
n
c
t
i
o
n

w
h
i
c
h

d
o
e
s

n
o
t

n
e
c
e
s
s
a
r
i
l
y

r
e
f
l
e
c
t

t
h
e
d
e
g
r
e
e

o
f

s
e
v
e
r
i
t
y

b
u
t

w
h
i
c
h

d
e
s
c
r
i
b
e
s

t
h
e

t
i
m
e
-
c
o
u
r
s
e

o
f

t
h
e
s
t
r
e
s
s
.

A
n

a
c
u
t
e

s
t
r
e
s
s

i
s
o
n
e

o
f

s
h
o
r
t

d
u
r
a
t
i
o
n

(
m
i
n
u
t
e
s

o
r

h
o
u
r
s
)

a
n
d

o
n
e

i
n
w
h
i
c
h

t
h
e

t
i
m
e
-
c
o
u
r
s
e
o
f

t
h
e

r
e
s
p
o
n
s
e

o
f

t
h
e

f
i
s
h

f
a
r

o
u
t
l
a
s
t
s

t
h
a
t

o
f

t
h
e
s
t
r
e
s
s
.

I
n
t
h
e
a
q
u
a
c
u
l
t
u
r
e

i
n
d
u
s
t
r
y
,

n
e
t
t
i
n
g
,

g
r
a
d
i
n
g
,

h
a
n
d
l
i
n
g
,

v
a
c
c
i
n
a
-

t
i
o
n
,

f
l
u
s
h
p
r
o
p
h
y
l
a
c
t
i
c

t
r
e
a
t
m
e
n
t
s
,

t
r
a
n
s
p
o
r
t
,

s
u
d
d
e
n

t
e
m
p
e
r
a
t
u
r
e

s
h
o
c
k

(
i
n

e
i
t
h
e
r
d
i
r
e
c
t
i
o
n
)

w
o
u
l
d
a
l
l

b
e

i
n
c
l
u
d
e
d

i
n

t
h
e

c
a
t
e
g
o
r
y

o
f

a
c
u
t
e

s
t
r
e
s
s
.

A
c
h
r
o
n
i
c

s
t
r
e
s
s

L
s
a
c
o
n
t
i
n
u
a
l

s
t
r
e
s
s

f
r
o
m
w
h
i
c
h

t
h
e
r
e

i
s

n
o
e
s
c
a
p
e
.

O
v
e
r
-

c
r
o
w
d
i
n
g
,

p
o
o
r
w
a
t
e
r

q
u
a
l
i
t
y
,

s
o
c
i
a
l

i
n
t
e
r
a
c
t
i
o
n

b
e
t
w
e
e
n

f
i
s
h

a
n
d

e
x
p
o
s
u
r
e

t
o
a

n
o
v
e
l
e
n
v
i
r
o
n
m
e
n
t

(
e
.
g
.
t
r
a
n
s
f
e
r

o
f

f
i
s
h

f
r
o
m

e
a
r
t
h

p
o
n
d
s

t
o
c
i
r
c
u
l
a
r

t
a
n
k
s
)

a
r
e

a
l
l

e
x
a
m
p
l
e
s

o
f

c
h
r
o
n
i
c

s
t
r
e
s
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

f
i
s
h

f
a
r
m
i
n
g
.

I
t

i
s
c
l
e
a
r

t
h
a
t
,
d
u
r
i
n
g

n
o
r
m
a
l

a
q
u
a
c
u
l
t
u
r
e

o
p
e
r
a
t
i
o
n
s
,

i
t
w
i
l
l

b
e

i
m
p
o
s
-

s
i
b
l
e

t
o
a
v
o
i
d

m
a
n
y

o
f
t
h
e

p
r
o
c
e
d
u
r
e
s

k
n
o
v
n

t
o

i
n
d
u
c
e

s
t
r
e
s
s

r
e
s
p
o
n
s
e
s

i
n

f
i
s
h
.

N
e
t
t
i
n
g
,

g
r
a
d
i
n
g

a
n
d

t
r
a
n
s
p
o
r
t
a
r
e

i
n
t
e
g
r
a
l

c
o
m
p
o
n
e
n
t
s

o
f

t
h
e

f
i
s
h
-
f
a
r
m
i
n
g

r
o
u
t
i
n
e
a
n
d
,

a
s

b
e
s
t
,
a
l
l

t
h
a
t

t
h
e

f
i
s
h

f
a
r
m
e
r

c
a
n

d
o

i
s

t
o
m
i
n
i
m
i
s
e

t
h
e

e
f
f
e
c
t
s

o
f

t
h
i
s

t
y
p
e
o
f

s
t
r
e
s
s
.

T
h
e

c
h
o
i
c
e

o
f

t
e
c
h
n
i
q
u
e
s
,

h
o
w
e
v
e
r
,

c
a
n

i
n
f
l
u
e
n
c
e

t
h
e

d
e
g
r
e
e

o
f

s
t
r
e
s
s
.

F
o
r
e
x
a
m
p
l
e
,

s
o
m
e

r
e
c
e
n
t

S
c
a
n
d
i
n
a
v
i
a
n

w
o
r
k

s
h
o
w
s

t
h
a
t
m
o
v
i
n
g

f
i
s
h
b
y
m
e
a
n
s

o
f

n
e
t
s
c
a
u
s
e
d

g
r
e
a
t
e
r

g
r
o
w
t
h

s
u
p
p
r
e
s
s
i
o
n

t
h
a
n

t
h
a
t
o
f

p
i
p
i
n
g

t
h
e

f
i
s
h
.

S
o
m
e

c
h
r
o
n
i
c

s
t
r
e
s
s
e
s
a
r
e

a
v
o
i
d
a
b
l
e

a
n
d

m
u
s
t

b
e

e
v
a
d
e
d

i
f

t
h
e

f
i
s
h

a
r
e

t
o

r
e
m
a
i
n
h
e
a
l
t
h
y
,

a
t
t
a
i
n

t
h
e
i
r

f
u
l
l
g
r
o
w
t
h

p
o
t
e
n
t
i
a
l

a
n
d

p
r
o
d
u
c
e

e
g
g
s

a
n
d

s
p
e
r
m

o
f

t
h
e
h
i
g
h
e
s
t

q
u
a
l
i
t
y
.

U
n
d
e
r

c
o
n
d
i
t
i
o
n
s

o
f

c
h
r
o
n
i
c

s
t
r
e
s
s
,

t
h
e

f
i
s
h
w
i
l
l

m
a
k
e

c
e
r
t
a
i
n
p
h
y
s
i
o
l
o
g
i
c
a
la
d
j
u
s
t
m
e
n
t
st
o
m
i
n
i
m
i
s
e
d
a
m
a
g
e
a
s
i
t
a
t
t
e
m
p
t
s
t
o
a
c
c
l
i
m
a
t
e

t
o
t
h
e
c
o
n
d
i
t
i
o
n
s
,b
u
t
t
h
i
s
p
r
o
c
e
s
s
i
s
r
a
r
e
l
y
c
o
m
p
l
e
t
e
a
n
d
p
e
r
f
o
r
m
a
n
c
ew
i
l
l

i
n
v
a
r
i
a
b
l
yb
e
i
m
p
a
i
r
e
d
.
I
t
i
s
n
o
t
t
h
e
p
u
r
p
o
s
e
o
f
t
h
i
s
a
r
t
i
c
l
e
t
o
d
e
f
i
n
e

o
p
t
i
m
a
l

e
n
v
i
r
o
n
m
e
n
t
a
l

c
o
n
d
i
t
i
o
n
s

-
i
n
d
e
e
d

t
h
e
s
e

v
a
r
y

w
i
t
h

t
h
e

s
p
e
c
i
e
s

a
n
d

s
i
t
e
o
f

f
i
s
h

a
n
d
m
o
s
t
f
a
r
m
e
r
s
a
r
e
f
u
l
l
y
f
a
m
i
l
i
a
r
w
i
t
h
a
p
p
r
o
p
r
i
a
t
e
g
u
i
d
e
l
i
n
e
s
f
o
r
s
t
o
c
k
i
n
g

d
e
n
s
i
t
y
,w
a
t
e
r
f
l
o
w
,
f
e
e
d
i
n
g
r
a
t
e
s
e
t
c
.

I
t
i
s
t
h
e
p
u
r
p
o
s
e
o
f
t
h
i
s
a
r
t
i
c
l
e
t
o

c
o
n
v
i
n
c
e
t
h
e
f
a
r
m
e
r
o
f
t
h
e
d
a
m
a
g
i
n
g

c
o
n
s
e
q
u
e
n
c
e
s

o
f

s
t
r
e
s
s

o
n

s
u
r
v
i
v
a
l
,

g
r
o
w
t
h

a
n
d

r
e
p
r
o
d
u
c
t
i
o
n

i
f
t
h
e
s
e
g
u
i
d
e
l
i
n
e
s

a
r
e

i
g
n
o
r
e
d
.

I
n
t
h
o
s
e

c
i
r
c
u
n
s
t
a
n
c
e
s

w
h
e
r
e

s
t
r
e
s
s
e
s

(
u
s
u
a
l
l
y

a
c
u
t
e
)

c
a
n
n
o
t

b
e
a
v
o
i
d
e
d
,

t
h
e
r
e
a
r
e

s
t
i
l
l

s
o
m
e

t
a
c
t
i
c
s

t
h
a
t

t
h
e

f
a
r
m
e
r

c
a
n

a
d
o
p
t

t
o

p
r
o
t
e
c
t

h
i
s

f
i
s
h
:

1
.

I
n
g
e
n
e
r
a
l
,

t
h
e

l
o
n
g
e
r

t
h
e

p
e
r
i
o
d

o
f

s
t
r
e
s
s

t
h
e

g
r
e
a
t
e
r

t
h
e
d
a
m
a
g
e
.

T
h
u
s
,

r
e
d
u
c
i
n
g

t
h
e

t
i
m
e
t
a
k
e
n

t
o
n
e
t
,

g
r
a
d
e

a
n
d

t
r
a
n
s
p
o
r
t

f
i
s
h

w
i
l
l

e
n
c
o
u
r
a
g
e

a
m
o
r
e

r
a
p
i
d

r
e
c
o
v
e
r
y

f
r
o
m
s
t
r
e
s
s
.

H
o
w
e
v
e
r
,

i
t
m
u
s
t

b
e

r
e
a
l
i
s
e
d

t
h
a
t

s
o
m
e

o
f

t
h
e

e
f
f
e
c
t
s
o
f

a
c
u
t
e
s
t
r
e
s
s
o
f
o
n
l
y
1
o
r
2
m
i
n
u
t
e
s
m
a
y
l
a
s
t
f
o
r
a

c
o
n
s
i
d
e
r
a
b
l
e

p
e
r
i
o
d
o
f

t
i
m
e
.

T
h
e

d
e
f
e
n
c
e

s
y
s
t
e
m
s

m
a
y

b
e

s
u
p
p
r
e
s
s
e
d

f
o
r

s
e
v
e
r
a
l

d
a
y
s

a
n
d

f
a
r
m
e
r
s

s
h
o
u
l
d

b
e

p
a
r
t
i
c
u
l
a
r
l
y

v
i
g
i
l
a
n
t

i
n

t
h
e
i
r

w
a
t
c
h

f
o
r

d
i
s
e
a
s
e

o
u
t
b
r
e
a
k
s

•
P
u
b
l
i
s
h
e
d

b
y

t
h
e

B
r
i
t
i
s
h
T
r
o
u
t

A
s
s
o
c
i
a
t
i
d
n

L
t
d
.
,

P
0

B
o
x

1
8
9
,
L
o
n
d
o
n

8
W
6

S
L
Y

1
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1
III

III
01

N
M

In
I=

O
M

d
u
r
i
n
g
t
h
e
w
e
e
k
f
o
l
l
o
w
i
n
g
a
n
y
d
i
s
t
u
r
b
a
n
c
e
o
f
t
h
e
f
i
s
h
.

I
n
o
u
r
e
x
p
e
r
i
m
e
n
t
a
l

w
o
r
k
,
w
e
r
o
u
t
i
n
e
l
y
u
s
e
a
r
e
c
o
v
e
r
y
p
e
r
i
o
d
o
f
2
w
e
e
k
s
t
o
b
e
c
o
n
f
i
d
e
n
t
t
h
a
t
t
h
e

p
h
y
s
i
o
l
o
g
y
o
f
t
h
e
f
i
s
h
h
a
s
r
e
t
u
r
n
e
d
t
o
n
o
r
m
a
l
.

T
h
e
h
i
g
h
e
r
t
h
e
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
,
t
h
e
g
r
e
a
t
e
r
t
h
e
s
t
r
e
s
s
r
e
s
p
o
n
s
e
.
O
n

t
h
o
s
e
f
a
r
m
s
i
n
w
h
i
c
h
t
h
e
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
v
a
r
i
e
s
s
e
a
s
o
n
a
l
l
y
,
i
t
i
s
s
a
f
e
r
t
o

c
a
r
r
y
o
u
t
p
o
t
e
n
t
i
a
l
l
ys
t
r
e
s
s
f
u
l
p
r
o
c
e
d
u
r
e
s
d
u
r
i
n
g
t
h
e
w
i
n
t
e
r
m
o
n
t
h
s
.

N
o
t
e
:

O
n
e
p
o
s
s
i
b
l
e
e
x
c
e
p
t
i
o
n
t
o
t
h
i
s
p
r
i
n
c
i
p
l
e
i
s
v
a
c
c
i
n
a
t
i
o
n
,b
e
c
a
u
s
e
t
h
e
t
i
m
e

t
a
k
e
n
t
o
d
e
v
e
l
o
p
p
r
o
t
e
c
t
i
v
e
i
m
m
u
n
i
t
y
i
s
m
u
c
h
l
o
n
g
e
r
a
t
l
o
w
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
s
.

R
e
s
p
i
r
a
t
o
r
y
s
t
r
e
s
s
L
s
p
a
r
t
i
c
u
l
a
r
l
y
d
a
m
a
g
i
n
g
a
t
h
i
g
h
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
sb
e
c
a
u
s
e

t
h
e
o
x
y
g
e
n
r
e
q
u
i
r
e
m
e
n
t
so
f
t
h
e
f
i
s
h
a
r
e
e
l
e
v
a
t
e
d
a
t
a
t
i
m
e
w
h
e
n
t
h
e
o
x
y
g
e
n

c
a
r
r
y
i
n
g
c
a
p
a
c
i
t
y
o
f
t
h
e
w
a
t
e
r
i
s
r
e
d
u
c
e
d
.

T
h
e
e
f
f
e
c
t
s
o
f
m
u
l
t
i
p
l
e
s
t
r
e
s
s
e
s
m
a
y
b
e
a
d
d
i
t
i
v
e
o
r
e
v
e
n
s
y
n
e
r
g
i
s
t
i
c

(
i
.
e
.
t
h
e
y
p
r
o
d
u
c
e
a
g
r
e
a
t
l
y
e
x
a
g
g
e
r
a
t
e
d
s
t
r
e
s
s
r
e
s
p
o
n
s
e
)
.

I
f
r
e
p
e
a
t
e
d
s
t
r
e
s
s
e
s

a
r
e
u
n
a
v
o
i
d
a
b
l
e
,
t
h
e
r
e
H
i
s
a
n
a
d
v
a
n
t
a
g
e
i
n
a
l
l
o
w
i
n
g
a
s
u
f
f
i
c
i
e
n
t
r
e
c
o
v
e
r
y
p
e
r
i
o
d

b
e
t
w
e
e
n
s
t
r
e
s
s
e
s
.

(
I
n
t
h
e
c
a
s
e
o
f
m
i
n
o
r
d
i
s
t
u
r
b
a
n
c
e
s
s
u
c
h
a
s
t
a
n
k
c
l
e
a
n
i
n
g
,
t
h
e

f
i
s
h
m
a
y
a
c
c
l
i
m
a
t
e
t
o
t
h
e
r
o
u
t
i
n
e
a
n
d
r
e
d
u
c
e
t
h
e
i
r
o
w
n
s
t
r
e
s
s
r
e
s
p
o
n
s
e
.
)
S
i
m
u
l
-

t
a
n
e
o
u
s
,
m
u
l
t
i
p
l
e
s
t
r
e
s
s
e
s
s
u
c
h
a
s
s
u
d
d
e
n
t
e
m
p
e
r
a
t
u
r
e
c
h
a
n
g
e
d
u
r
i
n
g
o
r
i
m
m
e
-

d
i
a
t
e
l
y
a
f
t
e
r
t
r
a
n
s
p
o
r
t
(
a
c
o
m
b
i
n
a
t
i
o
n
o
f
c
o
n
f
i
n
e
m
e
n
t
s
t
r
e
s
s
,
h
a
n
d
l
i
n
g
,
t
h
e
r
m
a
l

s
h
o
c
k
a
n
d
p
o
s
s
i
b
l
e
r
e
s
p
i
r
a
t
o
r
y
s
t
r
e
s
s
)
s
h
o
u
l
d
b
e
a
v
o
i
d
e
d
a
s

f
a
r

a
s
p
o
s
s
i
b
l
e

b
e
c
a
u
s
e

t
h
e
d
a
m
a
g
e
t
o
t
h
e
f
i
s
h
m
a
y
f
a
r
e
x
c
e
e
d
t
h
a
t
c
a
u
s
e
d
b
y
a
n
y
o
f
t
h
e
s
t
r
e
s
s
e
s

o
n
i
t
s
o
w
n
.

T
h
e
u
s
e
o
f
d
i
l
u
t
e
s
a
l
t
s
o
l
u
t
i
o
n
s
(
a
p
p
r
o
x
.
5
g

1
-
1
N
a
d
i
)
d
u
r
i
n
g

s
e
v
e
r
e
s
t
r
e
s
s
e
s
s
u
c
h
a
s
h
a
u
l
i
n
g
h
a
s
b
e
e
n
s
h
o
w
n
t
o
b
e
e
f
f
e
c
t
i
v
e
i
n
r
e
d
u
c
i
n
g
t
h
e

s
t
r
e
s
s
r
e
s
p
o
n
s
e
,
l
i
m
i
t
i
n
g
s
a
l
t
l
o
s
s
a
n
d
r
e
d
u
c
i
n
g
s
t
r
e
s
s
-
a
s
s
o
c
i
a
t
e
dm
o
r
t
a
l
i
t
y
i
n

f
r
e
s
h
w
a
t
e
r
.

W
i
t
h
d
r
a
w
a
l
o
f
f
o
o
d
2
t
o
3
d
a
y
s
p
r
i
o
r
t
o
a
n
y
o
p
e
r
a
t
i
o
n
i
n
v
o
l
v
i
n
g
f
i
s
h

m
o
v
e
m
e
n
t
o
r
c
o
n
f
i
n
e
m
e
n
tn
o
t
o
n
l
y
p
r
e
v
e
n
t
s
f
o
u
l
i
n
g
o
f
t
h
e
w
a
t
e
r
w
i
t
h
f
a
e
c
a
l

m
a
t
e
r
i
a
l
a
n
d
r
e
g
u
r
g
i
t
a
t
e
df
o
o
d
b
u
t
,
m
o
r
e
i
m
p
o
r
t
a
n
t
l
y
,
I
t
r
e
d
u
c
e
s
t
h
e
f
i
s
h
'
s

o
x
y
g
e
n
r
e
q
u
i
r
e
m
e
n
t
s
t
h
e
r
e
b
y
a
m
e
l
i
o
r
a
t
i
n
g
r
e
s
p
i
r
a
t
o
r
y
s
t
r
e
s
s
.

M
i
l
d
a
n
a
e
s
t
h
e
s
i
a
,u
s
i
n
g
a
n
y
o
f
t
h
e
c
o
n
v
e
n
t
i
o
n
a
l
f
i
s
h
a
n
a
e
s
t
h
e
t
i
c
s
,c
a
n

b
e
u
s
e
d
w
i
t
h
e
f
f
e
c
t
t
o
p
r
o
m
o
t
e
s
u
r
v
i
v
a
l
d
u
r
i
n
g
s
e
v
e
r
e
s
t
r
e
s
s
.
A
n
a
e
s
t
h
e
s
i
a
h
a
s

b
e
e
n
s
h
o
w
n
t
o
r
e
d
u
c
e
t
h
e
m
e
t
a
b
o
l
i
c
d
e
m
a
n
d
s
o
f
t
h
e
f
i
s
h
,
i
n
h
i
b
i
t
c
e
r
t
a
i
n
a
s
p
e
c
t
s

o
f
t
h
e
s
t
r
e
s
s
r
e
s
p
o
n
s
e
a
n
d
i
n
c
r
e
a
s
e
t
h
e
s
u
r
v
i
v
a
l
o
f
f
i
s
h
s
u
b
s
e
q
u
e
n
t
l
ye
x
p
o
s
e
d
t
o

a
s
e
c
o
n
d
s
t
r
e
s
s
.

F
u
t
u
r
e
D
e
v
e
l
o
p
m
e
n
t
s

B
y
c
o
m
p
a
r
i
s
o
n
w
i
t
h
o
t
h
e
r
f
o
r
m
s
o
f
a
g
r
i
c
u
l
t
u
r
e
,
t
h
e
t
r
o
u
t
f
a
r
m
i
n
g
i
n
d
u
s
t
r
y

I
s
s
t
i
l
l
i
n
i
t
s
i
n
f
a
n
c
y
a
n
d
t
h
e
r
e
I
s
c
o
n
s
i
d
e
r
a
b
l
e
s
c
o
p
e
f
o
r
f
u
r
t
h
e
r
m
o
d
i
f
i
c
a
-

t
i
o
n
,
b
y
m
e
a
n
s
o
f
a
r
t
i
f
i
c
i
a
l
s
e
l
e
c
t
i
o
n
,
o
f
t
h
e
g
e
n
e
t
i
c
c
o
m
p
o
s
i
t
i
o
no
f
t
h
e

f
i
s
h

u
n
d
e
r
c
u
l
t
i
v
a
t
i
o
n
.
T
h
e
a
v
a
i
l
a
b
l
e
e
v
i
d
e
n
c
e
i
n
d
i
c
a
t
e
s
t
h
a
t
t
h
e
m
a
g
n
i
t
u
d
e
o
f
t
h
e

s
t
r
e
s
s
r
e
s
p
o
n
s
e
L
s
g
e
n
e
t
i
c
a
l
l
y
c
o
n
t
r
o
l
l
e
d
a
n
d
i
t
o
u
g
h
t
t
o
b
e
r
e
s
p
o
n
s
i
v
e
,t
h
e
r
e
-

f
o
r
e
,
t
o
a
s
e
l
e
c
t
i
v
e
b
r
e
e
d
i
n
g
p
r
o
g
r
a
m
m
e
.

W
e
a
r
e
c
u
r
r
e
n
t
l
y
i
n
v
o
l
v
e
d
i
n
r
e
s
e
a
r
c
h

t
o
d
e
v
e
l
o
p
s
t
r
a
i
n
s
o
f
r
a
i
n
b
o
w
t
r
o
u
t
w
i
t
h
r
e
d
u
c
e
d
s
t
r
e
s
s
r
e
s
p
o
n
s
e
s
t
o
c
o
m
m
o
n

f
o
r
m
s
o
f
a
q
u
a
c
u
l
t
u
r
a
ls
t
r
e
s
s
.

T
h
e
p
e
r
f
o
r
m
a
n
c
e
c
a
p
a
c
i
t
y
o
f
t
h
e
s
e
f
i
s
h
w
i
l
l
t
h
e
n

'
b
e
t
e
s
t
e
d
u
n
d
e
r
d
i
f
f
e
r
e
n
t
c
o
n
d
i
t
i
o
n
s
t
o
d
e
t
e
r
m
i
n
e
t
h
e
i
r
t
o
l
e
r
a
n
c
e
t
o
i
n
t
e
n
s
i
v
e

a
q
u
a
c
u
l
t
u
r
e
.
T
h
i
s
t
y
p
e
o
f
a
c
c
e
l
e
r
a
t
i
o
n
o
f
t
h
e
r
a
t
e
o
f
d
o
m
e
s
t
i
c
a
t
i
o
nh
a
s
b
e
e
n

s
u
c
c
e
s
s
f
u
l
l
y
a
d
o
p
t
e
d
b
y
t
h
e
p
o
u
l
t
r
y
i
n
d
u
s
t
r
y
a
n
d
h
a
s
r
e
s
u
l
t
e
d
i
n
s
i
g
n
i
f
i
c
a
n
t
l
y

i
m
p
r
o
v
e
d
r
a
t
e
s
o
f
p
r
o
d
u
c
t
i
o
n
.
I
t
i
s
l
n
t
h
e
i
n
t
e
r
e
s
t
s
o
f
f
i
s
h
f
a
r
m
i
n
g
t
h
a
t
w
e

s
h
o
u
l
d
e
x
p
l
o
i
t
i
d
e
a
s
g
e
n
e
r
a
t
e
d
i
s
o
t
h
e
r
f
o
r
m
s
o
f
a
g
r
i
c
u
l
t
u
r
e
a
n
d
a
p
p
l
y
t
h
e
m
t
o

s
p
e
c
i
f
i
c
a
q
u
a
c
u
l
t
u
r
a
l
p
r
o
b
l
e
m
s
.
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Introduction

O
utbreaks

of
disease

in
fish

populations
occur

w
hen

susceptible
fish

are
exposed

to
potential

pathogens
under

conditions
w

hich
favour

the
survival

and
grow

th
of

the
infective

organism
.

C
hanges

in
the

physical
and

chem
ical

characteristics
of

the
envirdrim

ent
can

increase
the

abundance
and

virulence
of

pathogenic
organism

s
as

can
genetic

m
utation,

factors
w

hich
m

ust
have

an
im

portant
influence

on
the

outcom
e

of
a

situation
in

w
hich

fish
are

challenged
by

pathogens
in

the
w

ater.
H

ow
ever

another
influence,

nam
ely

the
degree

of
susceptibility

of
the

host,
m

ay
also

be
instrum

ental
in

determ
ining

w
hether

or
not

pathogenic
challenge

results
in

disease.
T

his
aspect

of
the

equation
form

s
the

subject
for

the
present

review
.

Like
all

vertebrates,
fish

possess
a

w
ide

array
of

defence
system

s
to

protect
them

selves
against

colonization
by

disease-causing
organism

s.
U

nder
favour-

able
conditions

these
system

s
control

pathogen-loading
of

the
fish

to
such

an
extent

that
disease

(i.e.
an

im
pairm

ent
of

the
norm

al
physiological

functioning
of

the
w

hole,
or

part,
of

the
body)

is
absent.

H
ow

ever
under

conditions
of

stress
(P

ickering
1981),

the
defence

system
s

can
breakdow

n
and

disease
m

ay
be

caused
by

organism
s

w
hich,

under
norm

al
circum

stances,
are

relatively
harm

less.
S

tress
m

ay
take

the
form

of
a

deleterious
change

in
the

environm
ent,

w
hich

then
causes

a
disturbance

of
the

norm
al

hom
eostatic

m
echanism

s
w

ithin
the

fish,
or

it
m

ay
be

caused
by

endogenous
physiological

processes
such

as
those

associated
w

ith
sexual

m
aturation.

E
xam

ples
of

both
types

of
stress

are
given

in
this

paper.
S

tudies
of

the
effects

of
stress

on
disease

resistance
are

of
im

portance
w

ith
regard

to
salm

onids
because

of
the

value
of

these
fish

to
m

an.
S

alm
on

and
trout

require
w

ater
of

high
quality

and
are

reared
in

B
ritain,

alm
ost

to
the

exdusion
of

all
other

species,
in

an
expanding

aquaculture
industry.
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extrem
e

sensitivity
of

salm
onid

fish
to

environm
ental

stresses,
such

as
overcrow

ding
and

w
ater

quality
deterioration,

conflicts
w

idi
the

constant
econom

ic
pressure

to
rear

such
fish

under
increasingly

intensive
conditions.

A
successful

fish
farm

er
m

ust
balance

these
tw

o
opposing

factors
to

produce
high

quality
fish

as
cheaply

as
possible.

In
the

natural
environm

ent
salm

onids
are

usually
the

first
group

of
fish

to
react

adversely
to

deleterious
changes

in
the

environm
ent

and,
therefore,

are
w

idely
used

as
biological

m
onitors

of
w

ater
quality.

T
hus,

the
study

of
the

effects
of

stress
on

disease
resistance

in
salm

onid
fish

has
m

ajor
im

plications
for

fisheries
m

anagem
ent

and
for

the
aquaculture

industry.
T

his
review

sum
m

arizes
a

decade
of

w
ork

on
this

subject
at

the
W

inderm
ere

Laboratory
of

the
F

reshw
ater

B
iological

A
ssociation

and
suggests

possible
directions

for
future

research.
Initially,

m
uch

attention
w

as
given

to
the

brow
n

trout,
S

alm
o

trutta
L.,

the
dom

inant
native

salm
onid

fish
in

this
area,

although
m

ore
recently

the
studies

have
also

included
the

rainbow
trout,

S
alm

o
gairdneri

R
ichardson,

econom
ically

the
m

ost
im

portant
species

of
trout

under
intensive

cultivation.
T

he
objectives

of
the

research•
are

fou
rfold:

T
o

develop
techniques

capable
of

m
easuring

physiological
stress

w
ithout

the
fish

them
selves

responding
to

the
P

rocess
of

experim
entation.

T
o

elucidate
the

links
betw

een
the

im
m

ediate
physiological

and
endocrinological

changes
that

occur
in

response
to

stress
and

the
subsequent

increased
susceptibility

to
disease.

T
o

assess
the

value
of

physiological
changes

as
predictive

indicatorS
of

long-term
survival.

T
o

invesitgate
the

possibility
of

controlling
stress

responses
by

m
eanS

of
horm

onal
m

anipulation
or

by
selecting

for
breeding

purposes,
fish

w
ith

low
sensitivities

to
environm

ental
stress.

E
xp

erim
en

tal
D

esig
n

W
ith

a
sensitive

species
such

as
the

brow
n

trout,
very

careful
consideration

m
ust

be
given

to
experim

ental
design

(O
bjective

1)
because

the
physiology

of
the

fish
can

be
easily

altered
as

a
direct

result
of

the
processes

of
experim

entation
them

selves,
i.e.

the
norm

al
system

s
change

sim
ply

because
they

are
being

studied.
T

his
can

occur
in

response
to

repeated
disturbance

of
the

fish
during

sam
pling,

to
any

incidence
of

handling
and

to
the

effects
of

sim
ple

procedures
such

as
anaesthesia

(see
P

ickering
et

al.
1982;

P
ickering

&
P

ottinger
1985b).

F
urtherm

ore,
the

tim
e

taken
for

som
e

of
these

changes
to

occur
m

ay
only

be
a

m
atter

of
one

or
tw

o
m

inutes
(even

less
in

the
case

of
certain

horm
ones).

In
m

any
experim

ents
it

m
ay

be
im

possible
to

avoid
handling

the
fish

at
som

e
stage

but
a

sufficiently
long

recovery
period

m
ust

be
allow

ed
for

the
fish

to
return

to
norm

al.
F

or
salm

onid
fish

w
e

routinely
use
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ea
se

in
nu

m
be

rs
of

ci
rc

ul
at

in
g

ly
m

ph
oc

yt
es

(ly
m

ph
oc

yt
op

en
ia

),
fo

llo
w

in
g

ac
ut

e
st

re
ss

,
is

th
e

fir
st

in
di

ca
tio

n
of

a
lin

k
be

tw
ee

n
st

re
ss

an
d
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F
LU

E
N

C
E

S

B
lood

lym
phocytes

p.1-1

x 01

F
c

2.
A

sim
plified,

schem
atic

diagram
of

the
hypothalam

ic-pituitary-interrenal
(I-IP

D
axis

in
T

im
e

in
hours

salm
onid

fish.

disease
resistance

in
salm

onid
fish.

It
is

tem
pting

to
suggest

that
the

lym
phocytopenia

occurs
as

a
direct

result
of

the
elevated

cortisol
levels

one
day

earlier
but

tem
poral

relationships
such

as
this

are
no

evidence
of

cause
and

effect.
In

an
effort

to
resolve

this
question,

w
e

adm
inistered

physiological
levels

of
cortisol

to
brow

n
trout

by
incorporating

the
horm

one
in

the
fish's

norm
al

diet
(P

ickering
1984).

T
he

fish
w

ere
in

no
w

ay
stressed

yet
their

blood
cortisol

had
been

tem
porarily

elevated
and

this
resulted

in
an

alm
ost

identical

F
c

3C
hanges

in
the

num
ber

of
circulating

lym
phocytes

in
the

blood
of

the
brow

n
trout

follow
ing

a
single

incidence
of

handling
(upper

graph)
or

khe
oral

adm
inistration

of
a

physiological
dose

of
cortisol

(low
er

graph).
T

he
broken

line
represents

treated
fish,

the
continuous

line
represents

unstressed
control

fish.
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F
IF

T
Y

-S
E

V
E

N
T

H
A

N
N

U
A

L
R

E
P

O
R

T

ly
m

ph
oc

yt
op

en
ia

to
th

at
ob

se
rv

ed
w

he
n

fis
h

w
er

e
su

bj
ec

te
d

to
an

ac
ut

e
ha

nd
lin

g
an

d
co

nf
in

em
en

t
st

re
ss

(F
ig

.
3)

.
It

is
cl

ea
r

fr
om

th
is

ex
pe

rim
en

t
th

at
,

	

fo
llo

w
in

g
ac

ut
e

st
re

ss
,

el
ev

at
ed

co
rt

is
ol

le
ve

ls
ca

us
e,

ei
th

er
di

re
ct

ly
or

20
in

di
re

ct
ly

,
a

re
du

ct
io

n
in

th
e

nu
m

be
r

of
ci

rc
ul

at
in

g
ly

m
ph

oc
yt

es
(O

bj
ec

tiv
e

2)
.

In
vi

ew
of

th
is

co
nc

lu
si

on
,

w
e

ha
ve

co
nc

en
tr

at
ed

on
th

e
lin

ks
be

tw
ee

n
el

ev
at

ed
co

rt
is

ol
an

d
di

se
as

e
re

si
st

an
ce

in
sa

lm
on

id
fis

h,
pa

yi
ng

pa
rt

ic
ul

ar
at

te
nt

io
n

to
th

os
e

ci
rc

um
st

an
ce

s
in

w
hi

ch
th

e
st

re
ss

is
of

a
co

nt
in

uo
us

(c
hr

on
ic

)
na

tu
re

an
d

in
w

hi
ch

bl
oo

d
co

rt
is

ol
le

ve
ls

ar
e

el
ev

at
ed

fo
r

pr
ol

on
ge

d
pe

rio
ds

(d
ay

s
or

w
ee

ks
ra

th
er

th
an

ho
ur

s)
.

(b
)

C
hr

on
ic

st
re

ss
C

hr
on

ic
or

co
nt

in
uo

us
st

re
ss

es
ar

e
th

os
e

fr
om

w
hi

ch
th

e
fis

h
ca

nn
ot

es
ca

pe
(t

hu
s

m
ak

in
g

th
e

st
re

ss
re

sp
on

se
no

t
on

ly
in

ef
fe

ct
iv

e
bu

t
al

so
po

te
nt

ia
lly

da
ng

er
ou

s)
an

d
to

w
hi

ch
th

e
fis

h
m

us
t

ul
tim

at
el

y
ac

cl
im

at
e,

al
be

it
at

a
re

du
ce

d
pe

rf
or

m
an

ce
ca

pa
ci

ty
,

if
th

ey
ar

e
to

su
rv

iv
e.

In
th

e
aq

ua
cu

ltu
re

in
du

st
ry

ov
er

cr
ow

di
ng

an
d

w
at

er
qu

al
ity

de
te

rio
ra

tio
n

ar
e

pr
im

e
ex

am
pl

es
of

ch
ro

ni
c

st
re

ss
es

.
D

et
er

io
ra

tio
n

of
w

at
er

qu
al

ity
m

ay
al

so
oc

cu
r

in
th

e
na

tu
ra

l
en

vi
ro

nm
en

t
as

a
re

su
lt

of
dr

ou
gh

t,
nu

tr
ie

nt
en

ric
hm

en
t

or
po

llu
tio

n
(in

cl
ud

in
g

ac
id

ifi
ca

tio
n,

a
to

pi
ca

l
is

su
e)

.
U

nd
er

th
es

e
ci

rc
um

st
an

ce
s

th
e

H
P

I
ax

is
is

in
iti

al
ly

ac
tiv

at
ed

bu
t,

in
m

an
y

ca
se

s,
th

e
fis

h
w

ill
ac

cl
im

at
e

to
th

e
ne

w
en

vi
ro

nm
en

ta
l

co
nd

iti
on

s
.w

ith
pl

as
m

a
co

rt
is

ol
le

ve
ls

re
tu

rn
in

g
to

no
rm

al
de

sp
ite

th
e

co
nt

in
uo

us
pr

es
en

ce
of

th
e

st
re

ss
.

W
e

ha
ve

sh
ow

n,
th

at
th

e
H

P
I

•
50

10
0

15
0

P
la

sm
a
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ng
m
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1

F
IG

.5
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E
ffe

ct
of

ch
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c
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ev

at
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n
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m
a
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ol
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m
ea
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sl
ow
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e
m
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ta

lit
y

ra
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br
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n
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M
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ra
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s
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d
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w
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e
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w
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d
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h
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S
ap

ro
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is
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d
fin
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V
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s
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w
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y
m

ea
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±
S

E
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.

F
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S
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axis
of

the
trout

w
ill

ultim
ately

acclim
ate

to
the

stress
of

overcrow
ding

(P
ickering

&
P

ottinger
1987c)

although
som

etim
es

this
m

ay
take

several
w

eeks
to

accom
plish

(P
ickering

&
S

tew
art

1984),
and

that
it

w
ill

also
acclim

ate
to

the
repeated

stress
of

routine
adm

inistration
of

the
fish

fungicide,
m

alachite
green

(P
ickering

&
P

ottinger
1985a).

If
the

cortisol
levels

of
chronically

stressed
fish

rem
ain

high,
outbreaks

of
disease

are
likely.

W
e

have
dem

onstrated
this

fact
by

adm
inistering

conisol
in

the
form

of
slow

-release
im

plants
so

that
blood

cortisol
levels

in
otherw

ise
unstressed

fish
rem

ain
elevated,

w
ithin

the
physiological

range,
for

a
period

of
several

w
eeks

(P
ickering

&
D

uston
1983;

P
ickering

&
P

ottinger
1985c).

T
hese

fish
then

show
ed

an
increase

in
m

ortality
rate

as
a

result
of

the
bacterial

disease,
furunculosis,

of
bacterial

fin-rot
(F

ig.4)
and

infection
by

the
parasitic

fungus,
S

aprolegnia
(see

P
ickering

et
al.

1979;
P

ickering
&

W
illoughby

1982a,b).
F

ig.
5

illustrates
the

relationship
betw

een
the

m
ean

w
eekly

m
ortality

rate
of

these
fish

and
their

plasm
a

cortisol
levels.

It
is

clear
from

this
that

chronically
elevated

cortisol
levels

can
be

used
as

predictive
indicators

of
the

probability
of

survival
(O

bjective
3).

A
chronic

elevation
of

plasm
a

cortisol
from

basal
values

of
1-2

ng
m

l-'
to

only
10

ng
is

sufficient
to

increase
the

m
ortality

due
to

disease
of

brow
n

trout
(P

ickering
&

P
ottinger

1985c).
M

any
w

orkers
have

previously
considered

plasm
a

cortisol
levels

of
10

ng
to

be
typical

of
unstressed

fish,
a

view
w

hich
now

needs
to

be
revised.

A
t

these
relatively

low
cortisol

levels
it

is
not

alw
ays

possible
w

ith
im

m
ature

fish
to

dem
onstrate

a
link

betw
een

plasm
a

cortisol
and

w
hite

blood
cell

count
but

w
ork

from
other

laboratories
is

now
beginning

to
show

that
corticosteroids

can
exert

effects
on

the
activity

of
w

hite
blood

cells
as

w
ell

as
on

their
num

ber
and

it
seem

s
likely

that
such

m
echanism

s
operate

in
chronically

stressed
salm

onid
fish.

E
ven

if
the

H
P

I
axis

of
chronically

stressed
fish

does
acclim

ate
so

that
plasm

a
cortisol

returns
to

true
basal

levels,
the

perform
ance

capacity
of

the
fish

m
ay

still
be

im
paired.

T
he

grow
th

rate
of

crow
ded

trout
under

intensive
aquaculture

conditions
is

still
suppressed

despite
interrenal

acclim
ation

(P
ickering

&
S

tew
art

1984)
and

w
hite

blood
cell

counts
m

ay
rem

ain
low

long
after

blood
cortisol

levels
have

com
e

dow
n

(P
ickering

&
P

ottinger
1987c).

T
hus,

although
the

H
P

Iaxis
plays

a
m

ajor
role

in
the

response
of

salm
onid

fish
to

chronic
stress,

other
factors

m
ust

alm
ost

certainly
operate

to
influence

both
grow

th
and

disease
resistance.

F
urther

studies
in

this
area

should
prove

rew
arding.

D
isease

itself
can

also
act

as
a

form
of

severe
stress,

producing
com

plications
in

the
form

of
secondary

infections.
T

he
debilitating

effects
of

S
aprolegnia

itself
often

considered
to

be
a

secondary
colonist

(see
P

ickering
&

W
illoughby

1977;
B

ucke
et

al.
1979),

are
caused

by
dam

age
to

the
fish's

osm
oregulatory

m
echanism

s
(R

ichards
&

P
ickering

1979).
T

his
results

in
a

m
assive

and
prolonged

release
of

cortisol
from

the
interrenal

tissue
(one

of
the

know
n

roles
of

cortisol
is

as
an

osraoregulatory
horm

one)
w

ith
plasm

a
levels

in
excess

of
1000

ng
m

r'
being

recorded
(P

ickering
&

C
hristie

1981).
It

is
clear
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F

ig.
5

that
this

m
ust

result
in

an
enorm

ous
increase

in
the

probability
of

further
colonization

by
the

fungus
or

by
other

potential
pathogens

in
the

w
ater.

T
his

type
of

positive
feedback

is
unusual

in
natural

system
s

and
can

be
catastrophic

w
ith

regard
to

the
subsequent

survival
of

fish
w

ith
overt

signs
of

disease.

S
exual

M
aturation

It
is

w
ell-know

n
that

sexual
m

aturation
in

both
sexes

is
associated

w
ith

an
increase

in
susceptibility

to
disease

(R
ichards

&
P

ickering
1978;

P
ickering

&
C

hristie
1980;

P
ickering

&
R

ichards
1980).

M
any

of
the

diseases
involved

are
ectoparasitic

infestations,
i.e.

fungi,
protozoa

and
m

etazoa,
w

hich
colonize

the
fish's

epiderm
is,

the
outerm

ost
layer

of
living

tissue.
A

s
a

consequence,
it

is
logical

to
exam

ine
som

e
of

the
changes

that
occur

in
the

epiderm
is

of
salrnonid

fish
during

sexual
m

aturation
before

going
on

to
consider

possible
effects

of
H

P
I

activation
at

this
tim

e.

(a)
C

hanges
in

the
E

piderm
is

T
he

norm
al

epiderm
is

of
sexually

im
m

ature
salm

onid
fish

is
a

m
ultilayered

tissue
overlying

the
scales

and
com

posed
predom

inantly
of

M
alpighian

cells
and

goblet
cells

(P
ickering

1974,
1977;

P
ickering

&
M

acey
1977;

B
lackstock

&
P

ickering
1982).

T
he

M
alpighian

cells
contain

bundles
of

filam
ents

w
hich,

together
w

ith
the

num
erous

desm
osom

al
attachm

ents
betw

een
adjacent

cells,
are

responsible
for

the
tensile

strength
of

the
epiderm

is.
T

he
goblet

cells,
w

hich
differentiate

and
develop

deep
in

the
epiderm

is,
secrete

m
ucus

on
to

'
the

surface
of

the
fish

(P
ickering

1976).
T

he
constant

renew
al

of
this

layer
of

m
ucus

protects
the

fish
by

rem
oving

adherent
particles

from
the

body
surface,

including
potential

pathogens
such

as
fungal

spores
(W

illoughby
&

P
ickering

1977;
P

ickering
&

W
illoughby

1982a,b).
O

ther
cell

types
are

occasionally
found,

including
w

hite
cells

(leucocytes)
derived

from
the

skin's
blood

supply.
D

uring
sexual

m
aturation,

the
epiderm

is
and

underlying
derm

al
tissue

of
both

sexes
increase

in
thickness

in
response

to
steroid

horm
ones

(androgens)
secreted

by
the

gonads
and

the
num

ber
of

m
ucus-secreting

goblet
cells

decreases
in

the
m

ales
(P

ickering
1977,

1978;
P

ottinger
&

P
ickering

1985a,b).
It

is
believed

that
this

represents
an

adaptive
response

to
the

requirem
ents

for
a

physically
tough

skin
during

the
potentially

traum
atic

events
of

upstream
m

igration,
territorial

defence
and

redd-building.
C

oincident
w

ith
these

changes
is

an
increase

in
the

incidence
of

fungal
infection

(R
ichards

&
P

ickering
1978)

and
infestation

by
the

protozoan
parasites

Ichthyophthirius
(the

organism
that

causes
w

hite-spot)
and

S
cyphidia

(F
ig.

6)
and

by
the

m
onogenic

trem
atode

G
yrodactylus

(P
ickering

&
C

hristie
1980).

T
he

situation
is

com
plicated,

som
ew

hat,
by

m
arked

host-parasite
specificities

(P
ickering

et
al.

1985)
and

by
pathological

responses
in

the
epiderm

is
(thickening

and
loss
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of
m

ucous
cells)

w
hich,

at
first

inspection,
appear

sim
ilar

to
those

induced
by

androgen
secretion

from
the

gonad
(P

ottinger
et

al.
1984).

T
he

facts
that

dem
ucification

occurs
in

sexually
m

ature
m

ales
but

not
in

m
ature

fem
ales

(P
ickering

1977;
P

ickering
&

R
ichards

1980)
and

that
sexually

m
ature

m
ale

fish
are

significantly
m

ore
frequently

or
severely

infected
w

ith
ectoparasites

than
are

the
m

ature
fem

ales
(R

ichards
&

P
ickering

1978;
P

ickering
&

C
hristie

1980)
w

ould,
apparently,

lend
support

to
the

argum
ent

that
in

addition
to

its
other

roles,
the

secretion
of

m
ucus

from
the

goblet
cells

is
a

protective
m

echanism
to

prevent
colonization

by
m

icroorganism
s

(P
ickering

&
W

illoughby
1982a).

H
ow

ever,
P

ickering
&

C
hristie

(1980)
note

that
the

sexual
differences

in
eetoparasitic

loading
occurred

before
the

androgen-induced
dem

ucification
and

concluded
that

the
loss

of
goblet

cells
sim

ply
exacerbates

existing
parasitic

infestations.
T

hus,
other

factors
m

ust
also

influence
the

susceptibility
of

sexually
m

ature
salm

onid
fish

to
disease.

T
he

epiderm
is

of
salm

onid
fish

contains
cell-types

other
than

the
filam

ent-
containing

m
alpighian

cells
and

the
m

ucus-secreting
goblet

cells.
A

cidophilic
granular

cells
(B

lackstock
&

P
ickering

1980)
and

sacciform
cells

(P
ickering

&
F

letcher
1987)

have
been

described
although

their
functions

aw
ait

elucidation.
B

oth
cell-types

contain
an

acidophific,
proteinaceous

m
aterial

(as
com

pared
w

ith
the

glycoprotein
nature

of
the

goblet
cell

secretion),
w

hich
appears

to
be

released
on

to
the

epiderm
al

surface.
M

oreover,
the

num
ber

of
epiderm

al
sacciform

cells
in

the
brow

n
trout

increases
dram

atically
during

the
chronic

stages
of

infestation
by

the
ectoparasitic

flagellate,
Ichthyobodo

(F
ig.

7)

suggesting
that

they
m

ay
play

som
e

role
in

protecting
the

fish
against

the
parasite

(P
ickering

&
F

letcher
1987).

S
uch

speculation
is

even
m

ore
tem

pting
w

hen
one

considers
the

fact
that

during
sexual

m
aturation

of
both

the
brow

n
trout

and
the

A
rctic

charr,
S

alvelinus
alpinus

(L.), the
num

ber
of

sacciform
cells

in
the

epiderm
is

decreases.
T

his
is

particularly
apparent

in
the

m
ature

m
ales,

so
that

during
the

spaw
ning

season
the

m
ale

fish
have

significantly
few

er
sacciform

cells
than

have
the

fem
ales

(P
ickering

&
F

letcher
1987).

If
the

role
of

the
cell

is
to

secrete
som

e
form

of
protective

proteinaceous
secretion

into
the

m
ucus

layer,
this

sexual
dim

orphism
m

ay
also

contribute
to

the
observed

sexual
differences

in
susceptibility

to
ectoparasitic

infestation
(see

above).

(b)
A

ctivity
of

the
H

P
I

axis
S

exual
m

aturation
is

associated
w

ith
an

increase
in

the
incidence

of
skin

infections
and

w
ith

internal
diseases,

such
as

those
caused

by
system

ic
bacterial

infections.
It

seem
s

likely,
therefore,

that
aspects

of
the

defence
system

s
other

than
those

associated
w

ith
the

skin
are

also
com

prom
ised

during
the

spaw
ning

season.
In

view
of

the
deleterious

effects
of

prolonged
activation

of
the

H
P

I
axis

(see
above),

w
e

exam
ined

sexually
m

ature
fish

for
elevated

blood
cortisol

levels.
S

tudies
over

several
spaw

ning
seasons

have
now

established
that,

in
sexually

m
ature

m
ale

and
fem

ale
brow

n
trout,

blood
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cortisol
levels

are
elevated

for
a

period
of

2-3
m

onths
(P

ickering
&

P
ottinger

1987a). T
he

precise
tim

ing
of

this
elevation

varies
som

ew
hat

from
year

to
year

and
m

ay
be

slightly
different

for
the

tw
o

sexes.
O

n
som

e
occasions

w
e

have
found

the
highest

cortisol
levels

in
the

fem
ale

fish
(P

ickering
&

C
hristie

1981),

on
others

the
highest

levels
w

ere
in

the
m

ales
or

there
w

ere
no

differences
in

peak
levels

but
the

elevation
occurred

in
the

m
ales

before
the

fem
ales

(see
P

ickering
&

P
ottinger

1987a).
D

espite
this

variation,
it

is
clear

that
sexual

m
aturation

in. the
brow

n
trout

is
alw

ays
associated

w
ith

chronically
elevated

blood
cortisol

levels.
Levels

m
ay

be
as

high
as

50
ng

m
1-1

in
ovulated

fem
ales

(P
ickering

&
C

hristie
1981)

although
norm

ally
the

peak
elevation

is
in

the
range

10-15
ng

m
l-'.

W
e

have
seen

from
the

preceding
section

on
chronic

environm
ental

stress
that

prolonged
elevation

of
plasm

a
cortisol

from
basIl

values
(1-2

ng
m

l-')
to

only
10

ng
is

sufficient
to

predispose
im

m
ature

brow
n

trout
to

bacterial
and

fungal
infections.

O
ur

studies
on

spaw
ning

fish
suggest

that
a

sim
ilar

m
echanism

operates
during

sexual
m

aturation.
M

oreover,
w

e
have

show
n

that
the

blood
cell

com
position

of
sexually

m
ature

fish
changes

dram
atically,

w
ith

a
m

arked
and

prolonged
reduction

in
the.

num
ber

of
circulating

lym
phocytes

during
the

spaw
ning

period
(P

ickering
1986;

P
ottinger

&
P

ickering
1987).

T
his

prolonged
lym

phocytopenia
is

rem
iniscent

of
that

observed
w

hen
sexually

im
m

ature
fish

are
stressed

by
overcrow

ding
(P

ickering
&

P
ottinger

1987c).
In

the
case

of
sexual

m
aturation,

how
ever,

crow
ding

is
not

a
contributory

factor
because

sexually
im

m
ature

fish
kept

together
w

ith
the

m
ature

fish
(i.e.

in
the

sam
e

tanks)
do

not
show

such
changes.

T
he

lym
phocytopenia

parallels
the

changes
in

plasm
a

cortisol
so

closely
that

it
is

difficult
to

avoid
the

conclusion
that

the
tw

o
phenom

ena
are

functionally
related

(P
ickering

&
P

ottinger
1987a).

H
ow

ever,
chronic

adm
inistration

of
low

doses
of

cortisol
to

sexually
im

m
ature

fish
w

as
ineffective

in
changing

the
w

hite
blood

cell
count

even
though

it
still

resulted
in

a
predisposition

to
disease

(P
ickering

&
P

ottinger
1985c).

F
urther

w
ork

on
possible

differences
in

corticosteroid-sensitivity
of

the
lym

phoid
tissues

(tissues
responsible

for
the

production
of

w
hite

blood
cells)

betw
een

m
ature

and
im

m
ature

fish
is

needed
if

this
problem

is
to

be
resolved.

D
espite

this,
sexual

m
aturation

in
salm

onid
fish

is
accom

panied
by

physiological
changes

(interrenal
stim

ulation,
lym

phocytopenia)
that

are
sim

ilar
to

those
found

in
chronically

stressed
fish.

In
both

cases
the

fish
are

m
ore

susceptible
to

disease.

R
esearch

A
reas

fo
r

F
u

tu
re

D
evelo

p
m

en
t

It
is

clear
from

our
studies

that
the

prolonged
elevation

of
blood

cortisol
levels

predisposes
salm

onid
fish

to
a

w
ide

range
of

diseases.
T

his
occurs

in
response

to
chronic

stress,
in

the
period

before
the

fish
accfim

ate
to

the
changed

environm
ental

circum
stances,

an
d

also
during

the
natural

process
of

sexual
m

aturation.
If

w
e

are
fully

to
understand

the
m

echanism
s

behind
this

' response
and

if
w

e
are

to
control

th
e

fish's
physiology

under
conditions

of
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st
re

ss
(O

bj
ec

tiv
e

4)
,

it
w

ill
be

ne
ce

ss
ar

y
to

de
vi

se
pr

oc
ed

ur
es

fo
r

bl
oc

ki
ng

th
e

H
P

I
ax

is
.

S
ur

gi
ca

l
re

m
ov

al
of

th
e

co
rt

is
ol

-s
ec

re
tin

g
in

te
rr

en
al

gl
an

d
is

im
po

ss
ib

le
be

ca
us

e
of

th
e

di
ffu

se
na

tu
re

of
th

e
tis

su
e

an
d

be
ca

us
e

of
its

lo
ca

tio
n

in
th

e
hi

gh
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sc
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ar
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ed

he
ad

ki
dn

ey
ar

ou
nd

th
e

po
st

er
io

r
ca

rd
in

al
ve

in
s.

In
th

eo
ry

it
ou

gh
t

to
be

po
ss

ib
le

to
bl

oc
k

th
e

H
P

I
ax

is
by

in
hi

bi
tin

g
th

e
en

zy
m

es
re

sp
on

si
bl

e
fo

r
th

e
sy

nt
he

si
s

of
th

e
va

rio
us

ho
rm

on
es

in
th

e
sy

st
em

.
H

ow
ev

er
,

it
w

ou
ld

be
ex

tr
em

el
y

di
ffi

cu
lt

to
re

st
ric

t
th

e
ef

fe
ct

s
of

en
zy

m
e

in
hi

bi
to

rs
to

th
e

H
P

I
ax

is
al

on
e.

A
n

al
te

rn
at

iv
e

ap
pr

oa
ch

w
ou

ld
be

to
ta

ke
ad

va
nt

ag
e

of
so

m
e

of
th

e
in

he
re

nt
sp

ec
ifi

ci
ty

w
ith

in
th

e
sy

st
em

.
F

or
an

y
ho

rm
on

e
to

ex
er

t
its

ef
fe

ct
s

it
m

us
t

co
m

bi
ne

w
ith

hi
gh

ly
sp

ec
ifi

c
re

ce
pt

or
s

in
th

e
ta

rg
et

tis
su

es
(s

ee
P

ot
tin

ge
r

19
86

,
19

87
).

T
hi

s
op

en
s

up
th

e
po

ss
ib

ili
ty

of
bl

oc
ki

ng
th

e
re

ce
pt

or
s

by
th

e
ad

m
in

is
tr

at
io

n
of

a
m
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e
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ffi

ci
en

tly
si

m
ila

r
to
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e
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e
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fo
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a.

co
m
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ex

w
ith

th
e

re
ce
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or

,
ef

fe
ct

iv
el

y
in

ac
tiv

at
in

g
it

to
th

e
na

tu
ra

l
ho

rm
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e
ci

rc
ul

at
in

g
in

th
e

bl
oo

d.
T

hi
s
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no

t
w

ith
ou

t
its

pr
ob

le
m

s,
ho

w
ev

er
,
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ca

us
e

th
e

bl
oc

ki
ng

ag
en

t
its

el
f

m
ay

w
el

l
ha

ve
ho

rm
on

e-
lik

e
ef

fe
ct

s.
W

e
ha
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r
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e,
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e
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d,
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-
m
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,
w
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m
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w
ith
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c
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re
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pt
or

s
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d
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e
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n

of
A

C
T

H
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d
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rt
is

ol
(P
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g

et
al

.
19

87
).

H
ow
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,
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s
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s
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ns

iti
ve

ce
lls

,
su

ch
as
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e
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e
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m
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oi

d
tis
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A

s
a
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m
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tr
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t
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a

m
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d
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m
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s
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e

fis
h
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H
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,

ne
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st
er
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w
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n
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y
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m
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m
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n
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t
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t
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r
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ef
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A
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t
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de
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e
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tiv

e
ro

le
of

th
e
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in
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T
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m
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s
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e
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H
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I
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a
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l
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t
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ar
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a
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e
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r
aq

ua
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l
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os
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.

In
th

is
co

nt
ex

t
it

m
ay

be
po

ss
ib

le
to

se
le

ct
,

fo
r

br
ee

di
ng

st
oc

k,
fis

h
w

ith
lo

w
se

ns
iti

vi
tie

s
to

en
vi

ro
nm

en
ta

l
st

re
ss

.
W

e
ar

e
co

ns
ta

nt
ly

im
pr

es
se

d
w

ith
th

e
m
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ke

d
in

di
vi

du
al
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n
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e
re
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sa
lm

on
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fis
h

to
a

si
m

pl
e
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ut

e
st

re
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su
ch
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ha

nd
lin

g.
In

de
ed

,
ou

r
ex

pe
rim

en
ta

l
de

si
gn

s
an

d
su
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eq

ue
nt

da
ta

an
al

ys
es

ha
ve

to
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ke
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ch
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n
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ac

co
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S

om
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e

F
B

A
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w
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id
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st
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fis

h,
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h
w
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a
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,
th
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w
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.

S
uc

h
fis

h
ha

ve
no

w
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en
id

en
tif

ie
d

an
d

th
ey

w
ill

be
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ed
fo

r
br

ee
di

ng
pu

rp
os

es
to

se
e

w
he

th
er

th
is

ch
ar

ac
te

ris
tic

is
ge

ne
tic

al
ly

de
te

rm
in

ed
.

If
it

pr
ov

es
.p

os
si

bl
e

to
br

ee
d

fis
h

w
ith

re
du

ce
d

ph
ys

io
lo

gi
ca

l
re

sp
on

se
s

to
co

m
m

on
fo

rm
s

of
aq

ua
cu

ltu
ra

l
st

re
ss
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i.e

.
to
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ce

le
ra

te
th

e
ra

te
of

do
m

es
ti-

ca
tio

n,
fu

rt
he

r
st

ud
ie

s
w

ill
be

ne
ed

ed
to

co
m

pa
re

th
e

ab
ili

ty
of

su
ch

fis
h

to
re

si
st

pa
th

og
en

ic
ch

al
le

ng
e
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de

r
aq

ua
cu

ltu
re

co
nd

iti
on

s.
H

ow
ev
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do
m

es
ti-

ca
te

d
fis

h
m

ay
be

ill
-s

ui
te

d
fo

r
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oc
ki

ng
in

to
na

tu
ra

l
en
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ro

nm
en

ts
w

he
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ra
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r
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d
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ng
pu
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E
vo

lu
tio

na
ry

C
on

si
de

ra
tio

ns

T
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re
ca

n
be

lit
tle

do
ub

t
fr

om
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r
st

ud
ie

s
th
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pr

ol
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ge
d

el
ev

at
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n
of
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d
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rt
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ni

c
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fis
h
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It

ee
m
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y
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th
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m
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pa

rt
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as

t,
by

a
su

pp
re

ss
iv

e
ef

fe
ct

on
th

e
ly

m
ph

oi
d

tis
su

es
.

It
is

di
ffi

cu
lt

to
se

e
ho

w
th

is
pa

rt
of

th
e

st
re

ss
re

sp
on

se
ca

n
be

-a
da

pt
iv

e
fo

r
th

e
in

di
vi

du
al

(a
lth

ou
gh

so
m

e
w

or
ke

rs
in

th
e

m
am

m
al

ia
n

fie
ld

ha
ve

sp
ec

ul
at

ed
ab

ou
t

a
po

ss
ib

le
pr

ot
ec

tiv
e

ro
le

in
au

to
-im

m
un

e
re

ac
tio

ns
,

i.e
.

da
m

ag
e

ca
us

ed
by

th
e

an
im

al
s

ow
n

de
fe

nc
e

sy
st

em
s)

an
d

on
e

is
le

ft
w

ith
th

e
pr

ob
le

m
of

ex
pl

ai
ni

ng
ho

w
su

ch
a

po
te

nt
ia

lly
da

ng
er

ou
s

m
ec

ha
ni

sm
co

ul
d

ha
ve

ev
ol

ve
d.

T
he

ad
ap

tiv
e

ro
le

of
co

rt
is

ol
se

cr
et

io
n

se
em

s
to

lie
in

its
ab

ili
ty

to
pr

om
ot

e
gl

uc
on

eo
ge

ne
si

s
(t

he
pr

od
uc

tio
n

of
ca

rb
oh

yd
ra

te
s

fr
om

no
n-

ca
rb

oh
yd

ra
te

so
ur

ce
s,

us
ua

lly
pr

ot
ei

n)
.

T
hi

s
re

ac
tio

n
fo

rm
s

pa
rt

of
a

co
m

pl
ex

re
sp

on
se

to
en

vi
ro

nm
en

ta
l

st
re

ss
by

w
hi

ch
th

e
fis

h
ca

n
ut

ili
ze

en
er

gy
re

se
rv

es
no

t
no

rm
al

ly
av

ai
la

bl
e

to
it.

C
at

ec
ho

la
m

in
es

,
su

ch
as

ad
re

na
lin

e
an

d
no

r-
ad

re
na

lin
e,

al
so

pl
ay

an
ex

tr
em

el
y

im
po

rt
an

t
ro

le
in

th
is

as
pe

ct
of

th
e

st
re

ss
re

sp
on

se
.

U
nd
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na

tu
ra

l
co

nd
iti

on
s

th
e

fis
h

ut
ili
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s
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e
ch

an
ge

s
in
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ph
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lo
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l
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at

e
to
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d
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m

e
th

e
im

m
ed
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te

th
re

at
("

fli
gh

t
or

fig
ht
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T
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m
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eg
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at
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y

ro
le

of
co

rt
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ol
m

ay
al

so
be

im
po

rt
an

t
du

rin
g

th
e

re
co

ve
ry

ph
as

e
by

pr
om

ot
in

g
th

e
re

-e
st

ab
lis

hm
en

t
of

os
m

ot
ic

an
d

io
ni

c
eq

ui
lib

riu
m
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T

he
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ad
va

nt
ag
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m

ay
w

el
l
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tw

ei
gh

,
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an
ev

ol
ut
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ry
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y
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an
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ge
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ed
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c
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l
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m
echanism

s
for

controlling
population

size.
U

nder
crow

ded
conditions,

increased
m

ortality
rates

and
reduced

reproductive
success

as
-a

result
of

physiological
stress

responses,
w

ould
act

to
reduce

the
population

density
to

a
level

w
here

such
responses

w
ere

m
inim

al.
S

exual
m

aturation
is

a
special

case
of

prolonged
interrenal

activation
that

has
developed,

quite
naturally,

during
the

course
of

evolution.
T

he
advantages

of
this

response
in

term
s

of
the

fish's
energy

requirem
ents

during
a

period
of

virtual
starvation

m
ay

be
greater

than
the

disadvantages
of

a
dem

onstrable
increase

in
susceptibility

to
disease.

S
upport

for
this

line
of

thought
can

be
obtained

from
the

extent
of

interrenal
activity

in
different

species
of

salm
onid

fish
during

the
spaw

ning
season.

In
general,

those
fish

w
ith

the
longest

spaw
ning

m
igrations

(and,
therefore,

the
greatest

energy
requirem

ents)
have

the
greatest

am
ount

of
interrenal

tissue
and

the
highest

cortisol
levels.

T
his

line
of

evolution
is

taken
to

its
lim

it
w

ith
the

P
acific

salm
on

(genus
O

ncorhynchtA
in

w
hich

the
fish

die
of

exhaustion
and

disease
after

a
single

spaw
ning

(sem
elparity).

U
nder

the
unnatural

conditions
of

intensive
aqua-

culture,
the

increase
in

susceptibility
to

disease
of

sexually
m

ature
salm

onids
is

a
serious

problem
because

diseased
fish

act
as

a
potential

source
of

infection
for

the
other

fish
w

ithin
the

unit.

S
um

m
ary

A
central

com
ponent

of
the

physiological
response

of
salrnonid

fish
to

any
form

of
environm

ental
stress

is
an

activation
of

the-
hypothalam

ic-
pituitary-interrenal

(H
P

I)
axis.

T
his

results
in

an
elevation

of
blood

cortisol
levels.C

ortisol
is

of
adaptive

significance
during

acute
stress

responses
by

enabling
the

fish
to

utilize
energy

reserves
in

order
to

avoid
or

overcom
e

the
stress.In

responses
to

chronic,
stress,

how
ever,

prolonged
elevation

of
blood

cortisol
levels

can
predispose

the
fish

to
disease

by
suppressing

the
defence

system
s.

E
ventually,

the
H

P
I

axis
m

ay
acclim

ate
w

ith
a

return
of

blood
cortisol

levels
to

norm
al.

(d/
S

exual
m

aturation
is

also
associated

w
ith

an
increase

in
susceptibifity

to
disease.

A
prolonged

elevation
of

cortisol
levels

together
w

ith
androgen-

dependent
changes

in
the

skin
are

responsible
for

such
changes

in
disease

resistance
in

sexually
m

ature
fish.

(e)
T

hese
findings

are
discussed

in
relation

to
the

evolution
and

adaptive
significance

of
stress

responses
and

to
the

developm
ent

of
sem

elparity
in

salm
onid

fish.
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T
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G
E

R

A
ctivation

of
the

salm
onid

pituitary-
interrenal

axis
under

conditions
of

stress
has

been
extensively

characterized
(P

icker-
ing,

1989)and
the

deleterious
consequences

of
chronic

cortisol
elevation

are
becom

ing
equally

w
ell

understood.
T

hese
include

pre-
disposition

to
disease

(P
ickering

and
P

ot-
tinger,

1989),
suppression

of
reproductive

function
(C

arragher
et

al.,
1989), and

!e-
duction

in
grow

th
rate

(B
arton

et
at,

1987).
Investigations

so
far

have
concentrated

on
m

easurem
ent

of
the

prim
ary

stress
re-

sponse
(plasm

a
A

C
T

H
and

cortisol
levels)

and
subsequent

effects
in

term
s

of
a

sec-
ondary

response
(e.g.,

plasm
a

m
etabolite

levels,
lym

phocyte
abundance,

levels
of

re-
productive

horm
ones).

N
o

inform
ation

is
yet

available
on

the
role

of
target

tissues
them

selves
in

m
odulation

of
the

stress
re-

spilik-fT
he

transduction
of

the
horm

one



signal
to

target
tissue

response
occurs

via
a

specific
horm

one
receptor,

and
studies

in
m

am
m

alian
system

s
suggest

that
tissues

can
control

their
sensitivity

to
glucocorti-

coids
by

altering
the

num
ber

of
receptors

present
w

ithin
the

cell
(D

aniels0n
and

S
tall-

cup,
1984).

T
o

date,
putative

cortisol
recep-

tor
proteins

have
been

characterized
in

de-
tail

in
only

tw
o

salm
onid

tissues,
gill

and
liver

(S
andor

et'al.,
1984;C

hakraborti
and

W
eisbart,

1987;
C

hakraborti
et

at,
1987).

M
any

studies
show

that
adm

inistration
of

exogenous
cortisol

to
teleosts

produces
al-

terations
in

hepatic
m

etabolism
(F

reem
an

and
Idler,

1973;
C

han
and

W
oo,

1978;
D

avis
et

al.,
1985;Inui

and
Y

okote,
1975;

W
hiting

and
W

iggs,
1977;

F
oster

and
M

oon,
1986)

and
it

is
likely

therefore
that

stress-induced
perturbations

in
interm

edi-
ary

m
etabolism

(Leach
and

T
aylor,

1980;

E
llsaesser

and
C

lem
,

1987)are
at

least
par-

tially
m

ediated
by

cortisol
and

hence
re-

quire
a

hepatic
cortisol

receptor.
T

he
aim

of
the

present
study

w
as,

first,
to

determ
ine

w
hether

cortisol-binding
sites

could
be

identified
w

ithin
the

liver
of

rainbow
trout,

and
second,

to
assess

w
hether

the
nature

of
such

sites
w

as
m

odified
by

chronic
stress.
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R
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D
S

F
ish.

T
w

o-year-oldrainbowtrout(Stirlingstrain)
w

erem
aintainedala

densityof50fishpertank(m
ean

w
eight,I

•
508

I
17g.SE

M
)in

1500-literoutdoor
fibregInstanks,eachsuppliedw

isha
constantflow

of
lakew

ater(35
M

en
m

in-').T
hefish

w
ere

fed
once

dailyw
ithcom

m
ercialfeedat•

rateof1%
bodyw

eight
day-1.T

odeterm
inetheeffectsofconfinem

entstress
on

levelsofhepaticeonisolbinding,fourgroupsof8
fish

(eachgroupcom
prising2

fish
from

each
of

four
stock

tanks)w
ereconfinedto

50-literpolypropylene
tanksw

ith
•

constantflow
of

lake
w

ater(15
liters

m
in-').

T
beG

A
w

erethensam
pled24.48,72,and96

hr
after

theonsetofconfinem
ent(onegroupoffishat

each
tim

einterval).A
teach

sam
ple,•

further8,un-
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n
6

an
d

18
hr

.
S

to
ra

ge
of

cy
to

so
l

at
—

70
'

co
m

pl
et

el
y

ab
ol

is
he

d
sp

ec
ifi

c
bi

nd
-

in
g;

ho
w

ev
er

,
bi

nd
in

g
w

as
m

ai
nt

ai
ne

d
at

pr
es

to
ra

ge
le

ve
ls

by
th

e
in

cl
us

io
n

of
20

%
gl

yc
er

ol
in

th
e

ho
m

og
en

iz
at

io
n

bu
ffe

r.
In

-
cu

ba
tio

n
w

ith
pr

ot
ea

se
al

so
co

m
pl

et
el

y
ab

ol
is

he
d

sp
ec

ifi
c

bi
nd

in
g.

D
at

a
on

,
th

e
sp

ec
ifi

ci
ty

of
th

e
cy

to
so

l-b
in

di
ng

si
te

s
ar

e
pr

es
en

te
d

in
F

ig
.

3,
th

e
hi

er
ar

ch
y

of
di

s-
pl

ac
em

en
t

m
ay

be
su

m
m

ar
iz

ed
as

de
xa

-
m

et
ha

so
ne

>
co

rt
is

ol
>

R
u3

84
86

>
co

ra
-

co
st

er
on

e
>

es
tr

ad
io

l
>

11
-d

eo
xy

co
rt

is
ol

>
co

rt
is

on
e

>
17

a
-h

yd
ro

xy
pr

og
es

te
ro

ne
>

1
I-

ke
to

te
st

os
te

ro
ne

>
te

st
os

te
ro

ne
.

D
ur

in
g

th
e

pr
oc

es
si

ng
of

liv
er

fo
r

cy
to

so
l

pr
ep

ar
at

io
n,

it
w

as
no

t
po

ss
ib

le
to

av
oi

d
co

nt
am

in
at

io
n

of
th

e
ho

m
og

en
at

e
by

w
ho

le
bl

oo
d.

P
la

sm
a

w
as

no
t

fo
un

d
to

bi
nd

(3
H

)c
or

tis
ol

un
de

r
th

e
as

sa
y

co
nd

iti
on

s
em

-
pl

oy
ee

'
he

re
,

bu
t

w
ho

le
bl

oo
d

cy
to

so
l

di
d

di
sp

la
y

sp
ec

ifi
c,

sa
tu

ra
bl

e,
bi

nd
in

g
of

P
H

Ic
or

tis
ol

.
H

ow
ev

er
,

bo
th

af
fin

ity
an

d
ca

-
pa

ci
ty

w
er

e
si

gn
ifi

ca
nt

ly
di

ffe
re

nt
fr

om
th

os
e

of
liv

er
cy

to
so

l
O

D
liv

er
=

6.
4

±
0.

5
nM

,
bl

oo
d

ov
2.

3
±

0.
4

nM
,

P
<

0.
00

1,
t

te
st

;
N

r,
..„

, l
iv

er
=

17
1

a:
17

fm
ol

m
g-

1
pr

o-
te

in
,

bl
oo

d
=

40
e

6
fm

ol
m

g-
1

pr
ot

ei
n,

P

re
to

no
re

re
m

em
er

am
m

ee
pr

et
se

rf
pa

w
n

F
m

.
.

(a
)S

at
ur

at
io

n
cu

rv
e

de
riv

ed
fr

om
as

sa
p

of
liv

er
cy

lo
so

ls
fr

om
23

in
di

vi
du

al
ra

in
bo

w
tr

ou
t.

U
pp

er
lin

e.
B

r;
m

id
dl

e
lin

e,
B

s;
lo

w
er

lin
e.

13
,4

s.
S

ta
nd

ar
d

<
no

n
of

th
e

m
ea

ns
w

oe
to

o
sm

al
l

to
be

di
sp

la
ye

d.
(b

)
S

at
ch

ar
d

pl
ot

of
th

e
ab

ov
e

da
ta

.
E

ac
h

po
in

t
is

th
e

m
ea

n
et

23
±

S
E

M
.

kb
LI

nM
,

N
an

w
19

7f
m

ol
m

g"
'

pr
ot

ei
n.

<
0.

03
1,

r t
es

t,
n

12
in

bo
th

ca
se

sL
B

as
ed

on
co

lo
rim

et
ric

m
ea

su
re

m
en

t,
th

e
co

nc
en

-
tr

at
io

n
of

ha
em

og
lo

bi
n

in
liv

er
cy

to
so

l
w

as
fo

un
d

to
be

I/3
0

th
at

in
w

ho
le

bl
oo

d
cy

to
-

so
l.

F
in

al
ly

,
w

he
n

a
re

gr
es

si
on

an
al

ys
is

w
as

ca
rr

ie
d

ou
t

on
th

e
es

tim
at

ed
ha

em
og

lo
bi

n
co

nc
en

tr
at

io
n

an
d

a
nu

m
be

r
of

sp
ec

ifi
c

bi
nd

in
g

si
te

s,
no

si
gn

ifi
ca

nt
re

la
tio

ns
hi

p
co

ul
d

be
de

m
on

st
ra

te
d.

In
no

ne
of

th
e

nu
cl

ea
r

ex
tr

ac
ts

pr
ep

ar
ed

an
d

as
sa

ye
d

th
ro

ug
ho

ut
th

e
in

ve
st

ig
at

io
n

w
as

re
pr

od
uc

ib
le

bi
nd

in
g

of
el

l]c
or

tis
ol

ap
-

pa
re

nt
.

T
o

de
te

rm
in

e
w

he
th

er
th

is
w

as
a

tr
ue

je
fle

ct
io

n
of

an
ab

se
nc

e
of

bi
nd

in
g

si
te

iti
s

ap
po

se
d

to
a

pr
ep

ar
at

io
n

ar
te

fa
ct

,



sa
m

pl
es

w
er

e
as

sa
ye

d
si

m
ul

ta
ne

ou
sl

y
fo

r
ei

lic
or

tis
ol

an
d

ef
ile

st
ra

di
ol

bi
nd

in
g.

E
s-

tr
ad

io
l

bi
nd

in
X

ha
s

be
en

de
m

on
st

ra
te

d
in

sa
lm

on
id

liv
er

pr
ev

io
us

ly
(L

az
ie

r
el

al
.,

19
85

;
M

cP
he

rs
on

et
al

.,
19

88
;

P
ot

tin
ge

r,
19

86
).

S
in

gl
e

po
in

t
as

sa
ys

w
er

e
ca

rr
ie

d
ou

t
in

qu
ad

ru
pl

ic
at

e
on

cy
to

so
l,

nu
cl

ea
r

pe
lle

t
w

as
he

s
1-

3,
an

d
sa

lt-
ex

tr
ac

te
d

nu
cl

ea
r

pe
l-

le
t.

S
pe

ci
fic

es
tr

ad
io

l
bi

nd
in

g
w

as
rn

ea
su

r-
ab

le
in

al
l

fr
ac

tio
ns

;
in

cl
ud

in
g

nu
cl

ea
r

ex
-

tr
ac

t.
S

pe
ci

fic
co

rt
is

ol
bi

nd
in

g
w

as
ap

pa
r-

en
t

on
ly

in
cy

to
so

l
(F

ig
.

4)
.

M
ic

ro
sc

op
ic

ex
am

in
at

io
n

of
nu

cl
ea

r
pe

lle
ts

,
pr

io
r

to
ex

-
tr

ac
tio

n,
un

de
r

ph
as

e-
co

nt
ra

st
ill

um
in

at
io

n
re

ve
al

ed
nu

m
er

ou
s

in
ta

ct
nu

cl
ei

.
T

o
en

su
re

th
at

se
pa

ra
tio

n
of

th
e

bo
un

d
an

d
un

bo
un

d
st

er
oi

d
in

nu
cl

ea
r

ex
tr

ac
ts

by
D

C
C

,
in

th
e

pr
es

en
ce

of
hi

gh
sa

lt
co

nc
en

-
tr

at
io

ns
,

w
as

pr
ov

id
in

g
a

va
lid

es
tim

at
e

9f
sp

ec
ifi

ca
lly

bo
un

d
st

er
oi

d,
a

gr
ou

p
of

sa
m

-
pl

es
w

er
e

se
pa

ra
te

d
us

in
g

LH
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0
co

lu
m

ns
.

N
o

sp
ec

ifi
c

bi
nd

in
g

w
as

de
te

ct
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le
in

th
e

nu
cl

ea
r

fr
ac

tio
n
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B
,

=
23
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86

-±
90

91
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m
;

nu
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r

ex
tr

ac
t
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=
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=
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.
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o
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en

ce
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r
th

e
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at
io

n
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11
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a

so
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en
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so
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e
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tiv
e

du
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g
in
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n

w
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liv
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cy
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so
l

w
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in
ed

.
E

xt
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n
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er

cy
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so
l

an
d
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st

ill
ed

w
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er
in
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te
s
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ed

re
-
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ve
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s
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4,
87

3
e

76
8
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m

an
d

73
0,
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8

55
1
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m
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=
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,

N
S

D
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re
sp

ec
tiv

el
y.

A
fte

r
se
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tio
n

on
T
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,

ex
tr

ac
tio

ns
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cy
-

to
so

l
an

d
di

st
ill

ed
w

at
er

in
cu

ba
te

s
ga

ve
re

-
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ve
rie

s
of

51
.5

65
-±

63
6

dp
m

an
d
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,3
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e

76
4

dp
m

,
re

sp
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tiv
el

y
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=
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,
P

<
0.
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,

te
st
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ef
fe

ct
s
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co
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in
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en

t
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m
a
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rt
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ol
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ve
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an

d
on

th
e

m
ea

su
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e
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nd

-
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g
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H

]c
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to
liv

er
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so

l
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e
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ed
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F
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.
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A
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a
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nf
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fis

h
w

er
e
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ng

m
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1
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d
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14
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1
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nf
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fis
h
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P

<
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F
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.
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C
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m
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ne

d
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fis
h
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r
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e
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w
in

g
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,
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g
sl
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to

40
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m
1-

I
af

te
r

96
hr
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in

e-
.

m
en

t;
st

ill
si
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ifi
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ev
at
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co

m
pa

re
d
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l
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4
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1-
I
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00

1)
.

a

rs
l



IIIIII
W

M
In

E
O

N
•

IS
O

P
0

0
0

1

6
T

.
G

.
P

O
T

T
IN

G
E

R
S

T
R

E
S

S
A

N
D

C
O

R
T

IS
O

L
B

IN
D

IN
G

IN
T

R
O

U
T

5

200

	

I/
\

0
	0

i
2

3
5

6
la

24

D
tratian

of
issuttation

(h
)

F
IG

.
2.

T
he

tim
e

course
of

binding
of

rE
llconisol

to
rainbow

trout
liver

cytosot
at

4'.
S

olid
line,

specifically
bound

steroid;
upper

broken
line,

total
bound

steroid;
low

er
broken

line,
nonspecifically

bound
steroid.

E
C

E
C

C
E

C
E

C
C

resol
W

a.01
I

W
ash

a
W

an
3

N
u

tb
ef

0
V

ia

F
aC

tial

F
IG

.4.
T

h
e

presence
of

specific
binding

sites
for

l'H
konisol

and
elilestradiol

in
rainbow

trout
liver

erosd,
nuclear

pellet
w

ashes,
and

nuclear
extract.

E
ach

point
is

the
m

ean
of

four
determ

inations.
E

.
specific

cstradiol
binding;

C
.

specific
cortisol

binding.
A

N
O

V
A

revealed
a

significant
treatm

ent
effect

and
treatm

ent/tim
e

interaction
in

the
num

ber
of

hepatic
cortisol-binding

sites.
T

his
w

as
resolved

as
no

significant
differ-

ence
at

24
hr

in
the

num
ber

of
cytosolic-

binding
sites

in
stressed

and
unstressed

fish
(142

±
14

vs
161

±
8,

n
=

8)
but

signifi-
cantly

few
er

sites
in

the
liver

of
confined,

as
opposed

to
unconfined

fish
(all

P
<

0.001)
in

the
rem

aining
three

sam
ples

(F
ig.

514.
C

ortisol
im

plantation
significantly

ele-
vated

plasm
a

cortisol
levels

in
treated

fish
relative

to
the

sham
-im

planted
fish

(sham
-

im
planted

i
a

4.2
a-

0.9
ng

m
1-1;

cortisol



im
planted

i=
16.3

a
2.1

ng
m

l
I;

P
<

0.001,
n

=
16,

(
test).

T
he

num
ber

of
cor-

tisol-binding
sites

in
thc

liver
of

cortisca-
treated

fish
w

as
depressed

relative
to

con-
trol

fish
(sham

-im
planted

I
=

123
t

7
fm

ol
m

g-)
protein;

cortisol-im
planted

I
=

99
a

7
fm

ol
m

g-
I

protein;
n

a
16,

P
<

0.05,
test)

and
there

w
as

a
significant

relationship
betw

een
the

plasm
a

cortisol
level

at
the

tim
e

of
sam

ple
and

the
num

ber
of

hepatic-
binding

sites
(F

ig.
6).

D
IS

C
U

S
S

IO
N

R
ainbow

trout
liver

cytosol
binds

[31-11-

cortisol
w

ith
an

affinity,
specificity,

and
ca-

pacity
suggestive

of
the

presence
of

a
spe-

cific
steroid

receptor
protein.

B
inding

to
cytosol

is
protease

sensitive
and

displays
an

equilibrium
dissociation

constant
(kD

)of
5.0

nM
,

close
to

that
reported

for
cortisol

binding
in

the
liver

of
brook

trout
(1rD

=
5.6

nM
;

C
hakraborti

and
W

eisbart,
1987)

and
not

dissim
ilar

from
that

reported
for

brook
trout

gill
cytosol

(kr,
=

3.2
nM

;
C

hakraborti
et

at,
1987),

eel
and

rainbow
trout

gill
cy-

tosol
(kL,

a
2.8

and
1.4

nM
,

respectively;
triam

cinolone
acetonide

as
ligand;

S
andor

et
al.,

1984),
and

eel
gut

m
ucosa!

cytosol
5.2

nA
l:D

iB
attista

et
al.,

1984;
ko

2.3
nM

,
T

A
as

ligand;
D

iB
attista

er
al.,

1983).
S

im
ilarly,

the
m

axim
al

binding
ca-

pacity
determ

ined
for

rainbow
trout

liver
cytosol

in
this

investigation,
200

fm
ol

m
g-

protein,
is

of
the

sam
e

o
rd

er
as

that
deter-

m
ined

in
brook

trout
liver

cytosol
(167

(m
ol

m
g-1

protein;
C

hakraborti
and

W
eisban,

1987),
brook

trout
gill

cytosol
(224

fm
ol

m
g-1

protein;
C

hakraborti
et

al.,
1987),

and
rainbow

trout
gill

cytosol
(271

fm
ol

m
g

-I
protein;

S
andor

el
al.,

1984).
F

urther-
m

ore,
the

hierarchy
of

the
ability

of
various

steroids
.to

displace
elficortisol

from
its

bindirv
sites,

dexam
ethasone

>
cortisol

>
R

uI8486
>

corticosterone
>

11-deoxy-




cortisol
>

cortisone,
is

sim
ilar

to
those

de-
scribed

for
brook

trout
liver

(C
hakraborti

and
W

eisbart
1987),

eel
gill

(S
andor

et
al..

1984),
and

eel
gut

(D
iB

attista
et

al.,
1983).

T
he

receptor-like
binding

of
cortisol

ob-
served

in
rainbow

trout
liver

in
the

present
investigation

is
likely

to
be

hepatic
in

origin
rather

than
due

to
contam

ination
by

blood
since

plasm
a

w
as

not
found

to
bind

ell]cortisol
under

the
assay

conditions
em

-
ployed

here,
and

w
hole

blood,
although

containing
high

affinity
cortisol-binding

sites,
has

a
kr,

for
cortisol

significantly
dif-

ferent
to

that
of

liver
(2.3

cf.
5.1).

A
lso,

w
hole

blood
cytosol

has
too

few
binding

sites
to

account
for

binding
w

ithin
liver

cy-
tosol

at
the

level
of

contam
ination

m
ea-

sured
(I

in
30)

and
no

correlation
w

as
ob-

served
betw

een
haem

oglobin
concentration

and
the

num
ber

of
binding

sites
in

liver
cy-

tosol.
In

addition,
no

evidence
that

cortisol
w

as
m

etabolized
to

a
significant

extent
dur-

ing
incubation

w
as

found.
It

w
as

not
found

possible,
during

the
present

investigation,
to

dem
onstrate

spe-
cific

binding
of

cortisol
to

nuclear
extracts.

S
pecific

cortisol
binding

w
as

absent
from

all
preparative

fractions
except

cytosol.
S

pecific
estradiol

binding
w

as
detected

in
the

sam
e

nuclear
extracts,

how
ever,

sug-

sin

4"..C
•

:147

e

0
1.0

m
aw

anals
IS

enem
a

G
o

1
20

W
O

O

F
IG

.
y.

B
inding

specificity
of

rainbow
C

lout
liver

tytosol.
D

ata
are

expressed
as

the
percentage

O
f

I'H
IC

O
C

IIIO
Ibound

at
the

given
concentration

of
unlabeled

com
petitor.

D
,

dexam
ethasone:

F
.

conked;
leo,T

aulgaa;
C

.
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e
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b
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p
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r
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p
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i
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p
l
a
n
t
e
df
i
s
h

t
h
e
r
e
w
a
s
a
s
i
g
n
i
f
i
c
a
n
td
e
c
l
i
n
e
i
n
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
no
f
h
e
p
a
t
i
c

e
s
t
r
a
d
i
o
l
-
b
i
n
d
i
n
gs
i
t
e
s
r
e
l
a
t
i
v
e
t
o
s
h
a
m
-
i
m
p
l
a
n
t
e
dc
o
n
t
r
o
l
s
.
T
h
i
s
c
o
n
s
i
s
t
e
d
o
f

a
3
5
%
d
r
o
p
i
n
c
y
t
o
s
o
l
i
c
b
i
n
d
i
n
g
s
i
t
e
s
,
a
n
d
a

29%
r
e
d
u
c
t
i
o
n
i
n
t
h
e
n
u
m
b
e
r
o
f

n
u
c
l
e
a
r
e
s
t
r
a
d
i
o
l
-
b
i
n
d
i
n
gs
i
t
e
s
,
b
y
4
w
e
e
k
s
p
o
s
t
-
i
m
p
l
a
n
t
a
t
i
o
n
.
P
l
a
s
m
a

e
s
t
r
a
d
i
o
l
-
b
i
n
d
i
n
gc
a
p
a
c
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c
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c
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c
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p
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c
t
e
d
b
y
c
o
r
t
i
s
o
l

i
m
p
l
a
n
t
a
t
i
o
ns
u
g
g
e
s
t
i
n
g
t
h
a
t
t
h
e
e
f
f
e
c
t
s
o
f
c
o
r
t
i
s
o
l
o
n
e
s
t
r
a
d
i
o
l
-
b
i
n
d
i
n
gs
i
t
e
s

w
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r
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e
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.

R
e
c
e
n
t
w
o
r
k
h
a
s
d
e
m
o
n
s
t
r
a
t
e
d
t
h
a
t
e
x
p
o
s
u
r
e
o
f
i
s
o
l
a
t
e
d
r
a
i
n
b
o
w
t
r
o
u
t
-
o
v
a
r
i
a
n

f
o
l
l
i
c
l
e
s
t
o
p
h
y
s
i
o
l
o
g
i
c
a
ll
e
v
e
l
s
o
f
c
o
r
t
i
s
o
l
r
e
d
u
c
e
s
t
h
e
i
r
s
e
c
r
e
t
i
o
n
o
f

'



e
s
t
r
a
d
i
o
l
(
C
a
r
r
a
g
h
e
ra
n
d
S
u
m
p
t
e
r
.
1
9
8
9
)
i
n
d
i
c
a
t
i
n
go
n
e
p
o
s
s
i
b
l
e
m
e
c
h
a
n
i
s
m
b
y

w
h
i
c
h
s
t
r
e
s
s
m
a
y
c
o
m
p
r
o
m
i
s
e
v
i
t
e
l
l
o
g
e
n
i
cp
r
o
c
e
s
s
e
s
.
T
h
e
a
i
m
o
f
t
h
e
p
r
e
s
e
n
t

s
t
u
d
y
i
s

to
d
e
t
e
r
m
i
n
e
w
h
e
t
h
e
r
c
o
r
t
i
s
o
l
,
a
t
l
e
v
e
l
s
s
i
m
i
l
a
r
t
o
t
h
o
s
e
o
c
c
u
r
r
i
n
g

d
u
r
i
n
g
s
t
r
e
s
s
,
i
s
c
a
p
a
b
l
e
o
f
i
m
p
e
d
i
n
g
t
h
e
d
e
t
e
c
t
i
o
n
a
n
d
t
r
a
n
s
d
u
c
t
i
o
no
f

e
s
t
r
o
g
e
n
i
c
s
i
g
n
a
l
s
i
n
t
h
e
l
i
v
e
r
b
y
i
n
f
l
u
e
n
c
i
n
gt
h
e
a
b
u
n
d
a
n
c
e
o
f
s
p
e
c
i
f
i
c
,

h
e
p
a
t
i
c
e
s
t
r
a
d
i
o
l
r
e
c
e
p
t
o
r
s
. M
A
T
E
R
I
A
L
S
A
N
D
M
E
T
H
O
D
S

F
i
s
h
.

E
i
g
h
t
y
,
2
-
y
e
a
r
-
o
l
d
,i
m
m
a
t
u
r
e
r
a
i
n
b
o
w
t
r
o
u
t
(
A
n
n
a
n
s
t
r
a
i
n
,
a
l
l
f
e
m
a
l
e
,

m
e
a
n
w
e
i
g
h
t

1
0
5
6
•
5
3
g
)
w
e
r
e
d
i
v
i
d
e
d
e
q
u
a
l
l
y
b
e
t
w
e
e
n
4
1
5
0
0
l
i
t
e
r
o
u
t
d
o
o
r

f
i
b
r
e
g
l
a
s
s
t
a
n
k
s
,
e
a
c
h
s
u
p
p
l
i
e
d
w
i
t
h
a
c
o
n
s
t
a
n
t
f
l
o
w
o
f
l
a
k
e
w
a
t
e
r

(
3
5l
i
t
e
r
s

m
i
n
-
1
,
t
e
m
p
e
r
a
t
u
r
ed
u
r
i
n
g
t
h
e
e
x
p
e
r
i
m
e
n
t
a
lp
e
r
i
o
d
8
-
1
0°
c
)
.
T
h
e
f
i
s
h
w
e
r
e

f
e
d
d
a
i
l
y
w
i
t
h
c
o
m
m
e
r
c
i
a
l
f
e
e
d
a
t
a
r
a
t
e
o
f
1
%
b
o
d
y
w
e
i
g
h
t
d
a
y
-
1
.

A
f
t
e
r
2

4

w
e
e
k
s
a
c
c
l
i
m
a
t
i
o
nt
o
t
h
e
s
e
c
o
n
d
i
t
i
o
n
st
h
e
f
i
s
h
f
r
o
m
2
t
a
n
k
s
r
e
c
e
i
v
e
da
n

i
n
t
r
a
p
e
r
i
t
o
n
e
a
li
n
j
e
c
t
i
o
no
f
m
o
l
t
e
nc
o
c
o
a
b
u
t
t
e
r
(
0
.
5
m
l
)
c
o
n
t
a
i
n
i
n
gs
u
f
f
i
c
i
e
n
t

c
o
r
t
i
s
o
l
t
o
p
r
o
v
i
d
e
a
d
o
s
e
o
f
6
0
.
0
m
g
k
g
-
1
b
o
d
y
w
e
i
g
h
t
.

F
i
s
h

fr
om

t
h
e

r
e
m
a
i
n
i
n
g
t
w
o
t
a
n
k
s
r
e
c
e
i
v
e
d
c
o
c
o
a
b
u
t
t
e
r
v
e
h
i
c
l
e
o
n
l
y
.

T
w
o
w
e
e
k
s
a
f
t
e
r
i
n
j
e
c
t
i
o
n
t
h
e
f
i
s
h
w
e
r
e
s
a
m
p
l
e
d
.
E
i
g
h
t
f
i
s
h
p
e
r
t
a
n
k
w
e
r
e

r
e
m
o
v
e
d

to
g
i
v
e
a
t
o
t
a
l
o
f
1
6

tr
ea

te
d

a
n
d
1
6
c
o
n
t
r
o
l
f
i
s
h
.

F
i
s
h
w
e
r
e

i
m
m
e
d
i
a
t
e
l
ya
n
a
e
s
t
h
e
t
i
z
e
di
n
2
-
p
h
e
n
o
x
y
e
t
h
a
n
o
l(
1
:
2
0
0
0
)a
n
d
a
b
l
o
o
d
s
a
m
p
l
e
w
a
s

t
a
k
e
n
f
r
o
m
t
h
e
c
a
n
d
a
l
v
e
s
s
e
l
s
b
y
m
e
a
n
s
o
f
a
h
e
p
a
r
i
n
i
z
e
ds
y
r
i
n
g
e
.
F
i
s
h
w
e
r
e

t
h
e
n
k
i
l
l
e
d
b
y
a

sh
ar

p
b
l
o
w
t
o
t
h
e
h
e
a
d
,
w
e
i
g
h
e
d
,
m
e
a
s
u
r
e
d
a
n
d
s
e
x
e
d
a
n
d
t
h
e

l
i
v
e
r
s
w
e
r
e
r
e
m
o
v
e
d
a
n
d
t
r
e
a
t
e
d
a
s

de
sc

rib
ed

b
e
l
o
w
.

A
s
e
c
o
n
d
s
a
m
p
l
e
o
f
f
i
s
h

w
a
s

ta
ke

n
4
w
e
e
k
s
a
f
t
e
r
i
m
p
l
a
n
t
a
t
i
o
n
,t
h
e
p
r
o
c
e
d
u
r
e
b
e
i
n
g
i
d
e
n
t
i
c
a
lt
o
t
h
a
t

ou
tli

ne
d

a
b
o
v
e
.

T
i
s
s
u
e
p
r
e
p
a
r
a
t
i
o
n
.
L
i
v
e
r
s
w
e
r
e
p
l
a
c
e
d
i
n
h
o
m
o
g
e
n
i
z
a
t
i
o
nb
u
f
f
e
r
(
5
0
m
M

T
r
i
s
-
H
c
l
,
1
2
m
M
m
o
n
o
t
h
i
o
g
l
y
c
e
r
o
l
.1
.
0
m
M
E
D
T
A
,
1
0
.
0
m
M
s
o
d
i
u
m
m
o
l
y
b
d
a
t
ea
n
d
2
0
%

g
l
y
c
e
r
o
l
)o
n
i
c
e
.

A
f
t
e
r
r
i
n
s
i
n
g
i
n
b
u
f
f
e
r
,
l
i
v
e
r
s
w
e
r
e
w
e
i
g
h
e
d

an
d

f
r
e
s
h

h
o
m
o
g
e
n
i
z
a
t
i
o
nb
u
f
f
e
r
w
a
s
a
d
d
e
d
i
n
t
h
e
r
a
t
i
o
2
.
5
:
1
(
v
o
l
:
w
e
i
g
h
t
)
.
T
i
s
s
u
e

w
a
s
m
i
n
c
e
d
f
i
n
e
l
y
w
i
t
h
s
c
i
s
s
o
r
s
a
n
d
h
o
m
o
g
e
n
i
z
e
d
,o
n
i
c
e
,
u
s
i
n
g
a
n
I
K
A
-
U
l
t
r
a

T
u
r
r
a
x
(
T
1
8
/
1
0
)
f
o
r
1
0
s
e
c
o
n
d
b
u
r
s
t
s
,
w
i
t
h
c
o
o
l
i
n
g
b
e
t
w
e
e
n
b
u
r
s
t
s
.
H
o
m
o
g
e
n
a
t
e
s

w
e
r
e
d
e
c
a
n
t
e
d
i
n
t
o
c
e
n
t
r
i
f
u
g
e
t
u
b
e
s

an
d

s
p
u
n
a
t
1
0
0
0
x
g
f
o
r
3
0
m
i
n
a
t
1
1
°
C
.t
o

p
r
e
p
a
r
e
a
c
r
u
d
e
n
u
c
l
e
a
r
p
e
l
l
e
t
.
S
u
p
e
r
n
a
t
a
n
t(
c
r
u
d
e
c
y
t
o
s
o
l
)
w
a
s
a
s
p
i
r
a
t
e
di
n
t
o

a
c
l
e
a
n
t
u
b
e
.

1
I
u
ap
e
l
l
e
t
w
a
s
w
a
s
h
e
d
3
t
i
m
e
s
i
n
2
0
.
0
m
l
b
u
f
f
e
r
b
y
r
e
s
u
s
p
e
n
s
i
o
n

a
n
d
r
e
c
e
n
t
r
i
f
u
g
a
t
i
o
n
.t
h
e
n
2
5
.
0
a
l
e
x
t
r
a
c
t
i
o
n
b
u
f
f
e
r
(
0
.
7
M
K
C
L
i
n

h
o
m
o
g
e
n
i
z
a
t
i
o
nb
u
f
f
e
r
)
w
a
s
a
d
d
e
d
t
o
t
h
e
p
e
l
l
e
t
w
h
i
c
h
w
a
s
r
e
s
u
s
p
e
n
d
e
da
n
d

i
n
c
u
b
a
t
e
da
t
4
°
C
,
w
i
t
h
f
r
e
q
u
e
n
tm
i
x
i
n
g
f
o
r
1
h
.

D
e
x
t
r
a
n-
c
o
a
t
e
d
c
h
a
r
c
o
a
l

s
u
s
p
e
n
s
i
o
n
(
D
C
C
.
1
.
2
5
%
a
c
t
i
v
a
t
e
dc
h
o
r
e
a
l
.
0
.
1
2
5
%
d
e
x
t
r
a
n
i
n
h
o
m
o
g
e
n
i
z
a
t
i
o
n

b
u
f
f
e
r
)
w
a
s
a
d
d
e
d
t
o
c
r
u
d
e
c
y
t
o
s
o
l
,t
o
r
e
m
o
v
e
e
n
d
o
g
e
n
o
u
ss
t
e
r
o
i
d
s
,
i
n
t
h
e
r
a
t
i
o

1
:
1
(
v
o
l
:
v
o
l
)
.
m
i
x
e
d
a
n
d
I
n
c
u
b
a
t
e
da
t
4
°
C
f
o
r
4
5
m
i
n
,
e
n
d
t
h
e
n
s
p
u
n
a
t

5
0
,
0
0
0
g
f
o
r
1
h
a
t
4
°
C
.

I
b
e
r
e
s
u
l
t
i
n
gc
l
e
a
r
s
u
p
e
r
n
a
t
a
n
tw
a
s
a
s
p
i
r
a
t
e
di
n
t
o

c
l
e
a
n
t
u
b
e
s
a
n
d
s
t
o
r
e
d
a
t
-
7
0
°
C
u
n
t
i
l
r
e
q
u
i
r
e
d
f
o
r
a
s
s
a
y
.

N
u
c
l
e
a
r
e
x
t
r
a
c
t
s



Is
ea

0
non

ins
0

an
S

u
ano

n
a

a

5
6

w
e
r
e
s
i
m
i
l
a
r
l
y
t
r
e
a
t
e
d
w
i
t
h
D
C
C
.
s
p
u
n
d
o
w
n
,

and
s
t
o
r
e
d
a
t
-
7
0
°
C
.

a
n
d
1
0
0
0
p
m
o
l
s
o
f
c
o
m
p
e
t
i
t
o
r
,f
o
r
3
h
a
t
4
°
C
.

S
p
e
c
i
f
i
c
b
i
n
d
i
n
g
w
a
s

d
e
t
e
r
m
i
n
e
d
a
s
a
b
o
v
e
.

A
s
i
m
i
l
a
r
p
r
o
c
e
d
u
r
e
w
a
s
c
a
r
r
i
e
d
o
u
t
.
f
o
r
n
u
c
l
e
a
r
e
x
t
r
a
c
t

Q
u
a
n
t
i
f
i
c
a
t
i
o
no
f
s
t
e
r
o
i
d
b
i
n
d
i
n
g
.
T
h
e
b
i
n
d
i
n
g
o
f
[
3
H
]
e
s
t
r
e
d
i
o
l
t
o
l
i
v
e
r

a
n
d
p
l
a
s
m
a
.

c
y
t
o
s
o
l
a
n
d
n
u
c
l
e
a
r
,e
x
t
r
a
c
t
w
a
s
q
u
a
n
t
i
f
i
e
db
y
s
a
t
u
r
a
t
i
o
na
n
a
l
y
s
i
s
.
C
y
t
o
s
o
l

T
i
m
e
-
c
o
u
r
s
eo
f
b
i
n
d
i
n
g
o
f
1
3
H
1
e
s
t
r
a
d
i
o
l
.
A
l
i
q
u
o
t
s
(
2
0
0
p
l
)
o
f
c
y
t
o
s
o
l
o
r

c
o
n
t
a
i
n
i
n
g2
.
0
-
5
.
0
m
g
p
r
o
t
e
i
n
m
1
-
1
w
a
s
i
n
c
u
b
a
t
e
di
n
d
u
p
l
i
c
a
t
e
2
0
0
p
l
a
l
i
q
u
o
t
s

d
i
l
u
t
e
d
p
l
a
s
m
a
w
e
r
e
i
n
c
u
b
a
t
e
d
t
o
g
e
t
h
e
r
w
i
t
h
1
p
m
o
l
[
3
H
]
e
s
t
r
a
d
i
o
l
f
o
r
1
5
m
i
n
,

w
i
t
h
1
0
0
p
l
h
o
m
o
g
e
n
i
z
a
t
i
o
nb
u
f
f
e
r
c
o
n
t
a
i
n
i
n
g1
.
5
-
1
8
.
0
n
g
[
1
.
2
.
6
.
7
-
3
H
]

3
0
m
i
n
.
4
5
m
i
n
,
l
h
,
2
h
.
3
h
,
4
h
,
5
h
,
6
h
.
l
p
h
.
2
4
h
a
n
d
4
8
h
a
t
4
°
C
b
o
t
h
i
n
t
h
e

e
s
t
r
a
d
i
o
l
(
1
0
6
C
i
m
m
o
l
-
1
,
A
m
e
r
s
h
a
m
I
n
t
e
r
n
a
t
i
o
n
a
l
)b
o
t
h
w
i
t
h
a
n
d
w
i
t
h
o
u
t
a

p
r
e
s
e
n
c
e
a
n
d
a
b
s
e
n
c
e
o
f
a
1
0
0
0
-
f
o
l
d
e
x
c
e
s
s
o
f
i
n
e
r
t
e
s
t
r
a
d
i
o
l
.
A
t
e
a
c
h
t
i
m
e
.

1
0
0
0
-
f
o
l
de
x
c
e
s
s
o
f
i
n
e
r
t
c
o
r
t
i
s
o
l
.
A
f
t
e
r
i
n
c
u
b
a
t
i
o
nf
o
r
3
h
a
t
4
°
C
.
u
n
b
o
u
n
d

t
o
t
a
l
a
n
d
n
o
n
-
s
p
e
c
i
f
i
cb
i
n
d
i
n
g
w
a
s
d
e
t
e
r
m
i
n
e
d
a
s
d
e
s
c
r
i
b
e
d
a
b
o
v
e
.

s
t
e
r
o
i
d
w
a
s
r
e
m
o
v
e
d
b
y
t
h
e
a
d
d
i
t
i
o
n
t
o
e
a
c
h
t
u
b
e
o
f
2
0
0
p
l
D
O
C
.
f
o
l
l
o
w
e
db
y

S
t
a
t
i
s
t
i
c
a
la
n
a
l
y
s
e
s
.

i
n
c
u
b
a
t
i
o
no
n
i
c
e
f
o
r
1
5
m
i
n
(
d
e
t
e
r
m
i
n
e
db
y
p
r
i
o
r
e
x
p
e
r
i
m
e
n
t
a
t
i
o
nt
o
b
e
t
h
e

S
i
g
n
i
f
i
c
a
n
c
eo
f
t
h
e
r
e
s
u
l
t
s
w
a
s
a
s
s
e
s
s
e
d
u
s
i
n
g
a
n
u
n
p
o
o
l
e
d
t
-
t
e
s
t
(
M
i
n
i
t
a
b
)
.

o
p
t
i
m
a
l
i
n
c
u
b
a
t
i
o
np
e
r
i
o
d
)
a
n
d
c
e
n
t
r
i
f
u
g
a
t
i
o
na
t
1
0
0
0
g
f
o
r
5
m
i
n
a
t
4
°
C
.

R
e
s
u
l
t
s
a
r
e
e
x
p
r
e
s
s
e
da
s
m
e
a
n
•
s
t
a
n
d
a
r
d
e
r
r
o
r
o
f
t
h
e
m
e
a
n
(
S
E
M
)

A
l
i
q
u
o
t
so
f
s
u
p
e
r
n
a
t
a
n
tw
e
r
e
r
e
m
o
v
e
d
,a
d
d
e
d
t
o
5
.
0
m
l
U
n
i
s
o
l
v
e
1
s
c
i
n
t
i
l
l
a
n
t

(
K
o
c
h
-
L
i
g
h
t
)i
n
a
v
i
a
l
a
n
d
c
o
u
n
t
e
d
u
n
d
e
r
s
t
a
n
d
a
r
d
t
r
i
t
i
u
m
c
o
n
d
i
t
i
o
n
s
.
S
p
e
c
i
f
i
c

b
i
n
d
i
n
g
w
a
s
c
a
l
c
u
l
a
t
e
d
f
r
o
m
t
o
t
a
l
a
n
d
n
o
n
-
s
p
e
c
i
f
i
cb
i
n
d
i
n
g
a
n
d
t
h
e
e
q
u
i
l
i
b
r
i
u
m

d
i
s
s
o
c
i
a
t
i
o
nc
o
n
s
t
a
n
t
(
k
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b
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c
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c
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c
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c
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p
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u
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p
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p
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c
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i
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c
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p
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r
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r
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r
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c
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c
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e
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t
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c
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c
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c
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c
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w
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e
r
e
a
s

b
i
n
d
i
n
g
o
f
[
3
H
]
e
s
t
r
a
d
i
o
l
t
o
p
l
a
s
m
a
w
a
s
l
e
s
s
s
t
a
b
l
e
,
d
e
c
l
i
n
i
n
g
w
i
t
h
i
n
2
h
o
f

t
h
e
o
n
s
e
t
o
f
i
n
c
u
b
a
t
i
o
n
(
F
i
g
.
l
b
)
.

P
l
a
s
m
a
c
o
r
t
i
s
o
l
l
e
v
e
l
s
i
n
i
m
p
l
a
n
t
e
d
f
i
s
h
w
e
r
e
s
i
g
n
i
f
i
c
a
n
t
l
yh
i
g
h
e
r
t
h
a
n

t
h
o
s
e
i
n
s
h
a
m
-
i
m
p
l
a
n
t
e
df
i
s
h
a
t
2
w
e
e
k
s
(
1
6
.
3
•
2
.
1
v
.
4
.
2
±
0
.
9
n
g
m
1
-
1
,
p

(
0
.
0
0
1
)
t
h
o
u
g
h
b
y
4
w
e
e
k
s
t
h
e
d
i
f
f
e
r
e
n
c
e
w
a
s
n
o
l
o
n
g
e
r
s
i
g
n
i
f
i
c
a
n
t(
F
i
g
.
4
)
.

T
h
e
c
o
n
c
e
n
t
r
a
t
i
o
no
f
h
e
p
a
t
i
c
c
y
t
o
s
o
l
e
s
t
r
a
d
i
o
l
-
b
i
n
d
i
n
gs
i
t
e
s
w
a
s
s
i
g
n
i
f
i
c
a
n
t
l
y

l
o
w
e
r
i
n
c
o
r
t
i
s
o
l
i
m
p
l
a
n
t
e
d
f
i
s
h
t
h
a
n
c
o
n
t
r
o
l
f
i
s
h
a
t
b
o
t
h
2
w
e
e
k
s
(
1
1
2
•
6
v
.

9
1
•
4
f
o
o
l m
g
-
1
p
r
o
t
e
i
n
.
p
<
0
.
0
1
)
a
n
d
4
w
e
e
k
s
p
o
s
t
-
i
m
p
l
a
n
t
a
t
i
o
n(
1
1
6
±
7
v
.

7
5
•
5
f
m
o
lm
g
-
1
p
r
o
t
e
i
n
.
p
<
0
.
0
0
1
)
(
F
i
g
.
5
)
.

T
h
e
r
e
w
a
s
n
o
s
i
g
n
i
f
i
c
a
n
t

d
i
f
f
e
r
e
n
c
e
i
n
t
h
e
n
u
m
b
e
r
o
f
n
u
c
l
e
a
r
e
s
t
r
a
d
i
o
l
-
b
i
n
d
i
n
gs
i
t
e
s
a
t
2
w
e
e
k
s

p
o
s
t
-
i
m
p
l
a
n
t
a
t
i
o
nb
u
t
a
f
t
e
r
4
w
e
e
k
s
t
h
e
r
e
w
e
r
e
s
i
g
n
i
f
i
c
a
n
t
l
yf
e
w
e
r
i
n
t
h
e

c
o
r
t
i
s
o
l
i
m
p
l
a
n
t
e
d
f
i
s
h
(
6
4

6
f
m
o
l
m
g
-
1
p
r
o
t
e
i
n
)
t
h
a
n
c
o
n
t
r
o
l
f
i
s
h
(
9
0
•
7

f
o
o
l
m
g
-
1
p
r
o
t
e
i
n
.
p
<
0
.
0
1
)
(
F
i
g
.

5
)
.

R
e
g
r
e
s
s
i
o
n
a
n
a
l
y
s
i
s
o
f
a
l
l
t
h
e
d
a
t
a

r
e
v
e
a
l
e
A
a
s
i
g
n
i
f
i
c
a
n
t(
p
<
0
.
0
0
1
)
i
n
v
e
r
s
e
r
e
l
a
t
i
o
n
s
h
i
pb
e
t
w
e
e
n
p
l
a
s
m
a
c
o
r
t
i
s
o
l

l
e
v
e
l
a
n
d
t
h
e
n
u
m
b
e
r
o
f
c
y
t
O
s
o
l
i
c
e
s
t
r
a
d
i
o
l
-
b
i
n
d
i
n
g s
i
t
e
s
(
F
i
g
.
6
)
.

C
o
r
t
i
s
o
l

t
r
e
a
t
m
e
n
t
a
l
s
o
s
i
g
n
i
f
i
c
a
n
t
l
yi
n
c
r
e
a
s
e
d
t
h
e
n
u
m
b
e
r
o
f
p
l
a
s
m
a
e
s
t
r
a
d
i
o
l
-
b
i
n
d
i
n
g


e
s
t
r
a
d
i
o
l
-
b
i
n
d
i
n
gc
a
p
a
c
i
t
y
a
t
2
w
e
e
k
s
p
o
s
t
-
i
m
p
l
a
n
t
a
t
i
o
n(
2
6
.
3
•
1
.
5
v
.
3
4
.
9
•

1
.
9
p
o
o
lm
l
-
1
p
(
0
.
0
0
1
)(
F
i
g
.7
b
)
.

P
l
a
s
m
a
e
s
t
r
a
d
i
o
l
l
e
v
e
l
s
d
i
d
n
o
t
d
i
f
f
e
r
s
i
g
n
i
f
i
c
a
n
t
l
yb
e
t
w
e
e
n
c
o
n
t
r
o
l
a
n
d

i
m
p
l
a
n
t
e
df
i
s
h
a
t
2
w
e
e
k
s
(
1
.
0
•
0
.
1
v
.
1
.
2
•
0
.
1
n
g
m
1
-
1
)
o
r
4
w
e
e
k
s

p
o
s
t
-
i
m
p
l
a
n
t
a
t
i
o
n(
1
.
1
•
0
.
2
v
.
0
.
9
•
0
.
1
n
g
m
1
-
1
)
.



N
S

IM
O

IIIIII
M

R
IS

M
0

M
I

111111-
0

N
M

O
N

O
M

M
IN

N
S

S
U

N

9

D
I
S
C
U
S
S
I
O
N

E
s
t
r
o
g
e
n
r
e
c
e
p
t
o
r
sh
a
v
e
b
e
e
n
i
d
e
n
t
i
f
i
e
da
n
d
c
h
a
r
a
c
t
e
r
i
z
e
di
n
a
r
a
n
g
e
o
f
t
e
l
e
o
s
t

s
p
e
c
i
e
s
i
n
c
l
u
d
i
n
g
t
h
e
w
i
n
t
e
r
f
l
o
u
n
d
e
r
.P
s
e
u
d
o
p
l
e
u
r
o
n
e
c
t
e
sA
m
e
r
i
c
a
n
u
s
(
S
l
o
o
pe
c

e
l
.
1
9
8
4
)
,
b
l
a
c
k
g
o
b
y
.
G
o
b
i
u
s
n
i
g
e
r
(
L
e
M
e
n
n
e
t
a
l
,
1
9
8
0
)
,
A
t
l
a
n
t
i
c
s
a
l
m
o
n
,

S
a
l
m
o
s
o
l
a
r
(
L
a
z
i
e
r
e
t
a
l
,
1
9
8
5
)
.
b
r
o
w
n
t
r
o
u
t
.
S
a
l
m
o
t
r
u
t
t
a
(
P
o
t
t
i
n
g
e
r
.1
9
8
6
)

a
n
d
b
r
o
o
k
t
r
o
u
t
,
S
a
l
v
e
l
i
n
u
s
f
o
n
t
i
n
a
l
i
s 
(
M
c
P
h
e
r
s
o
net

a
l
.
.
1
9
8
8
)
.
i
h
e
b
i
n
d
i
n
g

o
f
e
s
t
r
a
d
i
o
l
t
o
c
o
m
p
o
n
e
n
t
so
f
r
a
i
n
b
o
w
t
r
o
u
t
l
i
v
e
r
c
y
t
o
s
o
l
a
n
d
n
u
c
l
e
a
r
e
x
t
r
a
c
t

i
s
s
i
m
i
l
a
r
i
n
c
h
a
r
a
c
t
e
r
t
o
t
h
a
t
r
e
p
o
r
t
e
d
f
o
r
o
t
h
e
r
s
p
e
c
i
e
s
.
E
s
t
r
a
d
i
o
li
s
b
o
u
n
d

w
i
t
h
h
i
g
h
a
f
f
i
n
i
t
y
t
o
c
y
t
o
s
o
l
(
k
E
r
e
l
ln
M
)
e
n
d
n
u
c
l
e
a
r
e
x
t
r
a
c
t
(
k
E
r
-2
n
M
)
a
n
d

w
i
t
h
l
i
m
i
t
e
d
c
a
p
a
c
i
t
y
i
n
b
o
t
h
c
a
s
e
s
(
M
o
t
o
r
5
0
-
1
0
0
f
m
o
l
m
g
-
1
p
r
o
t
e
i
n
)
.

B
i
n
d
i
n
g
w
a
s
h
i
g
h
l
y
s
p
e
c
i
f
i
c
f
o
r
e
s
t
r
a
d
i
o
l
i
n
b
o
t
h
c
y
t
o
s
o
l
a
n
d
n
u
c
l
e
a
r
e
x
t
r
a
c
t
.

O
f
t
h
e
s
t
e
r
o
i
d
s
t
e
s
t
e
d
o
n
l
y
e
s
t
r
o
n
e
c
o
m
p
e
t
e
d
t
o
a
n
y
d
e
g
r
e
e
.

T
o
e
n
s
u
r
e
t
h
a
t
t
h
e

b
i
n
d
i
n
g
s
i
t
e
s
m
e
a
s
u
r
e
d
i
n
l
i
v
e
r
p
r
e
p
a
r
a
t
i
o
n
sw
e
r
e
h
e
p
a
t
i
c
i
n
o
r
i
g
i
n
.
e
s
t
r
a
d
i
o
l

b
i
n
d
i
n
g
i
n
p
l
a
s
m
a
w
a
s
a
l
s
o
p
a
r
t
i
a
l
l
yc
h
a
r
a
c
t
e
r
i
z
e
d
.
T
h
e
e
q
u
i
l
i
b
r
i
u
m

d
i
s
s
o
c
i
a
t
i
o
nc
o
n
s
t
a
n
t
(
k
c
•
1
7
n
M
)
a
n
d
b
i
n
d
i
n
g
c
a
p
a
c
i
t
y
(
0
.
5
-
2
.
0
p
m
o
l
m
g
-
1

p
r
o
t
e
i
n
)d
e
t
e
r
m
i
n
e
d
f
o
r
e
s
t
r
a
d
i
o
l
i
n
r
a
i
n
b
o
w
t
r
o
u
t
p
l
a
s
m
a
a
l
s
o
r
e
s
e
m
b
l
e
t
h
o
s
e

P
r
e
v
i
o
u
s
l
yr
e
p
o
r
t
e
d
f
o
r
s
a
l
m
o
n
i
d
s
(
L
a
z
i
e
r
e
t
a
l
.
1
9
8
5
;
P
o
t
t
i
n
g
e
r
.
1
9
8
6
)
.

F
u
r
t
h
e
r
m
o
r
e
,t
h
e
f
a
c
t
t
h
a
t
t
h
e
a
n
d
r
o
g
e
n
s
t
e
s
t
o
s
t
e
r
o
n
ea
n
d
1
1
-
k
e
t
o
t
e
s
t
o
s
t
e
r
o
n
e

c
o
m
p
e
t
e
s
u
c
c
e
s
s
f
u
l
l
yw
i
t
h
e
s
t
r
a
d
i
o
l
f
o
r
b
i
n
d
i
n
g
s
i
t
e
s
i
n
p
l
a
s
m
a
,
i
n
c
o
n
t
r
a
s
t
t
o

t
h
e
l
i
v
e
r
p
r
e
p
a
r
a
t
i
o
n
s
,s
u
g
g
e
s
t
s
t
h
a
t
t
h
e
b
i
n
d
i
n
g
o
f
e
s
t
r
a
d
i
o
l
m
e
a
s
u
r
e
d
i
n

p
l
a
s
m
a
c
a
n
b
e
a
t
t
r
i
b
u
t
e
dt
o
t
h
e
d
i
s
t
i
n
c
t
s
e
x
h
o
r
m
o
n
e
b
i
n
d
i
n
g
p
r
o
t
e
i
n
p
r
e
v
i
o
u
s
l
y

i
d
e
n
t
i
f
i
e
di
n
r
a
i
n
b
o
w
t
r
o
u
t
(
F
o
s
t
i
e
ra
n
d
B
r
e
t
o
n
,
1
9
7
5
)
.

P
l
a
s
m
a
b
i
n
d
i
n
g
w
a
s

f
o
u
n
d
t
o
b
e
c
o
n
s
i
d
e
r
a
b
l
yl
e
s
s
s
t
a
b
l
e
t
h
a
n
c
y
t
o
s
o
l
i
c
b
i
n
d
i
n
g
.
I
n
s
t
a
b
i
l
i
t
yo
f

s
t
e
r
o
i
d
-
p
r
o
t
e
i
ni
n
t
e
r
a
c
t
i
o
nh
a
s
a
l
s
o
b
e
e
n
o
b
s
e
r
v
e
d
i
n
g
o
l
d
f
i
s
h
p
l
a
s
m
a
(
P
a
s
m
a
n
i
k

a
n
d
C
a
l
l
a
r
d
.
1
9
8
6
)
.

I
m
p
l
a
n
t
a
t
i
o
nw
i
t
h
c
o
r
t
i
s
o
l
-
c
o
n
t
a
i
n
i
n
gco
c
o
a
b
u
t
t
e
r
p
e
l
l
e
t
s
w
a
s
s
u
c
c
e
s
s
f
u
l

i
n
m
a
i
n
t
a
i
n
i
n
ge
l
e
v
a
t
e
d
l
e
v
e
l
s
o
f
c
o
r
t
i
s
o
l
i
n
t
h
e
p
l
a
s
m
a
o
f
t
r
e
a
t
e
d
f
i
s
h
f
o
r

b
e
t
w
e
e
n
l
a
n
d

4
w
e
e
k
s
.

A
l
t
h
o
u
g
h
l
o
w
(

n
g
l
a
w
l
)
t
h
e
s
e
l
e
v
e
l
s
e
r
e



s
i
m
i
l
a
r
t
o
t
h
o
s
e
o
b
s
e
r
v
e
d
i
n
c
h
r
o
n
i
c
a
l
l
ys
t
r
e
s
s
e
d
s
a
l
m
o
n
i
d
s
(
P
i
c
k
e
r
i
n
ge
t
a
l
,

1
9
8
7
;
P
i
c
k
e
r
i
n
ga
n
d
P
o
t
t
i
n
g
e
r
.1
9
8
9
)
a
n
d
c
l
o
s
e
l
y
r
e
s
e
m
b
l
e
t
h
e
l
e
v
e
l
s
o
b
s
e
r
v
e
d


1
0

b
y
C
a
r
r
a
g
h
e
re
t
a
l
.
(
1
9
8
9
)
i
n
r
a
i
n
b
o
w
t
r
o
u
t
i
m
p
l
a
n
t
e
d
a
t
a
s
i
m
i
l
a
r
d
o
s
a
g
e
.

D
i
f
f
e
r
e
n
c
e
sb
e
t
w
e
e
n
t
h
e
t
r
e
a
t
e
d
a
n
d
u
n
t
r
e
a
t
e
d
f
i
s
h
,
i
n
t
e
r
m
s
o
f
b
o
t
h
h
e
p
a
t
i
c

(
c
y
t
o
s
o
la
n
d
n
u
c
l
e
a
r
)
a
n
d
p
l
a
s
m
a
e
s
t
r
a
d
i
o
l
-
b
i
n
d
i
n
gc
a
p
a
c
i
t
y
,
w
e
r
e
o
b
s
e
r
v
e
d
.

T
h
e
n
u
m
b
e
r
o
f
c
y
t
o
s
o
l
i
cb
i
n
d
i
n
g
s
i
t
e
s
w
a
s
s
i
g
n
i
f
i
c
a
n
t
l
yr
e
d
u
c
e
d
a
t
b
o
t
h
2
a
n
d
4

w
e
e
k
s
p
o
s
t
-
I
m
p
l
a
n
t
a
t
i
o
n
,an
d
s
i
g
n
i
f
i
c
a
n
t
l
y
f
e
w
e
r
b
i
n
d
i
n
g
s
i
t
e
s
w
e
r
e
p
r
e
s
e
n
t
i
n

n
u
c
l
e
a
r
e
x
t
r
a
c
t
so
f
f
i
s
h
t
r
e
a
t
e
d
w
i
t
h
c
o
r
t
i
s
o
l
f
o
r
4
w
e
e
k
s
t
h
a
n
i
n
t
h
e

c
o
r
r
e
s
p
o
n
d
i
n
gc
o
n
t
r
o
l
s
.
O
v
e
r
a
l
l
,
t
h
e
r
e
w
a
s
a
s
i
g
n
i
f
i
c
a
n
t
i
n
v
e
r
s
e
r
e
l
a
t
i
o
n
s
h
i
p

b
e
t
w
e
e
n
p
l
a
s
m
a
c
o
r
t
i
s
o
l
l
e
v
e
l
s
a
n
d
t
h
e
n
u
m
b
e
r
o
f
c
y
t
o
s
o
l
i
c
b
i
n
d
i
n
g
s
i
t
e
s
.

S
i
n
c
e
c
o
r
t
i
s
o
ld
o
e
s
n
o
t
c
o
m
p
e
t
e
w
i
t
h
e
s
t
r
a
d
i
o
l
f
o
r
b
i
n
d
i
n
g
-
s
i
t
e
s
(
s
e
e
F
i
g
.
2
)

a
n
d
,
f
u
r
t
h
e
r
m
o
r
e
,a
l
l
f
r
a
c
t
i
o
n
s
w
e
r
e
t
r
e
a
t
e
d
w
i
t
h
D
C
C
p
r
i
o
r
t
o
a
s
s
a
y
,
t
h
e

r
e
s
u
l
t
s
s
t
r
o
n
g
l
y
s
u
g
g
e
s
t
t
h
a
t
p
r
o
l
o
n
g
e
d
e
l
e
v
a
t
i
o
n
o
f
p
l
a
s
m
a
c
o
r
t
i
s
o
l
l
e
v
e
l
s
i
s

c
a
p
a
b
l
e
o
f
c
a
u
s
i
n
g
a
r
e
d
u
c
t
i
o
n
i
n
t
h
e
n
u
m
b
e
r
o
f
e
s
t
r
a
d
i
o
l
r
e
c
e
p
t
o
r
s
w
i
t
h
i
n
t
h
e

l
i
v
e
r
o
f
r
a
i
n
b
o
w
t
r
o
u
t
.
A
p
o
s
i
t
i
v
e
r
e
l
a
t
i
o
n
s
h
i
pi
s
k
n
o
w
n
t
o
e
x
i
s
t
b
e
t
w
e
e
n

e
s
t
r
a
d
i
o
l
l
e
v
e
l
a
n
d
n
u
m
b
e
r
o
f
h
e
p
a
t
i
c
b
i
n
d
i
n
g
s
i
t
e
s
i
n
s
a
l
m
o
n
i
d
s
b
o
t
h
i
n
v
i
v
o

(
L
a
z
i
e
r
e
t
a
l
.
,
1
9
8
5
)
a
n
d
i
n
v
i
t
r
o
(
M
o
m
m
s
e
n
a
n
d
L
a
z
i
e
r
,
1
9
8
6
)
.

C
o
r
t
i
s
o
l
i
s

k
n
o
w
n
t
o
s
u
p
p
r
e
s
sp
l
a
s
m
a
e
s
t
r
a
d
i
o
l
l
e
v
e
l
s
i
n
m
a
t
u
r
e
f
e
m
a
l
e
s
a
l
m
o
n
i
d
s
(
C
a
r
r
a
g
h
e
r

e
t
a
l
.
,
1
9
8
9
)
a
n
d
,
t
h
e
r
e
f
o
r
e
t
h
e
p
r
e
s
e
n
t
s
t
u
d
y
w
a
s
c
a
r
r
i
e
d
o
u
t
w
i
t
h
i
m
m
a
t
u
r
e

f
e
m
a
l
e
t
r
o
u
t
,
w
i
t
h
l
o
w
p
l
a
s
m
a
e
s
t
r
a
d
i
o
l
l
e
v
e
l
s
,
t
o
a
v
o
i
d
a
p
o
t
e
n
t
i
a
l
l
y

c
o
n
f
o
u
n
d
i
n
ge
f
f
e
c
t
o
f
c
o
r
t
i
s
o
l
o
n
o
v
a
r
i
a
n
s
t
e
r
o
i
d
s
e
c
r
e
t
i
o
n
.
N
o
s
i
g
n
i
f
i
c
a
n
t

d
i
f
f
e
r
e
n
c
ei
n
p
l
a
s
m
a
e
s
t
r
a
d
i
o
l
l
e
v
e
l
s
c
o
u
l
d
b
e
d
e
m
o
n
s
t
r
a
t
e
d
b
e
t
w
e
e
n
g
r
o
u
p
s
o
f

f
i
s
h
i
n
t
h
e
p
r
e
s
e
n
t
s
t
u
d
y
.

W
h
e
t
h
e
r
t
h
e
s
e
r
e
s
u
l
t
s
i
n
d
i
c
a
t
e
d
t
h
a
t
c
h
r
o
n
i
c
s
t
r
e
s
s

i
m
p
a
i
r
s
t
h
e
a
b
i
l
i
t
y
o
f
t
h
e
l
i
v
e
r
t
o
r
e
s
p
o
n
d
t
o
e
s
t
r
a
d
i
o
l
r
e
m
a
i
n
s
t
o
b
e
s
e
e
n
,

b
u
t
I
t
i
s
o
f
i
n
t
e
r
e
s
t
t
h
a
t
w
e
h
a
v
e
p
r
e
v
i
o
u
s
l
y
o
b
s
e
r
v
e
d
a
s
u
p
p
r
e
s
s
i
o
no
f
p
l
a
s
m
a

v
i
t
e
l
l
o
g
e
n
i
nl
e
v
e
l
s
i
n
i
m
m
a
t
u
r
e
f
e
m
a
l
e
r
a
i
n
b
o
w
t
r
o
u
t
,
t
r
e
a
t
e
d
w
i
t
h
c
o
r
t
i
s
o
l
,

d
e
s
p
i
t
e
t
h
e
r
e
b
e
i
n
g
n
o
d
i
s
c
e
r
n
i
b
l
e
e
f
f
e
c
t
o
n
p
l
a
s
m
a
e
s
t
r
a
d
i
o
l
l
e
v
e
l
s
(
C
a
r
r
a
g
h
e
r

e
t
a
l
.

1
9
8
9
)
.

I
t
m
i
g
h
t
b
e
p
o
s
t
u
l
a
t
e
d
t
h
a
t
t
h
e
l
o
w
l
e
v
e
l
s
o
f
e
s
t
r
a
d
i
o
l

P
r
e
s
e
n
t

i
n
I
m
m
a
t
u
r
e f
i
s
h
a
r
e
s
t
i
l
l
s
u
f
f
i
c
i
e
n
t
t
o
p
r
o
m
o
t
e
v
i
t
e
l
l
o
g
e
n
e
s
i
s
,

a
l
b
e
i
t
e
t
a
v
e
r
y
l
o
w
l
e
v
e
l
,
a
n
d
t
h
a
t
a
c
o
r
t
i
s
o
l-
i
n
d
u
c
e
d
r
e
d
u
c
t
i
o
n
i
n
h
e
p
a
t
i
c

r
e
c
e
p
t
o
rc
o
m
p
l
e
m
e
n
ti
s
r
e
f
l
e
c
t
e
d
i
n
t
h
e
r
e
d
u
c
e
d
p
l
a
s
m
a
v
i
t
e
l
l
o
g
e
n
i
nl
e
v
e
l
s
.

T
h
e
r
e
s
u
l
t
s
r
e
p
o
r
t
e
dh
e
r
e
a
r
e
n
o
t
w
i
t
h
o
u
t
p
r
e
c
e
d
e
n
t
.

I
n
r
a
t
a
,
i
n
j
e
c
t
i
o
n
o
f
t
h
e



11
11

1
11

11
1a

a
III

II
IN

IO
U

IS
11

11
1

M
I

N
W

S
IM

M
I

0
a

M
O

•

1
2

f
o
u
n
d
i
n
c
h
r
o
n
i
c
a
l
l
ys
t
r
e
s
s
e
d
f
i
s
h
.

I
n
c
o
r
t
i
s
o
l
-
t
r
e
a
t
e
df
i
s
h
t
h
e
n
u
m
b
e
r
o
f

h
e
p
a
t
i
c
e
s
t
r
a
d
i
o
lr
e
c
e
p
t
o
r
sw
a
s
s
i
g
n
i
f
i
c
a
n
t
l
yr
e
d
u
c
e
d
e
n
d
t
h
e
p
l
a
s
m
a

e
s
t
r
a
d
i
o
l
-
b
i
n
d
i
n
gc
a
p
a
c
i
t
y
w
a
s
s
i
g
n
i
f
i
c
a
n
t
l
yi
n
c
r
e
a
s
e
d
.
T
h
e
s
e
r
e
s
u
l
t
s
i
n
d
i
c
a
t
e

a
f
u
r
t
h
e
r
m
e
c
h
a
n
i
s
mb
y
w
h
i
c
h
c
o
m
p
o
n
e
n
t
so
f
t
h
e
r
e
p
r
o
d
u
c
t
i
v
es
y
s
t
e
m
i
n
f
i
s
h
m
a
y

b
e
s
u
p
p
r
e
s
s
e
dd
u
r
i
n
g
p
e
r
i
o
d
s
o
f
s
t
r
e
s
s
.

11

c
o
r
t
i
c
o
s
t
e
r
i
c
d
a
g
o
n
i
s
t
d
e
x
a
m
e
t
h
a
s
o
m
e
s
i
g
n
i
f
i
c
a
n
t
l
y
r
e
d
u
c
e
d
t
h
e
n
u
m
b
e
r
o
f

u
t
e
r
i
n
e
n
u
c
l
e
a
r
e
s
t
r
e
d
i
o
l
r
e
c
e
p
t
o
r
s
(
C
a
m
p
b
e
l
l
,
1
9
7
8
)
.
a
n
d
c
o
r
t
i
s
o
l
t
r
e
a
t
m
e
n
t

a
l
s
o
s
i
g
n
i
f
i
c
a
n
t
l
y
r
e
d
u
c
e
d
t
h
e
n
u
m
b
e
r
o
f
c
y
t
o
s
o
l
i
c
e
s
t
r
o
g
e
n
r
e
c
e
p
t
o
r
s
i
n
t
h
e

u
t
e
r
u
s
o
f
e
w
e
s
,
w
h
i
l
e
a
d
r
e
n
a
l
e
c
t
o
m
y
i
n
c
r
e
a
s
e
d
r
e
c
e
p
t
o
r
n
u
m
b
e
r
(
A
t
k
i
n
s
o
na
n
d

A
d
a
m
s
,
1
9
8
8
)
.

I
n
a
d
d
i
t
i
o
n
t
o
a
n
e
f
f
e
c
t
o
n
h
e
p
a
t
i
c
e
s
t
r
a
d
i
o
l
r
e
c
e
p
t
o
r
n
u
m
b
e
r
,
c
o
r
t
i
s
o
l

a
d
m
i
n
i
s
t
r
a
t
i
o
n
a
l
s
o
c
a
u
s
e
d
a
s
i
g
n
i
f
i
c
a
n
t
i
n
c
r
e
a
s
e
i
n
p
l
a
s
m
a
e
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c
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c
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c
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r
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c
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c
l
i
n
e
i
n

t
h
e
e
f
f
i
c
i
e
n
c
y
o
f
t
h
e
i
m
p
l
a
n
t
o
v
e
r
t
h
i
s
l
a
t
t
e
r
p
e
r
i
o
d
.

T
h
e
i
n
c
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b
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p
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p
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p
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b
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b
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i
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c
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b
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b
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b
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i
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d
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s
t
r
o
g
e
n
d
i
e
t
h
y
l
s
t
i
l
b
o
e
s
t
r
o
l
i
s
a
n
a
b
o
l
i
c
i
n
t
h
e
p
l
a
i
c
e
,

P
l
e
u
r
o
n
e
c
t
e
s
p
l
a
t
e
s
s
a
(
C
o
v
e
y
a
n
d
S
a
r
g
e
n
t
.
1
9
7
2
)
,
b
u
t
l
i
t
t
l
e

i
s
k
n
o
w
n
a
b
o
u
t
t
h
e
p
o
t
e
n
t
i
a
l
a
n
a
b
o
l
i
c
e
f
f
e
c
t
s
o
f
t
h
e
n
a
t
u
r
a
l

h
o
r
m
o
n
e
,
o
e
s
t
r
a
d
i
o
l
.

D
u
r
i
n
g
s
e
x
u
a
l
m
a
t
u
r
a
t
i
o
n
,
b
o
t
h
m
a
l
e

a
n
d
f
e
m
a
l
e
s
a
l
m
o
n
i
d
f
i
s
h
h
a
v
e
e
l
e
v
a
t
e
d
p
l
a
s
m
a
l
e
v
e
l
s
o
f

t
e
s
t
o
s
t
e
r
o
n
e
a
n
d
t
h
e
o
b
s
e
r
v
e
d
a
c
c
e
l
e
r
a
t
i
o
n
o
f
g
r
o
w
t
h
d
u
r
i
n
g

t
h
e
e
a
r
l
y
p
h
a
s
e
s
o
f
s
e
x
u
a
l
d
e
v
e
l
o
p
m
e
n
t
m
a
y
b
e
d
e
p
e
n
d
e
n
t

u
p
o
n
s
u
c
h
s
t
e
r
o
i
d
s
.

T
h
e
s
t
r
e
s
s
o
f
h
a
n
d
l
i
n
g
,
f
o
l
l
o
w
e
d
b
y
1
h
o
u
r
'
s
c
o
n
f
i
n
e
-

m
e
n
t
i
n
s
m
a
l
l
a
q
u
a
r
i
a
,
w
a
s
s
u
f
f
i
c
i
e
n
t
t
o
s
u
p
p
r
e
s
s
,
t
e
m
p
o
r
a
r
-

i
l
y
,
b
o
t
h
t
e
s
t
o
s
t
e
r
o
n
e
a
n
d
1
1
-
k
e
t
o
t
e
s
t
o
s
t
e
r
o
n
el
e
v
e
l
s
i
n
t
h
e

b
l
o
o
d
o
f
s
e
x
u
a
l
l
y
m
a
t
u
r
i
n
g
b
r
o
w
n
t
r
o
u
t
(
P
i
c
k
e
r
i
n
g
e
t
a
l
.
,

1
9
8
7
)
.

T
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
b
o
t
h
h
o
r
m
o
n
e
s
r
e
t
u
r
n
e
d
t
o
'
p
r
e
-

s
t
r
e
s
s
e
d
l
e
v
e
l
s
w
i
t
h
i
n
2
4
h
o
u
r
s
.

S
u
p
p
r
e
s
s
i
o
n
o
f
t
h
e
p
l
a
s
m
a

l
e
v
e
l
s
o
f
t
h
e
s
a
m
e
t
<
h
aa
n
d
i
o
g
e
n
s
i
n
c
h
r
o
n
i
c
a
l
l
y
c
o
n
f
i
n
e
d

t
r
o
u
t
w
a
s
s
t
i
l
l
e
v
i
d
e
n
t
1
m
o
n
t
h
a
f
t
e
r
t
h
e
o
n
s
e
t
o
f
t
h
e
s
t
r
e
s
s

(
P
i
c
k
e
r
i
n
g
e
t
a
l
.
,
1
9
8
7
)
.

M
o
r
e
o
v
e
r
,
i
m
p
l
a
n
t
a
t
i
o
n
o
f
c
o
r
t
i
s
o
l

(
a
t
p
h
y
s
i
o
l
o
g
i
c
a
l
d
o
s
e
s
)
w
a
s
s
u
f
f
i
c
i
e
n
t
t
o
s
u
p
p
r
e
s
s
t
h
e

,
p
i
t
u
i
t
a
r
y
-
g
o
n
a
d
a
la
x
i
s
o
f
o
t
h
e
r
w
i
s
e
u
n
s
t
r
e
s
s
e
d
,
s
e
x
u
a
l
l
y

m
a
t
u
r
i
n
g
,
b
r
o
w
n
t
r
o
u
t
a
n
d
r
a
i
n
b
o
w
t
r
o
u
t
o
f
b
o
t
h
s
e
x
e
s
(
C
a
r
r
-

a
g
h
e
r
e
t
a
l
.
,
1
9
8
9
)
.

I
n
m
a
t
u
r
i
n
g
m
a
l
e
f
i
s
h
,
c
o
r
t
i
s
o
l
t
r
e
a
t
-

m
e
n
t
c
a
u
s
e
d
a
s
i
g
n
i
f
i
c
a
n
t
r
e
d
u
c
t
i
o
n
i
n
t
h
e
p
i
t
u
i
t
a
r
y
G
T
H

c
o
n
t
e
n
t
a
n
d
i
n
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
c
i
r
c
u
l
a
t
i
n
g
t
e
s
t
o
s
t
e
r
o
n
e
.

T
h
e
s
e
c
h
a
n
g
e
s
w
e
r
e
a
s
s
o
c
i
a
t
e
d
w
i
t
h
a
s
i
g
n
i
f
i
c
a
n
t
d
e
c
r
e
a
s
e
i
n

t
h
e
s
i
z
e
o
f
t
h
e
t
e
s
t
e
s
,
r
e
l
a
t
i
v
e
t
o
s
h
a
m
-
i
m
p
l
a
n
t
e
d
,
c
o
n
t
r
o
l

f
i
s
h
.

I
n
m
a
t
u
r
i
n
g
f
e
m
a
l
e
f
i
s
h
,
c
o
r
t
i
s
o
l
t
r
e
a
t
m
e
n
t
a
g
a
i
n

c
a
u
s
e
d
a
s
i
g
n
i
f
i
c
a
n
t
r
e
d
u
c
t
i
o
n
i
n
t
h
e
p
i
t
u
i
t
a
r
y
G
T
H
c
o
n
t
e
n
t

t
o
g
e
t
h
e
r
w
i
t
h
a
s
u
p
p
r
e
s
s
i
o
n
o
f
c
i
r
c
u
l
a
t
i
n
g
t
e
s
t
o
s
t
e
r
o
n
e
a
n
d

o
e
s
t
r
a
d
i
o
l
.

T
h
e
s
e
c
h
a
n
g
e
s
w
e
r
e
r
e
s
p
o
n
s
i
b
l
e
f
o
r
a
s
i
g
n
f
i
c
a
n
t

d
e
c
r
e
a
s
e
i
n
p
l
a
s
m
a
v
i
t
e
l
l
o
g
e
n
i
n
l
e
v
e
l
s
a
n
d
a
d
e
c
r
e
a
s
e
i
n

o
v
a
r
i
a
n
s
i
z
e
(
C
a
r
r
a
g
h
e
r
e
t
a
l
.
,
1
9
8
9
)
.

I
t
s
e
e
m
s
p
r
o
b
a
b
l
e
,

t
h
e
r
e
f
o
r
e
,
t
h
a
t
t
h
e
s
u
p
p
r
e
s
s
i
v
e
e
f
f
e
c
t
s
o
f
s
t
r
e
s
s
o
n
t
h
e

g
o
n
a
d
a
l
s
t
e
r
o
i
d
s
a
r
e
m
e
d
i
a
t
e
d
,
i
n
p
a
r
t
a
t
l
e
a
s
t
,
b
y
t
h
e
H
P
I

a
x
i
s
.

W
h
a
t
e
v
e
r
t
h
e
p
r
e
c
i
s
e
m
e
c
h
a
n
i
s
m
s
i
n
v
o
l
v
e
d
,
e
n
v
i
r
o
n
-

m
e
n
t
a
l
s
t
r
e
s
s
w
o
u
l
d
s
e
e
m
t
o
b
e
c
a
p
a
b
l
e
o
f
i
n
h
i
b
i
t
i
n
g
g
r
o
w
t
h

i
n
m
a
t
u
r
i
n
g
f
i
s
h
v
i
a
a
r
e
d
u
c
t
i
o
n
i
n
t
h
e
l
e
v
e
l
s
o
f
c
i
r
c
u
l
a
t
i
n
g
,

a
n
a
b
o
l
i
c
,
g
o
n
a
d
a
l
s
t
e
r
o
i
d
s
.

P
I
T
U
I
T
A
R
Y
G
R
O
W
T
H
H
O
R
M
O
N
E

T
h
e
r
e
i
s
n
o
w
a
n
a
c
c
u
m
u
l
a
t
e
dw
e
a
l
t
h
o
f
i
n
f
o
r
m
a
t
i
o
no
n

t
h
e
g
r
o
w
t
h
-
p
r
o
m
o
t
i
n
ge
f
f
e
c
t
s
o
f
p
i
t
u
i
t
a
r
y
g
r
o
w
t
h
h
o
r
m
o
n
e
i
n

t
e
l
e
o
s
t
f
i
s
h
.

N
a
t
u
r
a
l
a
n
d
r
e
c
o
m
b
i
n
a
n
tf
o
r
m
s
o
f
m
a
m
m
a
l
i
a
n
,

a
v
i
a
n
a
n
d
t
e
l
e
o
s
t
g
r
o
w
t
h
h
o
r
m
o
n
e
s
a
r
e
a
l
l
m
a
r
k
e
d
l
y
p
o
t
e
n
t

w
h
e
n
a
d
m
i
n
i
s
t
e
r
e
dt
o
f
i
s
h
a
n
d
a
c
t
b
y
i
n
c
r
e
a
s
i
n
gb
o
t
h
f
o
o
d

i
n
t
a
k
e
a
n
d
f
o
o
d
c
o
n
v
e
r
s
i
o
ne
f
f
i
c
i
e
n
c
y
(
s
e
e
G
i
l
l
e
t
a
l
.
,

1
9
8
5
)
.

U
n
t
i
l
r
e
c
e
n
t
l
y
,h
o
w
e
v
e
r
,
l
i
t
t
l
e
w
a
s
k
n
o
w
n
a
b
o
u
t
t
h
e

l
e
v
e
l
s
o
f
e
n
d
o
g
e
n
o
u
sG
H
i
n
f
i
s
h
b
u
t
t
h
e
d
e
v
e
l
o
p
m
e
n
to
f

s
p
e
c
i
f
i
c
r
a
d
i
o
i
m
m
u
n
o
a
s
s
a
y
st
o
m
e
a
s
u
r
e
t
e
l
e
o
s
t
g
r
o
w
t
h
h
o
r
m
o
n
e
s

i
s
n
o
w
b
e
g
i
n
n
i
n
g
t
o
o
p
e
n
u
p
t
h
i
s
a
r
e
a
o
f
e
n
d
o
c
r
i
n
o
l
o
g
y(
C
o
o
k

e
t
a
l
.
,
1
9
8
3
;
B
o
l
t
o
n
e
t
a
l
.
,
1
9
8
6
;
W
a
g
n
e
r
a
n
d
M
c
K
e
o
w
n
.
1
9
8
6
)
.

I
n
a
c
o
l
l
a
b
o
r
a
t
i
v
es
t
u
d
y
b
e
t
w
e
e
n
t
h
e
I
F
E
(
A
.
D
.P
i
c
k
e
r
i
n
g

a
n
d
T
.
G
.
P
o
t
t
i
n
g
e
r
)
,B
r
u
n
e
l
U
n
i
v
e
r
s
i
t
y
(
J
.
P
.
S
u
m
p
t
e
r
a
n
d
J
.
F
.

C
a
r
r
a
g
h
e
r
)
a
n
d
I
N
R
A
.
(
P
.
Y
.L
e
B
a
i
l
)
w
e
h
a
v
e
e
x
a
m
i
n
e
d
t
h
e

l
e
v
e
l
s
o
f
p
l
a
s
m
a
G
H
i
n
r
a
i
n
b
o
w
t
r
o
u
t
u
n
d
e
r
v
a
r
i
o
u
s
e
n
v
i
r
o
n
-

m
e
n
t
a
l
c
o
n
d
i
t
i
o
n
s
u
s
i
n
g
a
s
a
l
m
o
n
i
d
G
H
R
I
A
d
e
v
e
l
o
p
e
d
a
g
a
i
n
s
t

c
h
i
n
o
o
k
s
a
l
m
o
n
,
O
n
c
o
r
h
y
n
c
h
u
st
s
h
a
w
y
t
s
c
h
a
G
H
a
n
d
v
a
l
i
d
a
t
e
d

f
o
r
u
s
e
w
i
t
h
o
t
h
e
r
s
a
l
m
o
n
i
d
s
p
e
c
i
e
s
(
L
e
B
a
i
l
e
t
a
l
.
.
i
n

p
r
e
p
a
r
a
t
i
o
n
)
.
I
n
o
u
i
e
x
p
e
i
i
m
e
n
t
a
l
r
a
i
n
b
o
w
t
r
o
u
t
p
o
p
u
l
a
t
i
o
n
s
,

t
h
e
m
e
a
n
p
l
a
s
m
a
l
e
v
e
l
s
l
o
fG
H
i
n
u
n
s
t
r
e
s
s
e
d
f
i
s
h
l
i
e
i
n
t
h
e

r
a
n
g
e
0
.
5
-
3
.
5
n
g
m
l

.
P
a
r
a
d
o
x
i
c
a
l
l
y
,t
h
e
r
e
a
p
p
e
a
r
s
t
o

b
e
a
n
i
n
v
e
r
s
e
r
e
l
a
t
i
o
n
s
h
i
pb
e
t
w
e
e
n
G
H
l
e
v
e
l
s
a
n
d
g
r
o
w
t
h
r
a
t
e

i
n
t
h
e
s
e
f
i
s
h
,
w
i
t
h
t
h
e
f
a
s
t
e
s
t
-
g
r
o
w
i
n
gs
t
r
a
i
n
o
f
t
r
o
u
t

h
a
v
i
n
g
t
h
e
l
o
w
e
s
t
p
l
a
s
m
a
G
H
l
e
v
e
l
s
e
n
d
t
h
e
s
l
o
w
e
s
t
g
r
o
w
i
n
g

s
t
r
a
i
n
h
a
v
i
n
g
t
h
e
h
i
g
h
e
s
t
G
H
l
e
v
e
l
s
.

W
h
e
n
r
a
i
n
b
o
w
t
r
o
u
t
a
r
e
s
u
b
j
e
c
t
e
d
t
o
a
n
a
c
u
t
e
s
t
r
e
s
s

(
2
4
h
o
u
r
s
c
o
n
f
i
n
e
m
e
n
t
)t
h
e
r
e
i
s
a
s
m
a
l
l
,
b
u
t
s
t
a
t
i
s
t
i
c
a
l
l
y

s
i
g
n
i
f
i
c
a
n
t
,d
r
o
p
i
n
t
h
e
m
e
a
n
p
l
a
s
m
a
G
H
l
e
v
e
l
s
d
u
r
i
n
g
.
i
h
e

p
e
r
i
o
d
o
f
c
o
n
f
i
n
e
m
e
n
t(
c
o
n
t
r
o
l
f
i
s
h
0
.
6
2
1
t
0
.
1
0
n
g
m
l

(
n
=
8
4
)
,
c
o
n
f
i
n
e
d
f
i
s
h
0
.
1
4
t
0
.
0
1
n
g
m
l

(
n
=
6
0
)
,
m
e
a
n
±

S
E
M
(
n
)
,
p
<
0
.
0
1
)
.

I
t
i
s
n
o
t
y
e
t
c
l
e
a
r
h
o
w
l
o
n
g
t
h
i
s
s
u
p
p
r
e
-

s
s
i
o
n
l
a
s
t
s
a
n
d
f
u
r
t
h
e
r
w
o
r
k
i
n
t
h
i
s
a
r
e
a
i
s
n
e
e
d
e
d
.

I
n

v
i
e
w
o
f
t
h
e
l
o
w
G
H
l
e
v
e
l
s
,
a
m
o
r
e
s
e
n
s
i
t
i
v
e
a
s
s
a
y
w
o
u
l
d
h
e
l
p

t
o
r
e
s
o
l
v
e
t
h
i
s
p
r
o
b
l
e
m
.
N
e
v
e
r
t
h
e
l
e
s
s
,o
u
r
e
v
i
d
e
n
c
e
t
o
d
a
t
e

s
u
g
g
e
s
t
s
t
h
a
t
a
n
a
c
u
t
e
s
t
r
e
s
s
c
o
u
l
d
c
a
u
s
e
a
t
e
m
p
o
r
a
r
y
s
u
p
p
r
e
-

s
s
i
o
n
o
f
g
r
o
w
t
h
b
y
r
e
d
u
c
i
n
g
G
H
s
e
c
r
e
t
i
o
n
f
r
o
m
t
h
e
p
i
t
u
i
t
a
r
y

g
l
a
n
d
. I
n
t
h
e
c
a
s
e
o
f
a
c
o
n
t
i
n
u
o
u
s
,o
r
c
h
r
o
n
i
c
,
s
t
r
e
s
s
b
l
o
o
d

G
H
l
e
v
e
l
s
m
a
y
b
e
e
l
e
v
a
t
e
d
.
T
h
u
s
,
w
e
h
a
v
e
o
b
s
e
r
v
e
d
a
n
(
)
l
e
v
y
.
.

t
i
o
n
o
f
p
l
a
s
m
a
G
H
l
e
v
e
l
s
f
r
o
m
a
m
e
a
n
o
f
0
.
5
1
1
±
0
.
1
3
n
g
m
l
-
-

(
n
=
1
6
)
i
n
c
o
n
t
r
o
l
f
i
s
h
t
o
4
:
1
5
±
1
.
6
8
n
g
m
l

(
n
=
1
6
)
u
n
d
e
r
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6

c
o
n
d
i
t
i
o
n
s
o
f
c
r
o
w
d
i
n
g
/
w
a
t
e
rq
u
a
l
i
t
y
d
e
t
e
r
i
o
r
a
t
i
o
n
.
I
n
t
e
r
e
s
t
-

i
n
g
l
y
,
t
h
e
p
l
a
s
m
a
G
H
l
e
v
e
l
s
w
e
r
e
p
o
s
i
t
i
v
e
l
y
c
o
r
r
e
l
a
t
e
d
w
i
t
h

t
h
e
c
o
r
t
i
s
o
l
l
e
v
e
l
s
,
c
o
n
f
i
r
m
i
n
g
t
h
e
p
r
e
s
e
n
c
e
o
f
a
c
h
r
o
n
i
c

s
t
r
e
s
s
r
e
s
p
o
n
s
e
i
n
t
h
e
s
e
f
i
s
h
t
o
t
h
e
a
d
v
e
r
s
e
e
n
v
i
r
o
n
m
e
n
t
a
l

c
o
n
d
i
t
i
o
n
s
.
A
s
i
m
i
l
a
r
e
l
e
v
a
t
i
o
n
o
f
p
l
a
s
m
a
G
H
l
e
v
e
l
s
h
a
s

b
e
e
n
o
b
s
e
r
v
e
d
i
n
o
t
h
e
r
s
p
e
c
i
e
s
o
f
a
n
a
d
r
o
m
o
u
s
s
a
l
m
o
n
i
d
f
i
s
h

w
h
i
c
h
h
a
v
e
b
e
e
n
p
r
e
m
a
t
u
r
e
l
yt
r
a
n
s
f
e
r
r
e
d
t
o
s
e
a
w
a
t
e
r
.

T
h
i
s

c
a
u
s
e
s
t
h
e
p
r
o
b
l
e
m
o
f
'
s
t
u
n
t
i
n
g
'
,w
h
e
r
e
t
h
e
f
i
s
h
s
t
o
p
s

g
r
o
w
i
n
g
,
t
u
r
n
s
d
a
r
k
,
i
s
m
o
r
e
s
u
s
c
e
p
t
i
b
l
e
t
o
d
i
s
e
a
s
e
(
i
n
c
r
e
a
s
e

i
n
m
o
r
t
a
l
i
t
y
r
a
t
e
)
a
n
d
e
x
h
i
b
i
t
s
a
l
l
t
h
e
c
h
a
r
a
c
t
e
r
i
s
t
i
c
so
f

c
h
r
o
n
i
c
a
l
l
y
-
s
t
r
e
s
s
e
df
i
s
h
.

M
o
s
t
i
m
p
o
r
t
a
n
t
l
y
,p
l
a
s
m
a
G
H

l
e
v
e
l
s
i
n
c
r
e
a
s
e
d
r
a
m
a
t
i
c
a
l
l
y(
B
o
l
t
o
n
e
t
a
l
.
,
1
9
8
7
;
B
j
o
r
n
s
s
o
n

e
t
a
l
.
,
1
9
8
8
)
.
S
t
a
r
v
a
t
i
o
n
a
l
s
o
c
a
u
s
e
s
a
n
e
l
e
v
a
t
i
o
n
o
f
G
H

l
e
v
e
l
s
i
n
t
e
l
e
o
s
t
f
i
s
h
(
W
a
g
n
e
r
a
n
d
M
c
K
e
o
w
n
,
1
9
8
6
)
a
n
d
w
e

i
n
t
e
r
p
r
e
t
t
h
e
c
h
a
n
g
e
s
i
n
c
h
r
o
n
i
c
a
l
l
y
-
s
t
r
e
s
s
e
df
i
s
h
a
s
a

r
e
s
p
o
n
s
e
t
o
i
t
s
o
v
e
r
a
l
l
m
e
t
a
b
o
l
i
c
s
t
a
t
e
(
i
e
.
i
t
s
s
t
a
t
e
o
f

s
t
a
r
v
a
t
i
o
n
)
,r
a
t
h
e
r
t
h
a
n
a
s
a
d
i
r
e
c
t
r
e
s
p
o
n
s
e
t
o
t
h
e
e
n
v
i
r
o
n
-

m
e
n
t
a
l
c
o
n
d
i
t
i
o
n
s
.
T
h
u
s
,
s
t
r
e
s
s
m
i
g
h
t
s
u
p
p
r
e
s
s
G
E
l
e
v
e
l
s
i
n

t
h
e
s
h
o
r
t
-
t
e
r
mb
u
t
,
o
v
e
r
a
l
o
n
g
e
r
p
e
r
i
o
d
,
o
t
h
e
r
i
n
f
l
u
e
n
c
e
s

o
n
t
h
e
m
e
t
a
b
o
l
i
c
s
t
a
t
e
o
f
t
h
e
f
i
s
h
m
a
y
p
r
o
m
o
t
e
a
n
i
n
c
r
e
a
s
e

i
n
p
l
a
s
m
a
G
H
l
e
v
e
l
s
.

I
f
t
h
e
i
m
m
u
n
o
l
o
g
i
c
a
l
l
ya
c
t
i
v
e
G
H

m
e
a
s
u
r
e
d
i
n
c
h
r
o
n
i
c
h
l
l
y
-
i
t
r
e
s
s
e
df
i
s
h
r
e
p
r
e
s
e
n
t
sb
i
o
l
o
g
i
c
a
l
l
y

a
c
t
i
v
e
h
o
r
m
o
n
e
,
i
t
w
o
u
l
d
s
e
e
m
t
h
a
t
t
h
e
b
l
o
c
k
t
o
g
r
o
w
t
h
m
u
s
t

e
x
i
s
t
e
l
s
e
w
h
e
r
e
i
n
t
h
e
s
y
s
t
e
m
,
p
e
r
h
a
p
s
a
t
t
h
e
l
e
v
e
l
o
f

i
n
s
u
l
i
n
-
l
i
k
eg
r
o
w
t
h
f
a
c
t
o
r
s
o
r
t
h
e
G
H
r
e
c
e
p
t
o
r
.
I
n
t
h
i
s

c
o
n
n
e
c
t
i
o
n
,i
t
i
s
i
n
t
e
r
e
s
t
i
n
gt
h
a
t
F
r
y
e
r
a
n
d
B
e
r
n
(
1
9
7
9
)

h
a
s
d
e
m
o
n
s
t
r
a
t
e
da

m
a
r
k
e
d
r
e
d
u
c
t
i
o
n
i
n
t
h
e
n
u
m
b
e
r
o
f
G
H

r
e
c
e
p
t
o
r
s
i
n
s
t
u
n
t
e
d
c
o
h
o
s
a
l
m
o
n
,
O
n
c
o
r
h
y
n
c
h
u
sk
i
s
u
t
c
h
.

C
O
N
C
L
U
S
I
O
N
S

T
h
i
s
p
a
p
e
r
h
a
s
d
e
m
o
n
s
t
r
a
t
e
d3

p
o
s
s
i
b
l
e
h
o
r
m
o
n
a
l
p
a
t
h
-

w
a
y
s
i
n
v
o
l
v
e
d
i
n
g
r
o
w
t
h
s
u
p
p
r
e
s
s
i
o
no
f
s
t
r
e
s
s
e
d
,
t
e
l
e
o
s
t

f
i
s
h
:
-

A
s
t
a
t
e
o
f
c
a
t
a
b
o
l
i
s
m
i
n
d
u
c
e
d
b
y
e
l
e
v
a
t
e
d
c
o
r
t
i
s
o
l

l
e
v
e
l
s
.

S
u
p
p
r
e
s
s
i
o
nt
h
e
p
o
t
e
n
t
i
a
l
l
ya
n
a
b
o
l
i
c
s
t
e
r
o
i
d
s
,
t
e
s
t
-

o
s
t
e
r
o
n
e
a
n
d
1
1
-
k
e
t
o
t
e
s
t
o
s
t
e
r
o
n
ei
n
s
e
x
u
a
l
l
y
m
a
t
u
r
i
n
g

f
i
s
h
.

c
)
.
S
h
o
r
t
-
t
e
r
ms
u
p
p
r
e
s
s
i
o
no
f
p
l
a
s
m
a
G
H
l
e
v
e
l
s
f
o
l
l
o
w
i
n
g

a
c
u
t
e
s
t
r
e
s
s
.

I
t
i
s
l
i
k
e
l
y
t
h
a
t
t
h
i
s
r
e
p
r
e
s
e
n
t
so
n
l
y
p
a
r
t
o
f
a
c
o
m
p
l
e
x

'
s
e
r
i
e
s
o
f
h
o
r
m
o
n
a
l
e
v
e
n
t
s
c
o
n
t
r
o
l
l
i
n
g
g
r
o
w
t
h
p
r
o
c
e
s
s
e
s
i
n

f
i
s
h
.

T
h
u
s
,
t
h
e
t
h
y
r
o
i
d
h
o
r
m
o
n
e
s
(
e
i
t
h
e
r
a
l
o
n
e
o
r
i
n
c
o
m
b
i
n
-

a
t
i
o
n
w
i
t
h
o
t
h
e
r
h
o
r
m
o
n
e
s
)
a
r
e
e
f
f
e
c
t
i
v
e
g
r
o
w
t
h
p
r
o
m
o
t
e
r
s

.

(
H
i
g
g
s
e
t
a
l
.
,
1
9
7
7
)
a
n
d
t
h
y
r
o
i
d
a
l
p
h
y
s
i
o
l
o
g
y
i
s
u
n
d
o
u
b
t
e
d
l
y

i
n
f
l
u
e
n
c
e
db
y
e
n
v
i
r
o
n
m
e
n
t
a
l
s
t
r
e
s
s
.

I
n
g
e
n
e
r
a
l
,
c
h
r
o
n
i
c

s
t
r
e
s
s
r
e
d
u
c
e
s
T
,
a
n
d

T
4

l
e
v
e
l
s
(
O
s
b
o
r
n
a
n
d
S
i
m
p
s
o
n
,
1
9
7
4
;

S
i
m
p
s
o
n
,
1
9
7
5
/
7
6
)
w
h
e
r
e
a
s
a
n
a
c
u
t
e
s
t
r
e
s
s
h
a
s
b
e
e
n
s
h
o
w
n
t
o

e
l
e
v
a
t
e
T
4
l
e
v
e
l
s
(
B
r
o
w
n
e
t
a
l
.
,
1
9
7
8
)
.

T
h
i
s
l
a
t
t
e
r
e
f
f
e
c
t

i
s
p
r
o
b
a
b
l
y
m
e
d
i
a
t
e
d
b
y
c
a
t
e
c
h
o
l
a
m
i
n
e
r
e
l
e
a
s
e
(
E
a
l
e
s
e
t
a
l
.
,

1
9
8
6
)
.

L
i
n
k
s
b
e
t
w
e
e
n
t
h
e
H
P
I
a
x
i
s
a
n
d
t
h
e
p
i
t
u
i
t
a
r
y
/
t
h
y
r
o
i
d

a
x
i
s
h
a
v
e
b
e
e
n
p
o
s
t
u
l
a
t
e
d
b
u
t
t
h
e
e
f
f
e
c
t
s
o
f
c
o
r
t
i
s
o
l
o
n

t
h
y
r
o
i
d
a
l
a
c
t
i
v
i
t
y
a
r
e
e
q
u
i
v
o
c
a
l
(
M
i
l
n
e
a
n
d
L
e
a
t
h
e
r
l
a
n
d
,

1
9
8
0
;
R
e
d
d
i
n
g
e
t
a
l
.
,
1
9
8
4
b
;
L
e
a
t
h
e
r
l
a
n
d
,
1
9
8
7
)
.

T
h
e
r
e
c
e
n
t

f
i
n
d
i
n
g
b
y
Y
o
u
n
g
(
1
9
8
9
)
t
h
a
t
g
r
o
w
t
h
h
o
r
m
o
n
e
t
r
e
a
t
m
e
n
t

i
n
c
r
e
a
s
e
s
t
h
e
s
e
n
s
i
t
i
v
i
t
y
o
f
t
h
e
c
o
h
o
s
a
l
m
o
n
i
n
t
e
r
r
e
n
a
l
g
l
a
n
d

t
o
A
C
T
H
a
n
d
t
h
a
t
c
o
r
t
i
s
o
l
s
t
i
m
u
l
a
t
e
s
t
h
e
r
e
l
e
a
s
e
o
f
G
H
f
r
o
m

t
h
e
t
i
l
a
p
i
a
,
O
r
e
o
c
h
r
o
m
i
s
m
o
s
s
a
m
b
i
c
u
s
,
p
i
t
u
i
t
a
r
y
g
l
a
n
d
i
n

v
i
t
r
o
(
N
i
s
h
i
o
k
a
e
t
a
l
.
,
1
9
8
5
)
a
r
g
u
e
s
f
o
r
l
i
n
k
s
b
e
t
w
e
e
n
t
h
e

H
P
I
a
x
i
s
a
n
d
G
H
s
e
c
r
e
t
i
o
n
.

V
i
r
t
u
a
l
l
y
n
o
t
h
i
n
g
i
s
k
n
o
w
n
a
b
o
u
t

t
h
e
e
f
f
e
c
t
s
o
f
e
n
v
i
r
o
n
m
e
n
t
a
l
s
t
r
e
s
s
o
n
p
r
o
l
a
c
t
i
n
(
P
R
L
)

s
e
c
r
e
t
i
o
n
i
n
f
i
s
h
w
h
e
r
e
a
s
i
n
m
a
m
m
a
l
s
,
P
A
L
s
e
c
r
e
t
i
o
n
i
s
a
l
m
o
s
t

(
a
s
c
h
a
r
a
c
t
e
r
i
s
t
i
ca

r
e
s
p
o
n
s
e
a
s
A
C
T
H
/
c
o
r
t
i
c
o
s
t
e
r
i
o
d
s
e
c
r
e
t
-

i
o
n
t
o
m
a
n
y

form
s

o
f
s
t
r
e
s
s
.

A
s
t
h
e
t
e
c
h
n
i
q
u
e
s
f
o
r
t
h
e
s
t
u
d
y

o
f
t
e
l
e
o
s
t
e
n
d
o
c
r
i
n
o
l
o
g
y
a
r
e
d
e
v
e
l
o
p
e
d
a
n
d
i
m
p
r
o
v
e
d
,
i
t
i
s

e
n
v
i
s
a
g
e
d
t
h
a
t
o
t
h
e
r
h
o
r
m
o
n
a
l
p
a
t
h
w
a
y
s
w
i
l
l
b
e
s
h
o
w
n
t
o
b
e

i
n
s
t
r
u
m
e
n
t
a
li
n
t
h
e
s
u
p
p
r
e
s
s
i
o
n
o
f
s
o
m
a
t
i
c
g
r
o
w
t
h
i
n
s
t
r
e
s
s
e
d

f
i
s
h
.

A
C

K
N

O
W

L
E

D
G

E
M

E
N

T
S

T
h
e
a
u
t
h
o
r
i
s
g
r
a
t
e
f
u
l
t
o
h
i
s
c
o
l
l
a
b
o
r
a
t
o
r
sD
r
.
T
.
G
.

P
o
t
t
i
n
g
e
r
(
I
F
E
)
,
D
r
s
.
J
.
P
.
S
u
m
p
t
e
r
a
n
d
J
.
F
.
C
a
r
r
a
g
h
e
r
(
B
r
u
n
e
l

U
n
i
v
e
r
s
i
t
y
)a
n
d
D
r
.
P
.
Y
.
L
e
B
a
i
l
(
I
N
R
A
)
f
o
r
a
c
c
e
s
s
t
o
u
n
-

p
u
b
l
i
s
h
e
d
d
a
t
a
,
t
o
N
E
R
C
a
n
d
M
A
F
F
f
o
r
f
i
n
a
n
c
i
a
l
s
u
p
p
o
r
t
a
n
d

t
o
t
h
e
o
r
g
a
n
i
s
e
r
s
f
o
r
t
h
e
i
n
v
i
t
a
t
i
o
n
t
o
p
a
r
t
i
c
i
p
a
t
e
i
n
t
h
e

X
I
t
h
I
n
t
e
r
n
a
t
i
o
n
a
lS
y
m
p
o
s
i
u
m
o
n
C
o
m
p
a
r
a
t
i
v
e
E
n
d
o
c
r
i
n
o
l
o
g
y
.

R
E
F
E
R
E
N
C
E
S

A
g
e
l
l
o
n
L
B
,
E
m
e
r
y
C
J
,
J
o
n
e
s
S
M
,
D
a
v
i
e
s
S
L
,
D
i
n
g
l
e
A
D
,
C
h
e
n

T
T
(
1
9
8
8
)
.
P
r
o
m
o
t
i
o
n
o
f
r
a
p
i
d
g
r
o
w
t
h
o
f
r
a
i
n
b
o
w
t
r
o
u
t

(
S
a
l
m
o
g
a
i
r
d
n
e
r
i
)
b
y
a
r
e
c
o
m
b
i
n
a
n
t
f
i
s
h
g
r
o
w
t
h
h
o
r
m
o
n
e
.

C
a
n
J
F
i
s
h
A
q
u
a
t
S
c
i
4
5
t
1
4
6
-
1
5
2
.
•

B
a
l
m
P
(
1
9
8
6
)
.

"
O
s
m
o
r
e
g
u
l
a
t
i
o
n
i
n
T
e
l
e
o
s
t
s
b
y
C
o
r
t
i
s
o
l
a
n
d

P
r
o
l
a
c
t
i
n
"
.
N
i
j
m
e
g
e
n
:
P
h
.
D
.
T
h
e
s
i
s
,
1
7
6
p
p
.

B
a
r
t
o
n
B
A
,
S
c
h
r
e
c
k
C
B
,
B
a
r
t
o
n
L
D
(
1
9
8
7
)
.

E
f
f
e
c
t
s
o
f
c
h
r
o
n
i
c



c
o
r
t
i
s
o
l
a
d
m
i
n
i
s
t
r
a
t
i
o
n
a
n
d
d
a
i
l
y
a
c
u
t
e
s
t
r
e
s
s
o
n
g
r
o
w
t
h
,



im
m

M
0

O
M

M
E

O
M

O
M

O
M

W
M

M
O

O
M

O
M

O
M

O
M

O
M

O
M

M
M

M
M

M
O

O
M

O
M

O
M

7

p
h
y
s
i
o
l
o
g
i
c
a
l
c
o
n
d
i
t
i
o
n
s
,
a
n
d
s
t
r
e
s
s
r
e
s
p
o
n
s
e
s
i
n
j
u
v
e
n
i
l
e

r
a
i
n
b
o
w
t
r
o
u
t
.

D
i
s
A
q
u
a
t
O
r
g
2
:
1
7
3
-
1
8
5
.

B
j
o
r
n
s
s
o
n
B
T
,
O
g
a
s
a
w
a
r
a
T
.
H
i
r
a
n
o
T
,
B
o
l
t
o
n
J
P
,
B
e
r
n
H
A

(
1
9
8
8
)
.

E
l
e
v
a
t
e
d
g
r
o
w
t
h
h
o
r
m
o
n
e
l
e
v
e
l
s
i
n
s
t
u
n
t
e
d
A
t
l
a
n
t
i
c

s
a
l
m
o
n
,
S
a
l
m
o
s
a
l
a
r
.
A
q
u
a
c
u
l
t
u
r
e
7
3
:
2
7
5
-
2
8
1
.

B
o
l
t
o
n
J
P
,
T
a
k
a
h
a
s
h
i
A
,
K
a
w
a
u
c
h
i
H
,
K
u
b
o
t
a
J
,
H
i
r
a
n
o
T
(
1
9
8
6
)
.

D
e
v
e
l
o
p
m
e
n
t
a
n
d
v
a
l
i
d
a
t
i
o
n
o
f
a
s
a
l
m
o
n
g
r
o
w
t
h
h
o
r
m
o
n
e

r
a
d
i
o
i
m
m
u
n
o
a
s
s
a
y
.
G
e
n
C
o
m
p
E
n
d
o
c
r
i
n
o
l
6
2
:
2
3
0
-
2
3
8
.

B
o
l
t
o
n
J
P
,
Y
o
u
n
g
G
,
N
i
s
h
i
o
k
a
R
S
,
H
i
r
a
n
o
T
.
B
e
r
n
H
A
(
1
9
8
7
)
.

P
l
a
s
m
a
g
r
o
w
t
h
h
o
r
m
o
n
e
l
e
v
e
l
s
i
n
n
o
r
m
a
l
a
n
d
s
t
u
n
t
e
d
y
e
a
r
l
i
n
g

c
o
h
o
s
a
l
m
o
n
,
O
n
c
o
r
h
y
n
c
h
u
s
k
i
s
u
t
c
h
.

J
E
x
p
Z
o
o
l
2
4
2
:
3
7
9
-

3
8
2
.

B
r
o
w
n
S
,
F
e
d
o
r
u
k
K
,
E
a
l
e
s
J
G
(
1
9
7
8
)
.

P
h
y
s
i
c
a
l
i
n
j
u
r
y
d
u
e
t
o

i
n
j
e
c
t
i
o
n
o
r
b
l
o
o
d
r
e
m
o
v
a
l
c
a
u
s
e
s
t
r
a
n
s
i
t
o
r
y
e
l
e
v
a
t
i
o
n
s
o
f

p
l
a
s
m
a
t
h
y
r
o
x
i
n
e
i
n
r
a
i
n
b
o
w
t
r
o
u
t
,
S
a
l
m
o
g
a
i
r
d
n
e
r
i
.

C
a
n

J
Z
o
o
l
5
6
:
1
9
9
8
-
2
0
0
3
.

C
a
r
r
a
g
h
e
r
J
P
,
S
u
m
p
t
e
r
J
P
,
P
o
t
t
i
n
g
e
r
T
G
,
P
i
c
k
e
r
i
n
g
A
D
(
1
9
8
9
)
.

T
h
e
d
e
l
e
t
e
r
i
o
u
s
e
f
f
e
c
t
s
o
f
c
o
r
t
i
s
o
l
i
m
p
l
a
n
t
a
t
i
o
n
o
n
r
e
p
r
o
d
-

u
c
t
i
v
e
f
u
n
c
t
i
o
n
i
n
t
w
o
s
p
e
c
i
e
s
o
f
t
r
o
u
t
,
S
a
l
m
o
t
r
u
t
t
a
L
.

a
n
d
S
a
l
m
o
g
a
i
r
d
n
e
r
i
R
i
c
h
a
r
d
s
o
n
.

G
e
n
C
o
m
p
E
n
d
o
c
r
i
n
o
l
(
i
n

p
r
e
s
Z
7
-
-

C
o
o
k
A
F
,
W
i
l
s
o
n
S
W
,
f
e
t
e
r
.
R
E
(
1
9
8
3
)
.

D
e
v
e
l
o
p
m
e
n
t
a
n
d
v
a
l
i
d
-

a
t
i
o
n
o
f
a
c
a
r
p
g
r
o
w
t
h
h
o
r
m
o
n
e
r
a
d
i
o
i
m
m
u
n
o
a
s
s
a
y
.
G
e
n
C
o
m
p

E
n
d
o
c
r
i
n
o
l
5
0
:
3
3
5
-
3
4
7
.

C
o
v
e
y
C
B
,
S
a
r
g
e
n
t
J
R
(
1
9
7
2
)
.

F
i
s
h
n
u
t
r
i
t
i
o
n
.
A
d
v
M
a
r
B
i
o
l

1
0
:
3
8
3
-
4
9
2
.

D
a
v
i
s
K
B
,
T
o
r
r
a
n
c
e
P
,
P
a
r
k
e
r
N
C
,
S
u
t
t
l
e
M
A
(
1
9
8
5
)
.

G
r
o
w
t
h
,

b
o
d
y
c
o
m
p
o
s
i
t
i
o
n
a
n
d
h
e
p
a
t
i
c
t
y
r
o
s
i
n
e
a
m
i
n
o
t
r
a
n
s
f
e
r
a
s
e

a
c
t
i
v
i
t
y
i
n
c
o
r
t
i
s
o
l
-
f
e
d
c
h
a
n
n
e
l
c
a
t
f
i
s
h
.
I
c
t
a
l
u
r
u
s 

p
u
n
c
t
a
t
u
s
.

J
F
i
s
h
B
i
o
l
2
9
:
1
7
7
-
1
8
4
.

D
o
n
a
l
d
s
o
n
E
M
,
F
a
g
e
r
l
u
n
d
U
H
M
,
H
i
g
g
s
D
A
,
M
c
B
r
i
d
e
J
R
(
1
9
7
9
)
.

H
o
r
m
o
n
a
l
e
n
h
a
n
c
e
m
e
n
t
o
f
g
r
o
w
t
h
.

I
n
H
o
a
r
W
S
,
R
a
n
d
a
l
l
D
J
,

B
r
e
t
t
J
R
(
e
d
s
)
:
"
F
i
s
h
P
h
y
s
i
o
l
o
g
y
V
o
l
.
V
I
I
I
,
"
N
e
w
Y
o
r
k
:

A
c
a
d
e
m
i
c
P
r
e
s
s
,
p
p
4
5
5
-
5
9
7
.

E
a
l
e
s
J
G
,
R
a
n
s
o
m
M
,
S
h
o
s
t
a
k
S
,
P
r
i
m
e
a
n
D
(
1
9
8
6
)
.

E
f
f
e
c
t
s

o
f
c
a
t
e
c
h
o
l
a
m
i
n
e
s
o
n
p
l
a
s
m
a
t
h
y
r
o
i
d
l
e
v
e
l
s
i
n
A
r
c
t
i
c
c
h
a
r
r
,

S
a
l
v
e
l
i
n
u
s
a
l
p
i
n
u
s
.

G
e
n
C
o
m
p
E
n
d
o
c
r
i
n
o
l
6
3
:
3
9
3
-
3
9
9
.

F
r
y
e
r
J
N
,
B
e
r
n
H
A
(
1
9
7
9
)
.

G
r
o
w
t
h
h
o
r
m
o
n
e
b
i
n
d
i
n
g
i
n
t
i
s
s
u
e
s

o
f
n
o
r
m
a
l
a
n
d
s
t
u
n
t
e
d
j
u
v
e
n
i
l
e
c
o
h
o
s
a
l
m
o
n
,
O
n
c
o
r
h
y
n
c
h
u
s 

k
i
s
u
t
c
h
.

J
F
i
s
h
B
i
o
l
1
5
:
5
2
7
-
5
8
3
.

G
i
l
l
J
A
,
.
S
u
m
p
t
e
r
J
P
,
D
o
n
a
l
d
s
o
n
E
M
,
D
y
e
L
I
M
,S
o
u
z
a
L
,
B
e
r
g
T
,

W
y
p
y
c
h
J
,
L
a
n
g
l
e
y
K
(
1
9
8
5
)
.

R
e
c
o
m
b
i
n
a
n
t
c
h
i
c
k
e
n
a
n
d
b
o
v
i
n
e

g
r
o
w
t
h
h
o
r
m
o
n
e
s
a
c
c
e
l
e
r
a
t
e
g
r
o
w
t
h
i
n
a
q
u
a
c
u
l
t
u
r
e
d
j
u
v
e
n
i
l
e

P
a
c
i
f
i
c
s
a
l
m
o
n
O
n
c
o
r
h
y
n
c
h
u
s
k
i
s
u
t
c
h
.
B
i
o
/
T
e
c
h
n
o
l
3
:
6
4
3
-
6
4
6
.

H
e
n
d
e
r
s
o
n
I
W
,
G
a
r
l
a
n
d
H
O
(
1
9
8
0
)
7
-
-
i
i
;
i
n
t
e
r
r
e
n
a
l
g
l
a
n
d
i
n

p
i
s
c
e
s
.
P
a
r
t
2
.
P
h
y
s
i
o
l
o
g
y
.
I
n
C
h
e
s
t
e
r
J
o
n
e
s
I
,
H
e
n
d
e
r
s
o
n

I
W
(
e
d
s
)
:
"
G
e
n
e
r
a
l
,C
o
m
p
a
r
a
t
i
v
ea
n
d
C
l
i
n
i
c
a
l
E
n
d
o
c
r
i
n
o
l
o
g
y

o
f
t
h
e
A
d
r
e
n
a
l
C
o
r
t
e
x
.
V
o
l
.
3
,
"
L
o
n
d
o
n
:
A
c
a
d
e
m
i
c
P
r
e
s
s
,

p
p
4
7
3
-
5
2
3
.

H
i
g
g
s
D
A
,
F
a
g
e
r
l
u
n
dU
H
M
,
M
c
B
r
i
d
e
J
R
,
D
y
e
H
M
,
D
o
n
a
l
d
s
o
n
E
M

(
1
9
7
7
)
.

I
n
f
l
u
e
n
c
eo
f
c
o
m
b
i
n
a
t
i
o
n
so
f
b
o
v
i
n
e
g
r
o
w
t
h
h
o
r
m
o
n
e
,

1
7
a
-
m
e
t
h
y
l
t
e
s
t
o
s
t
e
r
o
n
ea
n
d
L
-
t
h
y
r
o
x
i
n
eo
n
g
r
o
w
t
h
o
f
t
h
e

y
e
a
r
l
i
n
g
c
o
h
o
s
a
m
o
n
(
O
n
c
o
r
h
y
n
c
h
u
sk
i
s
u
t
c
h
)
.
C
a
n
J
Z
o
o
l

5
5
:
1
0
4
8
-
1
0
5
6
.

L
e
a
c
h
G
J
,
T
a
y
l
o
r
M
E
(
1
9
8
2
)
.

T
h
e
e
f
f
e
c
t
s
o
f
c
o
r
t
i
s
o
l
t
r
e
a
t
-

m
e
n
t
o
n
c
a
r
b
o
h
y
d
r
a
t
ea
n
d
p
r
o
t
e
i
n
m
e
t
a
b
o
l
i
s
m
i
n
F
u
n
d
u
l
u
s 

h
e
t
e
r
o
c
l
i
t
u
s
.
G
e
n
C
o
m
p
E
n
d
o
c
r
i
n
o
l4
8
:
7
6
-
8
3
.

L
e
a
t
h
e
r
l
a
n
dJ
P
(
1
9
8
7
)
.
T
h
y
r
o
i
d
r
e
s
p
o
n
s
e
t
o
o
v
i
n
e
t
h
y
r
o
t
r
o
p
i
n

c
h
a
l
l
e
n
g
e
i
n
c
o
r
t
i
s
o
l
-
a
n
dd
e
x
a
m
e
t
h
a
s
o
n
e
-
t
r
e
a
t
e
dr
a
i
n
b
o
w

t
r
o
u
t
,
S
a
l
m
o
g
a
i
r
d
n
e
r
i
.
C
o
m
p
B
i
o
c
h
e
m
P
h
y
s
i
o
l
8
6
A
:
3
8
3
-
3
8
7
.

M
c
B
r
i
d
e
J
R
,
F
a
g
e
r
l
u
n
d
U
H
H
(
1
9
7
6
)
.
S
e
x
s
t
e
r
o
i
d
s
a
s
g
r
o
w
t
h

p
r
o
m
o
t
e
r
s
i
n
t
h
e
c
u
l
t
i
v
a
t
i
o
no
f
j
u
v
e
n
i
l
e
c
o
h
o
s
a
l
m
o
n

(
O
n
c
o
r
h
y
n
c
h
u
sk
i
s
u
t
c
h
)
.
P
r
o
c
W
o
r
l
d
M
a
r
i
c
u
l
t
S
o
c
7
:
1
4
5
-
1
6
1
.

M
i
l
n
e
R
S
,
L
e
a
t
h
e
r
l
a
n
dJ
F
(
1
9
8
0
)
.
C
h
a
n
g
e
s
i
n
p
l
a
s
m
a
t
h
y
r
o
i
d

h
o
r
m
o
n
e
s
f
o
l
l
o
w
i
n
ga
d
m
i
n
i
s
t
r
a
t
i
o
no
f
e
x
o
g
e
n
o
u
sp
i
t
u
i
t
a
r
y

h
o
r
m
o
n
e
s
a
n
d
s
t
e
r
o
i
d
h
o
r
m
o
n
e
s
t
o
r
a
i
n
b
o
w
t
r
o
u
t
(
S
a
l
m
o

g
a
i
r
d
n
e
r
i
)
.
C
o
m
p
B
i
o
c
h
e
m
P
h
y
s
i
o
l
6
6
A
:
6
7
9
-
6
8
6
.

N
i
s
h
i
o
k
a
R
S
,
G
r
a
u
E
G
'
;B
e
r
n
'
H
A
(
1
9
8
5
)
.

I
n
v
i
t
r
o
r
e
l
e
a
s
e
o
f

g
r
o
w
t
h
h
o
r
m
o
n
e
f
r
o
m
t
h
e
p
i
t
u
i
t
a
r
y
g
l
a
n
d
o
f
t
i
l
a
p
i
a
,

O
r
e
o
c
h
r
o
m
i
sm
o
s
s
a
m
b
i
c
u
s
.
G
e
n
C
o
m
p
E
n
d
o
c
r
i
n
o
l
6
0
:
9
0
-
9
4
.

O
s
b
o
r
n
R
H
,
S
i
m
p
s
o
n
T
H
(
1
9
7
4
)
.

T
h
e
e
f
f
e
c
t
s
o
f
s
t
r
e
s
s
a
n
d

f
o
o
d
d
e
p
r
i
v
a
t
i
o
no
n
t
h
e
t
h
y
r
o
i
d
a
l
s
t
a
t
u
s
o
f
p
l
a
i
c
e
a
n
d

r
a
i
n
b
o
w
t
r
o
u
t
.
C
o
n
s
P
e
r
m
I
n
t
E
x
p
l
o
r
M
e
r
C
M
1
9
7
4
G
e
a
r
a
n
d

B
e
h
a
v
i
o
u
r
C
o
m
m
B
9
.

P
i
c
k
e
r
i
n
gA
D
,
P
o
t
t
i
n
g
e
rT
G
(
1
9
8
9
)
.
S
t
r
e
s
s
r
e
s
p
o
n
s
e
s
a
n
d

d
i
s
e
a
s
e
r
e
s
i
s
t
a
n
c
e
i
n
s
a
l
m
o
n
i
d
f
i
s
h
:
E
f
f
e
c
t
s
o
f
c
h
r
o
n
i
c

e
l
e
v
a
t
i
o
n
o
f
p
l
a
s
m
a
c
o
r
t
i
s
o
l
.
F
i
s
h
P
h
y
s
i
o
l
B
i
o
c
h
e
m
(
i
n

p
r
e
s
s
)
.

P
i
c
k
e
r
i
n
g
A
D
,
P
o
t
t
i
n
g
e
rT
G
,
C
a
r
r
a
g
h
e
r
J
.
S
u
m
p
t
e
r
J
P
(
1
9
8
7
)
.

T
h
e
e
f
f
e
c
t
s
o
f
a
c
u
t
e
a
n
d
c
h
r
o
n
i
c
s
t
r
e
s
s
o
n
t
h
e
l
e
v
e
l
s
o
f

r
e
p
r
o
d
u
c
t
i
v
eh
o
r
m
o
n
e
s
i
n
t
h
e
p
l
a
s
m
a
o
f
m
a
t
u
r
e
m
a
l
e
b
r
o
w
n

t
r
o
u
t
,
S
a
l
m
o
t
r
u
t
t
a
L
.

G
e
n
C
o
m
p
E
n
d
o
c
r
i
n
o
l
6
8
:
2
4
9
-
2
5
9
.

P
i
c
k
e
r
i
n
gA
D
,
S
t
e
w
a
r
t
A
(
1
9
8
4
)
.

A
c
c
l
i
m
a
t
i
o
no
f
t
h
e
i
n
t
e
r
r
-

e
n
a
l
t
i
s
s
u
e
o
f
t
h
e
b
r
o
w
n
t
r
o
u
t
,
S
a
l
m
o
t
r
u
t
t
a
L
.

t
o
c
h
r
o
n
i
c

s
t
r
e
s
s
.
J
F
i
s
h
B
i
o
l
2
4
:
7
3
1
-
7
4
0
.

R
e
d
d
i
n
g
J
M
,
P
a
t
i
n
o
R
,
S
c
h
r
e
c
k
C
B
(
1
9
8
4
a
)
.
C
l
e
a
r
a
n
c
e
o
f

c
o
r
t
i
c
o
s
t
e
r
o
i
d
si
n
y
e
a
r
l
i
n
g
c
o
h
o
s
a
l
m
o
n
,
O
n
c
o
r
h
y
n
c
h
u
s 

k
i
s
u
t
c
t
i
i
n
f
r
e
s
h
w
a
t
e
r
a
n
d
s
e
a
w
a
t
e
r
a
n
d
a
f
t
e
r
s
t
r
e
s
s
.

G
e
n
C
o
m
p
E
n
d
o
c
r
i
n
o
l5
4
:
4
3
3
-
4
4
3
.

R
e
d
d
i
n
g
J
M
,
S
c
h
r
e
c
k
C
B
,
B
i
r
k
s
E
X
,
E
w
i
n
g
R
D
(
1
9
8
4
b
)
.
C
o
r
t
i
s
o
l

a
n
d
i
t
s
e
f
f
e
c
t
s
o
n
p
l
a
s
m
a
t
h
y
r
o
i
d
h
o
r
m
o
n
e
a
n
d
e
l
e
c
t
r
o
l
y
t
e
.

c
o
n
c
e
n
t
r
a
t
i
o
n
si
n
f
r
e
s
h
w
a
t
e
r
a
n
d
d
u
r
i
n
g
s
e
a
w
a
t
e
r
a
c
c
l
i
m
a
t
i
o
n
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a

9

i
n
y
e
a
r
l
i
n
g
c
o
h
o
s
a
l
m
o
n
,
O
n
c
o
r
h
y
n
c
h
u
sk
i
s
u
t
c
h
.
G
e
n
C
o
m
p

E
n
d
o
c
r
i
n
o
l
5
6
:
1
4
6
-
1
5
5
.

S
h
e
r
i
d
a
n
M

(
1
9
8
6
)
.
E
f
f
e
c
t
s
o
f
t
h
y
r
o
x
i
n
,
c
o
r
t
i
s
o
l
,
g
r
o
w
t
h

h
o
r
m
o
n
e
a
n
d
p
r
o
l
a
c
t
i
n
o
n
l
i
p
i
d
m
e
t
a
b
o
l
i
s
m
o
f
c
o
h
o
s
a
l
m
o
n
,

O
n
c
o
r
h
y
n
c
h
u
sk
i
s
u
t
c
h
,
d
u
r
i
n
g
s
m
o
l
t
i
f
i
c
a
t
i
o
n
.
G
e
n
C
o
m
p

E
n
d
o
c
r
i
n
o
l
6
4
:
2
2
0
-
2
3
8
.

S
i
m
p
s
o
n
T
(
1
9
7
5
/
7
6
)
.
E
n
d
o
c
r
i
n
e
a
s
p
e
c
t
s
o
f
s
a
l
m
o
n
i
d
c
u
l
t
u
r
e
.

P
r
o
c
R
o
y
S
o
c
E
d
i
n
b
(
8
)
7
5
:
2
4
1
-
2
5
2
.

S
u
m
p
t
e
r
J
P
,
D
y
e
H
M
,
B
e
n
f
e
y
T
J
(
1
9
8
6
)
.
T
h
e
e
f
f
e
c
t
s
o
f
s
t
r
e
s
s

o
n
p
l
a
s
m
a
A
C
T
H
,

a
-
M
S
H
,
a
n
d
e
o
r
t
i
s
o
l
l
e
v
e
l
s
i
n
s
a
l
m
o
n
i
d

f
i
s
h
e
s
.

G
e
n
C
o
m
p
E
n
d
o
c
r
i
n
o
l
6
2
:
3
7
7
-
3
8
5
.

T
a
m
W
H
,
B
i
r
k
e
t
t
L
,
M
a
k
a
r
a
n
R
.
P
a
y
s
o
n
P
D
,
W
h
i
t
n
e
y
D
K
,
Y
u

C
K
-

C
(
1
9
8
7
)
.
M
o
d
i
f
i
c
a
t
i
o
no
f
c
a
r
b
o
h
y
d
r
a
t
em
e
t
a
b
o
l
i
s
m
a
n
d

l
i
v
e
r
v
i
t
e
l
l
o
g
e
n
i
cf
u
n
c
t
i
o
n
i
n
b
r
o
o
k
t
r
o
u
t
(
S
a
l
v
e
l
i
n
u
s 

f
o
n
t
i
n
a
l
i
s
)
b
y
e
x
p
o
s
u
r
e
t
o
l
o
w
p
H
.
C
a
n
J
F
i
s
h
A
q
u
a
t
S
c
i

4
4
:
6
3
0
-
6
3
5
.

W
a
g
n
e
r
G
F
,
M
c
K
e
o
w
n
B
A
(
1
9
8
6
)
.
D
e
v
e
l
o
p
m
e
n
to
f
a
s
a
l
m
o
n
g
r
o
w
t
h

h
o
r
m
o
n
e
r
a
d
i
o
i
m
m
u
n
o
a
s
s
a
y
.
G
e
n
C
o
m
p
E
n
d
o
c
r
i
n
o
l
6
2
:
4
5
2
-
4
5
8
.

Y
o
u
n
g
G
(
1
9
8
9
)
.

E
n
h
a
n
c
e
d
r
e
s
p
o
n
s
e
o
f
t
h
e
i
n
t
e
r
r
e
n
a
lo
f
c
o
h
o

s
a
l
m
o
n
t
o
A
C
T
H
a
f
t
e
r
g
r
o
w
t
h
h
o
r
m
o
n
e
t
r
e
a
t
m
e
n
t
i
n
v
i
v
o
a
n
d

i
n
v
i
t
r
o
.

G
e
n
C
o
m
p
E
n
d
o
c
r
i
n
o
l
(
i
n
p
r
e
s
s
)
.
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S
a

S

1

H
u
s
b
a
n
d
r
y
a
n
d
S
t
r
e
s
s
i
n
F
i
s
h

A
.
D
.
P
I
C
K
E
R
/
N
G
I
n
s
t
i
t
u
t
eo
f
F
r
e
s
h
w
a
t
e
rE
c
o
l
o
g
y
,T
h
e
F
e
r
r
y
H
o
u
s
e
,
F
a
r

S
a
w
r
e
y
,
A
m
b
l
e
s
i
d
e
,C
u
m
b
r
i
a
,
L
A
2
2
O
L
P
.
U
.
K
.

I
N
T
R
O
D
U
C
T
I
O
N

T
h
e
d
e
f
i
n
i
t
i
o
no
f
s
t
r
e
s
s
i
n
b
i
o
l
o
g
i
c
a
ls
y
s
t
e
m
s
h
a
s
b
e
e
n
t
h
e
s
u
b
j
e
c
t
o
f

c
o
n
s
i
d
e
r
a
b
l
ed
e
b
a
t
e
(
s
e
e
P
i
c
k
e
r
i
n
g
,1
9
8
1
)
y
e
t
t
h
e
r
e
i
s
s
t
i
l
l
n
o
c
o
n
c
e
n
s
u
so
f

o
p
i
n
i
o
n
.
O
n
e
o
f
t
h
e
m
o
s
t
s
e
v
e
r
e
d
e
f
i
n
i
t
i
o
n
si
s
t
h
a
t
o
f
B
r
e
t
t
(
1
9
5
8
)
i
n
w
h
i
c
h

s
t
r
e
s
s
i
s
d
e
f
i
n
e
d
a
s
"
a
s
t
a
t
e
p
r
o
d
u
c
e
d
.b
y
a
n
y
e
n
v
i
r
o
n
m
e
n
t
a
lf
a
c
t
o
r
w
h
i
c
h

e
x
t
e
n
d
s
t
h
e
n
o
r
m
a
l
a
d
a
p
t
i
v
e
r
e
s
p
o
n
s
e
so
f
a
n
a
n
i
m
a
l
,
o
r
w
h
i
c
h
d
i
s
t
u
r
b
s
t
h
e

n
o
r
m
a
l
f
u
n
c
t
i
o
n
i
n
gt
o
s
u
c
h
a
n
e
x
t
e
n
t
t
h
a
t
t
h
e
c
h
a
n
c
e
s
o
f
s
u
r
v
i
v
a
l
a
r
e

s
i
g
n
i
f
i
c
a
n
t
l
yr
e
d
u
c
e
d
"
.
F
r
o
m
t
h
e
a
q
u
a
c
u
l
t
u
r
ep
o
i
n
t
o
f
v
i
e
w
,
c
o
n
d
i
t
i
o
n
sw
h
i
c
h

d
e
c
r
e
a
s
e
t
h
e
c
h
a
n
c
e
s
o
f
s
u
r
v
i
v
a
l
(
i
e
.
i
n
c
r
e
a
s
e
t
h
e
m
o
r
t
a
l
i
t
y
r
a
t
e
)
w
o
u
l
d

c
e
r
t
a
i
n
l
yb
e
d
e
s
c
r
i
b
e
da
s
s
t
r
e
s
s
f
u
lb
u
t
t
h
e
r
e
a
r
e
o
t
h
e
r
c
i
r
c
u
m
s
t
a
n
c
e
si
n
w
h
i
c
h

t
h
e
m
o
r
t
a
l
i
t
y

tate
m
a
y
n
o
t
b
e
a
f
f
e
c
t
e
dy
e
t
o
t
h
e
r
a
s
p
e
c
t
s
o
f
t
h
e
p
e
r
f
o
r
m
a
n
c
e

c
a
p
a
c
i
t
y
o
f
t
h
e
f
i
s
h
a
r
e
i
m
p
a
i
r
e
d
(
S
c
h
r
o
c
k
,1
9
8
1
)
.

E
n
v
i
r
o
n
m
e
n
t
a
lc
h
a
n
g
e
s
w
h
i
c
h

s
u
p
p
r
e
s
s
g
r
o
w
t
h
r
a
t
e
,
f
o
r
e
x
a
m
p
l
e
,
c
o
u
l
d
a
l
s
o
b
e
d
e
s
c
r
i
b
e
d
a
s
s
t
r
e
s
s
f
u
l
.

D
e
s
p
i
t
e
s
u
c
h
p
r
o
b
l
e
m
so
f
d
e
f
i
n
i
t
i
o
n
,m
o
s
t
f
i
s
h
f
a
r
m
r
s

(
a
n
d
b
i
o
l
o
g
i
s
t
s
)

h
a
v
e
a
n
i
n
t
u
i
t
i
v
en
o
t
i
o
n
o
f
t
h
o
s
e
e
n
v
i
r
o
n
m
e
n
t
a
lc
o
n
d
i
t
i
o
n
sw
h
i
c
h
a
r
e
d
a
m
a
g
i
n
g

t
o
f
i
s
ha
n
d
t
h
e
a
i
m
o
f
t
h
i
sp
a
n
e
ri
s
t
o
r
e
v
i
e
ww
h
a
t
i
s
k
n
o
w
na
b
o
u
tt
h
e

e
n
d
o
c
r
i
n
o
l
o
g
i
c
a
l

C
h
a
n
g
e
st
h
a
to
c
c
u
ri
n
s
t
r
e
s
s
e
df
i
s
ha
n
d
t
h
e
n
t
o
c
o
n
s
i
d
e
rt
h
e

c
o
n
s
e
q
u
e
n
c
e
sof
t
h
e
s
ec
h
a
n
g
e
si
n
t
e
r
n
so
f
t
h
e
p
e
r
f
o
r
m
a
n
c
e
o
f
t
h
e
f
i
s
h
.

p
a
r
t
i
c
u
l
a
ra
t
t
e
n
t
i
o
nw
i
l
l
b
e
g
i
v
e
n
t
o
e
f
f
e
c
t
s
m
e
d
i
a
t
e
d
v
i
a
d
h
a
n
g
e
s
i
n
t
h
e

a
c
t
i
v
i
t
yo
f
t
h
e
h
y
p
o
t
h
a
l
a
m
i
c
-
p
i
t
u
i
t
a
r
y
-in
t
e
r
r
e
n
a
la
'
x
i
s
.
T
h
e
p
r
a
c
t
i
c
a
b
i
l
i
t
yo
f

a
v
o
i
d
i
n
g
t
h
e
w
o
r
s
t
e
f
f
e
c
t
so
f
e
q
u
a
c
u
l
t
u
r
a
ls
t
r
e
s
s
i
s
e
x
p
l
o
r
e
d
a
s
i
s
t
h
e

P
o
t
e
n
t
i
a
lf
o
r
t
h
e
s
e
l
e
c
t
i
v
ebr
e
e
d
i
n
go
f
f
i
s
hw
i
t
h
a
r
e
d
u
c
e
ds
t
r
e
s
sr
e
s
e
o
n
s
e

2

(
i
e
.
a
c
c
e
l
e
r
a
t
i
n
gt
h
e
r
a
t
e
o
f
d
o
m
e
s
t
i
c
a
t
i
o
n
)
.
I
n
e
v
i
t
a
b
l
y
,
t
h
i
s
p
a
p
e
r
w
i
l
l
d
r
a
w

h
e
a
v
i
l
y
u
p
o
n
o
u
r
o
w
n
w
o
r
k
o
n
t
h
e
s
t
r
e
s
s
r
e
s
p
o
n
s
e
s
o
f
s
a
l
m
o
n
i
d
f
i
s
h
b
u
t
a
n

a
t
t
e
m
p
t
w
i
l
l
b
e
m
a
d
e
t
o
i
n
c
l
u
d
e
o
t
h
e
r
s
p
e
c
i
e
s
w
h
i
c
h
a
r
e
o
f
i
m
p
o
r
t
a
n
c
e
t
o
t
h
e

a
q
u
a
c
u
l
t
u
r
ei
n
d
u
s
t
r
y
.

E
N
D
O
C
R
I
N
O
L
O
G
YO
F
T
H
E
S
T
R
E
S
S
R
E
S
P
O
N
S
E

T
h
e
s
t
r
e
s
s
r
e
s
p
o
n
s
e
i
n
m
a
m
m
a
l
s
h
a
s
c
l
a
s
s
i
c
a
l
l
y
b
e
e
n
d
e
s
c
r
i
b
e
d
b
y
t
h
e

a
c
t
i
v
a
t
i
o
no
f
t
w
o
c
o
m
p
o
n
e
n
t
so
f
t
h
e
n
e
u
r
a
l
/
e
n
d
o
c
r
i
n
es
y
s
t
e
m
,
t
h
e
a
d
r
e
n
e
r
g
i
c

s
y
s
t
e
m
a
n
d
t
h
e
p
i
t
u
i
t
a
r
y
-
a
d
r
e
n
a
la
x
i
s
(
S
e
l
y
e
.
1
9
5
6
)
.
T
o
g
e
t
h
e
r
,
t
h
e
s
e

e
f
f
e
c
t
i
v
e
l
ys
w
i
t
c
h
t
h
e
a
n
i
m
a
l
'
s
m
e
t
a
b
o
l
i
s
m
f
r
o
m
a
n
a
n
a
b
o
l
i
c
s
t
a
t
e
(
i
n
w
h
i
c
h

e
n
e
r
g
y
i
s
b
e
i
n
g
t
a
k
e
n
u
p
a
n
d
s
t
o
r
e
d
)
t
o
a
c
a
t
a
b
o
l
i
c
s
t
a
t
e
(
i
n
w
h
i
c
h
e
n
e
r
g
y

r
e
s
e
r
v
e
s
a
r
e
b
r
o
k
e
n
d
o
w
n
)
.

T
h
i
s
e
n
e
r
g
y
m
o
b
i
l
i
z
a
t
i
o
n
i
s
p
r
e
s
u
m
e
d
t
o
b
e
o
f

a
d
a
p
t
i
v
e
v
a
l
u
e
i
n
t
h
e
n
a
t
u
r
a
l
e
n
v
i
r
o
n
m
e
n
t
a
s
t
h
e
a
n
i
m
a
l
a
t
t
e
m
p
t
s
t
o
a
v
o
i
d
o
r

o
v
e
r
c
o
m
e
,t
h
e
i
m
m
e
d
i
a
t
et
h
r
e
a
t
.

T
e
l
e
o
s
t
f
i
s
h
s
h
o
w
a
s
i
m
i
l
a
r
r
e
s
p
o
n
s
e
t
o
m
o
s
t
,
i
f
n
o
t
a
l
l
,
f
o
r
m
s
o
f

e
n
v
i
r
o
n
m
e
n
t
a
l

s
t
r
e
s
s
.
T
h
u
s
,
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
so
f
p
l
a
s
m
a
c
a
t
e
c
h
o
l
a
m
i
n
e
sa
r
e

r
a
p
i
d
l
y
e
l
e
v
a
t
e
d (
M
a
z
e
a
u
da
n
d
M
a
c
a
u
&

1
9
8
1
)
a
s
a
r
e
c
o
r
t
i
c
o
s
t
e
r
o
i
d
sl
n
t
h
e

b
l
o
o
d
(
D
o
n
a
l
d
s
o
n
.1
9
8
1
)
.
T
h
e
s
e
t
w
o
g
r
o
u
p
s
o
f
h
o
r
m
o
n
e
s
h
a
v
e
m
u
l
t
i
p
l
e
f
u
n
c
t
i
o
n
s
.

m
a
n
y
o
f
w
h
i
c
h
a
r
e
o
f
a
d
a
p
t
i
v
e
v
a
l
u
e
t
o
a
s
t
r
e
s
s
e
d
f
i
s
h
.

F
o
r
e
x
a
m
p
l
e
.

c
a
t
e
c
h
o
l
a
m
i
n
e
s

a
r
e
b
o
t
h
h
y
p
e
r
g
l
y
c
e
m
i
ca
n
d
l
i
p
o
l
y
t
i
c
(
L
a
r
s
s
o
n
, 1
9
7
3
;S
h
e
r
i
d
a
n
,

1
9
8
7
)
,
t
h
e
yp
r
o
m
o
t
eb
r
o
n
c
h
i
a
ll
a
m
e
l
l
a
rp
e
r
f
u
s
i
o
n(
B
o
o
t
h
,1
9
7
9
)
a
n
d
i
n
c
r
e
a
s
e
t
h
e

o
x
y
g
e
n
a
f
f
i
n
i
t
y o
f
t
h
e
e
r
y
t
h
r
o
c
y
t
e
s
(
N
i
k
i
n
m
a
a
,
1
9
8
2
)
.

C
o
r
t
i
c
o
s
t
e
r
o
i
d
s

s
t
i
m
u
l
a
t
eg
l
u
c
o
n
e
o
g
e
n
e
s
i
s

i
n
f
i
s
h
(
J
a
n
s
s
e
n
sa
n
d
W
a
t
e
r
m
a
n
,1
9
8
8
;s
e
e
a
l
s
o
S
u
a
r
e
z

a
n
d
M
o
m
m
s
e
n
,
1
9
8
8
)
.
t
h
e
y
s
t
i
m
u
l
a
t
e
l
i
p
o
l
y
s
i
s
(
S
h
e
r
i
d
a
n
,
1
9
8
6
)
a
n
d
p
r
o
m
o
t
e

i
o
n
-
t
r
a
n
s
p
o
r
t(
B
a
l
m
.
1
9
8
6
)
,
a
n
i
m
p
o
r
t
a
n
t
p
r
o
p
e
r
t
y
a
s
t
h
e
f
i
s
h
a
t
t
e
m
p
t
s
t
o

r
e
g
a
i
n
o
s
m
o
t
i
c
e
q
u
i
l
i
b
r
i
u
mw
i
t
h
t
h
e
e
n
v
i
r
o
n
m
e
n
t
d
u
r
i
n
g
i
t
s
r
e
c
o
v
e
r
y
f
r
o
m

s
t
r
e
s
s
.I
n
s
t
u
d
i
e
s
w
i
t
h
s
a
l
m
o
n
i
d
f
i
s
h
,
t
h
e
a
c
t
i
v
i
t
y
o
f
t
h
e
h
y
p
o
t
h
a
l
a
m
i
c
-

p
i
t
u
i
t
a
r
y-
i
n
t
e
r
r
e
n
a
l(
H
P
I
)
a
x
i
s
,
i
n
p
a
r
t
i
c
u
l
a
r
,
h
a
s
b
e
e
n
u
s
e
d
t
o
a
s
s
e
s
s
t
h
e
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3

d
e
g
r
e
e
o
f
s
e
v
e
r
i
t
y
o
f
t
h
e
s
t
r
e
s
s
.

C
o
r
t
i
s
o
l
i
s
t
h
e
m
a
j
o
r
c
o
r
t
i
c
o
s
t
e
r
o
i
di
n
t
h
i
s

g
r
o
u
p
o
f
f
i
s
h
.

H
o
w
e
v
e
r
,
t
h
e
c
o
r
t
i
s
o
l
r
e
s
p
o
n
s
e
m
a
y
b
e
i
n
f
l
u
e
n
c
e
d
n
o
t
o
n
l
y
b
y

t
h
e
n
a
t
u
r
e
o
f
t
h
e
s
t
r
e
s
s
,
b
u
t
a
l
s
o
b
y
o
t
h
e
r
f
a
c
t
o
r
s
s
u
c
h
a
s
t
h
e
a
g
e
.
s
e
x
a
n
d

s
t
a
t
e
o
f
m
a
t
u
r
i
t
y
o
f
t
h
e
f
i
s
h
(
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p
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p
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c
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r
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r
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v
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c
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i
e
t
n
a
t
i
v
e
c
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p
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c
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c
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c
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c
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c
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b
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b
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l
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f
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p
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f
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o
ni
n

o
t
h
e
r
w
i
s
eu
n
s
t
r
e
s
s
e
df
i
s
h
a
l
s
o
s
u
p
p
r
e
s
s
e
s
t
h
e
p
i
t
u
i
t
a
r
y
-
g
o
n
a
d
a
la
x
i
s
o
f

s
e
x
u
a
l
l
ym
a
t
u
r
i
n
g
f
e
m
a
l
e
t
r
o
u
t
.
T
h
e
s
e
s
t
u
d
i
e
s
r
a
i
s
e
t
h
e
p
o
s
s
i
b
i
l
i
t
yt
h
a
t
t
h
e

s
t
r
e
s
s
-
i
n
d
u
c
e
ds
u
p
p
r
e
s
s
i
o
no
f
t
h
e
p
i
t
u
i
t
a
r
y
-
g
o
n
a
d
a
la
x
i
s
i
s
m
e
d
i
a
t
e
d
b
y

a
c
t
i
v
a
t
i
o
no
f
t
h
e
H
P
I
-
a
x
i
s
.
T
h
e
c
o
n
s
e
q
u
e
n
c
e
so
f
t
h
i
s
p
h
e
n
o
m
e
n
o
n
,i
n
t
e
n
s

o
f

r
e
p
r
o
d
u
c
t
i
v
es
u
c
c
e
s
s
.
r
e
m
a
i
n
t
o
b
e
e
l
u
c
i
d
a
t
e
d
(
s
e
e
b
e
l
o
w
)
.

T
h
e
d
e
v
e
l
o
p
m
e
n
to
f
s
p
e
c
i
f
i
c
r
e
d
l
o
i
m
m
u
n
o
a
s
s
a
y
sf
o
r
s
e
l
m
o
n
i
d
g
r
o
w
t
h

h
o
r
m
o
n
e
(
C
H
)
n
o
w
o
p
e
n
s
u
p
a
n
o
t
h
e
r
a
r
e
a
o
f
s
t
r
e
s
s
p
h
y
s
i
o
l
o
g
y
/e
n
d
o
c
r
i
n
o
l
o
g
y
.

E
n
v
i
r
o
n
m
e
n
t
a
ls
t
r
e
s
s
i
s
k
n
o
w
n
t
o
m
a
r
k
e
d
l
y
'
s
u
p
p
r
e
s
st
h
e
g
r
o
w
t
h
r
a
t
e
o
f
t
e
l
e
o
s
t

f
i
s
h
y
e
t
,
p
a
r
a
d
o
x
i
c
a
l
l
y
,t
h
e
a
v
a
i
l
a
b
l
e
p
u
b
l
i
s
h
e
de
v
i
d
e
n
c
e
s
u
g
g
e
s
t
s
t
h
a
t
p
l
a
s
m
a

G
H
l
e
v
e
l
s
a
r
e
I
n
c
r
e
a
s
e
di
n
r
e
s
p
o
n
s
e
t
o
a
c
u
t
e
s
t
r
e
s
s
(
C
o
o
k
a
n
d
P
e
t
e
r
.
1
9
8
4
)
.

M
o
r
e
o
v
e
r
,w
h
e
n
e
a
l
m
e
o
l
d
f
i
s
h
a
r
e
p
r
e
m
a
t
u
r
e
l
yt
r
a
n
s
f
e
r
r
e
dt
o
s
e
e
w
a
t
e
r
t
h
e
f
i
s
h

b
e
c
o
m
e
s
t
u
n
t
e
d
,
t
u
r
n
d
a
r
k
i
n
c
o
l
o
u
r
a
n
d
s
h
o
w
p
o
o
r
s
u
r
v
i
v
a
l
,
a
l
l
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s

o
f
c
h
r
o
n
i
c
a
l
l
y
-
s
t
r
e
s
s
e
dfi
s
h
.

U
n
d
e
r
t
h
e
s
e
c
o
n
d
i
t
i
o
n
sp
l
a
s
m
a
C
H
l
e
v
e
l
s
a
r
e
a
l
s
o

i
n
v
a
r
i
a
b
l
ye
l
e
v
a
t
e
d
(
B
o
l
t
o
n
e
t
a
l
.
.
1
9
8
7
;
B
j
o
r
n
s
s
o
ne
t
a
l
.
.
1
9
8
8
)
.

I
t
h
a
s
b
e
e
n

P
r
e
P
s
s
e
d
,t
h
e
r
e
f
o
r
e
,t
h
a
t
t
h
e
p
r
o
b
l
e
m
o
f
s
u
p
p
r
e
s
s
e
dg
r
o
w
t
h
r
a
t
e
s
i
n
s
u
c
h

'
s
t
u
n
t
s
'i
s
r
e
L
a
t
e
d
t
o
t
a
r
g
e
t
t
i
s
s
u
e
s
e
n
s
i
t
i
v
i
t
yr
a
t
h
e
r
t
h
a
n
t
h
e
r
a
t
e
o
f

p
i
t
u
i
t
a
r
yG
H
s
e
c
r
e
t
i
o
n
,a

s
u
g
g
e
s
t
i
o
nw
h
i
c
h
i
s
s
u
p
p
o
r
t
e
db
y
t
h
e
o
b
s
e
r
v
a
t
i
o
nt
h
a
t

6

C
H
b
i
n
d
i
n
g
i
n
m
e
m
b
r
a
n
e
p
r
e
p
a
r
a
t
i
o
n
sf
r
o
m
t
h
e
l
i
v
e
r
a
n
d
g
i
l
l
s
o
f
c
o
h
o
s
a
l
m
o
n
.

O
n
c
o
r
h
y
n
c
h
u
sk
i
s
u
c
c
h
,
s
t
u
n
t
s
i
s
d
e
f
i
c
i
e
n
t
c
o
m
p
a
r
e
d
w
i
t
h
s
i
m
i
l
a
r
p
r
e
p
a
r
a
t
i
o
n
s

f
r
o
m
n
o
r
m
a
l
s
m
e
l
t
s
(
F
r
y
e
r
a
n
d
B
e
r
n
,
1
9
7
9
)
.

C
l
e
a
r
l
y
,
m
u
c
h
m
o
r
e
i
n
f
o
r
m
a
t
i
o
ni
s

n
o
w
n
e
e
d
e
d
o
n
t
h
e
m
e
c
h
a
n
i
s
m
so
f
a
c
t
i
o
n
o
f
C
H
i
n
b
o
t
h
n
o
r
m
a
l
a
n
d
s
t
r
e
s
s
e
d
f
i
s
h

a
n
d
o
n
t
h
e
p
o
s
s
i
b
l
e
r
o
l
e
o
f
i
n
s
u
l
i
n
-
l
i
k
eg
r
o
w
t
h
f
a
c
t
o
r
s
.

T
h
e
p
i
t
u
i
t
a
r
y
-
t
h
y
r
o
i
da
x
i
s
o
f
f
i
s
h
i
s
s
e
n
s
i
t
i
v
e
t
o
v
a
r
i
o
u
s
f
o
r
m
s
o
f

e
n
v
i
r
o
n
m
e
n
t
a
ls
t
r
e
s
s
a
l
t
h
o
u
g
h
t
h
e
e
v
i
d
e
n
c
e
i
s
-
f
r
a
g
m
e
n
t
o
r
ya
n
d
s
o
m
e
w
h
a
t

c
o
n
t
r
a
d
i
c
t
o
r
y
.
O
s
b
o
r
n
a
n
d
S
i
m
p
s
o
n
(
1
9
7
4
)
f
o
u
n
d
t
h
a
t
t
r
a
n
s
p
o
r
t
i
n
gr
a
i
n
b
o
w
t
r
o
u
t

f
r
o
m
a
f
o
r
m
t
o
t
h
e
l
a
b
o
r
a
t
o
r
y
r
e
s
u
l
t
e
d
i
n
a
r
a
p
i
d
d
e
c
r
e
a
s
e
o
f
t
h
y
r
o
x
i
n
e
(
T
4
)

a
n
d
t
r
i
i
o
d
o
t
h
y
r
o
n
i
n
e(
7
3
)
l
e
v
e
l
s
i
n
t
h
e
b
l
o
o
d
a
n
d
t
h
a
t
t
h
o
s
e
l
o
w
l
e
v
e
l
s
w
e
r
e

m
a
i
n
t
a
i
n
e
d
f
o
r
t
h
e
n
e
x
t
3
0
d
a
y
s
.

M
o
r
e
o
v
e
r
,
n
e
t
t
i
n
g
a
n
d
c
o
n
f
i
n
e
m
e
n
ta
l
s
o
h
a
d
a

p
r
o
l
o
n
g
e
d
,s
u
p
p
r
e
s
s
i
v
ee
f
f
e
c
t
o
n
7
4
l
e
v
e
l
s
i
n
t
h
i
s
s
p
e
c
i
e
s
(
S
i
m
p
s
o
n
,

1
9
7
5
/
7
6
)
.
S
i
m
i
l
a
r
l
y
,L
e
a
t
h
e
r
l
a
n
da
n
d
S
o
n
s
t
e
g
a
r
d
(
1
9
7
8
)
r
e
p
o
r
t
e
d
t
h
a
t
P
C
B

c
o
n
t
a
m
i
n
a
t
i
o
nr
e
d
u
c
e
d
1
.
1
1en
d
T
3
l
e
v
e
l
s
i
n
c
o
h
o
s
a
l
m
o
n
.

B
y
c
o
m
p
a
r
i
s
o
n
.

p
l
a
s
m
a
7
4
l
e
v
e
l
s
i
n
r
a
i
n
b
o
w
t
r
o
u
t
s
h
o
w
e
d
a
t
r
a
n
s
i
e
n
t
e
l
e
v
a
t
i
o
n
f
o
l
l
o
w
i
n
g
t
h
e

a
c
u
t
e
s
t
r
e
s
s
o
f
s
a
l
i
n
e
i
n
j
e
c
t
i
o
n
o
r
b
l
o
o
d
s
a
m
p
l
i
n
g
(
B
r
o
w
n
e
t
a
)
.
.
.1
9
7
8
)
.
T
h
i
s

e
f
f
e
c
t
i
s
p
r
o
b
a
b
l
y
m
e
d
i
a
t
e
d
b
y
c
a
t
e
c
h
o
l
a
m
i
n
er
e
l
e
a
s
e
(
H
a
l
e
s
e
t
a
l
:
,
1
9
8
6
)
.

L
i
n
k
s
b
e
t
w
e
e
n
t
h
e
H
P
I
a
x
i
s
a
n
d
t
h
e
t
h
y
r
o
i
d
g
l
a
n
d
h
a
v
e
a
l
s
o
b
e
e
n
,
p
o
s
t
u
l
a
t
e
db
u
t

t
h
e
e
f
f
e
c
t
s
o
f
c
o
r
t
i
s
o
l
t
r
e
a
t
m
e
n
to
n
t
h
y
r
o
i
d
a
l
a
c
t
i
v
i
t
y
a
r
e
e
v
e
n
m
o
r
e
e
q
u
i
v
o
c
a
l

t
h
a
n
a
r
e
t
h
e
e
f
f
e
c
t
s
o
f
s
t
r
e
s
s
.

C
o
r
t
i
s
o
l
h
a
s
v
a
r
i
o
u
s
l
y
b
e
e
n
s
h
o
w
n
t
o
i
n
c
r
e
a
s
e

7
4
l
e
v
e
l
s
(
M
i
l
n
e
a
n
d
L
e
a
t
h
e
r
l
a
n
d
.1
9
8
0
)
,
h
a
v
e
n
o
e
f
f
e
c
t
o
n
t
h
y
r
o
i
d
h
o
r
m
o
n
e
s

(
L
e
a
t
h
e
r
l
a
n
d
.1
9
8
7
)
.
d
e
c
r
e
a
s
e
7
.
3b
u
t
h
a
v
e
n
o
e
f
f
e
c
t
o
n
T
4

(
R
e
d
d
i
n
g
e
t
a
l
.
.

1
9
8
4
)
a
n
d
d
e
c
r
e
a
s
e
b
o
t
h
.
4

a
n
d
T
3
(
R
e
d
d
i
n
g
e
t
a
l
.
.
1
9
8
6
)
.

T
h
u
s
,
t
h
e
d
a
t
a

i
n
d
i
c
a
t
e
t
h
a
t
t
h
e
H
P
I
a
x
i
s
d
o
e
s
i
n
t
e
r
a
c
t
w
i
t
h
t
h
e
t
h
y
r
o
i
d
b
u
t
m
u
c
h
m
o
r
e
w
o
r
k
i
s

n
e
e
d
e
d
t
o
c
l
a
r
i
f
y
t
h
e
p
i
c
t
u
r
e
.

T
h
e
r
e
i
s
l
i
t
t
l
e
o
r
n
o
i
n
f
o
r
m
a
t
i
o
no
n
t
h
e
e
f
f
e
c
t
s
o
f
s
t
r
e
s
s
o
n
t
h
e
o
t
h
e
r

m
a
i
n
c
o
m
p
o
n
e
n
t
so
f
t
h
e
f
i
s
h
'
s
e
n
d
o
c
r
i
n
e
s
y
s
t
e
m
a
n
d
t
h
i
s
i
s
c
l
e
a
r
l
y
a
n
a
r
e
a
f
o
r

f
u
t
u
r
e
s
t
u
d
y
.

F
o
r
e
x
a
m
p
l
e
,
i
n
m
a
m
m
a
l
s
p
r
o
l
a
c
t
i
n
(
P
R
I
.
)r
e
l
e
a
s
e
i
s
a
l
m
o
s
t
a
s

c
h
a
r
a
c
t
e
r
i
s
t
i
c a

r
e
s
p
o
n
s
e
t
o
s
t
r
e
s
s
a
s
i
s
t
h
e
r
e
l
e
a
s
e
o
f
A
C
T
H
.

T
h
e
r
e
c
e
n
t



M
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N
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0
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M
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0
0

7

d
e
v
e
l
o
p
m
e
n
t
a
n
d
v
a
l
i
d
a
t
i
o
n
o
f
t
e
l
e
o
s
t
p
r
o
l
a
c
t
i
n
a
s
s
a
y
s
(
H
i
r
a
n
o
e
t
a
l
.
,
1
9
8
5
;

P
r
u
n
e
t
e
t
a
l
.
.
1
9
8
5
)
s
h
o
u
l
d
e
n
a
b
l
e
a
f
u
r
t
h
e
r
s
t
e
p
t
o
b
e
t
a
k
e
n
b
o
w
a
r
d
s
o
u
r

u
n
d
e
r
s
t
a
n
d
i
n
g
o
f
t
h
e
h
o
r
m
o
n
a
l
c
h
a
n
g
e
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
s
t
r
e
s
s
r
e
s
p
o
n
s
e
s
i
n

f
i
s
h
.

C
O
N
S
E
Q
U
E
N
C
E
S
O
F
S
T
R
E
S
S
F
O
R
F
I
S
H
P
R
O
D
U
C
T
I
O
N

I
n
i
t
s
s
i
m
p
l
e
s
t
t
e
r
m
s
,
t
h
e
l
i
f
e
o
f
a
f
i
s
h
c
a
n
b
e
d
e
s
c
r
i
b
e
d
b
y
3

e
s
s
e
n
t
i
a
l
f
e
a
t
u
r
e
s
:
-
s
u
r
v
i
v
a
l
,
g
r
o
w
t
h
a
n
d
r
e
p
r
o
d
u
c
t
i
o
n
.
T
h
e
p
r
i
m
a
r
y
a
i
m
o
f

a
q
u
a
c
u
l
t
u
r
e
i
s
t
o
m
a
x
i
m
i
z
e
t
h
e
s
e
t
r
a
i
t
s
u
n
d
e
r
a
r
t
i
f
i
c
i
a
l
,
u
s
u
a
l
l
y
i
n
t
e
n
s
i
v
e
.

r
e
a
r
i
n
g
c
o
n
d
i
t
i
o
n
s
.

a
)
S
u
r
v
i
v
a
l

T
h
e
m
o
s
t

im
m

ed
ia

te
e
f
f
e
c
t
o
f
m
o
s
t
f
o
r
m
s
o
f
p
h
y
s
i
c
a
l
s
t
r
e
s
s

(
n
e
t
t
i
n
g
,
g
r
a
d
i
n
g
,
t
r
a
n
s
p
o
r
t
e
t
c
.
)
i
s
o
n
t
h
e
r
e
s
p
i
r
a
t
o
r
y
S
y
s
t
e
m
.

A
d
r
e
n
e
r
g
i
c

r
e
s
p
o
n
s
e
s
a
n
d
t
h
e
i
n
c
r
e
a
s
e
d
a
c
t
i
v
i
t
y
o
f
t
h
e
f
i
s
h
d
u
r
i
n
g
s
u
c
h
o
p
e
r
a
t
i
o
n
s

s
t
i
m
u
l
a
t
e
o
x
y
g
e
n
u
p
t
a
k
e
.

S
m
a
r
t
(
1
9
8
1
)
d
e
m
o
n
s
t
r
a
t
e
d
t
h
a
t
t
h
e
o
x
y
g
e
n
c
o
n
s
u
m
p
t
i
o
n

o
f
i
n
t
e
n
s
i
v
e
l
y
-
r
e
a
r
e
dr
a
i
n
b
o
w
t
r
o
u
t
w
a
s
s
t
i
l
l
e
l
e
v
a
t
e
d
b
y
m
o
r
e
t
h
a
n
5
0
j
o
n
e
d
a
y

a
f
t
e
r
t
h
e
f
i
s
h
h
a
d
b
e
e
n
g
r
a
d
e
d
.

T
h
e
p
r
o
b
l
e
m
o
f
o
x
y
g
e
n
d
e
m
a
n
d
i
s
e
x
a
c
e
r
b
a
t
e
d
a
t

h
i
g
h
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
sw
h
e
n
t
h
e
o
x
y
g
e
n
r
e
q
u
i
r
e
m
e
n
t
so
f
t
h
e
f
i
s
h

ar
e

h
i
g
h
e
n
d

t
h
e
o
x
y
g
e
n

ca
rr

yi
ng

c
a
p
a
c
i
t
y
o
f

th
e

w
a
t
e
r
i
s
l
o
w
.

I
n
e
x
t
r
e
m
e
c
o
n
d
i
t
i
o
n
s

(f
or

e
x
a
m
p
l
e
d
u
r
i
n
g
t
r
a
n
s
p
o
r
t
a
t
h
i
g
h
s
t
o
c
k
i
n
g
d
e
n
s
i
t
i
e
s
)
r
e
s
p
i
r
a
t
o
r
ys

tr
es

s
i
s

d
i
r
e
c
t
l
y
r
e
s
p
o
n
s
i
b
l
ef
o
r
h
i
g
h
m
o
r
t
a
l
i
t
y
r
a
t
e
s
.

E
v
e
n
w
h
e
n
t
h
e
o
x
y
g
e
n

r
e
q
u
i
n
i
m
e
n
t
so
f
t
h
e
f
i
s
h
a
r
e
m
e
t
,
t
o
x
i
c
c
o
n
c
e
n
t
r
a
t
i
o
n
so
r

th
e

r
e
s
p
i
r
a
t
o
r
ye
n
d

p
r
o
d
u
c
t
s
,
a
m
m
o
n
i
a
a
n
d
c
a
r
b
o
n
d
i
o
x
i
d
e
.
c
a
n
b
u
i
l
d
u
p
.

A
m
m
o
n
i
at
o
x
i
c
i
t
yi
s
v
e
r
y

p
H
d
e
p
e
n
d
e
n
t(
s
e
eE
I
F
A
C
,1
9
7
3
)
a
n
d
p
r
o
b
l
e
n
sc
a
n

ar
is

e
i
n
r
e
c
i
r
c
u
l
a
t
i
o
ns
y
s
t
e
m
s

w
i
t
h
i
n
e
f
f
i
c
i
e
n
tb
i
o
l
o
g
i
c
a
l
f
i
l
t
e
r
s
.

A
s
e
c
o
n
d
c
a
u
s
e
o
f
m
o
r
t
a
l
i
t
y
i
n
s
t
r
e
s
s
e
d
f
i
s
h
i
s
o
s
m
o
r
e
g
u
l
a
t
o
r
yf
a
i
l
u
r
e
.

T
h
e
n
e
u
r
a
l
-
a
n
d
h
o
r
m
o
n
e
-
c
o
n
t
r
o
l
l
e
dr
e
s
p
i
r
a
t
o
r
y
a
d
j
u
s
t
m
e
n
t
s
u
s
e
d
b
y
s
t
r
e
s
s
e
d

f
i
s
h
t
o
m
e
e
t
t
h
e
i
r
i
m
m
e
d
i
a
t
ee
n
e
r
g
yr
e
q
u
i
r
e
m
e
n
t
sc
a
n
a
l
s
o
c
a
u
s
e
•
t
e
m
p
o
r
a
r
y

l
o
s
s
o
f
s
a
l
t
s
f
r
o
m
f
r
e
s
h
w
a
t
e
rf
i
s
h
a
n
d
a
n
i
n
c
r
e
a
s
ei
n
s
a
l
t
s
i
n
s
e
a
w
a
t
e
rf
i
s
h
.

I
t
s
e
e
m
s
l
i
k
e
l
yt
h
a
t
i
n
c
r
e
a
s
e
dw
a
t
e
r
p
e
r
m
e
a
b
i
l
i
t
y(
A
d
e
d
i
r
ea
n
d
O
d
u
l
e
Y
e
.1
9
8
4
)
.

8

d
i
u
r
e
s
i
s
(
O
d
u
l
e
y
e
. 1
9
7
5
)a

nd
i
n
c
r
e
a
s
e
db
r
a
n
c
h
i
a
li
o
n
f
l
t
m
e
s
(
L
a
h
l
o
ue
t
a
l
.
.

1
9
7
5
)a

re
a
l
l
i
n
v
o
l
v
e
d
i
n
t
h
i
s
d
i
s
t
u
r
b
a
n
c
eo
f
o
s
m
o
t
i
c

an
d

i
o
n
i
c
r
e
g
u
l
a
t
i
o
ni
n

s
t
r
e
s
s
e
d
f
i
s
h
.

P
e
r
h
a
p
s

th
e

m
o
s
t
f
a
r
-
r
e
a
c
h
i
n
gc
o
n
s
e
q
u
e
n
c
eo
f
s
t
r
e
s
s
,
w
i
t
h
r
e
g
a
r
d
t
o

s
u
r
v
i
v
a
l
,
i
s
t
h
e
d
a
m
a
g
i
n
g
e
f
f
e
c
t
o
n
t
h
e
d
e
f
e
n
c
e

sy
st

em
s

o
f
t
a
l
e
o
s
t
f
i
s
h
.

C
u
r
r
e
n
t
l
y
,
t
h
i
s
i
s
a
l
a
r
g
e
,
a
c
t
i
v
e

ar
ea

o
f

re
se

ar
ch

,
a
f
u
l
l
r
e
v
i
e
w
o
f
w
h
i
c
h
i
s

o
u
t
s
i
d
e
t
h
e
s
c
o
p
s
o
f

t
h
i
s
p
a
p
e
r
a
n
d
t
h
e
r
e
a
d
e
r
i
s
r
e
f
e
r
r
e
d
t
o
S
c
h
r
e
c
k
(
t
h
i
s

v
o
l
u
m
e
)
f
o
r
a
m
o
r
e
d
e
t
a
i
l
e
d
c
o
n
s
i
d
e
r
a
t
i
o
no
f
t
h
e
e
f
f
e
c
t
s
o
f

st
re

ss
o
n

di
se

as
e

r
e
s
i
s
t
a
n
c
ei
n
f
i
s
h
.

H
o
w
e
v
e
r
.s
e
v
e
r
a
l
r
e
l
e
v
a
n
t
p
o
i
n
t
s
w
i
l
l
b
e
e
m
p
h
a
s
i
z
e
dh
e
r
e
.

F
i
r
s
t
l
y
,
a
l
m
o
s
t
a
l
l
f
o
r
m
s
o
f
a
c
u
t
e
a
n
d
c
h
r
o
n
i
c
s
t
r
e
s
s

ar
e

c
a
p
a
b
l
e
o
f
i
n
c
r
e
a
s
i
n
g

t
h
e
s
u
s
c
e
p
t
i
b
i
l
i
t
yo
f
t
e
l
e
o
s
tf
i
s
h
t
o
a
w
i
d
e
r
a
n
g
e
o
f
c
o
m
m
o
n
p
a
t
h
o
g
e
n
s(
v
i
r
a
l
,

b
a
c
t
e
r
i
a
l
,f
u
n
g
a
l a
n
d
p
r
o
t
o
z
o
a
n
)
,m
a
n
y
o
f
w
h
i
c
h
w
o
u
l
d
n
o
t
n
o
r
m
a
l
l
yc
a
u
s
e

d
i
s
e
a
s
e
p
r
o
b
l
e
m
s
(
s
e
e
P
i
c
k
e
r
i
n
g
.1
9
8
8
)
.
T
h
u
s
,
s
i
m
u
l
a
t
e
d
t
r
a
n
s
p
o
r
t s
t
r
e
s
sfo

r

2
1
h
m
a
r
k
e
d
l
y
i
n
c
r
e
a
s
e
d
t
h
e
m
o
r
t
a
l
i
t
yr
a
t
e
o
f
A
t
l
a
n
t
i
c
s
a
l
m
o
n
S
a
l
m
o
s
a
f
e
r
,

e
x
p
o
s
e
d
t
o

th
e

b
a
c
t
e
r
i
u
m
A
e
r
o
m
o
n
a
sh
y
d
r
o
p
h
i
l
a
,a

p
o
t
e
n
t
i
a
l
f
i
s
h
p
a
t
h
o
g
e
nw
h
i
c
h

s
e
l
d
o
m
c
a
u
s
e
s
d
i
s
e
a
s
e
u
n
l
e
s
s
t
h
e
f
i
s
h
a
r
e
s
t
r
e
s
s
e
d
(
J
o
h
a
n
s
s
o
na
n
d
B
e
r
g
s
t
r
o
m
,

1
9
7
7
)
.
S
e
c
o
n
d
l
y
,
t
h
e
s
t
r
e
s
s
-
i
n
d
u
c
e
di
n
c
r
e
a
s
ei
n
s
u
s
c
e
p
t
i
b
i
l
i
t
yt
o
d
i
s
e
a
s
e

ca
n

b
e
m
i
m
i
c
k
e
d
b
y
t
h
e
a
d
m
i
n
i
s
t
r
a
t
i
o
no
f
p
h
y
s
i
o
l
o
g
i
c
a
l
,d
o
s
e
s
o
f
c
o
r
t
i
s
o
l
t
o

o
t
h
e
r
w
i
s
e
u
n
s
t
r
e
s
s
e
df
i
s
h
(
P
i
c
k
e
r
i
n
ga
n
d
H
u
s
t
o
n
,
1
9
8
3
)
.
T
h
i
r
d
l
y
,

th
e

c
o
n
c
e
n
t
r
a
t
i
o
n
s

o
f
c
o
r
t
i
s
o
l c
a
p
a
b
l
eo
f
p
r
o
d
u
c
i
n
g
t
h
i
s
e
f
f
e
c
t
c
a
n
b
e
a
s
l
o
w

as
1
0

n
g
n
1
-
1
,l
e
v
e
l
sw
h
i
c
h
,h
i
t
h
e
r
b
a
,h
a
d
b
o
n
e
nt
h
o
u
g
h
tt
o
b
e
r
e
p
r
e
s
e
n
t
a
t
i
v
e

o
f

u
n
s
t
r
e
s
s
e
df
i
s
h
(
s
e
e
P
i
c
k
e
r
i
n
ga
n
d
P
o
t
t
i
n
g
e
r
,1
9
8
5
)
.
T
h
i
s
e
x
t
r
e
m
es
e
n
s
i
t
i
v
i
t
y

o
f
t
e
l
e
o
s
td
e
f
e
n
c
e
s
y
s
t
e
m
s
t
o
c
o
r
t
i
c
o
s
t
e
r
o
i
d h
o
r
m
o
n
e
sh
a
s
b
e
e
n
r
e
c
e
n
t
l
y

c
o
n
f
i
r
m
e
db
y
K
a
u
l
e
e
t
a
l
.
(
1
9
8
7
)a
n
d
T
r
i
p
p
e
t
a
l
.
(
1
9
8
7
)
.
F
i
n
a
l
l
y
,

in

c
o
r
t
i
s
o
l
-
t
r
e
a
t
e
df
i
s
h
t
h
e
m
o
r
t
a
l
i
t
yr
a
t
e
d
u
e
t
o
d
i
s
e
a
s
e
i
s
d
i
r
e
c
t
l
y

p
r
o
p
o
r
t
i
o
n
a
lt
o
t
h
e
p
l
a
s
m
ac
o
r
t
i
s
o
lc
o
n
c
e
n
t
r
a
t
i
o
n(
P
i
c
k
e
r
i
n
g an

d
P

ot
tin

ge
r,

1
9
8
9
)
.
C
l
e
a
r
l
y
,a
c
t
i
v
a
t
i
o
no
f
t
h
e
H
P
I
-
a
x
i
si
n
s
t
r
e
s
s
e
d fis

h
(
w
i
t
h•

r
e
s
u
l
t
a
n
t

e
l
e
v
a
t
i
o
no
f
p
l
a
s
m
ac
o
r
t
i
s
o
ll
e
v
e
l
s
)i
s
a
m
a
j
o
rf
a
c
t
o
ri
n
t
h
e
p
r
e
d
i
s
p
a
s
i
t
i
o
n

t
o
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9

d
i
s
e
a
s
e
.
I
n
f
i
s
h
,
a
s
i
n
m
a
m
m
a
l
s
,
c
o
r
t
i
c
o
s
t
e
r
o
i
d
ss
u
p
p
r
e
s
s
m
a
n
y
d
i
f
f
e
r
e
n
t

c
o
m
p
o
n
e
n
t
so
f
t
h
e
f
i
s
h
'
s
d
e
f
e
n
c
e
s
,
i
n
c
l
u
d
i
n
g
t
h
e
a
b
i
l
i
t
y
t
o
d
e
v
e
l
o
p
a
s
p
e
c
i
f
i
c

i
m
m
u
n
e
r
e
s
p
o
n
s
e
(
M
a
u
l
e
e
t
a
l
.
,
1
9
8
7
)
.

I
m
m
u
n
i
z
a
t
i
o
no
f
f
i
s
h
a
g
a
i
n
s
t
s
p
e
c
i
f
i
c

d
i
s
e
a
s
e
s
i
s
b
e
c
o
m
i
n
g
a
w
i
d
e
l
y
a
c
c
e
p
t
e
d
t
e
c
h
n
i
q
u
ef
o
r
d
i
s
e
a
s
e
c
o
n
t
r
o
l
b
u
t
t
h
e

e
f
f
e
c
t
i
v
e
n
e
s
so
f
w
h
a
t
a
r
e
o
f
t
e
n
e
x
p
e
n
s
i
v
e
v
a
c
c
i
n
e
s
w
i
l
l
b
e
m
a
r
k
e
d
l
y
i
n
f
l
u
e
n
c
e
d

.
b
y
t
h
e
d
e
g
r
e
e
o
f
s
t
r
e
s
s
t
o
w
h
i
c
h
t
h
e
f
i
s
h
a
r
e
s
u
b
j
e
c
t
e
db
e
f
o
r
e
,
d
u
r
i
n
g
a
n
d

a
f
t
e
r
t
h
e
v
a
c
c
i
n
a
t
i
o
np
r
o
c
e
d
u
r
e
.
D
u
r
i
n
g
t
h
i
s
p
e
r
i
o
d
,
t
h
e
r
e
f
o
r
e
,i
t
i
s
i
n
t
h
e

f
i
s
h
f
a
r
m
e
r
'
si
n
t
e
r
e
s
t
t
o
m
i
n
i
m
i
z
e
,a
s
f
a
r
a
s
i
s
p
r
a
c
t
i
c
a
b
l
e
,e
n
v
i
r
o
n
m
e
n
t
a
l

s
t
r
e
s
s
.
?

b
)
G
r
o
w
t
h
.
O
n
e
o
f
t
h
e
f
i
r
s
t
b
e
h
a
v
i
o
u
r
a
lr
e
s
p
o
n
s
e
so
f
f
i
s
h
t
o
a
n
y
f
o
r
m
o
f

s
t
r
e
s
s
i
s
a
c
e
s
s
a
t
i
o
no
f
f
e
e
d
i
n
g
a
c
t
i
v
i
t
y
,
t
h
e
d
u
r
a
t
i
o
no
f
w
h
i
c
h
v
a
r
i
e
s

a
c
c
o
r
d
i
n
g
t
o
s
p
e
c
i
e
s
(
W
e
d
e
m
e
y
e
r
,1
9
7
6
)
.
T
h
i
s
r
e
d
u
c
t
i
o
ni
n
f
o
o
d
i
n
t
a
k
e
,

t
o
g
e
t
h
e
rw
i
t
h
t
h
e
c
a
t
a
b
o
l
i
ce
f
f
e
c
t
s
o
f
c
a
t
e
c
h
o
l
a
m
i
n
e
sa
n
d
c
o
r
t
i
c
o
s
t
e
r
o
i
d
s(
s
e
e

a
b
o
v
e
)
.
;
i
su
n
d
o
u
b
t
e
d
l
yr
e
s
p
o
n
s
i
b
l
ef
o
r
m
u
c
h
o
f
t
h
e
o
b
s
e
r
v
e
d
g
r
o
w
t
h
s
u
p
p
r
e
s
s
i
o
n

I
•

i
n
s
t
r
e
s
s
e
d
f
i
s
h
.
W
h
e
n
a
d
m
i
n
i
s
t
e
r
e
de
x
o
g
e
n
O
u
s
l
y
,t
h
y
r
o
i
d
h
o
r
m
o
n
e
s
(
e
i
t
h
e
r

a
l
o
n
e
o
r
i
n
c
o
m
b
i
n
a
t
i
o
nw
i
t
h
o
t
h
e
r
h
o
r
m
o
n
e
s
)
a
c
t
a
s
g
o
m
d
U
i
p
r
o
m
o
t
e
r
s
(
H
i
g
g
s
e
t

a
l
.
1
9
7
7
.
1
9
7
9
)
a
n
d
,
t
h
e
r
e
f
o
r
e
,t
h
e
d
e
c
r
e
a
s
e
i
n
t
h
y
r
o
i
d
a
la
c
t
i
v
i
t
y
i
n

c
h
r
e
n
i
c
e
i
l
l
yst
r
e
s
s
e
d
f
i
s
h
m
a
y
a
l
s
o
c
o
n
t
r
i
b
u
t
e
t
o
t
h
e
g
r
o
w
t
h
s
u
p
p
r
e
s
s
i
o
n
.
T
h
e

r
o
l
e
o
f
l
g
r
o
w
t
hh
o
r
m
o
n
e
i
n
t
h
i
s
c
o
n
t
e
x
t
i
s
m
u
c
h
m
o
r
e
p
r
o
b
l
e
m
a
t
i
c
a
l
.
R
e
c
o
m
b
i
n
a
n
t

f
o
r
m
s
o
r
m
a
m
m
a
l
i
a
n
,a
v
i
a
n
e
n
d
t
e
l
e
o
s
t
g
r
o
w
t
h
h
o
r
m
o
n
e
s
a
r
e
a
l
l
e
x
t
r
e
m
e
l
y

e
f
f
e
c
t
i
v
es
t
i
a
u
l
a
t
o
r
so
f
g
r
o
w
t
h
i
n
f
i
s
h
(
A
g
e
l
l
o
ne
t
a
l
.
,
1
9
8
8
;
D
o
w
n
e
t
a
l
.
,

1
9
8
8
)
a
n
d
a
c
t
b
y
i
n
c
r
e
a
s
i
n
gb
o
t
h
f
o
o
d
i
n
t
a
k
e
a
n
d
f
o
o
d
c
o
n
v
e
r
s
i
o
ne
f
f
i
c
i
e
n
c
y

(
s
e
e
G
i
l
l
e
t
a
l
.
.
1
9
8
9
)
.
H
o
w
e
v
e
r
e
a
n
o
t
e
d
a
b
o
v
e
,
t
h
e
a
v
a
i
l
a
b
l
ee
v
i
d
e
n
c
e

i
n
d
i
c
a
t
e
st
h
a
t
s
t
r
e
s
s
e
d
f
i
s
h
h
e
v
e
I
n
c
r
e
a
s
e
dl
e
v
e
l
s
o
f
c
i
r
c
u
l
a
t
i
n
gG
H
.

I
f
t
h
i
s

r
e
p
r
e
s
e
n
t
sb
i
o
l
o
g
i
e
a
l
l
ya
c
t
i
v
e
h
o
r
m
o
n
e
,
i
t
i
s
m
o
s
t
u
n
l
i
k
e
l
y
t
h
a
t
a
d
m
i
n
i
s
t
r
a
t
i
o
n

o
f
e
x
o
g
e
n
o
u
sG
H
t
o
c
h
r
o
n
i
c
a
l
l
y
-
s
t
r
e
s
s
e
dfi
s
h
m
o
u
l
d
r
e
s
t
o
r
e
t
h
e
i
r
g
r
c
m
t
h
r
a
t
e
.

F
i
n
a
l
l
y
.
l
i
ti
s
b
o
r
n

t
h
a
t
s
o
m
e
o
f
t
h
e
r
e
p
r
o
d
u
c
t
i
v
es
t
e
r
o
i
d
h
o
r
m
o
n
e
s
h
a
v
e

a
n
a
b
o
l
i
c
e
f
f
e
c
t
s
i
n
f
i
s
h
(
D
o
n
a
l
d
s
o
ne
t
a
l
.
.
1
9
7
9
)
e
n
d
,
t
h
e
r
e
f
o
r
e
,t
h
e

s
u
p
p
r
e
s
s
i
v
ee
f
f
e
c
t
s
o
f
s
t
r
e
s
s
o
n
t
h
e
p
i
t
u
i
t
a
r
y
-
g
o
n
a
d
a
la
x
i
s
(
s
e
e
a
b
o
v
e
)
m
i
g
h
t

a
l
s
o
i
n
h
i
b
i
tg
r
o
w
t
h
i
n
m
a
t
u
r
i
n
g
f
i
s
h
v
i
a
t
h
i
s
r
o
u
t
e
.

1

1
0

c
)
R
e
p
r
o
d
u
c
t
i
o
n
.
I
t
h
a
s
b
e
e
n
s
h
o
w
n
t
h
a
t
t
h
e
e
n
v
i
r
o
n
m
e
n
t
a
ls
t
r
e
s
s
e
s
o
f

a
c
i
d
i
f
i
c
a
t
i
o
na
n
d
s
u
b
l
e
t
h
a
l
p
o
l
l
u
t
i
o
n
n
o
t
o
n
l
y
s
u
p
p
r
e
s
s
r
e
p
r
o
d
u
c
t
i
v
e

e
n
d
o
c
r
i
n
o
l
o
g
y(
F
r
e
e
m
a
ne
t
a
l
.
,
1
9
8
3
)
b
u
t
a
l
s
o
r
e
d
u
c
e
t
h
e
v
i
a
b
i
l
i
t
y
o
f
t
h
e

g
a
m
e
t
e
s
(
M
a
c
e
k
,
1
9
6
8
;
L
e
e
a
n
d
G
e
r
k
i
n
g
.
1
9
8
0
)
.

I
t
s
e
e
m
s
l
i
k
e
l
y
,
t
h
e
r
e
f
o
r
e
,
t
h
a
t

t
h
e
s
u
p
p
r
e
s
s
i
v
ee
f
f
e
c
t
s
o
f
h
a
n
d
l
i
n
g
a
n
d
c
o
n
f
i
n
e
m
e
n
to
n
t
h
e
r
e
p
r
o
d
u
c
t
i
v
e

e
n
d
o
c
r
i
n
o
l
o
g
yo
f
m
a
t
u
r
i
n
g
f
i
s
h
w
i
l
l
a
l
s
o
r
e
s
u
l
t
i
n
r
e
d
u
c
e
g
a
m
e
t
e

q
u
a
l
i
t
y
/
q
u
a
n
t
i
t
ya
l
t
h
o
u
g
h
,
a
t
p
r
e
s
e
n
t
,
w
e
h
a
v
e
n
o
d
i
r
e
c
t
e
v
i
d
e
n
c
e
o
f
t
h
i
s

p
h
e
n
o
m
e
n
o
n
.
C
h
r
o
n
i
c
c
o
r
t
i
s
o
l
e
l
e
v
a
t
i
o
n
c
e
r
t
a
i
n
l
y
r
e
t
a
r
d
s
g
o
n
a
d
a
l
g
r
o
w
t
h

i
n
d
e
p
e
n
d
e
n
t
l
yo
f
s
o
m
a
t
i
c
g
r
o
w
t
h
(
C
a
r
r
a
g
h
e
re
t
a
l
.
,
1
9
8
9
)
a
n
d
i
n
v
i
t
r
o
s
t
u
d
i
e
s

i
n
d
i
c
a
t
e
t
h
a
t
s
o
m
e
a
s
p
e
c
t
s
o
f
t
h
i
s
s
u
p
p
r
e
s
s
i
o
nm
i
g
h
t
b
e
d
i
r
e
c
t
l
y
m
e
d
i
a
t
e
d
b
y

c
o
r
t
i
s
o
l
(
S
u
m
p
t
e
re
t
a
l
.

1
9
8
7
;
C
a
r
r
a
g
h
e
r
e
n
d
S
u
m
p
t
e
r
.
1
9
9
0
a
,
b
)
.

H
o
w
e
v
e
r
.

t
h
i
s
w
h
o
l
e
a
s
p
e
c
t
.o
f
s
t
r
e
s
s
p
h
y
s
i
o
l
o
g
y
a
n
d
i
t
s
r
e
l
a
t
i
o
n
s
h
i
pw
i
t
h
g
r
o
w
t
h

i
n
h
i
b
i
t
i
o
nn
o
w
r
e
q
u
i
r
e
s
r
i
g
o
r
o
u
s
i
n
v
e
s
t
i
g
a
t
i
o
ni
f
t
h
e
s
u
p
p
r
e
s
s
i
v
ee
f
f
e
c
t
s
o
f

a
q
u
a
c
u
l
t
u
r
es
t
r
e
s
s
o
n
b
r
o
o
d
s
t
o
c
k
e
n
d
o
c
r
i
n
o
l
o
g
ya
r
e
t
o
b
e
i
n
t
e
r
p
r
e
t
e
d
i
n
t
e
r
m
s

o
f
t
h
e
n
u
m
b
e
r
a
n
d
v
i
a
b
i
l
i
t
y
o
f
b
o
t
h
e
g
g
s
a
n
d
s
p
e
r
m
a
n
d
i
n
t
e
r
m
s
o
f
t
h
e
s
u
r
v
i
v
a
l

a
n
d
g
r
o
w
t
h
o
f
t
h
e
r
e
s
u
l
t
a
n
to
f
f
s
p
r
i
n
g
.

M
I
N
I
M
I
S
I
N
GT
H
E
D
A
M
A
G
I
N
G
E
F
t
t
‘
l
b

O
F
S
T
R
E
S
S

I
t
m
u
s
t
b
e
s
t
a
t
e
d
a
t
t
h
e
o
u
t
s
e
t
t
h
a
t
,
d
u
r
i
n
g
n
o
r
m
a
l
a
q
u
a
c
u
l
t
u
r
e

o
p
e
r
a
t
i
o
n
s
,i
t
w
i
l
l
b
e
i
m
p
o
s
s
i
b
l
e
t
o
a
v
o
i
d
m
a
n
y
o
f
t
h
e
p
r
o
c
e
d
u
r
e
s
k
n
o
w
n
t
o

i
n
d
u
c
e
s
t
r
e
s
s
r
e
s
p
o
n
s
e
s
i
n
f
i
s
h
.

N
e
t
t
i
n
g
,
g
r
a
d
i
n
g
a
n
d
t
r
a
n
s
p
o
r
t
a
r
e
i
n
t
e
g
r
a
l

c
o
m
p
o
n
e
n
t
so
f
t
h
e
f
i
s
h
-
f
a
r
m
i
n
gr
o
u
t
i
n
e
a
n
d
,
a
t
b
e
s
t
,
a
l
l
t
h
e
f
i
s
h
f
a
r
m
e
r
c
a
n
d
o

i
s
t
o
m
i
n
i
m
i
z
e
t
h
e
e
f
f
e
c
t
s
o
f
t
h
i
s
t
y
p
e
o
f
s
t
r
e
s
s
.

S
o
m
e
O
r
t
h
e
m
o
r
e
c
h
r
o
n
i
c

s
t
r
e
s
s
e
s
s
u
c
h
a
s
o
v
e
r
c
r
o
w
d
i
n
ga
n
d
p
o
o
r
w
a
t
e
r
q
u
a
l
i
t
y
a
r
e
a
v
o
i
d
a
b
l
e
,
h
o
w
e
v
e
r
,

a
n
d
m
u
s
t
b
e
a
v
o
i
d
e
d
i
f
t
h
e
f
i
s
h
a
r
e
t
o
r
e
m
a
i
n
h
e
a
l
t
h
y
,
a
t
t
a
i
n
t
h
e
i
r
f
u
l
l
g
r
o
w
t
h

p
o
t
e
n
t
i
a
l
a
n
d
,
w
h
e
r
e
a
p
p
r
o
p
r
i
a
t
e
,p
r
o
d
u
c
e
e
g
g
s
a
n
d
s
p
e
r
m
o
f
t
h
e
h
i
g
h
e
s
t

q
u
a
l
i
t
y
.
I
t
i
s
n
o
t
t
h
e
p
u
r
p
o
s
e
o
f
t
h
i
s
p
a
p
e
r
t
o
d
e
f
i
n
e
o
p
t
i
m
a
l
e
n
v
i
r
o
n
m
e
n
t
a
l

c
o
n
d
i
t
i
o
n
s
-
i
n
d
e
e
d
t
h
e
s
e
v
a
r
y
w
i
t
h
t
h
e
s
p
e
c
i
e
s
a
n
d
s
i
z
e
o
f
f
i
s
h
a
n
d
m
o
s
t

f
a
r
m
e
r
s
a
r
e
f
a
m
i
l
i
a
rw
i
t
h
t
h
e
a
p
p
r
o
p
r
i
a
t
eg
u
i
d
e
l
i
n
e
s
f
o
r
s
t
o
c
k
i
n
g
d
e
n
s
i
t
y
.



M
P

M
D

M
I

M
I

M
IS

la
S

S
a

•
a

M
O

M
I

11
11

1
1

w
a
t
e
r
f
l
o
w
,
f
e
e
d
i
n
g
r
a
t
e
e
t
c
.

I
t
i
s
t
h
e
p
u
r
p
o
s
e
o
f
t
h
i
s
p
a
p
e
r
t
o
c
o
n
v
i
n
c
e
t
h
e

r
e
a
d
e
r
o
f
t
h
e
d
a
m
a
g
i
n
g
c
o
n
s
e
q
u
e
n
c
e
so
f
s
t
r
e
s
s
o
n
s
u
r
v
i
v
a
l
,
g
r
o
w
t
h
a
n
d

r
e
p
r
o
d
u
c
t
i
o
n
s
h
o
u
l
d
t
h
e
s
e
g
u
i
d
e
l
i
n
e
s
b
e
i
g
n
o
r
e
d
.

I
n
t
h
o
s
e
c
i
r
c
u
m
s
t
a
n
c
e
s
w
h
e
r
e
s
t
r
e
s
s
e
s
(
u
s
u
a
l
l
y
a
c
u
t
e
)
c
a
n
n
o
t
b
e
a
v
o
i
d
e
d
,

t
h
e
r
e
a
r
e
s
t
i
l
l
s
o
m
e
t
a
c
t
i
c
s
t
h
a
t
t
h
e
f
a
r
m
e
r

ca
n

a
d
o
p
t
t
o
p
r
o
t
e
c
t
t
h
e
f
i
s
h
:
-

I
n
g
e
n
e
r
a
l
,
t
h
e
d
u
r
a
t
i
o
n
o
f
t
h
e
s
t
r
e
s
s
r
e
s
p
o
n
s
e
i
s
p
r
o
p
o
r
t
i
o
n
a
l
t
o
t
h
e

d
u
r
a
t
i
o
n
o
f
t
h
e
s
t
r
e
s
s
.

T
h
u
s
,
r
e
d
u
c
i
n
g
t
h
e
t
i
m
e
-
c
o
u
r
s
eo
f
n
e
t
t
i
n
g
,
g
r
a
d
i
n
g
o
r

h
a
u
l
i
n
g
w
i
l
l
e
n
c
o
u
r
a
g
e
a
m
o
r
e
r
a
p
i
d
r
e
c
o
v
e
r
y
o
r
t
h
e
f
i
s
h
.

H
o
w
e
v
e
r
,
s
o
m
e
o
f
t
h
e

s
e
c
o
n
d
a
r
y
e
f
f
e
c
t
s
o
f
a

3
0
s
e
c
s
h
a
n
d
l
i
n
g
s
t
r
e
s
s
m
a
y
l
a
s
t
f
o
r
s
e
v
e
r
a
l
d
a
y
s

(
P
i
c
k
e
r
i
n
g
e
t
a
l
.
,
1
9
8
2
)
a
n
d
w
e
r
o
u
t
i
n
e
l
y
u
s
e
a
r
e
c
o
v
e
r
y
p
e
r
i
o
d
o
f
2
w
e
e
k
s
i
n

o
u
r
w
o
r
k
w
i
t
h
s
a
l
m
o
n
i
d
f
i
s
h
.

I
n
b
o
t
h
w
a
r
m
w
a
t
e
r
-
(
c
h
a
n
n
e
l
c
a
t
f
i
s
h
,
I
c
t
a
l
u
r
u
s
p
u
n
c
t
a
t
u
s
)
a
n
d

c
o
l
d
w
a
t
e
r
-
s
p
e
c
i
e
s(
c
h
i
n
o
o
k
s
a
l
m
o
n
,
O
n
c
o
r
h
y
n
c
h
u
s
t
s
h
a
w
y
t
s
c
h
a
)s
t
r
e
s
s
-
i
n
d
u
c
e
d

m
o
r
t
a
l
i
t
y
i
n
c
r
e
a
s
e
s
w
i
t
h
i
n
c
r
e
a
s
i
n
g
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
(
S
t
r
a
n
g
e
.
1
9
8
0
;
B
a
r
t
o
n

a
n
d
S
c
h
r
e
c
k
.
1
9
8
7
)
.

I
t
i
s
s
a
f
e
r
,
t
h
e
r
e
f
o
r
e
,
t
o
u
n
d
e
r
t
a
k
e
n
e
t
t
i
n
g
,
g
r
a
d
i
n
g
a
n
d

h
a
u
l
i
n
g
a
t
l
o
w
e
r
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
s
.

T
h
e
e
f
f
e
c
t
s
o
f
m
u
l
t
i
p
l
e
s
t
r
e
s
s
e
s
m
a
y
b
e
a
d
d
i
t
i
v
e
o
r
e
v
e
n
s
y
n
e
r
g
i
s
t
i
c
.

B
a
r
t
o
n
e
t
a
l
.
(
1
9
8
6
)
d
e
m
o
n
s
t
r
a
t
e
d
t
h
a
t
3
r
e
p
e
a
t
e
d
h
a
n
d
l
i
n
g
s
t
r
e
s
s
e
s
3
h
o
u
r
s

a
p
a
r
t
e
v
o
k
e
d
c
u
m
u
l
a
t
i
v
e
s
t
r
e
s
s
r
e
s
p
o
n
s
e
s
i
n
j
u
v
e
n
i
l
e
c
h
i
n
o
o
k
s
a
l
m
o
n
a
n
d
t
h
a
t

t
h
e
c
o
r
t
i
s
o
l
r
e
s
p
o
n
s
e
o
f
a
c
i
d
-
e
x
p
o
s
e
d
r
a
i
n
b
o
w
t
r
o
u
t
t
o
a
c
u
t
e
h
a
n
d
l
i
n
g
s
t
r
e
s
s

w
a
s
m
o
r
e

th
an

t
w
i
c
e
t
h
a
t
o
f
u
n
e
x
p
o
s
e
d
f
i
s
h
(
B
a
r
t
o
n
e
t
a
l
.
.
1
9
8
5
)
.

I
f
r
e
p
e
a
t
e
d

s
t
r
e
s
s
e
s
a
r
e
u
n
a
v
o
i
d
a
b
l
e
,
t
h
e
r
e
i
s
a
n
a
d
v
a
n
t
a
g
e
i
n
a
l
l
o
w
i
n
g
a
s
u
f
f
i
c
i
e
n
t

r
e
c
o
v
e
r
y
p
e
r
i
o
d
b
e
t
w
e
e
n
s
t
r
e
s
s
e
s
.
O
t
h
e
r
f
o
r
m
s
o
f
m
u
l
t
i
p
l
e
s
t
r
e
s
s
e
s
.
s
u
c
h
a
s
a

s
u
d
d
e
n
t
e
m
p
e
r
a
t
u
r
ec
h
a
n
g
e
d
u
r
i
n
g
o
r
a
f
t
e
r
h
a
u
l
i
n
g
,
s
h
o
u
l
d
b
e
a
v
o
i
d
e
d
.

I
n
f
r
e
s
h
w
a
t
e
r
f
i
s
h
.
t
h
e

U
S
E
I
o
r
d
i
l
u
t
e
s
a
l
t
s
o
l
u
t
i
o
n
s
d
u
r
i
n
g
s
e
v
e
r
e
s
t
r
e
s
s
e
s

(
s
u
c
h

as
h
a
u
l
i
n
g
)
h
a
v
e
b
e
e
n
s
h
o
w
n
t
o
b
e
e
f
f
e
c
t
i
v
e
I
n
l
i
m
i
t
i
n
g
t
h
e
l
o
s
s
o
f
i
o
n
s

f
r
o
m
t
h
e
f
i
s
h
a
n
d
s
i
g
n
i
f
i
c
a
n
t
l
y
r
e
d
u
c
i
n
g
t
h
e
s
t
r
e
s
s
-
a
s
s
o
c
i
a
t
e
dm
o
r
t
a
l
i
t
y

(
H
a
t
t
i
n
g
h
e
t
a
l
.
1
9
7
5
:

L
o
n
g
e
t
a
l
.
.
1
9
7
7
:

g
u
t
t
y

e
t
a
l
.
.
I
w
)
.

1
2

T
h
e
w
i
t
h
d
r
a
w
a
lo
f
f
o
o
d
2
o
r
3
d
a
y
s
p
r
i
o
r
t
o

an
y
o
p
e
r
a
t
i
o
n
i
n
v
o
l
v
i
n
g

c
o
n
f
i
n
e
m
e
n
to
f
t
h
e
f
i
s
h
h
o
t
o
n
l
y
p
r
e
v
e
n
t
s
f
o
u
l
i
n
g
o
f
t
h
e
w
a
t
e
r
w
i
t
h
f
a
e
c
a
l

m
a
t
t
e
r

an
d

r
e
g
u
r
g
i
t
a
t
e
df
o
o
d
b
u
t
,
m
o
r
e
i
m
p
o
r
t
a
n
t
l
y
,r
e
d
u
c
e
s
t
h
e
o
x
y
g
e
n

r
e
q
u
i
r
e
m
e
n
t
so
f
t
h
e
f
i
s
h
(
B
r
e
t
ta
n
d
G
r
o
v
e
s
.
1
9
7
9
)
t
h
e
r
e
b
y
a
m
e
l
i
o
r
a
t
i
n
g

r
e
s
p
i
r
a
t
o
r
ys
t
r
e
s
s
.

A
n
a
e
s
t
h
e
s
i
a

c
a
n
a
l
s
o
b
e
u
s
e
d
,
w
i
t
h
e
f
f
e
c
t
,
t
o
p
r
o
m
o
t
e
s
u
r
v
i
v
a
ld
u
r
i
n
g
s
e
v
e
r
e

s
t
r
e
s
s
.
A
l
t
h
o
u
g
h
a
n
a
e
s
t
h
e
s
i
ai
t
s
e
l
f
m
a
y
c
a
u
s
e
a
c
o
n
s
i
d
e
r
a
b
l
ed
i
s
t
u
r
b
a
n
c
eo
f

t
h
e
f
i
s
h
'
s
p
h
y
s
i
o
l
o
g
y
(
W
e
d
e
m
e
y
e
r
,1
9
7
0
;
S
o
i
v
i
o
e
t
a
l
.
.
1
9
7
7
)
,
i
t
c
a
n
a
l
s
o

s
u
p
p
r
e
s
s
t
h
e
c
o
r
t
i
s
o
l
n
e
s
p
c
w
w
e
t
o
a
n
a
c
u
t
e
s
t
r
e
s
s
s
u
c
h
a
s
h
a
n
d
l
i
n
g
(
A
.
D
.

P
i
c
k
e
r
i
n
ga
n
d
T
.
G
.
P
o
t
t
I
n
g
e
r
,u
n
p
u
b
l
i
s
h
e
d-

P
i
g
.
2
)
a
n
d

re
du

ce
t
h
e
m
o
r
t
a
l
i
t
yi
f

t
h
e
f
i
s
h
a
r
e
s
u
b
s
e
q
u
e
n
t
l
ye
x
p
o
s
e
d
,w
i
t
h
o
u
t
a
n
a
e
u
s
t
h
e
s
i
a
,t
o
a
s
e
c
o
n
d
s
t
r
e
s
s

(
S
t
r
a
n
g
ea
n
d
S
c
h
r
e
c
k
.
1
9
7
8
)
.
T
h
e
b
e
n
e
f
i
c
i
a
le
f
f
e
c
t
s
o
f
m
i
l
d
a
n
a
e
s
t
h
e
s
i
ad
u
r
i
n
g

t
h
e
t
r
a
n
s
p
o
r
to
f
t
i
l
a
p
i
a
.O
r
e
o
c
h
r
o
a
d
sm
o
s
s
a
m
b
i
c
u
s
,h
a
v
e
b
e
e
n
d
e
m
o
n
s
t
r
a
t
e
db
y

F
e
r
r
i
e
r
&e
t
a
l
.

(
1
9
8
4
)
.
T
h
e
a
n
a
e
s
t
h
e
t
i
cc
a
u
s
e
s
a
d
e
c
r
e
a
s
e
i
n
a
m
m
o
n
i
a

an
d

c
a
r
b
o
n
d
i
o
x
i
d
e
e
x
c
r
e
t
i
o
n
(
a
n
d
.p
r
e
s
u
m
a
b
l
y
.I
n

ox
yg

en
u
p
t
a
k
e
)
.

I
n

th
e

ca
se

o
f
s
p
e
c
i
e
s
(
o
r
s
t
r
a
i
n
s
)
o
f
f
i
s
h
n
e
w
t
o
c
u
l
t
i
v
a
t
i
o
n
,a
n

u
n
d
e
r
s
t
a
n
d
i
n
go
f
t
h
e
f
i
s
h
'
s
n
a
t
u
r
a
l
h
a
b
i
t
a
t
c
a
n
p
r
o
v
i
d
e
i
n
s
i
g
h
t
i
n
t
o
m
e
t
h
o
d
s
o
f

s
t
r
e
s
s
c
o
n
t
r
o
l
.
T
h
u
s
,
t
h
e
p
r
o
v
i
s
i
o
no
f
f
l
o
a
t
i
n
go
v
e
r
h
e
a
d
c
o
v
e
r
n
o
t
o
n
l
y

d
o
u
b
l
e
d
t
h
e
g
r
o
w
t
h
r
a
t
e
o
f
u
n
d
e
r
y
e
a
r
l
i
n
gA
t
l
a
n
t
i
c
s
a
l
m
o
n
(
f
i
r
s
t
g
e
n
e
r
a
t
i
o
nf
i
s
h

f
r
o
m
a
w
i
l
d
s
t
o
c
k
)
b
u
t
a
l
s
o

si
gn

ifi
ca

nt
ly

I
n
c
r
e
a
s
e
d

th
e

p
r
o
p
o
r
t
i
o
no
f
p
o
t
e
n
t
i
a
l

S
I
m
o
l
t
s

a
n
d
m
i
n
i
m
i
z
e
d
t
h
o
h
a
e
m
a
t
o
l
o
g
i
c
a
ls
i
g
n
s
o
f
c
h
r
o
n
i
c
s
t
r
e
s
s
(
P
i
c
k
e
r
i
n
g

e
t
a
l
.
,
1
9
8
7
)
.
M
o
r
e
o
v
e
r
d
u
r
i
n
g
t
h
e
f
i
s
h
'
s
f
i
r
s
t
w
i
n
t
e
r
,
o
v
e
r
h
e
a
d
c
o
v
e
r
h
a
l
v
e
d

t
h
e
m
o
r
t
a
l
i
t
y
r
a
t
e
o
f
p
o
t
e
n
t
i
a
lS
2
s
m
o
l
t
s
(
A
.
D
.
P
i
c
k
e
r
i
n
ga
n
d
7
.
0
.
P
o
t
t
i
n
g
e
r
,

u
n
p
u
b
l
i
s
h
e
d
)
.
O
v
e
r
h
e
a
d
c
o
v
e
r
I
s
a
n
i
m
p
o
r
t
a
n
tc
o
m
p
o
n
e
n
to
f
t
h
e
y
o
u
n
g
s
a
l
m
o
n
s
'

n
a
t
u
r
a
l
e
n
v
i
r
o
n
m
e
n
t
,p
a
r
t
i
c
u
l
a
r
l
yd
u
r
i
n
g
t
h
e
w
i
n
t
e
r
m
o
n
t
h
s
(
O
u
n
j
a
k
.1
9
8
8
)
.



•
a

a
a

a
111•11•1

a
a

S
I

S
e

41111V
II

IS
01

M
I

13

F
U
T
U
R
E
D
E
V
E
L
O
P
M
E
N
T
S

I
t
h
a
s
b
e
e
n
s
h
o
w
n
t
h
a
t
a
c
t
i
v
a
t
i
o
no
f
t
h
e
H
P
/
a
x
i
s
,
w
i
t
h
a
r
e
s
u
l
t
a
n
t

e
l
e
v
a
t
i
o
no
f
b
l
o
o
d
c
o
r
t
i
c
o
s
t
e
r
o
i
dl
e
v
e
l
s
,
i
s
a
t
l
e
a
s
t
p
a
r
t
l
y
r
e
s
p
o
n
s
i
b
l
ef
o
r
a
)

t
h
e
i
n
c
r
e
a
s
e
i
n
s
u
s
c
e
p
t
i
b
i
l
i
t
yt
o
d
i
s
e
a
s
e
,
b
)
t
h
e
r
e
d
u
c
t
i
o
ni
n
g
r
o
w
t
h
r
a
t
e
a
n
d

c
)
t
h
e
s
u
p
p
r
e
s
s
i
o
no
f
r
e
p
r
o
d
u
c
t
i
v
ee
n
d
o
c
r
i
n
o
l
o
g
yt
h
a
t
o
c
c
u
r
s
i
n
s
t
r
e
s
s
e
d
f
i
s
h
.

C
o
n
s
e
q
u
e
n
t
l
y
,a
t
t
e
n
t
i
o
n i
s
n
o
w
b
e
i
n
g
g
i
v
e
n
t
o
t
h
e
p
o
s
s
i
b
i
l
i
t
yo
f
r
e
d
u
c
i
n
g
t
h
e

m
a
g
n
i
t
u
d
eo
f
t
h
i
s
a
s
p
e
c
t
o
f
t
h
e
s
t
r
e
s
s
r
e
s
p
o
n
s
e
.
T
h
e
c
o
r
t
i
s
o
l
r
e
s
p
o
n
s
e
.
o
fw
i
l
d

r
a
i
n
b
o
w
t
r
o
u
t
t
o
a
q
u
a
c
u
l
t
u
r
a
ls
t
r
e
s
s
e
s
i
s
s
i
g
n
i
f
i
c
a
n
t
l
yg
r
e
a
t
e
r
t
h
a
n
t
h
a
t
o
f

d
o
m
e
s
t
i
c
a
t
e
ds
t
r
a
i
n
s
(
W
o
o
d
w
a
r
da
n
d
S
t
r
a
n
g
e
.
1
9
8
7
)
.
M
o
r
e
o
v
e
r
,
m
a
r
k
e
d

d
i
f
f
e
r
e
n
c
e
si
n
t
h
e
m
a
g
n
i
t
u
d
eo
r
t
h
e
s
t
r
e
s
s
r
e
s
p
o
n
s
e
e
x
i
s
t
b
e
t
w
e
e
n
d
i
f
f
e
r
e
n
t

d
o
m
e
s
t
i
c
a
t
e
ds
t
r
a
i
n
s
o
f
t
h
e
s
a
m
e
s
p
e
c
i
e
s
(
P
i
c
k
e
r
i
n
ga
n
d
P
o
t
t
i
n
g
e
r
.1
9
8
9
)
.
T
h
i
s

i
n
d
i
c
a
t
e
st
h
a
t
a
c
e
r
t
a
i
n
d
e
g
r
e
e
o
f
e
m
p
i
r
i
c
a
l
s
e
l
e
c
t
i
o
n
f
o
r
l
o
w
c
o
r
t
i
s
o
l
l
e
v
e
l
s

t
r

h
a
s
a
l
r
e
a
d
r
t
a
k
i
n
-
P
l
i
c
e
-
c
h
i
i
i
n
g
.

t
h
e
h
i
i
t
b
r
y
O
f
-
r
a
i
n
b
o
w
t
r
o
u
t
d
o
m
e
s
t
i
c
a
t
i
o
n
.

W
i
t
h
t
h
e
e
x
c
e
p
t
i
o
no
f
C
y
p
r
i
n
i
d
r
e
a
r
i
n
g
.a
q
u
a
c
u
l
t
u
r
ei
s
a
y
o
u
n
g
i
n
d
u
s
t
r
ya
n
d

i
L

t
h
e
r
e
m
u
s
t
s
t
i
l
l
b
e
c
o
n
s
i
d
e
r
a
b
l
es
c
o
p
e
f
o
r
f
u
r
t
h
e
r
s
e
l
e
c
t
i
o
nw
i
t
h
i
n
m
a
n
y

s
p
e
c
i
e
s
f
o
r
t
h
e
t
r
a
i
t
o
f
a
r
e
d
u
c
e
c
o
r
t
i
s
o
l
r
e
s
p
o
n
s
e
t
o
c
o
m
m
o
n
f
o
r
m
s
o
f

a
q
u
a
c
u
l
t
u
r
es
t
r
e
s
s
i
.
e
.
a
n
a
c
c
e
l
e
r
a
t
i
o
no
f
t
h
e
r
a
t
e
o
f
d
o
m
e
s
t
i
c
a
t
i
o
n
.
T
h
i
s

a
p
p
r
o
a
c
hh
a
s
b
e
e
n
e
x
t
r
e
m
e
l
y
s
u
c
c
e
s
s
f
U
li
n
t
h
e
p
o
u
l
t
r
y
i
n
d
u
s
t
r
yw
h
e
r
e
,
f
o
r

.
e
x
a
m
p
l
e
,
s
e
l
e
c
t
i
o
no
f
t
u
r
k
e
y
l
i
n
e
s
w
i
t
h
r
e
d
u
c
e
d
c
o
r
t
i
c
o
s
t
e
r
o
n
er
e
s
p
o
n
s
e
st
o

c
o
l
d
a
c
c
e
s
s
r
e
s
u
l
t
e
dn
o
t
o
n
l
y
i
n
i
n
c
r
e
a
s
e
dr
e
s
i
s
t
a
n
c
et
o
d
i
s
e
a
s
e
b
u
t
a
l
s
o
i
n

i
n
c
r
e
a
s
e
dg
r
o
w
t
h
a
n
d
s
u
p
e
r
i
o
r
r
e
p
r
o
d
u
c
t
i
v
ep
e
r
f
o
r
m
a
n
c
e
(
D
r
o
w
n
a
n
d
N
e
s
t
o
r
,

1
9
7
3
)
.

t
h
e
a
q
u
a
c
u
l
t
u
r
ei
n
d
u
s
t
r
y
,s
o
m
e
p
r
e
l
i
m
i
n
a
r
y
.
s
t
e
p
s i
n
t
h
i
s
d
i
r
e
c
t
i
o
n

h
a
v
e
a
l
r
e
a
d
y
b
e
e
n
t
a
k
e
n
.
P
a
n
t
i
e

(
1
9
8
2
,
1
9
8
6
)
h
a
s
s
h
o
w
n
t
h
a
t
t
h
e
m
a
g
n
i
t
i
l
d
eof

t
h
e
c
o
r
'
t
i
s
o
lr
e
s
p
o
n
s
e
t
o
s
t
r
e
s
s
i
s
a
h
e
r
i
t
a
b
l
e
c
h
a
r
a
c
t
e
r
i
n
r
a
i
n
b
o
w
t
r
o
u
t
a
n
d

A
t
l
a
n
t
i
cs
a
l
m
o
n
a
n
d
w
e
h
a
v
e
r
e
c
e
n
t
l
yc
o
o
m
e
n
c
e
d
a
P
r
t
4
g
r
a
m
m
et
o
s
e
l
e
c
t
b
r
o
o
d
s
t
o
c
k

r
a
i
n
b
o
.
,
.

t
r
o
u
t
w
i
t
h
a
l
o
w
c
o
r
t
i
s
o
l
'
r
e
s
p
o
n
s
et
o
t
h
e
e
x
x
a
b
i
n
e
ds
t
r
e
s
s
o
f
h
a
n
d
l
i
n
g

.
a
n
d
s
h
O
r
t
-
t
e
r
mc
o
n
f
i
n
e
m
e
n
t
.
T
h
e
r
e
s
p
o
n
s
e
so
f
2
4
0
i
n
d
i
v
i
d
u
a
l
l
ym
a
r
k
e
d
.
a
l
l


1
4

f
e
m
a
l
e
r
a
i
n
b
o
w
t
r
o
u
t
h
a
v
e
b
e
e
n
m
o
n
i
t
o
r
e
d
o
n
a
t
w
o
-
m
o
n
t
h
l
yb
a
s
i
s
f
o
r
m
o
r
e
t
h
a
n
a

y
e
a
r
.

D
e
s
p
i
t
e
c
o
n
s
i
d
e
r
a
b
l
ei
n
d
i
v
i
d
u
a
l
v
a
r
i
a
t
i
o
n
w
i
t
h
i
n
t
h
e
t
o
t
a
l
p
o
p
u
l
a
t
i
o
n
i
n

t
h
e
m
a
g
n
i
t
u
d
eo
f
t
h
e
c
o
r
t
i
s
o
l
r
e
s
p
o
n
s
e
w
i
t
h
t
i
m
e
,
t
w
o
g
r
o
u
p
s
(
e
a
c
h
o
f
2
5
f
i
s
h
)

w
i
t
h
m
a
r
k
e
d
l
yd
i
f
f
e
r
e
n
ta
n
d
c
o
n
s
i
s
t
e
n
t
c
o
r
t
i
s
o
l
r
e
s
p
o
n
s
e
s
h
a
v
e
n
o
w
b
e
e
n

i
d
e
n
t
i
f
i
e
da
n
d
i
s
o
l
a
t
e
d
.
S
i
g
n
i
f
i
c
a
n
t
d
i
f
f
e
r
e
n
c
e
s
b
e
t
w
e
e
n
t
h
e
t
w
o
g
r
o
u
p
s
i
n
t
h
e

'
s
t
r
e
s
s
'l
e
v
e
l
s
o
f
p
l
a
s
m
a
c
o
r
t
i
s
o
l
h
a
v
e
b
e
e
n
m
a
i
n
t
a
i
n
e
d
f
o
r
m
o
r
e
t
h
a
n
a
y
e
a
r
,

i
n
d
i
c
a
t
i
n
ga

c
o
n
s
i
d
e
r
a
b
l
ed
e
g
r
e
e
o
f
s
t
a
b
i
l
i
t
y
i
n
.t
h
i
s
t
r
a
i
t
a
n
d
w
h
e
n
l
a
s
t

t
e
s
t
e
d
t
h
e
'
h
i
g
h
'
r
e
s
p
o
n
d
e
r
sh
a
d
a
m
e
a
n
p
e
a
k
c
o
r
t
i
s
o
l
l
e
v
e
l
o
f
1
6
1
.
9
I
1
0
.
2
n
g

-
-

m
l
1

c
o
m
p
a
r
e
d
w
i
t
h
8
3
.
8

4
.
9
n
g
m
l
1

f
o
r
t
h
e
'
l
o
w
'
r
e
s
p
o
n
d
e
r
s
(
p
(
0
.
0
0
1
)
.

C
u
r
r
e
n
t
s
t
u
d
i
e
s
a
r
e
n
o
w
c
o
n
c
e
n
t
r
a
t
e
d
o
n
t
h
e
i
d
e
n
t
i
f
i
c
a
t
i
o
no
f
s
i
m
i
l
a
r
g
r
o
u
p
s
o
f

m
a
l
e
f
i
s
h
f
o
r
b
r
e
e
d
i
n
gp
u
r
p
o
s
e
s
a
n
d
f
u
t
u
r
e
s
t
u
d
i
e
s
a
r
e
p
l
a
n
n
e
d
t
o
c
o
m
p
a
r
e
t
h
e

s
t
r
e
s
s
p
h
y
s
i
o
l
o
g
y
,s
u
r
v
i
v
a
l
,
g
r
o
w
t
h
a
n
d
r
e
p
r
o
d
u
c
t
i
o
no
f
t
h
e
r
e
s
u
l
t
a
n
t

o
f
f
s
p
r
i
n
g
.
I
t
i
s
i
m
p
o
r
t
a
n
t
t
o
r
e
c
o
g
n
i
s
e
t
h
a
t
t
h
i
s
i
s
s
l
o
w
,
d
e
m
a
n
d
i
n
g
w
o
r
k
b
u
t
,

b
y
a
n
a
l
o
g
y
W
i
t
h
-
o
t
h
e
rf
i
r
m
s
O
f

a
g
r
i
c
u
l
t
u
r
e
,
t
h
e
r
e
t
u
r
n
,
i
n
t
e
r
m
s
o
f
i
n
c
r
e
a
s
e
d

p
r
o
d
u
c
t
i
o
n
,s
h
o
u
l
d
b
e
e
x
t
r
e
m
e
l
y
r
e
w
a
r
d
i
n
g
.

A
c
k
n
o
w
l
e
d
g
e
m
e
n
t
sT
h
e
a
u
t
h
o
r
i
s
g
r
a
t
e
f
u
l
t
o
D
r
T
.
C
.
P
o
t
t
i
n
g
e
r
(
I
F
E
)
f
o
r
h
i
s

c
r
i
t
i
c
a
l
c
o
m
m
e
n
t
so
n
t
h
e
m
a
n
u
s
c
r
i
p
t
a
n
d
t
o
M
A
W

a
n
d
N
E
R
C
f
o
r
f
i
n
a
n
c
i
a
l
s
u
p
p
o
r
t

f
o
r
t
h
e
o
r
i
g
i
n
a
l
r
e
s
e
a
r
c
h
o
n
w
h
i
c
h
m
u
c
h
o
f
t
h
i
s
a
r
t
i
c
l
e
i
s
b
a
s
e
d
.
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R
E
F
E
R
E
N
C
E
S

A
d
e
d
i
r
e
,
C
.
O
.
a
n
d
O
d
u
l
e
y
e
.
S
.
O
.
(
1
9
8
4
)
S
t
r
e
s
s
-
i
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m
a
n
c
e

c
a
p
a
c
i
t
y
o
f

t
h
e

f
i
s
h
i
s
s
i
g
n
i
f
i
c
a
n
t
l
y

r
e
d
u
c
e
d
.

T
h
e

p
e
r
f
o
r
m
a
n
c
e

o
f
a

f
i
s
h
c
a
n

b
e
c
o
n
v
e
n
i
e
n
t
l
y

d
e
s
c
r
i
b
e
d

i
n
t
e
r
m
s
o
f

i
t
s
s
u
r
v
i
v
a
l
,

g
r
o
w
t
h
a
n
d

r
e
p
r
o
d
u
c
t
i
o
n
,
a
n
d

t
h
e

a
i
m
o
f

t
h
i
s
p
a
p
e
r

I
s

t
o
i
d
e
n
t
i
f
y

s
o
m
e
o
f

t
h
e
p
h
y
s
i
o
l
o
g
i
c
a
l

a
n
d
e
n
d
o
c
r
i
n
o
l
o
g
i
c
a
l

c
h
a
n
g
e
s

t
h
a
t
o
c
c
u
r

i
n
s
t
r
e
s
s
e
d

f
i
s
h
,
c
h
a
n
g
e
s
w
h
i
c
h
a
r
e

l
a
r
g
e
l
y
r
e
s
p
o
n
s
i
b
l
e

f
o
r

a
d
e
c
r
e
a
s
e

i
n

s
u
r
v
i
v
a
l

(
b
y

i
n
c
r
e
a
s
i
n
g
d
i
s
e
a
s
e
s
u
s
c
e
p
t
i
b
i
l
i
t
y
)
,

a
s
u
p
p
r
e
s
s
i
o
n
o
f
g
r
o
w
t
h

r
a
t
e
a
n
d
,
a
s

i
s
n
o
w
b
e
c
o
m
i
n
g

e
v
i
d
e
n
t
,

a
n

i
n
t
e
r
f
e
r
e
n
c
e

w
i
t
h

s
e
x
u
a
l
m
a
t
u
r
a
t
i
o
n

a
n
d

r
e
p
r
o
d
u
c
t
i
o
n
.

P
r
a
c
t
i
c
a
l

g
u
i
d
e
l
i
n
e
s
w
i
l
l

b
e
g
i
v
e
n

t
o

e
n
a
b
l
e

f
i
s
h
f
a
r
m
e
r
s

t
o
a
v
o
i
d

o
r
m
i
n
i
m
i
z
e

t
h
e
d
a
m
a
g
i
n
g

e
f
f
e
c
t
s
o
f

e
n
v
i
r
o
n
m
e
n
t
a
l

stress.

T
h
e

s
t
r
e
s
s
r
e
s
p
o
n
s
e



W
h
e
n
a

f
i
s
h
:
i
s
s
u
b
j
e
c
t
e
d

t
o
a
n
e
n
v
i
r
o
n
m
e
n
t
a
l

s
t
r
e
s
s
,

i
t

i
n
i
t
i
a
t
e
s
a
s
e
r
i
e
s
o
f

h
o
r
m
o
n
a
l
a
n
d
p
h
y
s
i
o
l
o
g
i
c
a
l

r
e
s
p
o
n
s
e
s
w
h
i
c
h

a
r
e
d
e
s
i
g
n
e
d

t
o
s
w
i
t
c
h

t
h
e
f
i
s
h
f
r
o
m

a
n
a
n
a
b
o
l
i
c
:
s
t
a
t
e

(
o
n
e
i
n
w
h
i
c
h

e
n
e
r
g
y

i
s
b
e
i
n
g

t
a
k
e
n
u
p
a
n
d

s
t
o
r
e
d
)
,
t
o
a

c
a
t
a
b
o
l
i
c

s
t
a
t
e

(
o
n
e
i
n
w
h
i
c
h

t
h
e

b
o
d
y

r
e
s
e
r
v
e
s
a
r
e

b
r
o
k
e
n

d
o
w
n
)
.

T
h
i
s

g
i
v
e
s
t
h
e
f
i
s
h

a
c
c
e
s
s

t
o
e
n
e
r
g
y

r
e
s
e
r
v
e
s
n
o
t

n
o
r
m
a
l
l
y

a
v
a
i
l
a
b
l
e

t
o

i
t
,

r
e
s
e
r
v
e
s
w
h
i
c
h
a
r
e

u
s
e
d

a
s

i
t
a
t
t
e
m
p
t
s

t
o
a
v
o
i
d
o
r

o
v
e
r
c
o
m
e

t
h
e

i
m
m
e
d
i
a
t
e

t
h
r
e
a
t
.

I
t
i
s

l
i
k
e
l
y
t
h
a
t
m
a
n
y

c
o
m
p
o
n
e
n
t
s
O
f

t
h
e

f
i
s
h
'
s
e
n
d
o
c
r
i
n
e

s
y
s
t
e
m

a
r
e

i
n
v
o
l
v
e
d

i
n
t
h
i
s
p
h
y
s
i
o
l
o
g
i
c
a
l
c
h
a
n
g
e

b
u
t

t
o
d
a
t
e
,
m
o
s
t

e
e
e
e
e
r
c
h

e
f
f
o
r
t
s
h
a
v
e

c
o
n
c
e
n
t
r
a
t
e
d

o
n

t
h
e
r
o
l
e
o
f

t
h
e
h
y
p
o
t
h
a
l
a
m
i
c
-

p
i
t
u
i
t
a
r
y
-
i
n
t
e
r
r
e
n
a
l
a
x
i
s

i
n

t
h
i
s
r
e
s
p
o
n
s
e
.

I
n
o
u
r

o
w
n

s
t
u
d
i
e
s
o
n
b
r
o
w
n
t
r
o
u
t

a
n
d
r
a
i
n
b
o
w

t
r
o
u
t
,
w
e

h
a
v
e

e
x
a
m
i
n
e
d

t
h
e
r
o
l
e
o
f

c
o
r
t
i
s
o
l
,

t
h
e
p
r
i
n
c
i
p
l
e
s
t
e
r
o
i
d

h
o
r
m
o
n
e
s
e
c
r
e
t
e
d
b
y

t
h
e

i
n
e
e
e
e
e
n
a
l

t
i
s
s
u
e
,

i
n

t
h
e

s
t
r
e
s
s

r
e
s
p
o
n
s
e
.

U
n
d
e
r
a
q
u
a
-

c
u
l
t
u
r
e
c
o
n
d
i
t
i
o
n
s
c
o
r
t
i
s
o
l

i
s
s
e
c
r
e
t
e
d

i
n

r
e
s
p
o
n
s
e

t
o
a
l
l

f
o
r
m
s
o
f
p
h
y
s
i
c
a
l

d
i
s
t
u
r
b
a
n
c
e

(
s
e
e
f
o
r

e
x
a
m
p
l
e

P
i
c
k
e
r
i
n
g

e
t

a
l
.
.

1
9
8
2
)
,
o
v
e
r
c
r
o
w
d
i
n
g

(
P
i
c
k
e
r
i
n
g

&
S
t
e
w
a
r
t
,

1
9
8
4
)
,
p
r
o
p
h
y
l
a
c
t
i
c

t
r
e
a
t
m
e
n
t
s

(
P
i
c
k
e
r
i
n
g
&

P
o
t
t
i
n
g
e
r
,

1
9
8
4
)
a
n
d

s
o
c
i
a
l

i
n
t
e
r
a
c
t
i
o
n
(
E
j
i
k
e
&

S
c
h
r
e
c
k
,

1
9
8
0
;
P
i
c
k
e
r
i
n
g

a
n
d

P
o
t
t
i
n
g
e
r
.

1
9
9
0
)
.

U
n
d
e
r

c
o
n
d
i
t
i
o
n
s
o
f
a
c
u
t
e
e
e
e
e
e
e
,
i
.
e
.

t
h
e
s
t
r
e
s
s

i
s
o
f

s
h
o
r
t
d
u
r
a
t
i
o
n

a
n
d

t
h
e
t
i
m
e

c
o
u
r
s
e
o
f

t
h
e
s
t
r
e
s
s

r
e
s
p
o
n
s
e
o
f

t
h
e

f
i
s
h

f
a
r
o
u
t
l
a
s
t
s

t
h
a
t
o
f

t
h
e
e
t
r
e
!
s

i
t
s
e
l
f
.

c
o
r
t
i
s
o
l
l
i
v
e
l
s
m
a
y

b
e

e
l
e
v
a
t
e
d

f
r
o
m
b
a
s
a
l

v
a
l
u
e
s

o
f

l
e
s
s

t
h
a
n
2
n
g
m
l

t
o
e
e
e
e
e
e
1

1
0
0
n
g
m
l

y
i
t
h
i
n

a
n

h
o
u
r

o
r
s
o
b
u
t

C
h
e
n

r
e
t
u
r
n

t
o
b
a
s
a
l
v
a
l
u
e
s

w
i
t
h
i
n

2
4
h
o
u
r
s

(
P
i
c
k
e
r
i
n
g
&

P
o
t
t
i
n
g
e
r
,

1
9
8
9
)
.

U
n
d
e
r

c
o
n
d
i
t
i
o
n
s

o
f

c
h
r
o
n
i
c

(
c
o
n
t
i
n
u
o
u
s
)
s
t
r
e
s
s
,

p
l
a
s
m
a
c
o
r
t
i
e
o
l
l
e
v
e
l
s
m
a
y

b
e
e
l
e
v
a
t
e
d

f
o
r

e
e
e
e
e
e
1
d
a
y
s

o
r
w
e
e
k
s

b
e
f
o
r
e
a
c
c
l
i
m
a
t
i
o
n

o
c
c
u
r
s

(
P
i
c
k
e
r
i
n
g
6

S
t
e
w
a
r
t
,

1
9
8
4
)
.

O
t
h
e
r

p
e
r
i
o
d
s
o
f

p
r
o
l
o
n
g
e
d

c
o
r
t
i
s
o
l

e
l
e
v
a
t
i
o
n
o
c
c
u
r
d
u
r
i
n
g

t
h
e

l
a
t
e
r
p
a
r
t
o
f

t
h
e

s
p
a
w
n
i
n
g

s
e
a
s
o
n

(
P
i
c
k
e
r
i
n
g
&

P
o
t
t
i
n
g
e
r
,

1
9
8
7
)
a
n
d
d
a
r
i
n
g

s
m
o
l
t
i
f
i
c
a
t
i
o
n

(
Y
o
u
n
g
,
1
9
8
6
)
.

T
h
e
c
a
t
a
b
o
l
i
c
p
r
o
p
e
r
t
i
e
s

o
f

c
o
r
t
i
s
o
l

(
S
h
e
r
i
d
a
n
,

1
9
8
6
;
J
a
n
e
e
e
e
e

W
a
t
e
r
m
a
n
,

1
9
8
8
)

a
r
e
p
r
o
b
a
b
l
i
o
f
a
d
o
p
t
i
v
e

s
i
g
n
i
f
i
c
a
n
c
e

i
n
t
h
e

n
a
t
u
r
a
l

e
n
v
i
r
o
n
m
e
n
t
w
h
e
n

t
h
e
m
o
s
t

l
i
k
e
l
y
o
u
t
c
o
m
e
o
f
a
n
y

s
t
r
e
s
s
f
u
l

s
i
t
u
a
t
i
o
n

i
s
f
l
i
g
h
t

f
r
o
m

t
h
e

i
m
m
e
d
i
a
t
e
d
a
n
g
e
r
,

b
u
t
i
n
a
q
u
a
c
u
l
t
u
r
e
t
h
e
r
e

I
s
n
o
e
s
c
a
p
e

a
n
d

u
n
d
e
r
c
e
r
t
a
i
n

c
o
n
d
i
t
i
o
n
s

t
h
e

f
i
s
h
'
s

o
w
n
e
e
e
e
e
e
r
e
s
p
o
n
s
e
c
a
n

r
e
s
u
l
t

i
n
•

s
e
r
i
o
u
s

i
m
p
a
i
r
m
e
n
t

o
f

i
t
s

s
t
a
t
e
o
f
h
e
a
l
t
h
.

I
n
t
h
e
f
o
l
l
o
w
i
n
g
s
e
c
t
i
o
n
s
.

i
t
w
i
l
l
b
e

s
h
o
w
n

t
h
a
t
e
l
e
v
a
t
e
d

c
o
r
t
i
s
o
l

l
e
v
e
l
s
a
r
e

l
a
r
g
e
l
y
r
e
s
p
o
n
s
i
b
l
e
f
o
r

i
n

d
m
o
r
t
a
l
i
t
y
,

r
e
d
u
c
e
d
g
r
o
w
t
h

r
a
t
e
a
n
d
s
u
p
p
e
e
e
e
e
d

r
e
p
r
o
d
u
c
t
i
v
e
a
c
t
i
v
i
t
y
.
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S
u
r
v
i
v
a
l



T
h
e

s
u
p
p
r
e
s
s
i
v
e
e
f
f
e
c
t
s
o
f

c
o
r
t
i
c
o
s
t
e
r
o
i
d
s
,

s
u
c
h

a
s
c
o
r
t
i
s
o
l
.

o
n

t
h
e
d
e
f
e
n
c
e

s
y
s
t
e
m
s

o
f

f
i
s
h
h
a
v
e
b
e
e
n

k
n
o
w
n

f
o
r
m
a
n
y

y
e
a
r
s
.

H
o
w
e
v
e
r
.

m
u
c
h
o
f

t
h
e
w
o
r
k

h
a
s

b
e
e
n

u
n
d
e
r
t
a
k
e
n
u
s
i
n
g
p
h
a
r
m
a
c
o
l
o
g
i
c
a
l
l
y

h
i
g
h

d
o
s
e
s

o
f

h
o
r
m
o
n
e
s

(
s
e
e
f
o
r

e
x
a
m
p
l
e

R
o
b
e
r
t
s
o
n
e
c
a
l
.

1
9
6
1
;
R
o
t
h
,

1
9
7
2
;

C
h
i
l
m
o
n
c
z
y
k
,

1
9
8
2
)
o
r

u
s
i
n
g

s
y
n
t
h
e
t
i
c

s
t
e
r
o
i
d
s
o
f
u
n
k
n
o
w
n
o
r

u
n
m
e
a
s
u
r
e
d

p
o
t
e
n
c
y

(
A
n
d
e
r
s
o
n

e
t
a
l
.

1
9
8
2
;
H
o
u
g
h
t
o
n

&
M
a
t
t
h
e
w
s
,

1
9
8
6
)
.

V
a
r
i
o
u
s

f
o
r
m
s
o
f

s
t
r
e
s
s

h
a
v
e

b
e
e
n

s
h
o
w
n

t
o
c
a
u
s
e
a

s
i
g
n
i
f
i
c
a
n
t

s
u
p
p
r
e
s
s
i
o
n

i
n
t
h
e
n
u
m
b
e
r

o
f
c
i
r
c
u
l
a
t
i
n
g

w
h
i
t
e

b
l
o
o
d

c
e
l
l
s

(
l
y
m
p
h
o
c
y
t
e
s
i
n
p
a
r
t
i
c
u
l
a
r
)

a
n
d

i
t
h
a
s
b
e
e
n

s
h
o
w
n
t
h
a
t

t
h
i
s

e
f
f
e
c
t

c
a
n

b
e
m
i
m
i
c
k
e
d

b
y
p
h
y
s
i
o
l
o
g
i
c
a
l

d
o
s
e
s

o
f

c
o
r
t
i
s
o
l

(
P
i
c
k
e
r
i
n
g
,
1
9
8
4
)
.

M
o
r
e

r
e
c
e
n
t
l
y
,

i
n
v
i
v
o

a
n
d

i
n
v
i
t
r
o

s
t
u
d
i
e
s

b
y

K
a
u
l
e

e
t
a
l
.

(
1
9
8
7
)
a
n
d

T
r
i
p
p
e
t
a
l
.

(
1
9
8
7
)
h
a
v
e

s
h
o
w
n

t
h
a
t

t
h
e

i
m
m
u
n
e

s
y
s
t
e
m

o
f

t
h
e
c
o
h
o

s
a
l
m
o
n

i
s
e
x
q
u
i
s
i
t
i
v
e
l
y

s
e
n
s
i
t
i
v
e

t
o
l
i
v

l
e
v
e
l
s

o
f

c
o
r
t
i
s
o
l

a
n
d

m
a
y

b
e
m
a
r
k
e
d
l
y

s
u
p
p
r
e
s
s
e
d

w
i
t
h
d
o
s
e
s

l
o
w
e
r
t
h
a
n

1
0
n
g

m
l

.
I
t
i
s

t
o
b
e

e
x
p
e
c
t
e
d
,

t
h
e
r
e
f
o
r
e
,

t
h
a
t
c
o
r
t
i
s
o
l

t
r
e
a
t
m
e
n
t
w
o
u
l
d

i
n
c
r
e
a
s
e

t
h
e

s
u
s
c
e
p
t
i
b
i
l
i
t
y

o
f

t
e
l
e
o
s
t

f
i
s
h

t
o
d
i
s
e
a
s
e
.

T
h
i
s

i
s
c
e
r
t
a
i
n
l
y

t
r
u
e
f
o
r
m
a
n
y

s
p
e
c
i
e
s

o
f

f
i
s
h

a
n
d
,

f
o
r

t
h
e
b
r
o
w
n

t
r
o
u
t
a
t

l
e
a
s
t
,

i
t
h
a
s
b
e
e
n

s
h
o
w
n
t
h
a
t

t
h
i
s

e
f
f
e
c
t

i
s
d
o
s
e
-
d
e
p
e
n
d
e
n
t

a
n
d

i
s
d
e
t
e
c
t
a
b
l
e

a
t
c
o
r
t
i
s
o
l

l
e
v
e
l
s
w
e
l
l
w
i
t
h
i
n

t
h
e
p
h
y
s
i
o
l
o
g
i
c
a
l

r
a
n
g
e

f
o
r

t
h
e

s
p
e
c
i
e
s

(
P
i
c
k
e
r
i
n
g
&

P
o
t
t
i
n
g
e
r
,

1
9
8
9
)
.

T
h
i
s
d
e
m
o
n
s
t
r
a
t
i
o
n

f
i
t
s

I
n
w
e
l
l

w
i
t
h

t
h
e
o
b
s
e
r
v
a
t
i
o
n

t
h
a
t

t
h
e
s
m
a
l
l
,

b
u
t

c
h
r
o
n
i
c
,
e
l
e
v
a
t
i
o
n
s
o
f

p
l
a
s
m
a

c
o
r
t
i
s
o
l

l
e
v
e
l
s

d
u
r
i
n
g

s
m
o
l
t
i
f
i
c
a
t
i
o
n

a
n
d

s
e
x
u
a
l

m
a
t
u
r
a
t
i
o
n

a
r
e

p
a
r
a
l
l
e
l
e
d
b
y

i
n
c
r
e
a
s
e
s

i
n

t
h
e

s
u
s
c
e
p
t
i
b
i
l
i
t
y
o
f

t
h
e

f
i
s
h

t
o
c
o
m
m
o
n

d
i
s
e
a
s
e
s

(
s
e
e
f
o
r
e
x
a
m
p
l
e

P
i
c
k
e
r
i
n
g

&
C
h
r
i
s
t
i
e
.

1
9
8
0
)
.

G
r
o
w
t
h

S
t
r
e
s
s
e
d
f
i
s
h
a
r
e

c
h
a
r
a
c
t
e
r
i
z
e
d

b
y

a
m
a
r
k
e
d

s
u
p
p
r
e
s
s
i
o
n

i
n
t
h
e
i
r
g
r
o
w
t
h

r
a
t
e
,

e
v
e
n
w
h
e
n

t
h
e
y
a
r
e
p
r
o
v
i
d
e
d

w
i
t
h

a
d
e
q
u
a
t
e

f
o
o
d
s
u
p
p
l
i
e
s
.

C
l
e
a
r
l
y
,

o
n
e

i
m
p
o
r
t
a
n
t

a
s
p
e
c
t
o
f

t
h
i
s
p
h
e
n
o
m
e
n
o
n

i
s

t
h
e

b
e
h
a
v
i
o
u
r
a
l

o
n
e

o
f

r
e
f
u
s
a
l

t
o

f
e
e
d
.

A
f
t
e
r

a
n

a
c
u
t
e
s
t
r
e
s
s
,

t
h
i
s
e
f
f
e
c
t

m
a
y

l
a
s
t

f
o
r

s
e
v
e
r
a
l

d
a
y
s
.

t
h
e
e
x
a
c
t

p
e
r
i
o
d

b
e
i
n
g

d
e
p
e
n
d
e
n
t
o
n

t
h
e
s
p
e
c
i
e
s

(
a
n
d

s
t
r
a
i
n
?
)

o
f

f
i
s
h

(
W
e
d
e
m
e
y
e
r
.

1
9
7
6
)
.

I
n
a
d
d
i
t
i
o
n

t
o
t
h
i
s
e
f
f
e
c
t

o
f
s
t
r
e
s
s

o
n

f
e
e
d
i
n
g

b
e
h
a
v
i
o
u
r
,

h
o
w
e
v
e
r
,

t
h
e
c
a
t
a
b
o
l
i
c

e
f
f
e
c
t
s

o
f
c
o
r
t
i
s
o
l

o
n
t
h
e

f
i
s
h
'
s
o
w
n

b
o
d
y

r
e
s
e
r
v
e
s

a
r
e

a
l
s
o

r
e
s
p
o
n
s
i
b
l
e

f
o
r

s
o
m
e
o
f

t
h
e

o
b
s
e
r
v
e
d
g
r
o
w
t
h

s
u
p
p
r
e
s
s
i
o
n
.

T
h
u
s
.

B
a
r
t
o
n

e
t

a
l
.

(
1
9
8
7
)
a
n
d

D
a
v
i
s

e
t

a
l
.

(
1
9
8
5
)

h
a
v
e
s
h
o
w
n

t
h
a
t
c
o
r
t
i
s
o
l

t
r
e
a
t
m
e
n
t

s
i
g
n
i
f
i
c
a
n
t
l
y

s
u
p
p
r
e
s
s
e
s

t
h
e
g
r
o
w
t
h

r
a
t
e
s

o
f

r
a
i
n
b
o
w

t
r
o
u
t
a
n
d

c
h
a
n
n
e
l

c
a
t
f
i
s
h

r
e
s
p
e
c
t
i
v
e
l
y
.

T
h
e
m
a
g
n
i
t
u
d
e

o
f

t
h
i
s
e
f
f
e
c
t

a
p
p
e
a
r
s

t
o
b
e
s
p
e
c
i
e
s

s
p
e
c
i
f
i
c

b
e
c
a
u
s
e

P
i
c
k
e
r
i
n
g

e
t

a
l
.

(
1
9
8
9
)
h
a
v
e

s
h
o
w
n

t
h
a
t

t
h
e
s
e
n
s
i
t
i
v
i
t
y
o
f
b
r
o
w
n

t
r
o
u
t

t
o
p
h
y
s
i
o
l
o
g
i
c
a
l

d
o
s
e
s

o
f
c
o
r
t
i
s
o
l

(
i
n

t
e
r
m
s
o
f

b
o
t
h
c
a
t
a
b
o
l
i
c

p
r
o
c
e
s
s
e
s

a
n
d

d
i
s
e
a
s
e

r
e
s
i
s
t
a
n
c
e
)

i
s
s
i
g
n
i
f
i
c
a
n
t
l
y

g
r
e
a
t
e
r

t
h
a
n

t
h
a
t
o
f

t
h
e

r
a
i
n
b
o
w
t
r
o
u
t
.

I
t
h
a
s
a
l
r
e
a
d
y

b
e
e
n
s
t
a
t
e
d

t
h
a
t

s
a
l
m
o
n
i
d

f
i
s
h
w
i
l
l

a
c
c
l
i
m
a
t
e

t
o
c
e
r
t
a
i
n

f
o
r
m
s

o
f
e
n
v
i
r
o
n
m
e
n
t
a
l
e
t
r
e
s
s

r
e
s
u
l
t
i
n
g

i
n
•

r
e
d
u
c
t
i
o
n

o
f
c
o
r
t
i
e
o
l

l
e
v
e
l
s

t
o
b
a
s
a
l

v
a
l
u
e
s

d
e
s
p
i
t
e

t
h
e
c
o
n
t
i
n
u
e
d

p
r
e
s
e
n
c
e

o
f

t
h
e

s
t
r
e
s
s
.

H
o
w
e
v
e
r

u
n
d
e
r

t
h
e
s
e

c
i
r
c
u
m
s
t
a
n
c
e
s
,
s
o
m
a
t
i
c
g
r
o
w
t
h

s
a
y

s
t
i
l
l

b
e

s
u
p
p
e
e
e
e
e
d

(
P
i
c
k
e
r
i
n
g
&

S
t
e
w
a
r
t
,

1
9
8
4
)

a
n
d

i
t
s
e
e
m
s

l
i
k
e
l
y
,
t
h
e
r
e
f
o
r
e
,

t
h
a
t

o
t
h
e
r

f
a
c
t
o
r
s

a
r
e
a
l
s
o

r
e
s
p
o
n
s
i
b
l
e

f
o
r
s
t
r
e
s
s
-

I
n
d
u
c
e
d
g
r
o
w
t
h

s
u
p
p
r
e
s
s
i
o
n
.

O
n
e

p
o
t
e
n
t
i
a
l

c
a
n
d
i
d
a
t
e

i
s
,
o
f

c
o
u
r
s
e
,

p
i
t
u
i
t
a
r
y

g
r
o
w
t
h

h
o
r
m
o
n
e

(
C
H
)
-

a
p
o
t
e
n
t

g
r
o
w
t
h

p
r
o
m
o
t
i
n
g

a
g
e
n
t

i
n
t
e
l
e
o
s
t

f
i
s
h

(
s
e
e
r
e
v
i
e
w

b
y
W
e
a
t
h
e
r
l
e
y

6
C
i
l
l
,

1
9
8
7
)
.

T
h
e

d
e
v
e
l
o
p
m
e
n
t

o
f

t
e
c
h
n
i
q
u
e
s

f
o
r
m
e
a
s
u
r
i
n
g

C
H

i
n

f
i
s
h
b
l
o
o
d

I
s
r
e
l
a
t
i
v
e
l
y

r
e
c
e
n
t

(
C
o
o
k
e
t

a
l
.

1
9
8
1
;

B
o
l
t
o
n
e
t

a
l
.

1
9
8
6
;
W
a
g
n
e
r

M
c
K
e
o
w
n
,

1
9
8
6
;
L
e
B
a
i
l

e
t

a
l
.

1
9
9
0
)

a
n
d

t
h
e

s
t
u
d
y

o
f

t
h
e
p
h
y
s
i
o
l
o
g
i
c
a
l

r
o
l
e

o
f

f
i
s
h
g
r
o
w
t
h

h
o
r
m
o
n
e

l
a
s
t
i
l
l

i
n

i
t
s

i
n
f
a
n
c
y
.

P
r
e
l
i
m
i
n
a
r
y

s
t
u
d
i
e
s

(
P
i
c
k
e
r
i
n
g

e
t
a
l
.

1
9
9
0
)
h
a
v
e
s
h
o
w
n

t
h
a
t
a
n

a
c
u
t
e

s
t
r
e
s
s
,

s
u
c
h

a
s

s
h
o
r
t
-
t
e
r
m

c
o
n
f
i
n
e
m
e
n
t

i
n
s
m
a
l
l
a
q
u
a
r
i
a
,
c
a
n

c
a
u
s
e

•
s
i
g
n
i
f
i
c
a
n
t

s
u
p
p
r
e
s
s
i
o
n

I
n
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n

o
f

c
i
r
c
u
l
a
t
i
n
g
C
H

i
n
t
h
e

r
a
i
n
b
o
w

t
r
o
u
t
.

I
n
c
o
n
t
r
a
s
t
,

t
h
e
c
h
r
o
n
i
c

s
t
r
e
s
s

o
f
o
v
e
r
c
r
o
w
d
i
n
g

c
o
m
b
i
n
e
d
w
i
t
h
w
a
t
e
r
q
u
a
l
i
t
y

d
e
t
e
r
i
o
r
a
t
i
o
n

p
r
o
m
o
t
e
d

a
n

i
n
c
r
e
a
s
e

i
n
c
i
r
c
u
l
a
t
i
n
g

C
A

l
e
v
e
l
s
.

T
h
i
s

l
a
t
t
e
r
o
b
s
e
r
v
a
t
i
o
n

m
a
y

r
e
p
r
e
s
e
n
t

a
r
e
s
p
o
n
s
e

t
o
a

s
t
a
t
e

o
f

p
h
y
s
i
o
l
o
g
i
c
a
l



11
C

!B
C

3
C

S
C

S
tS

C
S

C
S

C
g

3
.

4
.

s
t
a
r
v
a
t
i
o
n
c
a
u
s
e
d
b
y
o
t
h
e
r
s
c
r
e
s
s
-
r
e
l
a
t
e
df
a
c
t
o
r
s
.
C
l
e
a
r
l
y
,
m
u
c
h
m
o
r
e
w
o
r
k
i
s

n
o
w
n
e
e
d
e
d
o
n
t
h
e
r
e
l
a
t
i
o
n
s
h
i
p
sb
e
t
w
e
e
n
e
n
v
i
r
o
n
m
e
n
t
a
ls
t
r
e
s
s
a
n
d
g
r
o
w
t
h
s
u
p
p
r
e
s
s
i
o
n

I
n
t
e
l
e
o
s
t
f
i
s
h
u
n
d
e
r
a
q
u
a
c
u
l
t
u
r
ec
o
n
d
i
t
i
o
n
s
.

R
e
p
r
o
d
u
c
t
i
o
n

U
n
t
i
l
r
e
c
e
n
t
l
y
t
h
e
r
e
w
a
s
v
e
r
y
l
i
t
t
l
e
d
i
r
e
c
t
e
v
i
d
e
n
c
e
l
i
n
k
i
n
g
e
n
v
i
r
o
n
m
e
n
t
a
ls
t
r
e
s
s

w
i
t
h
t
h
e
r
e
p
r
o
d
u
c
t
i
v
ep
h
y
s
i
o
l
o
g
yo
f
f
i
s
h
h
e
l
d
u
n
d
e
r
a
q
u
a
c
u
l
t
u
r
ec
o
n
d
i
t
i
o
n
s
,

a
l
t
h
o
u
g
h
c
o
n
s
i
d
e
r
a
b
l
ec
i
r
c
u
m
s
t
a
n
t
i
a
le
v
i
d
e
n
c
e
s
u
g
g
e
s
t
e
d
c
h
a
t
v
a
r
i
o
u
s
f
o
r
m
s
o
f

s
t
r
e
s
s
w
e
r
e
c
a
p
a
b
l
e
o
f
s
u
p
p
r
e
s
s
i
n
gr
e
p
r
o
d
u
c
t
i
v
ea
c
t
i
v
i
t
y
i
n
f
i
s
h
p
o
p
u
l
a
t
i
o
n
s

(
s
e
e
P
i
c
k
e
r
i
n
g
e
t
a
l
.
1
9
8
7
)
.

T
h
e
c
o
n
t
r
o
l
a
n
d
s
y
n
c
h
r
o
n
i
z
a
t
i
o
no
f
s
e
x
u
a
l

m
a
t
u
r
a
t
i
o
n
i
s
.
m
e
d
i
a
t
e
db
y
a
s
e
t
o
f
e
n
d
o
c
r
i
n
e
g
l
a
n
d
s
w
h
i
c
h
c
o
n
s
t
i
t
u
t
et
h
e
h
y
p
o
t
h
a
l
a
m
i
c
-

p
i
t
u
i
t
a
r
y
-
g
o
n
a
d
a
la
x
i
s
.

P
i
c
k
e
r
i
n
g
e
t
a
l
.
(
1
9
8
7
)
o
b
s
e
r
v
e
d
t
h
a
t
p
r
o
l
o
n
g
e
d
(
1
m
o
n
t
h
)

c
o
n
f
i
n
e
m
e
n
t
s
t
r
e
s
i
n
o
t
o
n
l
y
c
a
u
s
e
d
a
s
i
g
n
i
f
i
c
a
n
te
l
e
v
a
t
i
o
n
o
f
p
l
a
s
m
a
c
o
r
t
i
s
o
l

l
e
v
e
l
s
b
u
t
a
l
s
o
r
e
d
u
c
e
d
t
h
e
c
i
r
c
u
l
a
t
i
n
gl
e
v
e
l
s
o
f
t
h
e
t
w
o
a
n
d
r
o
g
e
n
s
,t
e
s
t
o
s
t
e
r
o
n
e

a
n
d
1
1
-
k
e
t
o
t
e
s
c
e
r
o
n
e
.i
n
s
e
x
u
a
l
l
y
m
a
t
u
r
i
n
g
m
a
l
e
b
r
o
w
n
t
r
o
u
t
.

M
o
r
e
o
v
e
r
,
t
h
e
s
a
m
e

a
u
t
h
o
r
s
f
o
u
n
d
t
h
a
t
a
p
e
r
i
o
d
o
f
1
h
o
u
r
o
f
c
o
n
f
i
n
e
m
e
n
tw
a
s
s
u
f
f
i
c
i
e
n
tt
o
c
a
u
s
e
a

p
r
o
l
o
n
g
e
d
s
u
p
p
r
e
s
s
i
o
no
f
t
h
e
s
e
t
w
o
a
n
d
r
o
g
e
n
s
,
w
i
t
h
a
r
e
c
o
v
e
r
y
p
e
r
i
o
d
o
f
2
4
h
o
u
r
s
.

P
a
r
a
d
o
x
i
c
a
l
l
y
,p
l
a
s
m
a
g
o
n
a
d
o
t
r
o
p
i
n(
G
T
H
)
l
e
v
e
l
s
w
e
r
e
e
l
e
v
a
t
e
d
.
F
o
l
l
o
w
i
n
gu
p
t
h
i
s

i
n
i
t
i
a
l
s
t
u
d
y
,
C
a
r
r
a
g
h
e
r
e
t
a
l
.
(
1
9
8
9
)
f
o
u
n
d
t
h
a
t
i
m
p
l
a
n
t
a
t
i
o
no
f
p
h
y
s
i
o
l
o
g
i
c
a
l

l
e
v
e
l
s
o
f
c
o
r
t
i
s
o
l
t
o
o
t
h
e
r
w
i
s
e
u
n
s
t
r
e
s
s
e
d
f
i
s
h
a
l
s
o
i
n
t
e
r
f
e
r
e
dw
i
t
h
t
h
e

p
i
t
u
i
t
a
r
y
-
g
o
n
a
d
a
la
x
i
s
o
f
b
o
t
h
s
e
x
e
s
o
f
b
r
o
w
n
t
r
o
u
t
a
n
d
r
a
i
n
b
o
w
t
r
o
u
c
.

I
n
s
e
x
u
a
l
l
y

m
a
t
u
r
i
n
g
m
a
l
e
f
i
s
h
,
c
o
r
t
i
s
o
l
t
r
e
a
t
m
e
n
t
s
i
g
n
i
f
i
c
a
n
t
l
ys
u
p
p
r
e
s
s
e
d
p
l
a
s
m
a
t
e
s
t
o
s
t
e
r
o
n
e

l
e
v
e
l
s
a
n
d
p
i
t
u
i
t
a
r
y
G
T
H
c
o
n
t
e
n
t
.
I
n
s
e
x
u
a
l
l
y
m
a
t
u
r
i
n
g
f
e
m
a
l
e
s
,
t
h
e
e
f
f
e
c
t
w
a
s

e
q
u
a
l
l
y
a
p
p
a
r
e
n
t
w
i
t
h
c
o
r
t
i
s
o
l
t
r
e
a
t
m
e
n
tc
a
u
s
i
n
g
a
s
i
g
n
i
f
i
c
a
n
ts
u
p
p
r
e
s
s
i
o
no
f

p
l
a
s
m
a
o
e
s
t
r
a
d
i
o
l
,
t
e
s
t
o
s
t
e
r
o
n
ea
n
d
v
i
t
e
l
l
o
g
e
n
l
nl
e
v
e
l
s
t
o
g
e
t
h
e
r
w
i
t
h
a
5
0
1
r
e
d
u
c
t
i
o
n

i
n
t
h
e
p
i
t
u
i
t
a
r
y
C
T
H
c
o
n
t
e
n
t
.
T
h
e
n
e
t
r
e
s
u
l
t
i
n
b
o
t
h
s
e
x
e
s
w
a
s
a
s
i
g
n
i
f
i
c
a
n
t

•



r
e
d
u
c
t
i
o
n
i
n
g
o
n
a
d
a
l
s
i
z
e
.

E
v
e
n
i
n
s
e
x
u
a
l
l
y
i
m
m
a
t
u
r
e
f
i
s
h
,
m
o
r
e
t
h
a
n
1
2
m
o
n
t
h
s

a
w
a
y
f
r
o
m
s
p
a
w
n
i
n
g
,
c
o
r
t
i
s
o
l
t
r
e
a
t
m
e
n
tw
a
s
s
h
o
w
n
t
o
s
u
p
p
r
e
s
s
c
i
r
c
u
l
a
t
i
n
g

v
i
t
e
l
l
o
g
e
n
i
n
l
e
v
e
l
s
i
n
t
h
e
f
e
m
a
l
e
.
T
h
u
s
,
c
o
r
t
i
s
o
l
i
s
u
n
d
o
u
b
t
e
d
l
yc
a
p
a
b
l
e
o
f

i
n
t
e
r
f
e
r
i
n
gw
i
t
h
t
h
e
h
o
r
m
o
n
a
l
p
r
o
c
e
s
s
e
s
l
e
a
d
i
n
g
t
o
s
e
x
u
a
l
m
a
t
u
r
a
t
i
o
n
l
n
s
a
l
m
o
n
i
d

f
i
s
h
.

I
t
i
s
n
o
t
p
o
s
s
i
b
l
e
f
r
o
m
t
h
e
s
e
i
n
v
i
v
o
s
t
u
d
i
e
s
c
o
e
l
u
c
i
d
a
t
e
t
h
e
u
n
d
e
r
l
y
i
n
gm
e
c
h
a
n
i
s
m
s

b
e
h
i
n
d
s
u
c
h
r
e
p
r
o
d
u
c
t
i
v
es
u
p
p
r
e
s
s
i
o
nb
u
t
S
u
m
p
t
e
r
e
t
a
l
.
(
1
9
8
7
)
h
a
v
e
s
h
o
w
n
b
y

m
e
a
n
s
o
f
i
s
v
i
t
r
o
s
t
u
d
i
e
s
t
h
a
t
p
h
y
s
i
o
l
o
g
i
c
a
ll
e
v
e
l
s
o
f
c
o
r
t
i
s
o
l
c
a
n
s
u
p
p
r
e
s
st
h
e

b
a
s
a
l
s
e
c
r
e
t
i
o
n
r
a
t
e
o
f
o
e
s
t
r
a
d
i
o
l
f
r
o
m
c
u
l
t
u
r
e
d
o
v
a
r
i
a
n
f
o
l
l
i
c
u
l
e
sf
r
o
m
t
h
e
r
a
i
n
b
o
w

t
r
o
u
t
.

S
i
m
i
l
a
r
l
y
,
C
a
r
r
a
g
h
e
r

S
u
m
p
t
e
r
(
1
9
9
0
)
d
e
m
o
n
s
t
r
a
t
e
dt
h
a
t
c
o
r
t
i
s
o
lc
a
n

s
u
p
p
r
e
s
s
p
i
t
u
i
t
a
r
y
G
T
H
s
e
c
r
e
t
i
o
n
I
n
v
i
t
r
o
.

I
n
a
v
e
r
y
r
e
c
e
n
t
s
t
u
d
y
(
P
o
t
t
i
n
g
e
r

P
i
c
k
e
r
i
n
g
,
1
9
9
0
)
,
i
t
h
a
s
b
e
e
n
s
h
o
w
n
t
h
a
t
•
f
u
r
t
h
e
r
e
f
f
e
c
t
o
f
c
o
r
t
i
s
o
l
i
s
t
o

s
u
p
p
r
e
s
s
o
e
s
t
r
a
d
i
o
l
b
i
n
d
i
n
g
-
s
i
t
e
si
n
t
h
e
l
i
v
e
r
o
f
f
e
m
a
l
e
r
a
i
n
b
o
w
t
r
o
u
t
,
s
i
t
e
s

w
h
i
c
h
a
r
e
i
m
p
o
r
t
a
n
tm
e
d
i
a
t
o
r
s
o
f
o
e
s
t
r
a
d
i
o
l
-
i
n
d
u
c
e
dv
i
t
e
l
l
o
g
e
n
e
s
i
sd
u
r
i
n
g
s
e
x
u
a
l

m
a
t
u
r
a
t
i
o
n
.
T
h
u
s
,
c
o
r
t
i
s
o
l
m
a
y
s
o
t
d
i
r
e
c
t
l
y
a
t
s
e
e
e
e
e1

d
i
f
f
e
r
e
n
t
s
i
t
e
s
i
n
t
h
e

p
i
t
u
i
t
a
r
y
-
g
o
n
a
d
a
la
x
i
s
t
o
s
u
p
p
r
e
s
s
r
e
p
r
o
d
u
c
t
i
v
ep
r
o
ce
e
e
es
.

T
h
e
l
e
v
e
l
o
f
c
o
r
t
i
s
o
l

n
e
e
d
e
d
t
o
c
a
u
s
e
s
u
c
h
c
h
a
n
g
e
s
a
r
e
w
i
t
h
i
n
t
h
e
p
h
y
s
i
o
l
o
g
i
c
a
lr
a
n
g
e
f
o
r
t
h
e
s
p
e
c
i
e
s

a
n
d
i
t
s
e
e
m
a
l
i
k
e
l
y
,
t
h
e
r
e
f
o
r
e
,t
h
a
t
a
q
u
a
c
u
l
t
u
r
a
ls
t
r
e
s
s
d
u
r
i
n
g
t
h
e
p
r
e
-
s
p
a
w
n
i
n
g

s
e
a
s
o
n
w
i
l
l
h
a
v
e
d
a
m
a
g
i
n
g
c
o
n
s
e
q
u
e
n
c
e
sf
o
r
r
e
p
r
o
d
u
c
t
i
v
es
u
c
c
e
s
s
.
F
u
r
t
h
e
rw
o
r
k

i
s
n
o
w
n
e
e
d
e
d
t
o
i
n
v
e
s
t
i
g
a
t
et
h
e
e
f
f
e
c
t
s
o
f
s
t
r
e
s
s
o
n
g
a
m
e
t
e
q
u
a
l
i
t
y
a
n
d
q
u
a
n
t
i
t
y
.

H
a
v
i
n
g
s
h
o
w
n
t
h
a
t
p
l
a
s
m
a
c
o
r
t
i
s
o
l
e
l
e
v
a
t
i
o
n
,
a
s
a
r
e
s
u
l
t
o
f
a
q
u
a
c
u
l
t
u
r
a
ls
t
r
e
s
s
,

i
s
c
a
p
a
b
l
e
o
f
r
e
d
u
c
i
n
g
t
h
e
p
r
o
b
a
b
i
l
i
t
yo
f
s
u
r
v
i
v
a
l
b
y
i
n
c
r
e
a
s
i
n
gd
i
s
e
a
s
e

s
u
s
c
e
p
t
i
b
i
l
i
t
y
, o
f

su
pp

re
ss

in
g

s
o
m
a
t
i
c
g
r
o
w
t
h
a
n
d
o
f
i
n
t
e
r
f
e
r
i
n
gw
i
t
h
s
e
x
u
a
l

m
a
t
u
r
a
t
i
o
n
.
I
w
a
n
t
t
o
c
o
n
c
l
u
d
e
t
h
i
s
p
a
p
e
r
b
y
e
x
a
m
i
n
i
n
g
s
o
m
e
o
f
t
h
e
p
r
a
c
t
i
c
a
l

a
p
p
r
o
a
c
h
e
s
a
f
i
s
h
f
a
r
m
e
r
c
a
n
a
d
o
p
t
t
o
m
i
n
i
m
i
z
e
s
u
c
h
s
t
r
e
s
s
-
r
e
l
a
t
e
dd
a
m
a
g
e
.

P
r
a
c
t
i
c
a
la
p
p
r
o
a
c
h
e
st
o
m
i
n
i
m
i
z
i
n
gs
t
r
e
s
s


A
t
t
h
e
o
u
t
s
e
t
,
i
t
m
u
s
t
b
e
s
t
a
t
e
d
t
h
a
t
,
b
y
t
h
e
v
e
r
y
n
a
t
u
r
e
o
f
m
o
s
t
f
i
s
h
f
a
r
m
i
n
g

o
p
e
r
a
t
i
o
n
s
,i
t
w
i
l
l
b
e
I
m
p
o
s
s
i
b
l
et
o
a
v
o
i
d
a
l
l
i
n
s
t
a
n
c
e
so
f
e
n
v
i
r
o
n
m
e
n
t
a
ls
t
r
e
s
s
.

H
o
w
e
v
e
r

in
g
e
n
e
r
a
l
t
e
r
m
s
,
t
h
e
d
u
r
a
t
i
o
no
f
t
h
e
s
t
r
e
s
s
r
e
s
p
o
n
s
ei
s
p
r
o
p
o
r
t
i
o
n
a
l

t
o
t
h
e
d
u
r
a
t
i
o
no
f
t
h
e
s
t
r
e
s
s
a
n
d
,
t
h
e
r
e
f
o
r
e
,c
o
n
s
i
d
e
r
a
b
l
eb
e
n
e
f
i
t
I
.
o
b
t
a
i
n
e
d

b
y
m
i
n
i
m
i
z
i
n
g
, a
s
f
a
r
a
s
p
o
s
s
i
b
l
e
,t
h
e
l
e
n
g
t
h
o
f
t
i
m
e
o
f
a
n
y
u
n
a
v
o
i
d
a
b
l
ep
e
r
i
o
d

o
f
s
t
r
e
s
s
.
M
o
r
e
o
v
e
r
, t
h
e
m
a
g
n
i
t
u
d
eo
f
t
h
e
c
o
r
t
i
s
o
l
r
e
s
p
o
n
s
et
o
s
t
r
e
s
s
i
s
t
e
m
p
e
r
a
t
u
r
e
-

d
e
p
e
n
d
e
n
t
,w
i
t
h
g
r
e
a
t
e
r
c
o
r
t
i
s
o
l
l
e
v
e
l
s
b
e
i
n
g
d
e
v
e
l
o
p
e
da
t
h
i
g
h
e
r
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
s
.

T
h
i
s
i
s
t
r
u
e
f
o
r
b
o
t
h
c
o
l
d
w
a
t
e
r
s
p
e
c
i
e
s
s
u
c
h
a
s
t
h
e
t
r
o
u
t
(
S
u
m
p
t
e
re
t
a
l
.
,
1
9
8
5
)

a
n
d
f
o
r
w
a
r
m
w
a
t
e
rs
p
e
c
i
e
s
s
u
c
h
a
s
t
h
e
c
h
a
n
n
e
l
c
a
t
f
i
s
h
(
S
t
r
a
n
g
e
,1
9
8
0
)
.
T
h
u
s
,

i
t
i
s
i
m
p
o
r
t
a
n
t t

o
a
v
o
i
d

st
re

ss
in

g
t
h
e
f
i
s
h
a
t
h
i
g
h
w
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
s
.
M
u
l
t
i
p
l
e

s
t
r
e
s
s
e
ss
h
o
u
l
d
b
e
a
v
o
i
d
e
d
a
t
a
l
l
t
i
m
e
s
b
e
c
a
u
s
e
t
h
e
c
o
r
t
i
s
o
lr
e
s
p
o
n
s
e
t
o
t
h
e

va
rio

us
s
t
r
e
s
s
f
u
lc
o
m
p
o
n
e
n
t
sm
a
y
b
e
a
d
d
i
t
i
v
e
o
r
e
v
e
n
s
y
n
e
r
g
i
s
t
i
c(
B
a
r
t
o
n
e
t
a
l
.
,

1
9
8
5
,
1
9
8
6
)
.
S
u
c
h
e
f
f
e
c
t
s
m
i
g
h
t
o
c
c
u
r
w
h
e
n
,
f
o
r
e
x
a
m
p
l
e
,
f
i
s
h

ar
e

s
u
b
j
e
c
t
e
d

to
a
s
u
d
d
e
n
t
e
m
p
e
r
a
t
u
r
es
h
o
c
k
f
o
l
l
o
w
i
n
gt
r
a
n
s
p
o
r
ts
t
r
e
s
s
.
O
n
e
o
f
t
h
e
s
e
c
o
n
d
a
r
y

pr
ob

le
m

s
a
s
s
o
c
i
a
t
e
dw
i
t
h
s
t
r
e
s
s
i
n
f
r
e
s
h
w
a
t
e
rf
i
s
h
i
s
a
l
o
s
s
o
f
v
i
t
a
l
s
a
l
t
s
f
r
o
m

t
h
e
b
o
d
y
f
l
u
i
d
s
a
s
a
r
e
s
u
l
t
o
f
c
h
a
n
g
e
s
i
n
t
i
s
s
u
e
p
e
r
m
e
a
b
i
l
i
t
y a
n
d
v
a
s
c
u
l
a
r
f
l
o
w
.

T
h
e
u
s
e
o
f
d
i
l
u
t
e
s
a
l
t

so
lu

tio
ns

f
o
r
t
r
a
n
s
p
o
r
t
i
n
gf
r
e
s
h
w
a
t
e
rf
i
s
h
h
a
s
b
e
e
n
s
h
o
w
n

t
o
b
e
e
f
f
e
c
t
i
v
ei
n
r
e
d
u
c
i
n
g
s
t
r
e
s
s
-
r
e
l
a
t
e
dm
o
r
t
a
l
i
t
y
(
H
a
t
t
i
n
g
he
t
a
l
.
,
1
9
7
5
;

L
o
n
g
e
t
a
l
.
,
1
9
7
7
;
R
u
t
t
y
e
t
a
l
.
,
1
9
8
0
)
.

W
i
t
h
d
r
a
w
a
lo
f
f
o
o
d
f
o
r
2
-
3
d
a
y
s
I
s
r
o
u
t
i
n
e
l
yr
e
c
o
m
m
e
n
d
e
db
e
f
o
r
e
a
n
y
s
t
r
e
s
s
f
u
l

p
r
o
c
e
d
u
r
e
, n
o
t
o
n
l
y
b
e
c
a
u
s
e
i
t
p
r
e
v
e
n
t
sf
o
u
l
i
n
g
o
f
t
h
e
w
a
t
e
r
b
y
f
a
e
c
a
l
m
a
t
e
r
i
a
l

a
n
d

re
gu

rg
ita

te
d

f
o
o
d
,
b
u
t
a
l
s
o
b
e
c
a
u
s
e
t
h
e
o
x
y
g
e
n
r
e
q
u
i
r
e
m
e
n
t
so
f
t
h
e
f
i
s
h

a
r
e
r
e
d
u
c
e
d
a
f
t
e
r
f
o
o
d
i
s
w
i
t
h
h
e
l
d
.
S
m
a
r
t
(
1
9
8
1
)
h
a
s
s
h
o
w
n
t
h
a
t
t
h
e
o
x
y
g
e
n

c
o
n
s
u
m
p
t
i
o
no
f

ra
in

bo
w

t
r
o
u
t
i
s
s
t
i
l
l
m
a
r
k
e
d
l
y
e
l
e
v
a
t
e
d
2
4

ho
ur

s
a
f
t
e
r
t
h
e
s
t
r
e
s
s

o
f
g
r
a
d
i
n
g
.
M
i
l
d
a
n
a
e
s
t
h
e
s
i
a h
a
s
a
l
s
o
b
e
e
n
s
h
o
w
n
t
o
b
e
e
f
f
e
c
t
i
v
ei
n
r
e
d
u
c
i
n
g

b
o
t
h

th
e

m
a
g
n
i
t
u
d
eo
f
t
h
e
c
o
r
t
i
s
o
lr
e
s
p
o
n
s
e

to
t
r
a
n
s
p
o
r
ts
t
r
e
s
s
a
n
d
I
n
p
r
o
m
o
t
i
n
g

p
o
s
t
-
s
t
r
e
s
ss
u
r
v
i
v
a
l
(
S
t
r
a
n
g
e
&
S
c
h
r
o
c
k
,
1
9
7
8
;
F
e
r
r
e
i
r
ae
t
a
l
.
,
1
9
8
4
)
.

A
n

un
de

rs
ta

nd
in

g
o
f
t
h
e
f
i
s
h
'
s
n
a
t
u
r
a
lh
a
b
i
t
a
t
c
a
n

al
so

p
r
o
v
i
d
e
i
n
s
i
g
h
t
i
n
t
o

m
et

ho
ds

o
f
s
t
r
e
s
s
.
c
o
n
t
r
o
l
.
T
h
e
n
a
t
u
r
a
l
h
a
b
i
t
a
t
o
f

yo
un

g
A
t
l
a
n
t
i
cs
a
l
m
o
n
i
s

c
h
a
r
a
c
t
e
r
i
s
e
db
y
i
m
m
e
d
i
a
t
ea
c
c
e
s
s

to
o
v
e
r
h
e
a
d
c
o
v
e
r
a
n
d
P
i
c
k
e
r
i
n
ge
t
a
l
.

(
1
9
8
7
)

ha
ve

s
h
o
w
n
t
h
a
t
t
h
e
p
r
o
v
i
s
i
o
no
f
f
l
o
a
t
i
n
ga
n
n
u
l
a
r

co
ve

rs
to

c
o
n
v
e
n
t
i
o
n
a
l

ta
ng

en
tia

l-f
lo

w
re

ar
in

g
ta

nk
s

s
i
g
n
i
f
i
c
a
n
t
l
yi
n
c
r
e
a
s
e
dt
h
e

gr
ow

th
r
a
t
e
o
f
u
n
d
e
r
-

ye
ar

lin
g

A
t
l
a
n
t
i
c

sa
lm

on
d
u
r
i
n
g
t
h
e
i
r
f
i
r
s
t
s
u
m
m
e
r
'
sg
r
o
w
t
h
.
T
h
i
s
h
a
d

th
e

e
f
f
e
C
t

o
f

do
ub

lin
g

t
h
o

pr
op

or
tio

n
o
f
p
o
t
e
n
t
i
a
lS
I
s
m
e
l
t
s

w
ith

in
th

e
p
o
p
u
l
a
t
i
o
n
.
M
o
r
e
o
v
e
r
,

o
v
e
r
h
e
a
dc
o
v
e
r

al
so

re
du

ce
d

t
h
e
m
o
r
t
a
l
i
t
yr
a
t
e
o
f

th
e

po
te

nt
ia

l
5
2
s
m
o
l
t
s

du
rin

g
th

ei
r

fir
st

w
in

te
r

(
P
i
c
k
e
r
i
n
g6

F
o
t
t
i
n
g
e
r
,u
n
p
u
b
l
i
s
h
e
d
)
.
C
u
r
m
o
s
t
r
e
c
e
n
t
a
p
p
r
o
a
c
h

to
m

od
ify

in
g

th
e

st
re

ss
re

sp
on

se
u
n
d
e
r

aq
ua

cu
ltu

re
co

nd
iti

on
s

is
to

i
n
v
e
s
t
i
g
a
t
e

t
h
e
b
a
s
i
s
o
f

th
o

In
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