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Locomotion and Activity Phasin~ of Six Carnivores and a Monkey 

Compara t ive  labora tory  studies of m a m m a l i a n  ac t iv i ty  
have  been hampered  by  the  lack of a common  measure,  
i.e., of a quan t i t a t i ve  technique  equal ly  sui table for, say, 
a t iny  rodent  and a bobcat .  Whi le  running in an ac t iv i ty  
wheel p robably  is the  best  technique  for small  mammals ,  
i t  had not  been applied to animals  larger t han  the  rat.  
Recent ly ,  however,  PACKER~ found t h a t  Tasmanian  
devils, Sarcophilus  harrisr will run wheels, while I have  
found t h a t  a wide range of confined cat- and dog-sized 
mammal s  readi ly  do so. In  essence a sui tably large Wheel 
s imply provides  an endless s t ra ight  t rack  along which 
animals  can t read unhindered at  the i r  chosen gaits. The  
first  compara t ive  findings for intluences of l ight  on 
locomotion and ac t iv i ty  phasing of medium-sized mam-  
mals  are  presented here briefly. 

The animals  s tudied were i female each of the  bobca t  
(Lynx  ru/us),  domest ic  cat  (Fells catus), red fox (Vulpes  
1ulva), cacomist le  (Bassariscus astutus), t ay ra  (Tayra  
barbara), and grison (Grison vittatus), and a male  pig-tai l  
macaque  (Macaca nemestrina). Expe r imen ta l  procedures,  
including lighting, programming,  recording, etc., were 
the  same as for small  m a m m a l s  2, 3 The ac t iv i ty  wheel 
was 122 cm in diameter .  The l ight  cycle general ly con- 
sisted of 12 h of br ight  l ight  (up to 3200 lux), 10 h of d im 
l ight  (up to 10 lux), and one t rans i t ional  hour each of 
s imulated dusk and dawn s. T imes  of dai ly f e e d i n g  of 
zoo diets * were selected to min imize  interference wi th  
act ivi ty .  S tudy  periods ranged up to 70 days. 

The bobca t  and domest ic  cat  were a r rhythmic ,  wi th  
most  of the  ac t iv i ty  occurring a t  night.  The  cus tomary  
gait  was a 'de l ibera te '  walk bu t  galloping occurred 
regularly,  par t icu lar ly  dur ing twil ights.  Ac t iv i ty  was in 
bouts  of 10 to 30 rain separa ted  by  much  longer periods 
o f  rest. The red fox was nocturnal ,  at  first, bu t  sporadic 
day t ime  ac t iv i ty  occurred late in the  s tudy.  Ac t iv i ty  was 
bout-l ike.  For  the  most  par t  the  animal  t ro t ted ,  wi th  
f requent  short  periods of galloping. The cacomist le  was 
s t r ic t ly  nocturnal .  I t  t ro t t ed  more or less cont inuously  
all night  bu t  galloped occasionally, especially dur ing 
twilights.  On the  basis of a m o u n t  of ac t iv i ty  per uni t  
t ime, all 4 animals  were most  ac t ive  during twilights.  

The 3 t ropical  animals  were diurnal  and tended to nap 
during midday.  The monkey  was most  act ive  during 
dawn and the  pos t -dawn hours. I t  a l te rna te ly  walked on 
all fours and per formed var ious acrobatics.  The grison's  
ac t iv i ty  was essential ly bimodal,  since it  never  missed 
its m idday  siesta. The t ay ra  often was ac t ive  more or 
less cont inuously  bu t  somet imes  napped during midday.  
Both  the  grison and t ay ra  walked most  of the  t ime.  They  
were act ive  ve ry  l i t t le  or no t  at  all dur ing twil ights .  

L ight  in tens i ty  dur ing the  ac t iv i ty  period influenced 
the  a r rhy thmic  and nocturna l  animals  much  more than  
the  diurnal  ones. Thus, t i le speed,, average length  of 
running sessions, and a m o u n t  of ac t iv i ty  per  uni t  t ime  
for the  cats, fox, and cacomist le  depended upon the  
l ight  level during the  night.  On the  o ther  hand,  the  
diurnal  animals  paid l i t t le  note  to t empora ry  changes in 
the  day t ime  l ight  in tens i ty-even a drop to to ta l  darkness. 
Like the  small  m a m m a l s  of earlier studies 2, 3, all 7 animals  
showed strong tendencies  to t read unidirect ional ly  for 
long periods. 

Labora to ry  studies of the  influences of l ight  on ac t iv i ty  
phasing have  the  crucial  advan tage  over  field studies 
t h a t  all o ther  env i ronmenta l  variables  can be kept  
constant .  Thus, the  l ight  regime is the  chief external  
factor  influencing ac t iv i ty  phasing. If  this regime fair ly 
approx imates  na tura l  l ight  conditions,  the  phasing prob-  
ably  gives a good indicat ion of the  genet ical ly determined 

s ta te  of adap ta t ion  of the  visual  sys tem (the eye and all 
nerve  connections).  For  example,  if the  animal  is nocturna l  
in the  laboratory,  its visual  sys tem probably  is adap ted  
best  for dim-l ight  vision. 

In  the  past,  the  chief behaviora l  guide for in terpre t ing  
the  a n a t o m y  of the  visual  sys tem has been the ac t iv i ty  
phasing in the field ~. Bu t  this phasing often is not  a 
reliable index;  it  is an expression of complex interact ions  
of the  organism wi th  m a n y  hab i t a t  factors, including 
light, p reda tor  pressure, food avai labi l i ty ,  lat i tude,  and 
season. In  this connection,  mammal s  are highly adaptable  
and often can adopt  habi ts  for which their  visual  systems 
are not  best  suited. Indeed,  studies of the  ver tebra te  eye 
suggest t h a t  d iurna l i ty  and noc turna l i ty  can appear  and 
disappear  over  re la t ive ly  short  periods, evolut ionar i ly  
speaking, as muta t ions  and selection pressures direct  5. 

Since only one representa t ive  of each species was 
tested,  conclusions based upon these tests are only 
ten ta t ive .  The ac t iv i ty  phasing of 4 species, the  bobcat ,  
red fox, cacomistle,  and monkey  did not  differ signifi- 
cant ly  f rom t h a t  presumed from field observat ions  6. 
Repor ts  for tayras  conflict. Some workers repor t  t hem 
to be pr imar i ly  nocturna l  7, others  chiefly or solely diur- 
nalS, 9. Our diurnal  f inding m a y  help to resolve the  
conflict;  tayras  m a y  be diurnal  where unmoles ted  bu t  
tend  to become nocturna l  where dis turbed by nlan. I t  
m a y  be significant  in this regard tha t  the  tayras  t h a t  
were diurnalS, 9 ei ther  were re la t ively  undis turbed  island 
inhabi tants  or t ame  animals  in semi-capt ive  conditions,  
wi th  no fear of man. 

The grison is said to be chiefly diurnal  1~ bu t  nocturna l  
ac t iv i ty  also has been repor ted  11. Since our an imal  
responded like the  t ay ra  in most  tests, and since bo th  
are t ropical  mustel ids  (weasel family) wi th  m a n y  simi- 
larities, the  same comments  l ikely apply  to the  visual  
systems and ac t iv i ty  phasing of both.  The findings for 
the  donlestic cat  suggest t ha t  a few thousand  years of 
domest ica t ion  have  not  al tered a basical ly a r rhy thmic  
ancestral  type.  

E x c e p t  for the  domest ic  cat, there  exists l i t t le  or no 
direct  knowledge of the  re t inal  his tology of the  animals  
s tudied 6. Unt i l  bo th  tile ac t iv i ty  phasing in the  labora tory  
and the  detai led his tology of the  ret inal  cells and their  
in terconnect ions  (degree of summat ion ,  etc.) are at  hand 
for a diverse representa t ion of mammals ,  i t  would be 
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p rema tu re  to draw conclusions regarding relat ionships 
be tween  the  2 lines of evidence.  

The differences in the  d is t r ibut ion  of ac t iv i ty  dur ing 
ac t iv i ty  periods p robab ly  correlate most  closely wi th  
hunt ing  and feeding habits  in the  field. One migh t  
expect  a tendency  toward  cont inuous  ac t iv i ty  by animals  
subsisting on very  small  prey  and p lan t  materials ,  and 
toward  bout- l ike ac t iv i ty  by  animals  t ha t  take  fair ly 
large prey.  The  behavior  of our animals  fits roughly  into 
this pat tern.  The t endency  of the t ropical  diurnal  species 
to nap during m i d d a y  lends weight  to the appl icabi l i ty  
of some aspects of l abora tory  findings to field behavior .  
The  grison, in part icular ,  has  been repor ted  to t ake  
shelter  dur ing midday  hea t  6. The fact  t ha t  a siesta also 
is t aken  in cons tan t  modera te  t empera tu res  in the  
l abora to ry  suggests t h a t  the  field habi t  is no t  solely a 
response to high tempera tures .  

The  avid  t read ing  of wheels by  cat-  and dog-sized 
mammal s  suggests a new approach  to thei r  care and 
exhibi t ion in zoos. First ly,  a sui tably  large wheel m a y  
offer a more desirable or efficient out le t  for ac t iv i ty  than  
the c o n v e n t i o n a l  zoo enclosure. Secondly, exhibi ts  of 
mammal s  walking, t rot t ing,  galloping, performing acro- 
batics, and compet ing  for the  use Of wheels probably  
would interes t  observers more than  ones of thei r  lying 

prone, sleeping, or occasionally pacing to and fro. The 
same approach also migh t  succeed wi th  larger mammals .  
A detai led repor t  of these studies will appear  elsewhere 6, ~2 

Zusammen/assung. Die Lokomot ion  sowie die phasische 
Akt iv i t / t t  sechs mit te lgrosser  Carnivoren und eines Ma- 
kaken wurde am Laufrad  untersucht .  Die Laufak t iv i t / i t  
nach tak t ive r  Tiere war  s tark durch die Licht in tens i t / i t  
beeinflusst,  n icht  aber  die der diurnalen Tiere. Bei kiinst- 
t ichem Zwiel icht  waren erstere sehr akt iv,  letzt~re wenig 
oder i iberhaupt  nicht.  Die Bedeu tung  dieser Ergebnisse 
fiir die phasische Akt iv i t / i t  im Fre i land  und den dami t  
zusammenh~tngenden Grad der Adap ta t ion  des Auges 
wird diskutiert .  
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The Culture of Goldfish Cells (Carassius auratus) at High Temperatures 

I t  is known t h a t  if amphib ian  and rept i l ian tissues are 
selected f rom donor  species ranging into t ropical  lat i tudes,  
growth and different ia t ion are possible in v i t ro  at  and 
somet imes  above 37 ~ 1,2. Less is known regarding the  
upper  l imits  for fish cell cul t ivat ion,  a l though successful, 
short- term,  p r imary  cultures of goldfish cells a t  37~ 
have  been recorded 3. The  growth ra te  of the  F H M  
(fathead minnow) cell line ~ is m a x i m a l  at  34~ cell 
dea th  occurr ing a t  38 ~ As the  highest  incipient  le thal  
t empera tu re  of the  goldfish, Carassius auratus, is regarded 
as being approx ima te ly  40 ~ 5, the  probabi l i ty  of cul tur ing 
goldfish cells a t  37 ~ seemed high. 

Material and methods: Pr imary  cultures f rom a va r i e ty  
of adul t  organs of Carassius were prepared f rom asepti-  
cally minced  tissues t rea ted  wi th  0.25% t ryps in  for 
15 rain at  app rox ima te ly  25 ~ After  washing wi th  serum- 
enriched medium,  the  explants  were incuba ted  at  31.5 ~ 
on collagen films inside small  Pet r i  dishes main ta ined  in 
an a tmosphere  of 5% CO 2 in air. The most  effect ive 
med ium used was Eagle ' s  m i n i m u m  essential  med ium 
supplemented  wi th  20% young  (3-6 month)  calf serum 
and 0.1% lac ta lbumin  hydrolysate .  Ant ibiot ics  rout ine ly  
used included sodium penicil l in G (40 IU/ml) ,  s t repto-  
myc in  sulphate  (50 [zg/ml) and amphoter ic in  B (Fungi- 

z o n e )  (2.5 [xg/ml). Successive subcultures were carried 
out  in f lat  McCar tney bottles.  Cell samples  were trans-  
ferred to o ther  t empera tu res  as required.  

Results and discussion. Good p r imary  outgrowths  were 
obta ined  wi th in  3-6 days f rom heart ,  spleen, ovary,  
testis and kidney.  The  most  successful line s has been 
one der ived f rom testis cells. A t  present  this  has been 
serially cu l t iva ted  for 28 passages, occupying  140 days, 
wi th  a period of 177 days '  s torage in l iquid ni t rogen at  
--  196 ~ 7 be tween  passages 17 and 18. 

Cells have  been main ta ined  for 6 passages and 31 
days at  37.5~ wi thou t  obvious morphological  changes 
and wi th  no apparen t  mi to t i c  inhibi t ion.  Only pre l iminary  
exper iments  involv ing  quan t i t a t i ve  comparisons of 
growth rates have  so far been carried out. Over  a 3-day 
period, cells p la ted  in s imilar  numbers  and densities 
showed overal l  popula t ion  increases of 47% at  31.5~ 
105% at  35~ and 92% at  37.5~ Standardized  cover-  
slip cultures incubated  for 24 h a t  31.5~ 35~ 37.5~ 
and 39 ~ showed normal  cells and mitoses (Figures 1-3). 
The incidence of f ragmented  nuclei  was possibly higher  
a t  37.5 ~ a n d  above bu t  the  f requency of this  condi t ion  
has no t  ye t  been analyzed.  In  cultures incuba ted  for 
2 4 h  at  41.5~ a l though  a few re la t ive ly  normal  cells 
were still present  (Figure 4), changes associated wi th  
cell dea th  were general ly apparent .  Only a few mitoses, 
all obviously  abnormal ,  could be found. The l imi t  of 
hea t  tolerance of Carassius cells in v i t ro  appears  to be 
qui te  closely correlated wi th  tha t  of the  fish in v ivo  5. 
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