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woraus geschlossen werden k6nnte,  dass dieses Verhal tens-  
e lement  an ein besonders holies aggressives Erregungs-  
n iveau gebunden ist. 

Nach  Einze lha l tung  yon 7-56 Tagen wurden jeweils 
2 e twa gleich grosse'  Mgnnchen,  die aus verschiedenen 
Zuchten  s t ammen  und sich daherpers6nl ich  nicht  kannten,  
zusammengese tz t  und die daraufhin  folgenden 1Rangord- 
nungskgmpfe  q u a n t i t a t i v  m6glichst  genau erfasst. Die 
K/ impfe  verl / ingerten sich schon nach 14 Tagen Isolat ion 
s ignif ikant  yon durchschni t t l ich  27,2 rain Dauer  auf 54,2 
rain (p < 0,001, /-test). Obwohl  die K/~mpfe lgnger waren, 
bl ieben die auch bei geringer aggressiver Er regung  auf- 
t r e tenden  Verhal tensweisen Droheu und einseitige Beiss- 
bzw. Rammbewegu~gen e twa gleich. Dagegen nahmen  
Kreisen und Maulkampf  s tark zu (Figur 1). Die Ver- 
lgngerung der Kgmpfe  ging also mi t  einer Zunahme der- 
jenigen Verhal tensweisen einher, die ve rmut l i ch  an eine 
st/irkere agonist ische Handlungsbere i t schaf t  gebunden 
sind. Be t r ach t e t  man  die t-Igufigkeit der Maulkgmpfe  
innerhalb  der Phase des Maulkampfes,  d.h.  v o m  ersten 
bis zum le tz ten Maulkampf,  so zeigt es sich, dass die Maul- 
k/ impfe nach der Isola t ion dichter  aufeinander  folgten als 
vorher.  En t sp rechend  ist das Ergebnis  be im Kreisen. 

Es ist  sicher nicht  mSglich, die hier angefi ihrten Ergeb-  
nisse zu veral lgemeinern.  Zwar  kann intraspezifisches 
Aggressionsverhal ten als ein Charakter i s t ikum wohl  nahe- 
zu aller Wirbel t iere  gelten. Hinsicht l ich  der biologischen 
Bedeutung,  den Wechse lbez iehungen zu anderen Syste- 
men  des Sozialverhal tens  und der Abhgngigkei t  yon 
gusseren und inneren Fak to ren  liegen aber  erhebl iche 
Unterschiede  vor. Die yon Ar t  zu Ar t  unterschiedl ichen 
~Skologischen und soziologischen Verhgltnisse diirfen nicht  
unberf icksicht igt  bleiben. Bei den Buntbarschen  Pelmalo- 
chromis subocellatus kribensis und Haplochromis burtoni 
ging z.B. die Aggressivi t / i t  nach  lfingerer i so la t ion  s tark 
zurtick 2,3. Bei diesen Fischen ist die Aggression in star-  
kern Masse an die E i n n a h m e  eines For tp lanzungs te r r i to -  
r iums gebunden.  Ter r i tor ia l i tg t  und Schwarmverha l t en  
k6nnen e inander  abwechseln.  Es ist  denkbar,  dass durch 
1/ingere Isolat ion die For tpf lanzungsbere i t schaf t  und dami t  

i l ldirekt such  die aggressive Handlungsbere i t schaf t  abge- 
bau t  wird. Bei den Schwert t r / igern k6nnte  dagegen eher 
der u lngekehr te  Fal l  vorliegen. Die M~nnchen sind un- 
abh/ingig yon einem Terr i t0r ium im lockeren, gemischt-  
geschlecht l ichen Verband  st/indig aggressions- und fort-  
pf lanzungsberei t .  Durch  l$ngere Isola t ion  wird die 
For tpf lanzungsbere i t schaf t  nicht  e twa abgebaut ,  sondern 
sogar noch erhebl ich verst/~rkt *. Noch  anders dtirfte die 
Si tua t ion  bei dem Koral lenbarsch Microsphatodon chry- 
surus sein, der schon als Jungf isch  s tark aggressiv ist  und 
unabh~ngig yon der Jahreszei t  s t~ndig Nahrungster r i -  
torien am Rif t  e innimmt.  In  diesem Falle  war  auch 
unabhgngig  yore  For tpf lanzungs ins t ink t  im Isolat ions-  
versuch eine Zunahme der Aggressionsappetenz nachweis- 
bar  5. 

Summary. If  Xiphophorus helleri males are kept  in 
social isolat ion for 14-56 days, the  fights for rank  order 
posi t ion showed an increasing dura t ion  and intensi ty .  
These results suppor t  the  idea of a spontaneous  accumu- 
la t ion of a t t ack  readiness and are in contras t  to the  
results in cichlid fishes. I t  is supposed tha t  the  different  
influence of social isolat ion to aggressive behav iour  
corresponds to different  types  of social organisat ion anp 
ecological adaptat ions .  
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Hemoglobin Concentration Changes Determined 
During Plasmodium berghei Infection in Mice 

The dynamics  of host  cell hemoglobin  ut i l izat ion by 
malar ia l  parasi tes  is a central  theme of malar ia  research. 
Because most  cy tochemica l  methods  appl icable  to this  
area are 'chemical  autops ies ' l ,  a modi f ica t ion  of the  im- 
mersion me thod  of ref rac tometry2-5  has been developed 
to s tudy  l iv ing host  cel l-parasi te  systems. Quan t i t a t i ve  
measurements  of host  cell mean  cytoplasmic  prote in  con- 
cent ra t ion  (MPC) will cont r ibute  to a be t te r  unders tanding  
of the  paras i te-host  cell relat ionship.  

Materials asd methods. Female  vi rgin  Swiss mice, 
weighing between 15 and 25 g served as host  animals  for 
the  K B G  173 s t ra in  of Plasmodium berghei used dur ing 
this invest igat ion,  An average of 5 • 10 ~ parasites,  
suspended in 0.825 % saline, was inocula ted i .p.  into each 
exper imenta l  animal  wi th  dosage adjus ted  to animal  
weight.  To de termine  the  number  of parasi tes  injected 
into exper imenta l  animals,  suspensions of blood of known 
percent  pa ras i t emia  were counted  in a h e m o c y t o m e t e r  
to cMculate the  number  of parasi t ized ery throcytes  per  
m m  a. These suspensions were then  di luted to the  correct  
concent ra t ion  wi th  saline. 

The p repa ten t  per iod of P. bergheiinfection was 4 days. 
In  the  con tex t  of this  work, p repa ten t  period was defined 

in Populations of Living Host Erythrocytes 

as the  post- inoculat ion period dur ing which parasi tes  
were ei ther  absent  from the peripheral  blood or present  
in numbers  too small  for meaningful  MPC determinat ions .  
Infected animals  surv ived  between 13 and 17 days and 
paras i temia  m a x i m a  of 18-28 % were observed.  

Blood smears for percent  paras i temia  de te rmina t ion  
were stained wi th  Wr igh t ' s  stain. Percent  paras i temia  
was computed  as the  number  of paras i t ized ery throcytes  
per  1000 erythrocytes .  Because mul t ip le  infect ion of host  
cells is common  in P.  berg~ei infections 6. the  actual  per- 
cent  of parasi tes  present  in a blood sample was always 
higher  t han  the  computed  value.  

Stock a lbumin  solutions (32% W/V,  hemoglobin  
equivalent)  were prepared by disolving bovine  p lasma 
albumin,  Cohn Trac t ion  V (Nutr i t ional  Bioctlemicals 
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Corpora t ion ,  lo t  No. 8032) in  0.7 % sal ine whi le  m on i to -  
r ing  t he  so lu t ion  w i t h  a h a n d  sugar  r e f r a c t o m e t e r  ca l ibra-  
t ed  w i t h  a h e m o g l o b i n  s t a n d a r d .  S tock  so lu t ions  were  
t h e n  d i lu ted  in to  a l iquo ts  of l inea r ly -decreas ing  a l b u m i n  
concen t r a t i ons  w i t h  0.825 % saline.  

W e t  m o u n t s  for  r e f r a c t o m e t r y  were p r e p a r e d  b y  m i x i n g  
a large d rop  ( a p p r o x i m a t e l y  0.03 ml.) of a l b u m i n  so lu t ion  
w i t h  a smal l  d rop  ( ap p r ox i m a t e l y  0.001 ml) of t a i l  b lood  
on a c lean glass microscope slide. A t h i n  r i m  of vase l ine  
a n d  a covers l ip  were t h e n  appl ied  to  fo rm a sealed p repa -  
r a t i o n  wh ich  was  e x a m i n e d  a t  1000 • magn i f i ca t ion  
(phase  con t ras t )  to  ensure  accura te  iden t i f i ca t ion  of 
in fec ted  e ry th rocy tes .  I t  is i m p e r a t i v e  to  m a x i m i z e  t h e  
size of t h e  a l b u m i n  d rop  a n d  to  min imize  t he  size of t he  
d rop  of b lood w h e n  m a k i n g  t h i s  p r e p a r a t i o n  to avo id  
excessive d i lu t ion  of t he  a l b u m i n  b y  t he  b lood  p lasma.  

MPC d e t e r m i n a t i o n s  were m a d e  b y  c o u n t i n g  t he  
n u m b e r  of dark ,  b r i g h t  and  n o n - c o n t r a s t i n g  cells in  m e d i a  
of p rogress ive ly  increas ing  a l b u m i n  concen t r a t i on .  The  
n o n - c o n t r a s t i n g  cells were  t h e n  d iv ided  equal ly  be t ween  
t h e  d a r k  a n d  b r i g h t  popu la t ions .  A m i n i m u m  of 100 
celIs was  c o u n t e d  pe r  a l b u m i n  concen t r a t i on .  T he  d a t a  
t h u s  o b t a i n e d  were  sub jec t ed  to  c o m p u t e r  ana lys i s  to  
d e t e r m i n e  MPC, s t a n d a r d  dev i a t i on  a n d  m e a n  -b s t a n d a r d  
error.  

Results. The  MPC of e r y t h r o c y t e s  f rom 10 un in fec ted  
con t ro l  mice  was found  to be  29.3 %. P. berghei hos t  cell 
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IV[ean protein concentration (hemoglobin) of Plasmodium berghei 
host cell cytoplasm and % parasitemia during patent infection in 
Swiss mice. 

Comparison of MPC ~ of mouse erythrocytes from urdnfected animals 
and Plasmodium berghei host cells on the 1st, 5th and 9th daysb of 
patent infection (Mean q- standard error) 

Day of patent Host cell MPC Erythrocyte MPC P value 
infection 

1st 27.6 ~: 0.26 29.3 4- 0,89 -- 
5th 21.4 :L 0.24 29.3 d= 0.89 0.001 
9th 19.8 :t: 0.26 29.3 q- 0.88 0.001 

Mean cytoplasmic protein (hemoglobin) concentration, % W/V 
b These days represent the first, middle and last days of patent 
infection, o From Student's-t-test. 

MPC is no t  s ign i f i can t ly  d i f fe ren t  f rom the  MPC of con t ro l  
mouse  e r y t h r o c y t e s  on  t h e  f i rs t  d a y  of p a t e n t  in fec t ion  
b u t  differs s ign i f i can t ly  f rom t h a t  of con t ro l  e r y t h r o c y t e s  
on  t he  f i f th  a n d  n i n t h  days  a t  t h e  0 .001% level  (S tand-  
a rd  S tuden t ' s - t - t e s t ) .  As shown  in t he  Figure,  t he  MPC 
of t h e  hos t  cell p o p u l a t i o n  drops  f rom a n  in i t i a l  va lue  of 
27.6 % to  a f ina l  va lue  of 19.8 %. Th i s  d rop  is s ign i f ican t  
a t  t h e  0 .001% level.  The  MPC decrease  f rom d a y  1 to  d a y  
5 is s ign i f i can t  a t  t h e  0 .001% level,  b u t  t h e  MPC n o t e d  on  
d a y  5 is no t  s ign i f i can t ly  d i f fe ren t  f rom t h a t  on  day  nine.  
The  pe r cen t  p a r a s i t e m i a  on  t h e  f i r s t  p a t e n t  day  was 
2.7 % a n d  rose to a f ina l  ave rage  va lue  of 23.7 %.  

Discussion. MPC values,  especial ly  w h e n  cor re la ted  
w i t h  t he  pe r cen t  p a r a s i t e m i a  curve,  sugges t  t h a t  t he  
shape  of t h e  MPC curve  m a y  be  due  to t h e  hemopo ie t i c  
response  of t h e  hos t  a n i m a l  r a t h e r  t h a n  to specific hemo-  
g lobin  de s t ruc t i on  b y  t he  paras i te .  The  las t  5 days  of t he  
MPC curve  r ep resen t  a n  inverse  p la t eau .  P. berghei infec- 
t ions  in  mice  are  cha rac t e r i zed  b y  a r a p i d  in i t i a l  r ise in  
pe r cen t  p a r a s i t e m i a  followed b y  a p l a t e a u  level  of in fec t ion  
w h i c h  pers i s t s  un t i l  d e a t h  6. I t  is well d o c u m e n t e d  t h a t  
P. berghei pa ra s i t e s  p re fe ren t i a l ly  i n v a d e  re t i cn locy tes  7 9 
a n d  t h a t  re t icu locytes  e x h i b i t  lower  h e m o g l o b i n  concen-  
t r a t i o n s  t h a n  m a t u r e  e r y t h r o c y t e s  1~ I n  l igh t  of these  
cons idera t ions ,  one m a y  t e n t a t i v e l y  p ropose  t h a t  t he  
hos t  cell MPC curve  is r e l a t ed  to  t h e  re t i cu locy te  response  
of t he  hos t  an imal .  W o r k  is c u r r e n t l y  in  progress  to  t e s t  
t h i s  hypo thes i s .  

Th i s  s t u d y  ha s  d i r ec t ly  m e a s u r e d  t he  da i ly  changes  in 
cy top la smic  h e m o g l o b i n  c o n c e n t r a t i o n  of a p o p u l a t i o n  of 
h o s t  cells t h r o u g h o u t . a  p a t e n t  P. berghei infect ion.  I t  
m u s t  be  s t ressed t h a t  a s t u d y  of t h i s  k ind  does n o t  mea-  
sure t he  u p t a k e  of h e m o g l o b i n  f rom a specific hos t  e ry th ro -  
cy te  b y  i ts  specific pa r a s i t e  as t h a t  p a r a s i t e  grows and  
ma tu re s .  Such  m e a s u r e m e n t s  will  requi re  a n  in v i t ro  
sys t em us ing  a f ixed p o p u l a t i o n  of P. berghei-infected hos t  
cells. 

No a t t e m p t  has  been  m a d e  to  d i s t i ngu i sh  b e t w e e n  
m e a n  cy top l a smic  p r o t e i n  c o n c e n t r a t i o n  and  m e a n  cyto-  
p lasmic  h e m o g l o b i n  c o n c e n t r a t i o n  because  of t h e  fac t  
t h a t  h e m o g l o b i n  compr ises  f rom 955 to  97 % 11 of t h e  d ry  
mass  of m o s t  m a m m a l i a n  e ry th rocy te s .  

Rdsumd. On a mesur6  la c o n c e n t r a t i o n  en  hdmog lob ine  
de eel lnles-hgtes  v i v a n t e s  p e n d a n t  la p f r iode  d ' i n f ec t i on  
p a r  le Plasmodium berghei de souris.  Le p r e m i e r  jou r  de 
l ' i n fec t ion  on n ' a  pas  cons ta t6  de diffgrence s igni f ica t ive  
en t re  la c o n c e n t r a t i o n  en  hgmoglob ine  des cel lules-h6tes  
e t  celle des e r y t h r o c y t e s  de contrgle .  Le 5 ~ et  le 9 ~ j on r  le 
n iveau  de c o n c e n t r a t i o n  en  hgmoglob ine  des cel lnles-hgtes  
a n e t t e m e n t  baissg. Le p o u r c e n t a g e  de pa ra s i t gmie  6 ta i t  
i n v e r s g m e n t  p r o p o r t i o n n e l  & la c o n c e n t r a t i o n  en  hgmoglo-  
b ine  de Ia cel lnle-hgte ,  rgac t ion  6 ry th ropo id t ique  p robab le .  

M . J .  AIJTUORI and  C.WM. LACAILLADI~ 

University o/Bridgeport, Dept. o/Biology, 
Bridgeport (Connecticut 06877, USA),  and 
St. John's University, Dept. of Biology, 
Grand Central and Utopia Pkwys.,  
Jamaica (New York 11432, USA), 26 January 1973. 

I. SINGER, R. HADFIELD and M. LAKONEN, J. Inf. Dis. 97, 15 (1955). 
8 ~f. ZUCKERMAN, J. infect. Dis. 100, 172 (1957). 
9 p. C. C. GARNHAlVi, Malaria Parasites and Other Haemosporidia 

Blackwell Scientific Publications, Oxford 1966). 
10 M. M. WI•TROBE, Clinical Hematology (Lea and Febiger, Phila- 

delphia 1962). 
11 E. PONDER, Hemolysis and Related Phenomena (Grune and Strat- 

ton, New York 1948). 


