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Conclusion:  changes in shape of col lect ing veins  as 
de te rmined  by  t r ansmura l  pressure were s tudied  in r i v e .  
Major  to  minor  axis  ra t io  of femoral  veins  in dogs was 
shown to  decrease wi th  increasing t r ansmura l  pressure  
f rom Dmax/Dmi n 1.6 (at P V  < 2 cm H20),  approach ing  
a sympto t i ca l ly  u n i t y  (PV > 16.0 c m  H 2 0  ) 4. 

Zusammen/assung. Es  wird die Abh~ngigke i t  der  Ge- 
IAssquerschni t tsform der  Vena  Iemoral is  yore  Binnen-  
d ruck  in v i v o  a m  narkot i s ie r ten  H u n d  untersucht .  Bei  
zunehmendem Binnendruck  v e r m i n d e r t  sich die l~etation 
des grossen Hor izonta ldnrchmessers  zum Meinen Ver t i -  
ka ldurehmesser  (D ~o,/D rain > 1,6 / bei Venendruck  < 2 cm 
H,O) exponentiel l ,  bis sich der  Quo t i en t  bei  e inem Venen-  

druck  fiber 16 cm H 2 0  asympto t i sch  dem W e r t  1,0 an- 
ngher t .  Es  ergib t  sich, dass die Venenquerschn i t t s fo rm bei 
e inem Binnendruck  fiber 16 cm H20  als p rak t i sch  rund  
zu be t r ach ten  ist. 
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Effects of Environmental  Temperature -Humidi ty  and Gage Density on Body Weight and Behavior 
in M i c e  

E n v i r o n m e n t a l  t empe ra tu r e  x-3 and cage density4,S.have 
been  shown to influence body  weight  and behavior .  Al- 
though  cage dens i ty  in terac ts  wi th  env i ronmen ta l  t emper -  
a tu re  to  p o t e n t i a t O  or inhib i t  6 the  effects  of t empe ra tu r e  
on survival ,  the  na tu re  of this  in te rac t ion  could be  ex-  
pec ted  to  have  different ial  effects when  examined  in 
reference to  o the r  measures  of biological  and  behav iora l  
adap ta t ion .  The  p resen t  repor t  inves t iga tes  t he  effects of 
rear ing  mice  under  d i f ferent  condi t ions  of env i ronmen ta l  
t e m p e r a t u r e - h u m i d i t y  and cage dens i ty  on b o d y  we igh t  
and  a t es t  of  sw imming  survival .  

IViethod. A sample  of 200 male  mice  of the  C 3 H / H e J  
s t ra in  f rom a larger  popula t ion  ma in t a ined  b y  one of t he  
au thors  (E. P.  L.) was used as subjects .  These  animals  
were  ob ta ined  f rom the  Produc t ion  D e p a r t m e n t  of The  
Jackson  Labo ra to ry  a t  wean ing  age (21 :~ 3 days).  T h e y  
were housed under  a condi t ion  of env i ronmen ta l  t emper -  
a t u r e - h u m i d i t y  [ 70 °F wi th  60% re la t ive  h u m i d i t y  (R.H.),  
or  95 °F wi th  30% R.H. ] ,  and a condi t ion  of cage dens i ty  
(4 or  8/cage). Thus,  50 mice were in one of each t r e a t m e n t  
condit ion.  Cages were solid stainless steel (11 x 5 x 5inches 
deep) wi th  wire  mesh  covers  and pine shavings as bedding.  
Food  and wa te r  were avai lable  ad l ibi tum.  

All mice were reared  in env i ronmen ta l  chambers  (Hot-  
pack,  Inc. ,  Phi ladelphia)  under  condi t ions  of 12 h of l ight,  
2 comple te  air  changes per  h, and the  exper imenta l  
condi t ions  described above.  The  swimming  surv iva l  tes t  
was conduc ted  in a wa te r  t a n k  described p rev ious lyL  
E x c e p t  for  weekly  changing of  cages and replenishing food 
and  water ,  mice were  no t  d i s tu rbed  un t i l  125 days  of age. 
A t  th is  age, mice  were  p laced in ind iv idual  hold ing  boxes  
and  ma in t a ined  a t  a p p r o x i m a t e l y  72 °F while  be ing  t rans-  
ferred f rom one l abora to ry  bui ld ing  to  another .  This  
requi red  abou t  40 min  and  occurred i m m e d i a t e l y  pr ior  to  
t h e  swimming  surv iva l  test .  

Ten  mice f rom each expe r imen ta l  condi t ion  were as- 
s igned r a n d o m l y  to  a wa t e r  t e m p e r a t u r e  condi t ion  (65, 75, 
85, 95 or  105°F) for t he  swimming  surv iva l  test .  E a c h  
mouse  was weighed, and a weight  (weighted safe ty  pin) in 
t he  ra t io  of 2 g of ta i l  weight  to 30 g of body  weight  was 
a t t a ched  by  a 9 m m  wound  clip 1 inch f rom the  base of the  
tail .  The  mouse  was held  by  the  ta i l  wi th  forceps abou t  
18 inches above  the  wa te r  surface and released. Swimming  
surv iva l  t ime  (sec) was defined as the  in te rva l  be tween  
release of t he  an imal  and the  f if th consecut ive  second 
dur ing  which no par t  of i ts body  was visible above  the  
wa te r  surface. The  an imal  was then  removed.  

Results and discussion. The  m e a n  body  weights  of t he  
var ious  groups of mice a t  125 days  of age are presented  in 
the  Table.  Analysis  of va r iance  of these  da t a  show a 
s ignif icant  env i ronmen ta l  t e m p e r a t u r e - h u m i d i t y  effect  
(F  = 237.76, d / =  1/196, p < 0.01) and a s ignif icant  en- 
v i r o n m e n t a l  t e m p e r a t u r e - h u m i d i t y  × cage dens i ty  in ter -  
ac t ion  (17 = 8.82, d[ = 1/196, p < 0.01). Comparisons  of 
m e a n  weigh t  be tween  the  ind iv idual  groups by  the  
NEW~AN-KEULS m e t h o d  s showed t h a t  mice raised 8/cage 
a t  95°F -30% R.H.  weighed s ignif icant ly  less (p < 0.05) 
t h a n  the  o the r  3 groups.  Regardless  of cage densi ty ,  mice  
raised a t  95°F-30% R . H .  weighed s ignif icant ly  less 
(p < 0.01) t h a n  mice raised a t  70°F-60% R . H .  The  en-  
v i ronmen ta l  t e m p e r a t u r e - h u m i d i t y  effect  on b o d y  weigh t  
is cons is tent  wi th  prev ious  reportsl,~,L However ,  t he  in- 
dependen t  effect  of cage dens i ty  is no t  consis tent  wi th  
previous  inves t igat ions  4,~. This  d iscrepancy  could be re- 
la ted  to the  differences in the  size of cage densit ies em- 
p loyed  (i.e. isolated versus  grouped,  or  grouped versus  
grouped).  The  in te rac t ive  effect  of cage dens i ty  and  
env i ronmen ta l  t e m p e r a t u r e - h u m i d i t y  m a y  be re la ted  to 
t empe ra tu r e  increases induced in the  cage and in t he  
an imal  as a funct ion  of cage dens i ty  x°m. These t e m p e r a t u r e  
increases m a y  no t  be  sufficient  to  resul t  in reduced b o d y  
weigh t  of mice raised a t  70°F-60% R.H.  bu t  m a y  be 
sufficient  to  po t en t i a t e  t he  effect a l ready  presen t  a t  95 °F- 
30% R . H .  

The  mean  swimming  surv iva l  t ime  as a func t ion  of 
wa t e r  t empe ra tu r e  for t h e  d i f ferent  expe r imen ta l  groups 
is presented  in t he  Figure.  Analys is  of va r iance  showed a 
s ignif icant  wa te r  t e m p e r a t u r e  effect  (F  = 63.51, d / =  4/ i80,  
p < 0.01) and a s ignif icant  env i ronmen ta l  t empe ra tu r e -  
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h u m i d i t y  × cage dens i ty  in te rac t ion  (F  = 4.48, df = 1/180, 
p < 0.05). Comparisons by  the  NEWMAN-KEuLS m e t h o d  
be tween  the  m e a n  swimming  surv iva l  t imes  of the  di f ferent  
wa te r  t e m p e r a t u r e  groups regardless  of t he  expe r imen ta l  
t r e a t m e n t  showed t h a t  t he  ex t reme  wa te r  t empera tu res  
(65 a~d 105 °F) resul ted in s ignif icant ly  (p < 0.05) shor ter  
swimming  surval  t imes  t h a n  the  i n t e rmed ia t e  wa t e r  
t empera tu re s  (75, 85 or  95 °F). The  m e a n  surv iva l  t imes  
for  t he  groups tested a t  75 °F  were s ignif icant ly  (p < 0.05) 
longer  t h a n  for all  the  o ther  wa te r  t e m p e r a t u r e  groups.  I n  
con t ras t  to  previous  s tudies t h a t  employed  measures  of 
pe r fo rmance  and  maze  learning 1,~, the  p resen t  inves t iga-  
t ion  revea led  no appa ren t  effects  of adap ta t i on  f rom being 
reared  in par t icu la r  t e m p e r a t u r e - h u m i d i t y  env i ronmen t s  
on swimming  pe r fo rmance  a t  var ious  wate r  tempera tures .  
The  re la t ive ly  acu te  na tu re  of the  swimming  task requi red  
immed ia t e  and excessive expendi tures  of energy so t h a t  
t e m p e r a t u r e  adap t ive  mechan isms  could no t  be discerned. 

The  m e a n  swimming  surv iva l  t imes  for the  4 t r e a t m e n t  
groups regardless  of t he  wate r  t empe ra tu r e  are p resen ted  
in the  Table.  A l though  no signif icant  differences be tween  

Mean body weight at 125 days of age and mean survival time (see) 
of C3HIHeJ taale mice reared under various conditions of environ° 
mental temperature-humidity and cage density 

Environmental factors 

70°F-60% R.H. 95 °F-30% R.H. 

Cage density (No./cage) 4 8 4 8 
No. 50 50 50 50 

Body weight i~fean 27.3 27.9 21.9 19.9 
(g) S.D. 4.1 3.5 2.1 2.2 

Survival time Mean 1014.4 817.1 888.8 945.2 
(see) S.D. 634.3 628.3 626.5 656.9 

these  means  (NEwMAN-KEuLs) as a func t ion  of e i ther  
env i ronmen ta l  t e m p e r a t u r e - h u m i d i t y  or  cage dens i ty  were 
evident ,  the  s ignif icant  (p < 0.05) in te rac t ion  suggests  
t h a t  env i ronmen ta l  t e m p e r a t u r e - h u m i d i t y  has  dif ferent ia l  
effects  on swimming  surv iva l  which are  dependen t  upon  
cage densi ty .  The  shor tes t  surv iva l  t i m e  occurs in t he  
group reared 8/cage a t  70 °F-60% R . H .  fol lowed by  t h e  
group reared  4/cage a t  95 °F-30% R . H .  This  i n t e r ac t ive  
effect  ex tends  the  f indings of previous  repor t s  t h a t  en- 
v i r o n m e n t a l  t e m p e r a t u r e  ~,* and  cage dens i ty  4,5 indepen-  
den t ly  inf luence var ious  aspects  of behavior .  The  un ique  
fea tu re  of t he  swimming  su rv iva l  t a sk  is t h a t  i t  requi res  
t he  an imal  to expend  energy  in w h a t  is for i t  a ' l ife o r  
d e a t h '  s i tua t ion  wi th  rap id  submers ion  being associa ted 
wi th  increased emot iona l i ty  and an  inabi l i ty  to sustain 
a c t i v i t y L  The  condi t ions  of increasing env i ronmen ta l  
t e m p e r a t u r e - h u m i d i t y  tends  to decrease speed of me tabo-  
l ism and levels of s tored energy 1~,1s and would  t end  t o  
decrease swimming  surv iva l  t ime ;  while the  condi t ions  of 
increasing cage dens i ty  would  m a k e  the  animals  more  
emot iona l  and decrease swimming  surv iva l  t ime.  Thus,  
t he  predic t ion  could be m a d e  t h a t  the  group reared  a t  
70 °F-60% R.H.  wi th  4]cage would  show the  best  per form-  
ance, while  t he  group reared  a t  95 °F- 30 % R .H.  wi th  8]cage 
would  show the  wors t  performance.  The  da t a  indicate  t h a t  
the  former  is t rue  while the  la t te r  is not.  The  effects of 
being reared  a t  95 °F-30% R,H.  m a y  obv ia te  t h e  social 
stress effects  of cage dens i ty  so t h a t  these  mice  are  less 
emot iona l  ra ther  t h a n  more  emot iona l  t h a n  mice  reared  
under  t he  70°F-60% R.H.  condit ion.  This  hypothes i s  is 
documen ted  by  observa t ions  of t he  95°F-30% R . H .  
animals  being lethargic,  wi th  l i t t le  or  no social  con t ac t  
or  huddl ing.  

I t  is ev iden t  t h a t  env i ronmen ta l  t e m p e r a t u r e - h u m i d i t y  
and  cage dens i ty  are  i m p o r t a n t  factors  in t he  rear ing  
exper iences  of animals.  Y e t  the i r  effects  on a va r i e t y  of 
biological and behaviora l  measures  of adap t ion  are  no t  
s imply  c u m u l a t i v e  bu t  in t e rac t  d i f ferent ia l ly  as a func t ion  
of the  par t icu lar  physiological  and behav iora l  r equ i rements  
of the  tasks  14. 
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Mean surv ival  t ime (sec) as a funct ion of water temperature of 
C3HIHeJ male mice reared under various conditions of environ- 
mental temperature-humidity and cage density. I • 8/cage, 
95°F, 30% R.H.; ¢ - - - e  8/cage, 70°F, 60% R.H.; o o 4/cage, 
95 °F, 30% R.H.; o - - - o  4/cage, 70°F, 60% R.H. 

Zusammen/assung. Es  wurden  M~iuse des C 3 H / H e J -  
S t a m m e s  nach  E n t w 6 h n u n g  bis zum Alter  von  125 Tagen  
un te r  verschiedenen Umwel tbed ingungen  wie Tempera -  
tur,  re la t ive  Luf t feuch t igke i t  und Kiif igdichte  aufgezogen.  
Je  h6her  Tempera tu r ,  re la t ive  Luf t feuch t igke i t  und je  
gr6sser die Kiifigdichte,  u m  so gr6sser waren  die K6rper-  
gewichtsver luste .  U m w e l t t e m p e r a t u r ,  Feuch t igke i t  und  
KRfigdichte beeinfiussten zusammen  das ~ b e r l e b e n  der  
Miiuse nach  Schwimmen.  
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