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The	
  few	
  studies	
  of	
  ectothermic	
  immune	
  func/on	
  that	
  
have	
  been	
  conducted	
  suggest	
  that	
  temperature	
  plays	
  a	
  
significant	
  role	
  in	
  the	
  modula/on	
  of	
  immune	
  ac/vity1.	
  
Changes	
  in	
  temperature	
  can	
  elicit	
  a	
  stress	
  response,	
  
which	
  involves	
  the	
  secre/on	
  of	
  glucocor/coid	
  
hormones.	
  Cor/costerone,	
  the	
  main	
  glucocor/coid	
  of	
  
the	
  stress	
  response,	
  has	
  been	
  known	
  to	
  affect	
  immune	
  
func/on,	
  depending	
  on	
  the	
  dura/on	
  of	
  the	
  stressor.	
  
Typically,	
  acute	
  stress	
  temporarily	
  improves	
  immune	
  
func/on,	
  whereas	
  chronic	
  stress	
  leads	
  to	
  
immunosuppression2.	
  Even	
  less	
  well-­‐studied	
  are	
  the	
  
complex	
  interac/ons	
  between	
  the	
  stress	
  response	
  and	
  
immune	
  func/on	
  without	
  cor/costerone	
  as	
  the	
  main	
  
focus.	
  Though	
  this	
  study	
  measured	
  changes	
  in	
  
cor/costerone	
  levels,	
  it	
  highlighted	
  changes	
  in	
  immune	
  
func/on	
  in	
  the	
  Ornate	
  box	
  turtle	
  (Terrapene	
  ornata)	
  in	
  
rela/on	
  to	
  changes	
  in	
  body	
  temperature	
  and	
  body	
  mass	
  
due	
  to	
  a	
  chronic	
  stressor	
  (high	
  ambient	
  temperature).	
  

Introduc>on	
  

Materials	
  and	
  Methods	
  

Results	
   Conclusions	
  
We	
  propose	
  that	
  turtles	
  exposed	
  to	
  heat	
  stress,	
  
regardless	
  of	
  the	
  treatment,	
  may	
  actually	
  exhibit	
  
improved	
  health	
  due	
  to	
  observed	
  reduc/on	
  in	
  
immune	
  ac/vity.	
  Specifically,	
  turtles	
  that	
  gained	
  
body	
  mass,	
  had	
  elevated	
  body	
  temperatures,	
  and	
  
experienced	
  a	
  decrease	
  in	
  agglu/na/on	
  also	
  
correlated	
  with	
  a	
  decreased	
  WBC/RBC	
  ra/o	
  from	
  the	
  
beginning	
  to	
  the	
  end	
  of	
  the	
  study.	
  Decreased	
  
agglu/na/on	
  and	
  white	
  blood	
  cell	
  counts	
  in	
  this	
  case	
  
may	
  have	
  actually	
  indicated	
  improved	
  body	
  health.	
  
The	
  increased	
  body	
  temperature	
  served	
  as	
  an	
  
indicator	
  that	
  turtles	
  were	
  experiencing	
  heat	
  stress.	
  
In	
  response	
  to	
  the	
  chronic	
  heat	
  stress,	
  turtles	
  
reduced	
  their	
  ac/vity,	
  staying	
  buried	
  as	
  opposed	
  to	
  
foraging,	
  in	
  order	
  to	
  minimize	
  stress.	
  This	
  would	
  
explain	
  the	
  increased	
  body	
  mass.	
  Without	
  much	
  
ac/vity,	
  turtles	
  in	
  the	
  hot	
  treatment	
  might	
  have	
  had	
  
less	
  need	
  for	
  an/bodies	
  and	
  circula/ng	
  white	
  blood	
  
cells.	
  To	
  eliminate	
  undue	
  risk	
  of	
  circula/ng	
  white	
  
blood	
  cells,	
  turtles	
  might	
  have	
  also	
  decreased	
  their	
  
white	
  blood	
  cell	
  counts1.	
  The	
  decrease	
  in	
  the	
  WBC/
RBC	
  ra/o	
  observed	
  in	
  correla/on	
  with	
  decreased	
  
agglu/na/on	
  indicated	
  lowered	
  immune	
  ac/vity	
  and,	
  
possibly,	
  improved	
  health	
  in	
  chronically	
  heat	
  
stressed	
  turtles.	
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•  Semi-­‐natural	
  enclosure	
  housing	
  40	
  turtles,	
  divided	
  
into	
  two	
  treatments:	
  shade	
  and	
  hot.	
  
•  Blood	
  samples	
  collected	
  from	
  turtles	
  at	
  the	
  start	
  
and	
  end	
  of	
  the	
  experiment.	
  
•  Microscope	
  slides	
  prepared	
  and	
  observed	
  for	
  white	
  
blood	
  cell	
  analysis	
  (heterophil	
  :	
  lymphocyte	
  ra/o).	
  
•  Hemolysis-­‐hemagglu/na/on	
  assays	
  performed	
  to	
  
measure	
  level	
  of	
  an/bodies3.	
  
•  Experiment	
  dura/on:	
  July	
  7,	
  2015	
  to	
  August	
  2,	
  
2015.	
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•  Change	
  in	
  temperature	
  was	
  
not	
  significant	
  across	
  
treatments	
  (unpaired	
  t-­‐test:	
  
p	
  >	
  0.10,	
  t	
  =	
  -­‐1.667,	
  df	
  =	
  
35.331).	
  

•  Change	
  in	
  mass	
  was	
  
significant	
  across	
  
treatments	
  (unpaired	
  t-­‐test:	
  
p	
  <	
  0.05,	
  t	
  =	
  2.836,	
  df	
  =	
  
36.218).	
  

•  Change	
  in	
  agglu/na/on	
  was	
  
significant	
  across	
  
treatments	
  (unpaired	
  t-­‐test:	
  
p	
  <	
  0.05,	
  t	
  =	
  2.366,	
  df	
  =	
  
11.692).	
  

Y	
  =	
  -­‐4.7422x	
  –	
  2.233;	
  R2	
  =	
  0.10741	
  

Y	
  =	
  -­‐0.0058x	
  –	
  0.3164;	
  R2	
  =	
  0.02492	
  

Y	
  =	
  -­‐2.2154x	
  +	
  0.559;	
  R2	
  =	
  0.08506	
  

Y	
  =	
  -­‐0.0099x	
  –	
  0.329;	
  R2	
  =	
  0.08836	
  

•  ΔTb	
  and	
  Δmass	
  had	
  a	
  significant	
  effect	
  on	
  the	
  ΔWBC/RBC	
  
ra/o	
  (general	
  linear	
  model:	
  df	
  model	
  =	
  2,	
  df	
  error	
  =	
  24,	
  F	
  
ra/o	
  =	
  3.432,	
  p(ΔTb)	
  =	
  0.0341,	
  p(Δmass)	
  =	
  0.0431).	
  

•  No	
  significant	
  difference	
  in	
  the	
  effects	
  of	
  ΔTb	
  and	
  Δmass	
  on	
  
ΔWBC/RBC	
  ra/o	
  between	
  treatments.	
  

Future	
  Direc>ons	
  

Further	
  studies	
  are	
  required	
  to	
  inves/gate	
  the	
  
rela/onship	
  between	
  chronic	
  heat	
  stress	
  and	
  
lowered	
  immune	
  ac/vity	
  as	
  well	
  as	
  to	
  clarify	
  the	
  
complex	
  interac/ons	
  that	
  take	
  place	
  between	
  the	
  
rep/lian	
  stress	
  response	
  and	
  immune	
  func/on.	
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