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In tro d u c tio n
D uring  the  past several years, the eel has becom e an 
im portan t fish for cu ltivation in intensive aquaculture  
system s. In Japan , 80 000 tonnes o f eels are  produced 
for hum an consum ption  annually . E lvers are  ra ised  to  a 
m arketab le  size in w arm  w ater. In  o th e r countries, as 
well, efforts are m ade to  raise these valuable food fishes 
com m ercially  and  achieve optim al results. T he m ethods 
applied during  cultivation naturally  c reate  conditions 
very d ifferen t from  those to w hich the eels are  exposed 
in the ir na tu ra l environm ent. T he  high stocking density 
produces perm anen t confron ta tions betw een individu­
als. T he  physical, chem ical, and  biological conditions of 
the  artificial hab ita t show  large periodic  fluctuations. 
T h e re  a re  no possibilities for the  eels to  escape s itu a ­
tions o f stress. T h ere  is evidence to  assum e tha t the 
fishes find such living conditions to  be injurious and 
react w ith stress effects in the  form  o f disturbances to 
the ir physical health.

It is well know n that te leosts placed under stress show 
a  set o f  physiological reactions, that is, in principle, the 
sam e as th a t occurring in m am m als (G ronow , 1974). 
T he  so-called  "G e n era l A d ap ta tio n  Syndrom e” (G A S) 
norm ally serves to  enab le  the  organism  to  react in case 
of danger o f th rea ten ing  situations. Selye (1976) d i­
v ided  the  G A S in to  th ree  general phases: a larm , resis­
tance, and  exhaustion . T he first is characterized  by 
a  w hole set o f horm onally  con tro lled  physiological 
changes which serve to  provide the  organism  with in­
s tan t energy. First, excitation o f the  sym pathetic  nerv­
ous system  leads to a  re lease  o f adrenalin  and  n o r-ad re- 
nalin from  the ad renal m edulla, prom oting  the  heart 
activity, increasing b lood glucose, influencing kidney 
function, and  affecting th e  w ater balance o f the  body.

A t th e  sam e tim e the  hypothalam us-hypophysis-adre­
nal cortex system  is activated , bringing about an e n ­
docrine stim ulation  leading  to such conditions as in­
creases in gluconeogenesis in liver, in fatty acids, in 
catabolic p ro te in  m etabolism , and  in im m uno-suppres- 
sion. In  m any places along the  m etabolic pathways,

’S u p p o r te d  by  th e  B u n d e sm in is te riu m  fü r  F o rsch u n g  und 
T ech n o lo g ie , B o n n  (G ra n t  M F E  0 3 2 9 /5 ).

com plicated in teractions and feedback m echanism s link 
bo th  sets of reactions.

T he  ob ject o f ou r research  was to  find out how the 
E u ropean  eel reacts to  stress. F o r this purpose, we used 
the  behav ior p a tte rn  by which the  eels establish social 
rank  as the stressor. If tw o individuals are  placed in a 
basin w here no  h id ing  places are  available, sooner or 
la te r a conflict will occur in the  form  o f threatening  
gestures, ram m ing, o r biting, and  one o f the  fishes will 
becom e dom inan t (a -e e l)  and  th e  o ther, subordinate 
(ß -ee l). M ore than  100 stressed  individuals w ere exa­
m ined using over 20 physiological and  m orphological 
m ethods sim ultaneously  (P e te rs  e t al., 1980).

Som e o f the  values recorded  show ed no difference 
betw een stressed and  unstressed  anim als. O thers 
showed a lte ra tions  and  som e o f them  tu rned  o u t to  be 
suitable indices o f the  stress effects (Fig. 25). This study 
reports  only these m ethods an d  discusses their value as 
stress indicators for th e  eel. To do  this, the  sym ptom s of 
stress w ere  com pared  w ith those found in diseased 
fishes.

E x p erim en ta l anim als
T he eels used in o u r investigations (106 individuals) had 
an  average length of 40  cm an d  w eight o f 100 g. They 
w ere  ob ta in ed  from  the A quacu ltu re  S tation  o f th e  Bun- 
desforschungsansta lt fü r Fischerei in E m den, northern  
G erm any. F o r the  experim ents, 50  liter aquaria  were 
used  in a w arm w ater (22° ±  0 '5 ° C )  circulation system 
(P eters e t al., 1980). We investigated three groups of 
eels.

1. C ontro ls (C): these fishes lived iso lated  individually 
in tan k s  for four weeks.

2. S tressed  eels (S): to  p roduce the  stress situation , the 
p ronounced  hierarchical behavior of the  eels was 
explo ited . This proved to  be a  reliable stressor. 
W hen  two eels w ere kep t toge the r in o n e  container, 
a hierarchy was som etim es established  w ithin a few 
hours. T he  subo rd ina te  anim als p roved  to  be under 
g rea t stress by  the  end  o f the  experim ent (5 to  10 
days).
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3. D iseased  eels (U ): the  third group o f fish used in this 
study  was afflicted w ith ulcers that had developed  in 
th e  experim ental system . These eels w ere p a rt of 
a stocking density experim ent. Prelim inary results 
show ed th a t som e altera tions in the  param eters in­
vestigated  p robab ly  occurred  due to  these experi­
m en ta l conditions. T he eels characterized as “ ulcer 
eels”  in the  study, how ever, are only those which 
w ere  severely  affected. W ithin th ree  w eeks, c ra te r­
like lesions developed on the head, trunk, and tail of 
the  fish. T he  sores appeared  as flattened epiderm al 
lesions tha t quickly sp read  to  the  corium  and 
m usculature. T he  cause o f the  disease was not inves­
tig a ted : th e  fish probably  suffered from  a  bacterial 
infection sim ilar to red  disease.

For exam ination , the experim ental eels w ere gently 
em oved from  the  tanks and killed in neutralized  MS 
22 (1 g. 1). T he m ethods used are  described in the 
allowing section. For statistical evaluation, S tuden t's  
•test was used  (C om pu ter W ang 600).

hvsiological and  hem atological m ethods 
nd results
)b ta in a b le  b lo o d  q u a n t i ty

le th o d . R em oval o f b lood was perfo rm ed  im m ediately 
Her narco tization  o f the  fishes and opening of the  body

cavity. A  0 -6 5  m m  cannu la  was inserted  horizontally  
from  the an te rio r end  in to  the bulbus arteriosus and  all 
ob ta inab le  blood was slowly draw n ou t. Raising the tail 
facilitated the rem oval o f the  b lood from  the large veins. 
T h e  re la tive  b lood q uan tity  was calcu lated  as follows:

abs. b lood quan t, x  100 
to ta l weight

Results. S ubord inate  eels had a  statistically  significant 
sm aller quan tity  o f rem ovable  b lood than  the unstressed 
ones. It is not very p robab le  th a t the  absolu te quantity  
of blood in the  stressed  fishes is reduced. We ra ther 
think that this phenom enon  results from  change in 
blood pressure. Eels with u lcer disease from  which 
blood was rem oved y ie lded  an average quantity  g rea te r 
than th a t from  the con tro ls  (Table 18).

L e u c o c y te  c o u n t  (L C )

M ethod. In o rd e r to  coun t the  leucocytes, less than 5 pi 
o f b lood w ere  requ ired . T h e  sam ple was dilu ted  with 
s tain  so lution (according to  L ehm ann  an d  S türenberg , 
1974) in calibrated  m ixing p ipe ttes. T he  stained  cells 
w ere  coun ted  in a  N eu b au er hem ocytom eter.

Results. T he  LC show ed a  defin ite  decrease  in the  
stressed anim als, com pared  with th e  controls. A n  in­
crease was found, how ever, w hen the  fish w ere afflicted 
with ulcers.

able  18. P hysio logical a n d  hem ato lo g ica l p a ra m e te rs  in c o n tro l, s tre sse d , an d  d iseased  eels, 

iv estig a ted  p a ra m e te rs C o n tro l eels
s.d.

S tre ssed  ee ls

îu co c v te  c o u n t (IO 3) ..................................  17
îu c o c r it  (v o lu m e  % j ..................................  18
lood  g lu co se  (nm ol/1) ................................ 18
\ e r  g lu co se  u n its  (p m o l/g  w e t w t) . . .  18
oo d  v o lu m e  o b ta in e d  ( IO -2 m l.g )  . . .  17

s.d .
U lc e r  eels

s.d .

120 6 0 ± 31 40 23 81 90  ± 22 70 16 153 0 0 + 4 60
1 6 0 + U 80 19 1 0 0 + 0 80 16 2 4 0 + 1 47
5 n ± 1 68 19 13 42  ± 8 51 16 13 7 9 + 7 -•4

388 4 0 ± 2 0 7 80 28 167 00  ± 55 60 16 104 8 0 + 8 9 60
1 18 + 0 37 24 0 8 0  ± 0 34 15 1 36 + 0 33

L e u c o c r it  (L e t)

M ethod. T h e  p ropo rtion  o f w hite cells in the  blood by 
volum e was de te rm in ed  by s tan d ard  m icro-m ethods. 
C apillary tubes filled with w hole b lood w ere centrifuged 
(M icrofuge H C  102) a t 10 000 g  fo r five m inutes. The 
leucocrit was de term ined  u n d er a dissecting m icroscope 
using a calib ra ted  m icrom eter (M cLeay and  G ordon, 
197"').

Results. In  ß -eels  the  leucocrit reacted  inversely w ith 
th e  LC. S tressed  eels had  significantly increased  leu- 
cocrits. Eels afflicted w ith u lcer d isease show ed an even 
g rea te r increase  in w hite b lood cell volum e than the 
stressed  eels.

B lo o d  s m e a r  a n a ly s is  (w h ite  ce ll lin e )

M ethod. T he  p ropo rtiona l rep resen ta tion  o f the d iffer­
en t k inds o f leucocytes was investigated  using sm ears 
s tained  according to  Pappenheim . In each p repara tion , 
200 to  400 leucocytes w ere coun ted  a t random  and 
classified as throm bocytes, lym phocytes, o r granulocy­
tes. T he relative p roportions found  w ere converted  to 
abso lu te  values based on  the  LC.

R esults. In b lood sm ears, it was observed tha t s tre s­
sed  eels possessed few er lym phocytes b u t m ore g ran u ­
locytes th a n  contro ls. A s granulocytes a re  m uch larger 
in volum e than  lym phocytes, th e  inverse relationship 
betw een LC and  Let. m entioned  above, is explained. In 
the  b lood o f fishes afflicted with ulcer disease, the  total 
leucocyte coun t as well as the  leucocrit was increased. In 
the b lood sm ears, granulocytes had becom e m ore 
num erous, while the  num ber of lym phocytes rem ained 
norm al.

B lo o d  g lu c o se

M ethod. G lucose de te rm ina tion  was carried  o u t by the  
hexokinase /g lucose-6 -phosphate  dehydrogenase m e­
thod on b lood from  which th e  p ro te in  had been rem o­
ved w ith perch lo ric  acid (B oeh ringe r test set). T he  
pho tom etric  m easurem ents w ere  carried  o u t using a 
sem im icro techn ique a t a  w avelength o f 334 m.

R esults. T he  b lood glucose concen tration  was sig­
nificantly increased by stress. Eels infected  with th e  dis­
ease  a lso show ed c lear sym ptom s ó f  hyperglycem ia.

L iv e r  g ly co g en

M ethod. Im m ediate ly  a fte r b lood rem oval, the  liver was 
excised and  instantly  deep  frozen using liquid n itrogen. 
T he  glycogen con ten t was de te rm ined  using the  m ethod 
o f K eppler and  D ecker (1974). A fte r quantita tive  
analysis o f the  glucose in the  hom ogenized  organ, the 
hom ogenate  was hydrolysed with am vloglucosidase,

6  R a p p o r t c t  P ro c é s -V erb au x

and  the  am oun t o f free  glucose was sub tracted  from  the 
total. T he  de term ination  was pe rfo rm ed  using the  
H K /G -6 -D H  m ethod .

R esults. S tressed  eels had  sm aller quan tities o f liver 
glycogen than  unstressed  ones. T he  sam e was true for 
the  u lcer-d iseased  eels.

Sum m ing up  th e  physiological and  hem atological 
findings, the  following set of changes in param eters  
tested  is typical o f eels under stress from  social con­
fron tations: significant decreases in leucocyte count, 
blood volum e, and  liver glycogen con ten t, toge ther with 
increases in leucocrit a n d  b lood  glucose concentration .

Fishes afflicted  with th e  ulcer d isease also show  three  
o f these  sym ptom s (leucocrit, g lucose, glycogen), but an 
opposite  effect is observed  in the o th e r tw o param eters 
(b lood volum e, leucocyte coun t) (Fig. 26).

It m ust be m entioned  here th a t the  eels with ulcer 
disease may have been under an ex tra  stress due to  the 
experim ental cond itions. T hey w ere  taken  from  a 
stocking experim en t conducted  under a sim ilar se t of 
conditions as th e  stress investigation. In  any  event the 
effects o f d isease  m ask o r  superpose  the  sym ptom s of 
stress.

From  this w e can conclude tha t th e  evaluation  o f only 
one o r two clinical sym ptom s can lead  to a false d iag­
nosis. O nly by m onitoring  several b lood and  m etabolic 
p aram eters  is it possible to  distinguish betw een stress 
and acu te  d isease.

Even the  investigation  o f  several p aram eters  in an 
individual fish allows no unequivocal stress diagnosis. 
O n  an individual basis, the  stress response in term s of 
b lood glucose and  cortiso l con ten t does not m anifest 
itse lf in a way th a t th e  d a ta  can be directly  correlated .

s t r e s s ulcer
d i s e a s e

l e u c o c y t e s  y i

leu c o c r i t

blood volume y

blood g lu c o s e f

liver g lycogen  y 1
F ig u re  26. P h ysio log ica l a n d  h e m a to lo g ic a l a lte ra tio n s  in 
s tre sse d  an d  d ise a se d  eels.
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though th e  average values o f both  a re  significantly in­
creased  (Fig. 27).

T his indicates th a t the  individual has a  large deg ree  of 
freedom  in its physiological and  hem atological reactions 
to stress. In  addition, it indicates th a t th e  stric t sequence 
“ alarm  phase, resistance phase, exhaustion  phase” o r 
the  du ra tion  o f each can be greatly  m odified by the 
individual, th a t is, the  stress response differs very m uch 
from  fish to  fish. In  practice, a  diagnosis of stress based 
on physiological and  hem atological m ethods can be 
m ade only when a represen ta tive  group o f fishes is in­
vestigated , and  its m em bers are  very sim ilar in back­
ground.

M orpho log ical and m orphoraetric  
m ethods and  results
Stress experim ents  lasted  over a  period  o f 5 to  10 days. 
I t was assum ed th a t this tim e period  was long enough 
fo r m orphological and  m orphom etric  changes in  the  
o rgans o f th e  stressed  anim als to  occur. M aterial for 
histological exam ination  was ob ta ined  from  the in ter- 
renal organ , th e  kidney, the  liver, and  the  stom ach of 
stressed  eels. D iseased  fishes could only be  evaluated  as 
random  sam ples and  are  therefore  n o t included in the  
graphs.

M ethod . Im m ediate ly  a fte r the  body cavity was 
o p ened , the  en tire  intestinal trac t was rem oved  and

fixed in 4  %  form alin. F o u r to  five mm pieces o f the 
abov e-m en tio n ed  o rgans w ere excised and  em bedded  in 
paraffin . Sections 5 to  7 um th ick  w ere stained  with 
A zan  o r  H E . Som e param eters  w ere m easured  using a 
V isopan p ro jection  m icroscope (R eichert) o thers  by an 
ASM  (L eitz).

R esults. T h e  reactions o f  the  organs w ere de term ined  
according to  th e  physical appearance  of th e  tissues and 
the  size o f th e  cell nuclei. T h e  second  o f these p a ram e t­
ers  can p rov ide  an  indication o f over- o r under-secre­
tion by th e  glands. C oncerning  th e  stom ach  the m ucous 
vacuoles o f th e  gastric  ep ithelium  w ere also m easured.

T he  stress to  w hich the  ß-eels w ere exposed did  not 
lead  to  a  significant reaction  o f the  liver and  kidney 
tissue in o u r experim ents (Fig. 28). T h e  tissue struc tu re  
and  the  size o f  th e  nuclei w ere n o t essentially  changed. 
E ven in th e  unstressed  fish, bo th  of these  tissues showed 
a g rea t he terogeneity , possibly d u e  to  the  d ifferen t his­
tories o f th e  fishes. T h ere  was also no trend  d e tected  in 
the  size o f th e  cell nuclei in th e  in te rrena l organ  (Fig. 
29). H ow ever, th e  n um ber o f  nuclei p e r  unit area, which 
can p rov ide  an  indication o f th e  cell size, was clearly 
reduced  in the  stressed  eels. This co rresponded  to the 
findings o f investigations on  m am m als, in which the 
ad renal o rgan  en larged  in response  to  stress.

M uch m o re  obv ious th an  th e  findings on  th e  liver, 
kidney, and  in te rren a l organ a re  those changes that 
stress brings ab o u t in the stom achs o f eels. In these fish 
stress leads to  a  sh rink ing  of th e  w hole stom ach which in
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F ig u re  2 8 . S u rface  a re a  o f  cell n uclei in liver an d  k id n ey  o f  
u n s tre sse d  (C ) a n d  s tre sse d  (S ) eels.

our experim en ts  apparently  reached a m axim um  d e ­
gree: all o f  th e  stom achs under stress have a m inim um  
d iam e ter (Fig. 30). This con traction  is accom panied by 
a  th icken ing  o f th e  c ircular and  longitudinal m uscula­
tu re . A t th e  sam e tim e th e  surface o f the  gastric ep ithe­
lium shrinks distinctly. Figure 31 shows the  m acrosco- 
pically visible changes of the  stom ach epithelium . T he 
folds o f th e  m ucosa, th a t are  deeply convoluted in 
healthy  fishes, becom e m ore  shallow  u n d er stress. In 
som e places they  a re  app aren t only as creases o r have 
d isappeared .

A dd itiona l details o f this process can be found by 
histological exam ination . V ery few  gastric  pits rem ain 
a fte r the  fish has been  exposed to  chronic stress. T he  
gastric  g lands a re  reduced ; and  they  lose the ir com pact­
ness and  ability  to  stain. T he  d iam eter o f th e  m ucous 
cells also decreases significantly.

U n d er h igher m agnification, it is ev ident th a t the  
acidophilic  m ucoid  po rtion  of th e  epithelial cells is re ­
duced. In  som e places, th e  m ucous epithelium  is totally  
destroyed . In  th e  su rface layer, large vacuoles o r cavi­
ties becom e ev iden t in w hich 'cell debris and  rem ains of

the  nuclei can be identified. T hese  cavities are  possibly 
the  p roducts o f degenera tive  o r necro tic  processes. In 
stressed  eels, th e  nuclei o f the  gland cells are  extrem ely 
polym orphic and often  pycnotic. A lm ost everyw here, 
the  cell integrity  d isappears, and  the  tissue structure  
disintegrates.

T hese findings seem  to  show th a t th e  functional c ap a ­
bility o f th e  stom ach  is greatly  d istu rbed  when the  eels 
are  u n d er stress. F rom  studies w ith m am m als it is

2,0

1,5

1,0

0,5

F ig u re  2 9 . S u rface  a re a  o f  cell nuclei p e r  u n it  a re a  in th e  in ­
te r re n a l  o rg a n  o f  u n s tre sse d  (C ) an d  s tre s se d  (S ) eels.
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F ig u re  30 . M o rp h o m e tr ie  d a ta  
o f th e  s to m a c h s  o f  u n s tre ssed  
(C ) a n d  s tre sse d  (S) eels.

control  eel

F ig u re  3 1 . M acro sco p ic  v iew  o f 
th e  s to m a c h  wall o f  u n s tre ssed  
(co n tro l)  an d  s tre sse d  eels. 
S tru c tu ra l c h a n g es  a re  a p p a r ­
e n t.s t r e s se d  eel

know n th a t a  reduction  in vitality  o f the  m ucosa d i­
m inishes the  p ro tec tion  against self digestion. In m an, 
pep tic  u lcers  are  am ong th e  m ost characteristic  m ani­
festations o f th e  stress (Selye, 1976). A  sim ilar response 
o f th e  te leost s tom ach  has n o t been rep o rted  previously.

T hese  m orphological a lte ra tions  o f th e  stom ach of 
socially stressed  eels ind icate  th a t th e  fish are  placed 
u n d er long -term  stress. O nly w hen the  neuro-endocrine 
reaction  series w ith  all its reversib le  results continues 
unab ated  o r is continually  rep ea ted  do  organic changes 
result.

N one o f these  sym ptom s w ere  found in ulcer-diseased 
eels s tud ied  fo r com parison. T h e ir stom ach epithelia 
show ed n o  a lte ra tions w hen com pared  with the  con­
trols.

D iscussions an d  clonclusions
It is well know n from  m am m als and fish th a t stress re ­
sults in an  e levated  cortisol level (F agerlund, 1967; 
Schreck e t al., 1976; S trange, 1977) which brings about 
a  glyconeogenesis in th e  liver (S torer, 1967; Butler, 
1968).

A drenalin , on th e  o th e r  hand , causes glycogenolysis 
in liver and  m uscle w hich leads to hyperglycem ia 
(M azeaud  e t al., 1977). C om paring  th e  diseased  eels 
w ith th e  stressed  ones, it can b e  seen  th a t a sim ilar 
reaction  occu rred  in both  groups. T h e  infection may 
therefo re  resu lt in an  energy m obilization just as stress 
does.

G lancing  back a t th e  p rerequ isites  fo r reliability  of 
th e  physiological and  hem atological study m ethods, it 
seem s th a t th e  m orphological an d  m orphom etric  pa ra ­
m eters  have a  c lear advan tage fo r diagnosing a long- 
lasting resistance  phase. T he  findings p resen t an in te ­
g ra ted  set o f ev idence abou t th e  long-term  burden  on  a 
fish, in d ep en d en t o f th e  m om en tary  s ta te  of experim ent 
o r fluctuations in th e  daily activity cycle. I t  is clear th a t a 
sh o rt-te rm  stress, and  signs o f th e  exhaustion  phase, can 
be  d e tected  th rough  physiological param eters. H ow ­
ever, a  long -term  stress, th a t is, one lasting u n in te r­
ru p ted  fo r several w eeks, should be diagnosed only on  
the  basis o f a b ro ad  spec trum  o f clinical p aram eters  in a 
g roup  o f  fish, o r on  m orphological and  m orphom etric  
da ta . I t is such a  fo rm  of stress as this, th a t we often  
en co u n ter in aquacu ltu re.

Sum m ary
U n d e r n a tu ra l conditions, stress plays the  ro le o f a regu­
latory  m echanism  im p o rtan t fo r the  survival o f th e  in­
d iv idual and  th e  species. In  captivity , this regulatory  
m echanism  loses its biological purpose. B ecause the  
anim als canno t escape, stress becom es a  physiological 
burden . In  ou r experim ents w ith E u ro p ean  eels, stress 
effects w ere  b ro u g h t abou t by intraspecific aggression.

Pairs o f ex perim en tal eels and  iso la ted  con tro ls  were 
kep t in 50-1 tan k s  in a w arm -w ate r circulation  system . 
Fights betw een  th e  m em bers of each pa ir always oc­
curred , w hich le d  to  o n e  becom ing subo rd ina te  w ithin a  
few hours. T o  d e te rm in e  the  am o u n t o f stress p laced  on 
the  fish, m o re  th a n  2 0  physiological and  m orphological 
param eters  w ere  m easured . T h e  values w ere  com pared 
with co rrespond ing  d a ta  o b ta ined  from  eels afflicted 
w ith u lcer d isease. W e ob ta in ed  the  following results:

1) intraspecific  aggression, in this case ba ttle s  fo r rank, 
p roduced  g re a t stress in th e  subo rd ina te  anim al, 
leading to  d ea th  in ex trem e  situations;

2) the  follow ing p a ra m e te rs  p roved  to  be  good indi­
cato rs o f stress: decreases in the  o b ta inab le  blood 
volum e, lym phocyte  coun t, sp leen  w eight, liver gly­
cogen co n ten t, s tom ach  d iam eter; an  a trophy  o f the  
gastric  ep ithe lium ; and  increases in th e  leucocrit, the  
g ranu locy te  coun t, and  th e  b lood glucose concen tra ­
tion;

3) diseased  eels show ed changes in som e o f  th e  pa ra ­
m eters m en tio n ed  above opposite  to  those caused by 
stress, b u t seve ra l sim ilar changes a lso occurred.

T h e re fo re , long -term  stress shou ld  b e  diagnosed 
based on th e  sim ultaneous app ea ran ce  o f  num erous 
physiological and  hem atological sym ptom s o r on the  
occurrence o f m orphological o r  m orphom etric  a lte ra ­
tions.
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